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Guangxi and Its Implication for the Tectonic Evolution
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Abstract: The Napo rift basin on the southern margin of the Youjiang basin was dominated by deep-water sediments including
cherts, mudstones and marine basalts during the Late Paleozoic. Major and rare earth elements of the Upper Devonian Liujiang
Formation and Lower-Middle Permian Sidazhai Formation cherts in Napo are analyzed in this study. The SiO, contents of sam-
ples range from 88. 55% to 99. 03%, and the PAAS components are less than 20% , which indicate few terrigenous clastic com-
ponents in the Upper Paleozoic cherts. The high Al/(Al+Fe-+Mn) ratios (0. 45 to 0. 94) and no positive Eu anomalies (0. 51
to 0. 95) indicate non-hydrothermal origins. Considering the effect of diagenetic SiQ); dilution, their 2 REE-+Y values are be-
tween twice and five times those of PAAS-like compositions, indicating that they were deposited in a basin far away from the
terrigenous input environment. The Upper Devonian Liujiang Formation of Yanxin and Yutang have moderately negative Ce
anomalies (0. 37 t0 0. 72, 0. 58 to 0. 89, respectively) and higher Y/Ho ratios (39. 05 to 83. 74, 34. 33 to 36. 70, respectively) ,
indicating these cherts were deposited in the open-rift basin far away from the terrigenous input. The Lower-Middle Permian

Sidazhai Formation cherts of Yutang show similar geochemistry characteristics of the mature ocean basin cherts, with obviously
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negative Ce anomalies (Ce/Ce” =0. 12 to 0. 33). On the basis of our studies about cherts, we conclude that the depositional

chemistry of the Upper Paleozoic cherts records the evolution process of the Youjiang basin from the rift basin during the Late

Devonian into an open-ocean basin during the Early-Middle Permian.

Key words: the Late Paleozoic; Youjiang basin; cherts; geochemistry; depositional environment.
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Fig. 1 Tectonic framework of the Youjiang basin (a) and the geological sketch map of Napo and sample location (b)
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Fig. 2 Stratigraphic columns of the Napo rift basin during the Late Paleozoic
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Kyte, 1988; He ez al. , 2010). FRESEIK o HA
BB Eu i, e &R — SR ALW
SRR EE K A8 Euw/Euw {H-8 0. 23~0. 47(Lei and
Kyte, 1988) . B @ AR TWKHFN G Kt A1 il
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(PAAS) Y Eu/Eu* {H (0. 66) (Taylor and McLen-
nan, 1985). MAk, WK I = B 45 T0UASR 1k ¥ K
ERESY CT60 1 CT61 i Eu/Eu” 543514 0. 46 Fil

0. 38, MM B AR T b =& 50 Bk il & e Pk il
I A 98 5 B fl 9 Eu/Eu” B (0. 64~0. 74) (He
etal., 2010). SYFRIVLLHFE L Dnt8 DLK DU R ZELH
FEFUAEAE M BA R Y Eu/Ea” (0. 82~0. 95,
2D FERHEAH—ENRRIE K LA TEE.
4.2 ZHEW

ik A B oo R AR Ce/Ce W] LLHIRA
RO BB B BB A (Murray ez al. , 1990,
1991; T ARAIAh A 38, 1995; Girty et al. » 1996;
Owen et al. , 1999; Chen er al. , 2006). 7 E AL
FERETEE A o o T =050 25 2 S A A s B AR X
BN DA 1T PO AN A L Ok L A U AR
Yy as A% L 3 1 T K e R 4 1 T A 2l AR T 7
1 (Liu et al. , 1988; Holser, 1997) , 31 E/~FH &
i) Ce i34 . Murray et al. (1990, 1991) XA 45
FE 3 B 74 Bk A b 2 AR B e A B AT AR
B T S 3 (0~ 400 km) BRI rp i 3
HA FAK Y Ce/Ce” {8 (0. 17 ~0. 56, F I {H K
0. 28, PAAS Frifefl) . FF RV 2L b i o B rh 4%
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IR AR T A PR Y8 Adachi et al. , 198633 i k1A %410
A %R A BE P Condie, 1993; NASC %t 2 ## Gromet et al. ,
1984 ; PAAS ¥4} Taylor and McLennan, 1985

