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Fig. 4 Photos of outcrops showing the growth forms

of the reef-building organism
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(a)—the photo showing encrusting growth;

(b)—the photo showing the erect growth
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Fig.5 Sketch map of encrusting growth of the reef-building organism
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Fig. 6 Sketch map of groveling growth of the non-named reef-building organism
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Fig. 7 The sketch map showing the relationship between non-named reef-building organism

and Tvanovia cf. manchurica in the community
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A—Ivanovia cf. manchurica; B—non-named reef-building organism
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A New Type Reef of the Late Carboniferous in the South of Guizhou Province

GUAN Changqing” , GONG Enpu”, ZHANG Yongli”, SUN Baoliang"
CHEN He"”, GUO Jianhua®”, LI Qun?
1) Geology Department of Northeastern University, Shenyang, 110004
2) Central South University, Changsha, 410083

Abstract

A series of platform facies carbonate develops widely in the south of Guizhou Province, which contains
abundant benthonic organisms, and they provide advantage condition to the study of Carboniferous reef. In
recent years, with the development of reef study, some new-style reef-building organisms were found, one
of which is an important reef-building organism which is similar to alga. The organism were found to be
one of the important reef-building organism of late Carboniferous in Southern Guizhou through much field
and office work, and they built framework reefs by different growth forms on the biodebritus banks of the
platform margin. The organism have two growth forms: one is continued undulant, curving and rounding,

layers superposed laminae or sill-like; the other one is vertical and horizontal crossed, regular or irregular

network. The reef enriches the Carboniferous reef types.

Key words: south Guizhou; Late Carboniferous; reef-building organism; palaeoecology; reef
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FHZ 25 Ao . 1 BB ATl R R R
F b B S R . 2000~2005 4E 4 A
BT M X = B i 2 R R TR R AR AR 5
B (W FE AR A 3 3 AR A2 VR AL
FF R AR AF ST 98 4K A B AE b 57 17 BT K B
% SO R A AR AL S UURUA M 255 40 0T - TA
R K A Al SR A o L5 2 e  BROAR ) R L B
K —WRIK— IR K AR LR AR FOBLSE 2R AT N6 3h
TR i) B A (R B T X R A AR R, AR
SC R R A G R B 008 3 A R S B iz Bl Bl AR
Py Hb B Gy XN A A7 IR B R BRI T R PR R

TEARSON E K [R5 4 VBT H (45 40372004) 1R .
WeHE H 9 :2006-10-22 58 [l H - 2007-06-06 5 37 4T 4 45 - T Wi I o

L X3t Jo 7 S e LATE B 5 e FE AR DL

BRI FF A H X (E90°00' ~91°30",N33°00" ~34°
00" ) fE K H v bR B HAT o — &V s & 59t
N —RRVLZ, Gl 2Z 1) 119 98 33 40 1t A 34 B 2R B (&
D.rdt & AR NW—SE [q i} 5 — & — & it b
J2 o AU A Al B 1) AR A S A FR AE FLRE  pE
T TIRERL— A AR R T IR R (T 20 A 5T
Ho a5 4L 2 T A 1Y [F ) 5 44 G i 48 U B ™ 7™ Jeg
1997) , b Jow AR Sy W = & tHvs A . S5 LA B i
DI BRG] 24 @ JEL 8 43 A 1 R R X — B R
2RI UURR PR T 2 A i IR £6 5 F e B A 416 9L
N NN o= o N 7 N 1A R A L A2 |
HEAaBHGHEY, W = a1 =124,
SRS — BRI A Rl de kIl (kR £ &
M E GG S FLEE X L BRI A . 2400
2 H (W4 BEL 19905 AR B 25,1979 X 5 1 T 114
For Hby DX A AT AT PG DX R AR L)1 PG A A XL
SO TR R AR A X A5 B X% B 4
b7 E LA

2 ULFRERE
WEHEL ¢ 2577 B (AR B R L b M )2 A T

EHZ R AR, B, 1969 A4 . R TR, 3, 32 B0\ 5 X 3t 53 4 4 5 b )2 24 F 58 . Email:achun168168@yahoo. com. cn,
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A7 K DRI G CIE 20 3 AR A AH P A B R
PR NZEFLEENT 2 AR (T B
P (T FIETTH (Tbg) . 48 BEH—1 19 H AL
M5 Rk B R DA H 4R AR A B,
MAZEFBIHEZERINS —Fiz4 5 MRk — St
JUTIE BEZH 2 A B A B 5 3 i, USR5 0 M B 4
AR P RPLA UK S SR AE N BT
AL 43 b ik 5 B 5T 41 S DA A 2 F i 4y 31
FERRN 3 hR s A BEAE— i TR 5 50 R 4 (Tse)
ST i 2 2 O A e M, 1 1 Oy v R B A A A
W BAEANES LTI HL— 5k 2 it 48
FARHE MRS,
2.1 HZEHATREFIE

XN IZ AL R — IR — JROK A 5E T Bl U A )
KR A e R R 5 IR A DR T 51 TUBRAH
FKARVG F AR AT b B Rl AR B0 AR T LB RE 5
RERZHE BT R0, XA BRIR AR 6 il
W I R B LS &8 B By R [ 28 i i
BE G Z 2 N EROK B R RE . EERE NS

FHERTT N L B S 4L ik s 0 e L ULBE K e
AMALE B E R Ab BTl . Bk Mok LUK e D
T3 B R T A L ) Bk A ) 22 L T IR
2 B AIR L KONRE R SR E M A