f) Ce/Ce* {H(0. 47~0. 71, FXJ{E 4 0. 56, PAAS
PRUEAL) | TR BT R R 1 2% (2 800 km) 8 rh it
Fre BA Fmi i) Ce/Ce” {H (0. 62~1. 43, F{H Ny
1. 02, PAAS FrifEfk). Y #l Ho HLAT ML B 12
A P B AR IRk AT . P4
L LM PAAS 34 EA FEon: B A A U Y/ Ho
{H (26~28) (Taylor and McLennan, 1985; Kamber
et al. , 2005) LG VE T E FIVE B X s MR A
FRTEN B 5 B B 5 BB A AR Y/
Ho {8 (Tanaka ez al. , 2008). T 7K 5 Ho Xt
Y BA TSRS R ER GREK Y R B B[R 295 100
4, Ho 5k B HF Al 29 2 700 4£) (Nozaki et al. .
1997) g 7K B A7 He g 7K B 37 11 /K 4B &5 19 Y/ Ho
{5 H A KA Y/Ho {H 5 PAAS 3 5l ig & T
PAAS, T & T ¥ /K 19 2 {8 55 (Nozaki et al.
1997; Lawrence et al. , 2006). 32 [E Shoo Fly Z«#
I N T R RE U (Girty et al. o 1996) 1)
Ce/Ce” {H(1. 01~1. 17, F-¥{E K 1. 05) S A&
FIE B B PG S B b R BT R 2 2% P 5 1) ik o
AL H Y/ Ho ~F-YME 26, 34, 5 PAAS 23T,
FKEkHLE Y M Ho 435, M H A4S Sasayama ' F — &
G T 3 PR A R B (Kato e al. » 2002)
H: Ce/Ce™ FH4{E N 0. 73K F Shoo Fly 44 HIE
BT Rl 8 A 5 1Y Ce/Ce fHL, T H: Y/Ho B
SRR 36. 80, WAtk i T4 19 Y/ Ho fH (& 3d).
AN KA #EI5 7K KT 5~ 2 576 m) (Alibo and

Nozaki, 1999) A RIIE K Ce fi 75 (Ce/Ce” Ry
0. 06~0. 42, F-H{E N 0. 15) LI E BB K Y 1IE 5%
(Y/Ho {84 53. 32~59. 24, {E H 56. 10) (&
3d).

A AT RE AR Y Ce/Ce™ fH 2l 0. 37~
0. 72, F-F{H Ry 0. 51, Hz3w A 4 A 9 B 75 17 I
FEVEA R A 1Y Ce/Ce” B CEYIME M 0. 56) , 11
H Y/Ho{H M 39. 05~83. 74, = F H 4% Sasayama
T EGIE NI FERREERE A Y Y/ Ho fH, )%
W5 VLA L TUA AEE B 19 Y A Ho 903 5%,
(R S B EC T ol T 2 3 i AL 7 ) B 5. A0 B AR L
ZHAE Y Ce/Ce {H R 0. 58~0. 89, F-Y{E M 0. 64,
235 TN R i 1 IV 5 B G B0 ) 2 P 5 A T O
KB 10 % P 855 6E A 19 Ce/Ce™ fH CEIME R
1.02) . il = F A (5 B VT 4 B T A 0 Ce/Ce™ {H.
Ak, YE R4 AL BT 5 9 Y/ Ho {E R 34. 33~
36. 70, [FJFF S WL AR X 855 M VT4 Rk o1 25 52 il A
VEFBY 52 i) 58 B I 33 DO R ZE 4 Rk i s 19 Ce/
Ce* N 0.12~0. 33, F{E K 0. 23, 3Z A 15
RISV 35 B 7G4 7 IR 8 ik T B Ce/Ce™ B (GF 1Y
B4 0. 28). 1M f0 4% PO K ZE L RE 5T 5 19 Y/ Ho {E 2R
32.32~36. 16, FI{H K 35. 27,8230 H A< Sasayama
R T EBSIE N T I R RE A 1Y Y/ Ho (., i
B RAR T PRI /K Y/ Ho fH. 2% 83 IR
2 [AIRE R Ll 5 R AR & Dne8 i B 541K
()Y /Ho fH (34, 01) , FATTHE I £ 3% DU oK Z€ 41 fk ot
FHEARR Y/Ho R ig 5 S AR Z MM kil
[LIEEEPS

AN B A B2l % X REE 8L TR X T4
ST B (PR WL B PR 55, 2012). WK 7,78 % & 3
REALAVE I BISZIA S o PAAS FI- Skt F e 4l s <7,
) 2 REE+Y il SiO, /AL O, () HITIR A #EA rp (il
LOMRFEA PAAS 4RI L REILVER] &
TR SIO, & E AR inL X REE+Y & &2k
PSR ; & @O@ Q5 I RA R ik Ak F
REFRUURW H 2 REE+Y &350 PAAS 4 Al (1)
2.3.5 F1 10 £, H 2 REE+Y & &y, )t 1 HAk
JEiAR Y 2 REE+Y A, B T 4% S kR bl YRS 1
Wb 2 REE+Y Sb, UEZK h il Y 2 REE+Y
), ] LR BLR 22 H0RE i OB s A 28 O F il £k
@z [a], e T BRdk R T BEIEAS £ 2 REE+Y 4b,
A T K I B T8 2 1 2 REE+ Y, H 250k
S MK R B 2 REE+Y £F H AN v Sasaya-
ma H1_I &SI N T AR A T 1 2 REE+ Y



%2 RRDREE 7 VUIR I SR A b 0 oty 2B AR B b BR AL 22 R B Il o 2 261
oY O A
O 100% 999, . R : Ds
+ ek ¥ 2K I (a) LS B gfﬁﬁéﬁw s fﬁé'fm R
* . G % ¥ ST
,|100% ® 95% 1
10 . ‘ T 1T T T T T T T T T 1 [ [ [ T 11T [T
9% * 1}’ + +® 90%
W 3 i1 £ C-P:
o] 95% +. $ OO O ¥ (b) \ IAG 43 v [ EZIPNGEUR S —
: 0%e 1 /T
> 90% °+’++.+ 1 B
o
2 o 00+ L
10 1 2 3 4 SEr=r6 | V|7
o o O NN, ) - S V)
1X2M2X3M o N P9 AT A TR A — = B R e
%, * " M 3 . .
I3 PAAS  SXPAAS 10X PAAS 30% DAAS Fig. 9 The tectonic evolution from the Late Devonian to Middle
]'0. 1'02 Permian of the Youjiang basin

(ZREE+Y)X 10°

K7 A (2CREEFY) —SIO, /AL Os (3% 5245, 2012) (41
[a] & 3 FE 4d)
Fig. 7 (2REE+Y)—SiO, /Al, O; diagram of cherts

4t i KL%
1 [ [
) A L ERRRRRRPRRRIR 1 OSe. o o ® o
ZLAWKIE ——o——eo0—0- @0
MH%E ...................................................... O QO - OO+ OO+
Wb ILE —e *0—00 L
FH AR JUTE e (eacacan @  ODO@ OO
TBIE A b [0 IRERRES Q- Qrrreee 10) © JEETEP R T PR PR RSP
M7 O-00-DD—O0————
0.0 0{2 Oi4 OI.6 OI.8 1.0
Ce/Ce’
O ML @ JykzEd

B8 AriLan it AR IS Ce/Ce” (410
Fig. 8 The Ce/Ce” values form the Youjiang basin during the

Late Paleozoic

%thﬁﬂé\‘%ilﬁljtg‘ﬁE”*ﬂﬂﬁﬂkiﬂiﬁh’& ;’%%‘P
20125 AR\ PRk BUE R B R 55 . 20135 Y T TS R 8 i 5L

S, 2007 A IR K BE 0 2k BUA 38 Murray et al. » 1991

(7)o BB e DX by A A R 5525 T B T AR X
%Bﬁ?ﬂ?ﬁtf IREE , H A AR TR R AN i 1
MK Hh R BRI ]

L 2t 3 R 0T 0T 2 2
E?Iﬁi&ﬂﬁ)%tHIJ'Wf”Wk?FH%HY%J(*HE‘JEﬁﬂ%#(ﬁ
A AE, 2009) , BB U6 A H 0, 7 Nk R E
—EHEEA IR A UTRLLA. E 8, AT

F M G e A T Ak A 2 HA B Y Ce ﬁi W, H
B4 T B A AR RN R T b XY Ce 757 % BT IA I

SEHT I Tt PR B A A Y Ce/Ce™ L 2P
EAERRAR TR IX BB FARTAH Z A AR 1

1 RB5E 2. RFEHSE s 3. Ml A1 18 4. BRIRER A 5 45 5. GEFUA

YA 6. BEFUA M 5 7. KA

R AT — BN R 2R Z RS E R
By ER AL 2R A OIB B (Guo et al. » 2004) , T] fig
FWET A T AR R R 2 1 Ak A B R B i 2 A
58 57 T 78 b VY e % 09 R S8\ A N-MORB #1 g
e (Bh KR, 1998) (9 Sm-Nb 25 i 28 4F % 0
328. 3 MaCRARMESE, 2001) AR HL A R A5 1T 4%
M2 28 B LA\ A 43 SO R ARER W R TR 5. TSR
A\ A W 5 () Ve S L DX R 2 B AR VT A S HR
A (FEE 45, 2011) By Ce/Ce” {HH 0. 57 ~
1. 26 (PAAS triEfL) . - HME R 0. 93,1 Y/Ho ~F
BIE R 26. 4, B33 R 22 Bl 55 Wi VE FH B S 1) M 2k
FEFHRRAE 2 5 3 3 2 b J22 7T R DA B A 2 I i X
WA R B (R S, 2001) , FRATTHE DN H AT
A7 2 T b b R AR AR 1 i 65 S 1 S . i )
e e AV b CR ) 2 T 38 b X A T 1
Ce/Ce" HE A IEERET A, A JER B
Ce fi 575 (B 8), HHb 24340 L AR AL 1 P pg » B
T F K e A I 5 Y AR Ay P T R TS R )
AITTRR A & (I PR R XA K, 2002) , H—‘%i‘fﬁli{ﬁﬂ(

[ZEE B N ALY P S PR AN SR AR 0 Wk 5 L B
YR 9 Ce/Ce™ {73 A1 4 ik 3 1 — L/Flﬁéfﬂi,,\

T LT B R IO 1) O ol 24 2 B 05 HL e IR
3B 1) 03 5 AT 4% T B R il 10 G 35 (8] 9=). T
PEBEE B 5K B TR I R e 2K E
—ERYRBL (& Ob) Rk i A B ERfL S e i SR L
JREATE Z ) ML R AL " AR

o inb

AR X RGN T &gk
A FUE BA B SIO, & 8 DL S i ik e



262 HuBR B [E M U2 4

%38 &

JE Bk A B ARG AR 4 N T 20200 T A
PEAEE M Al/(Al+Fe+Mn) & 8 A F1E8 /)N
() Eu/Eu” {8, AAERRR AL B 25 5E AL AE FH 09 5%
J&i s BT A AR S A MK R I T 3 2 11 2 REE+Y,
TR 8 T AR R 2 25 ki R B A A . R AL S
MRV RE T ¥ HoA TR AR 10 Ce 50 DL =5 1Y
Y/Ho i, s T =& 5 WU K ZE4L ik B HA B W
() Ce BS54+ SO T A7 V173 3 A B U8 25 1 24 45 4
i B L rh SR SRR A A A AR

References

Adachi, M. , Yamamoto, K. , Sugisaki, R. , 1986. Hydrother-
mal Chert and Associated Siliceous Rocks from the
Northern Pacific; Their Geological Significance as Indi-
cation of Ocean Ridge Activity. Sedimentary Geology »
47(1—2): 125—148. doi: 10. 1016/0037 — 0738 (86)
90075—8

Alibo,D. S. , Nozaki, Y. , 1999. Rare Earth Elements in Sea-
water: Particle Association, Shale-Normalization, and
Ce Oxidation. Geochimica et Cosmochimica Acta ,63 (3
—4): 363—372. doi. org/10. 1016/S0016 — 7037 (98)
00279—8

Bostrom, K. , Peterson, M. N. A. ,1969. The Origin of Alu-
minum-Poor Ferromanganoan Sediments in Areas of
High Heat Flow on the East Pacific Rise. Marine Geol-
0gy»7(5): 427—447. doi: 10. 1016/0025 — 3227 (69)
90016—4

Chen, D. Z. . Qing, H. R. , Yan, X, , et al. , 2006. Hydrother-
mal Venting and Basin Evolution (Devonian, South Chi-
na): Constraints from Rare Earth Element Geochemis-
try of Chert. Sedimentary Geology,183(3—4): 203—
216 . doi. org/10. 1016/j. sedgeo. 2005. 09. 020

Chen, H. D. , Zeng, Y. F. , 1989. Depositional Characteristics
and Genesis of Upper Devonian Silicalites in Danchi Ba-
sin, Guangxi. Minerals and Rocks, 9(4): 22— 29 (in
Chinese with English abstract).

Chen, H. D. ,Zeng, Y. F. , 1990. Nature and Evolution of the
Youjiang Basin. Sedimentary Facies and Paleogeogra-
phy,1(1): 28—37 (in Chinese with English abstract).

Chen, H. D. , Qin, J. X, , Tian, J. C. et al. , 2000. Sequence
Filling Dynamics of Youjiang Basin, Southern China.
Acta Sedimentologica Sinica, 18 (2): 165 — 171 (in
Chinese with English abstract).

Condie, K. C. ,1993. Chemical Composition and Evolution of
the Upper Continental Crust; Contrasting Results from
Surface Samples and Shales. Chemical Geology . 104 (1
—4): 1—37. doi: 10. 1016/0009—2541(93)90140—E

Dias, A. S. , Frith-Green, G. L. , Bernasconi, S. M. , et al. ,
2011. Geochemistry and Stable Isotope Constraints on
High Temperature Activity from Sediment Cores of the
Saldanha Hydrothermal Field. Marine Geology, 27912
8—140 . doi. org/10. 1016/j. margeo. 2010. 10. 017

Ding, L. , Zhong., D. L. , 1996. Characteristics of Rare Earth
Elements and Cerium Anomalies in Cherts from the Pa-
leo-Tethys in Changning-Menglian Belt in Western
Yunnan, China. Science in China Series D: Earth Sci-
ences ,39(1): 35—45.

Douville, E. ,Bienvenu, P. ,Charlou,]. L. ,et al. ,1999. Yttri-
um and Rare Earth Elements in Fluids from Various
Deep-Sea Hydrothermal Systems. Geochimica et Cosmo-
chimica Acta, 63 (5): 627 — 643 . doi. org/10. 1016/
S0016—7037(99)00024—1

Du,Y. S. , Huang, H. W. , Huang, Z. Q. . et al. , 2009. Basin
Translation from Late Palacozoic to Triassic of You-
jiang Basin and Its Tectonic Significance. Geological
Science and Technology Information,28(6); 10— 15
(in Chinese with English abstract).

Feng.Q. L., Liu, B. P., 2002. Early Permian Radiolarians
from Babu Ophiolitic Mélange in Southeastern Yunnan,
Earth Science—Journal of China University of Geo-
sciences ,27 (1) 1 —3 (in Chinese with English ab-
stract).

German,C. R. , Hergt, J. , Palmer, M. R. , et al. , 1999. Geo-
chemistry of a Hydrothermal Sediment Core from the
OBS Vent-Field,21°N East Pacific Rise. Chemical Geol-
0gy»155(1); 65— 75 . doi. org/10. 1016/S0009 — 2541
(98)00141—7

Girty,G. H. , Ridge, D. L. , Knaack, C. , et al. , 1996. Prove-
nance and Depositional Setting of Paleozoic Chert and
Argillite, Sierra Nevada, California. Journal of Sedi-
mentary Research, 66 (1): 107 — 118, doi: 10. 1306/
D42682CA—2B26—11D7—8648000102C1865D

Gromet, L. P. , Haskin, L. A. , Korotev, R. L. et al. , 1984.
The “North American Shale Composite”; Its Compila-
tion, Major and Trace Element Characteristics.
Geochimica et Cosmochimica Acta, 48 (12).: 2469 —
2482. doi. org/10. 1016/0016—7037(84)90298—9

Guo,F. ,Fan,W. M. ,Wang, Y. J. ,et al. ,2004. Upper Paleo-
zoic Basalts in the Southern Yangtze Block: Geochemi-
cal and Sr-Nd Isotopic Evidence for Asthenosphere-
Lithosphere Interaction and Opening of the Paleo-
Tethyan Ocean. International Geology Review, 46 (4) .
332—346. doi: 10. 2747/0020—6814. 46. 4. 332

Hayashi,K. L. , Fujisawa, H. , Holland, H. D. , et al. , 1997.
Geochemistry of 1. 9 Ga Sedimentary Rocks from



PR AR VYR L A oty A AR E U R A 2RI B e R X 263

Northeastern Labrador, Canada. Geochimica et Cosmo-
chimica Acta, 61 (19): 4115 — 4137, doi: 10. 1016/
S0016—7037(97)00214—7

He, B., Xu, Y. G., Zhong, Y. T., et al., 2010. The
Guadalupian-Lopingian Boundary Mudstones at Chao-
tian (SW China) Are Clastic Rocks Rather than Acidic
Tuffs: Implication for a Temporal Coincidence between
the End-Guadalupian Mass Extinction and the Emeishan
Volcanism. Lithos,119(1—2): 10— 19. doi: 10. 1016/
j. lithos. 2010. 06. 001

Holser,W. T. , 1997. Evaluation of the Application of Rare-
Earth Elements to Paleoceanography. Palaeogeogra-
phy, Palaeoclimatology, Palaeoecology,132(1); 309—
323 . doi. org/10. 1016,/S0031—0182(97)00069—2

Huang,H. , Du, Y. S. , Huang, Z. Q. , et al. , 2013. Deposi-
tional Chemistry of Chert During Late Paleozoic from
Western Guangxi and Its Implication for the Tectonic
Evolution of the Youjiang Basin. Science China Earth
Sciences »56 (3) : 479 —493. doi. org/10. 1007 /511430 —
012—4496—y

Huang, H. ,Du, Y. S. , Yang, J. H. et al. , 2012, Depositional
Chemistry of Siliceous Deposits of Shuicheng-Ziyun-
Nandan Rift Basin in the Late Paleozoic and Its Implica-
tion for the Tectonic Evolution. Acta Geologica Sinica ,
86(12): 1994 — 2010 (in Chinese with English ab-
stract).

Kamber,B. S. , Greig, A. ,Collerson, K. D. ,2005. A New Es-
timate for the Composition of Weathered Young Upper

Alluvial
Queensland, Australia. Geochimica et Cosmochimica Ac-
ta,69(4); 1041—1058 . doi. org/10. 1016/j. gca. 2004.
08. 020

Kametaka, M. , Takebe, M. , Nagai, H. , et al. , 2005. Sedi-

Continental ~ Crust  from Sediments,

mentary Environments of the Middle Permian Phos-
phorite-Chert Complex From the Northeastern Yangtze
Platform, China; The Gufeng Formation: A Continental
Shelf Radiolarian Chert. Sedimentary Geology ,174(3—
4) . 197—222. doi. org/10. 1016/j. sedgeo. 2004. 12. 005

Kato, Y., Nakao, K. , Isozaki, Y., 2002. Geochemistry of
Late Permian to Early Triassic Pelagic Cherts from
Southwest Japan: Implications for an Oceanic Redox
Change. Chemical Geology , 182 (1): 15— 34. doi. org/
10. 1016/S0009—2541(01)00273—X

Kato, Y. , Nakamura, K. , 2003. Origin and Global Tectonic
Significance of Early Archean Cherts from the Marble
Bar Greenstone Belt, Pilbara Craton, Western Austral-
ia. Precambrian Research ,125(3—4): 191 —243. doi.
org/10. 1016/S0301—9268(03)00043—3

Kuang, G. D., Wu, H. R., 2002. Late Paleozoic Strata of
Deep-Water Facies in Western Guangxi. Scientia Geo-
logica Sinica,37(2): 152— 164 (in Chinese with Eng-
lish abstract).

Lawrence, M. G. , Greig, A. , Collerson, K. D. , et al. , 2006.
Rare Earth Element and Yttrium Variability in South
East Queensland Waterways. Aquatic Geochemistry , 12
(1): 39—72. doi: 10.1007/s10498—005—4471—8

Lehrmann, D. J. , Donghong, P. , Enos, P. , et al. , 2007. Im-
pact of Differential Tectonic Subsidence on Isolated
Carbonate-Platform Evolution: Triassic of the Nanpan-
jiang Basin, South China. The American Association of
Petroleum Geologists »91(3) : 287—320. doi: 10. 1306/
10160606065

Lei, Z. , Kyte, F. T. , 1988. The Permian-Triassic Boundary
Event: A Geochemical Study of Three Chinese Sec-
tions. Earth and Planetary Science Letters, 90 (4) .
411—421. doi: 10.1016/0012—821X(88)90139—2

Liu,B.J. , Xu,X. S. , Pan, X. N. , et al. , 1993. Paleocontinen-
tal Sedimentary Crustal Evolution and Mineralization in
South China. Science Press, Beijing (in Chinese).

Liu, Y. G. , Miah, M. , Schmitt, R, A., 1988. Cerium: A
Chemical Tracer for Paleo-Oceanic Redox Conditions.
Geochimica et Cosmochimica Acta ,52(6); 1361—1371.
doi. org/10. 1016/0016—7037(88)90207 —4

Liu,Y. S. . Zong, K. Q. ,Kelemen, P. B. , et al. , 2008. Geochem-
istry and Magmatic History of Eclogites and Ultramafic
Rocks from the Chinese Continental Scientific Drill Hole:
Subduction and Ultrahigh-Pressure Metamorphism of Low-
er Crustal Cumulates. Chemical Geology,247(1): 133 —
153. doi: 10. 1016/j. chemgeo. 2007. 10. 016

McLennan, S. M. ,1989. Rare Earth Elements in Sedimentary
Rocks: Influence of Provenance and Sedimentary
Processes. In: Lipin, B. R. , McKay, G. A. , eds. , Geo-
chemistry and Mineralogy of Rare Earth Elements. Re-
views in Mineralogy and Geochemistry,21: 169—200.

Murray,R. W. , Buchholtz Ten Brink, M. R. , Jones,D. L. ,et
al. ,1990. Rare Earth Elements as Indicators of Differ-
ent Marine Depositional Environments in Chert and
Shale. Geology,18(3): 268—271. doi: 10. 1130/0091—
7613(1990)018<C0268: REEAIO>2. 3. CO;2

Murray, R. W. , Buchholtz Ten Brink, M. R. , Gerlach,D. C. ,
et al. ,1991. Rare Earth, Major, and Trace Elements in
Chert from the Franciscan Complex and Monterey
Group, California; Assessing REE Sources to Fine-
Grained Marine Sediments. Geochimica et Cosmochimica
Acta,55(7); 1875 — 1895. doi. org/10. 1016/0016 —
7037(91)90030—9



264 HuBR B [E M U2 4

o
gl

Murray, R. W. ,1994. Chemical Criteria to Identify the Depo-
sitional Environment of Chert: General Principles and
Applications. Sedimentary Geology,90(3—4): 213 —
232. doi: 10.1016/0037—0738(94)90039—6

Nozaki, Y. , Zhang, J. s Amakawa, H. , 1997. The Fractiona-
tion between Y and Ho in the Marine Environment.
Earth and Planetary Science Letters,148(1—2): 329
—340. doi. org/10. 1016/S0012—821X(97)00034—4

Owen, A. W. , Armstrong, H. A. , Floyd., J. D. , 1999. Rare
Earth Element Geochemistry of Upper Ordovician
Cherts from the Southern Uplands of Scotland. Journal
of the Geological Society,156(1); 191—204. doi: 10.
1144 /gsjgs. 156. 1. 0191

Qin,J. H. \Wu, Y. L. . Yan, Y. ]J. ,et al. ,1996. Hercynian-In-
dosinian Sedimentary-Tectonic Evolution of the Nan-
panjiang Basin. Acta Geologica Sinica ,70(2); 99—107
(in Chinese with English abstract).

Qiu.Z. , Wang, Q. C. , 2011. Geochemical Evidence for Sub-
marine Hydrothermal Origin of the Middle-Upper Per-
mian Chert in Laibin of Guangxi, China. Science China
Earth Sciences, 54 (7). 1011 — 1023. doi: 10. 1007/
s11430—011—4198—x

Ren,G. M. ,Wang,P. . Zhang., L. K. , et al. ,2011. Discussion
on Geochemical Characteristics and Sedimentary Envi-
ronment of the Fransnian Radiolarian Chert in South-
eastern Yunnan. Geological Review,57(4) . 505—514
(in Chinese with English abstract).

Shimizu, H. , Kunimaru, T. , Yoneda, S. , et al. ,2001. Sources
and Depositional Environments of Some Permian and
Triassic Cherts: Significance of Rb-Sr and Sm-Nd Iso-
topic and REE Abundance Data. The Journal of Geolo-
gy,109(1): 105—125. doi: 10. 1086/317961

Sugisaki, R. . Yamamoto, K., Adachi, M., 1982. Triassic
Bedded Cherts in Central Japan Are Not Pelagic. Na-
ture,298644—647. doi: 10. 1038/298644a0

Sugitani, K. , Horiuchi, Y. , Adachi, M. , et al. ,1996. Anoma-
lously Low Al,O;/TiO, Values for Archean Cherts
from the Pilbara Block, Western Australia — Possible
Evidence for Extensive Chemical Weathering on the
Early Earth. Precambrian Research, 80 (1): 49 — 76.
doi. org/10. 1016/S0301—9268(96)00005—8

Tanaka, K. , Takahashi, Y. , Shimizu, H. , 2008. Local Struc-
ture of Y and Ho in Calcite and Its Relevance to Y
Fractionation from Ho in Partitioning between Calcite
and Aqueous Solution. Chemical Geology ,248(1): 104
—113. doi. org/10. 1016/j. chemgeo. 2007. 11. 003

Taylor, S. R., McLennan, S. M., 1985. The Continental

Crust: Its Composition and Evolution. Blackwell Scien-

tific Publications . Oxford.

Wang.Z. C. ,Wu, H. R. , Kuang, G. D. ,1997. Characteristics
of the Late Paleozoic Oceanic Basalts and Their Erup-
tive Environments in West Guangxi. Acta Petrologica
Sinica ,13(2): 260— 265 (in Chinese with English ab-
stract).

Wang,Z. Z. ,Chen,D. Z. , Wang.]. G. ,2007. REE Geochem-
istry and Depositional Settings of the Devonian Cherts
in Nanning Area, Guangxi. Scientia Geologica Sinica ,
42(3): 558—569 (in Chinese with English abstract).

Wu,G. Y., Wu, H. R. , Zhong, D. L. , et al. , 2000. Volcanic
Rocks of Paleotethyan Oceanic Island and Island-Arc
Bordering Yunnan and Guangxi, China. Geosciences, 14
(4): 393—400 (in Chinese with English abstract).

Wu, G. Y., Ma, L. , Zhong, D. L. , et al. , 2001. Indosinian
Turkic-Type Orogen Bordering Yunnan and Guangxi:
With Reference to Coupled Basin Evolution. Petroleum
Geology & Experiment ,23(1); 8—18 (in Chinese with
English abstract).

Wu, H. R. , Kuang, G. D. , Wang, Z. C. , 1997. Preliminary
Study of Late Paleozoic Tectonic Sedimentary Aettings
in Guangxi. Scientia Geologica Sinica,32(1): 11 —18
(in Chinese with English abstract).

Wu, H. R. ,2003. Discussion on Tectonic Palacogeography of
Nanpanjiang Sea in the Late Palaeozoic and Triassic.
Journal of Palaeogeography,5(1); 63— 76 (in Chi-
nese with English abstract).

Yamamoto, K. ,1987. Geochemical Characteristics and Depo-
sitional Environments of Cherts and Associated Rocks
in the Franciscan and Shimanto Terranes. Sedimentary
Geology .52 (1 —2): 65— 108. doi: 10. 1016/0037 —
0738(87)90017—0

Yin.H. F. . Wu,S. B. . Du, Y. S. , et al. , 1999. South China
Defined as Part of Tethyan Archipelagic Ocean System.
Earth Science—Journal of China University of Geo-
sciences ,24 (1): 1—11 (in Chinese with English ab-
stract).

Zeng, Y. F. ,Liu, W. ]J. ,Chen, H. D. , et al. , 1995. Evolution
of Sedimentation and Tectonics of the Youjiang Com-
posite Basin, South China. Acta Geologica Sinica , 69
(2): 113—124 (in Chinese with English abstract).

Zhong,D. L. ,Wu,G. Y. .]Ji.]. Q. , et al. ,1999. Discovery of
Ophiolite in Southeast Yunnan, China. Chinese Science
Bulletin ,44(1) ; 36—41. doi: 10. 1007/BF03182880

Zhou, Y. Z. ,1990. On Sedimentary Geochemistry of Siliceous
Rocks Originated from Thermal Water in Nandan-He-
chi Basin. Acta Sedimentologica Sinica.8(3): 75— 83
(in Chinese with English abstract).



%2 AR VIR SR 7 i oty A AR A M ER AL R AE S H T B 265
Bt B 32 5 22 STk R M Bk AL 27 G S8, b [ R 2 (D B, 41 (5).

WRUEAE , 8 0, 1989, [ VU PR ALl TR AL S VLA A B
PUBRHE KOS R, 005 A, 9(4) : 22— 29,

WA, 58 %, 1990, A7 VI UTAR G 0 4 R B s it is. A&
AH T HB R, 1(1) . 28—37.

Wb, e b, FH SRR 458, 2000, A5 VLAR MR T 78 43 )
VIR, DU, 18(2) :165—171.

TR BPOR T, 1995, HPE B T — W i R TR R DA
+8 F WA R R R AR R fk 2 25 (1)
93—100.

M, A BETR L 45,2000, AVLAHIGE AR — =B
205l e e B LA o R . b R RL A iR 28 (6)
10—15.

P XA L 2002, AR B /\ M i SR 2L A Y R S
O B A HERBR 2 E M PR 2 R, 27 (1)
1—3.

W MuE A, B AR, 25, 2013, VG M iy AR ACRE BT A M Bk Ak
ZERHE B A VLA AR 3 A R SR 7. T R L b
BRRlY%,43(2) :304—316.

WP A TIN5, 2012, K — 25 — R LG A
B oty 2B AR E S I AR ) b 3R b 2 R AE S 5 S, b
B, 86(12) :1994— 2010,

JIEE 2, SR 2002, REPEIE o AE RBOK A HLZ. Mo iRl
37(2) :152—164.

XU 8O0 B A R - 25,1993, E R 7 il KR REITR H A%
AL S . IR B U, 42— 46.

ZEAE , SRR, AN AL L 25, 1996, [ 35 VT A PE — ERSZ I
DI AL, Hb BT~ 4R . 70(2) : 99—107.

B, FIE R 2011 JT R b b S G B v IS PR

725—737.

ARG, B, Sk L 25, 2011, AR 1 I 07300 M S e ik IR
Frb IR SRR BT R 3R, M TR T, 57 (4)
505—514.

TR S T E B, 1997, A T i i A A AR X B 1
FRIE S TR ORG24, 13(2) : 260—265.

Faini, RS HEEE, 2007, TV RS T b X VR 4 20 R T A
Fiis 1 o0 M ER AL A4 S DR . MR, 42(3)
558—569.

SURGHRE , S B RR L A5, 2000, TERERZ AL T 40 60 VR
BRSOl A, BT HT L 14(4) - 393—400.

SRR, T 7 BRI, 45, 2001, SRR SE LK B S 4 44 24 SR
1 WA - S 5 8 L AVE TR G 0 A T k. A S0
Fi,23(1):8—18.

Lyt PRI, T, 1997, 17 Mt AR 1A s D0 Y
HIRIZE RIS, TR, 32(1) : 11—18.

SIEAT 2003, Mty AR A0 — = B 20 R AL VI 0 A 1 vy b B )
AL T A, 5(1) 1 63—76.

BRISAR , S LS AR L 25,1999, AR BRI £ B VR &
) — 047 MR B} 2 [ M T R 2 A, 24 (1)
1—11.

B AR XSO L BRI, 45,1995, 4R A VL A A Hh B LR
P Ak, MR AE R, 69(2) : 113 —124,

B, AR, ZR g, 45, 1998, E AR &K i 4 . Bl
E#R,43(13) :1365—1370.

JEI K 1990, Fhits A 4K B R Rk 25 (4 UM IR T 4 REAE
VIR .8(3) . 75—83.



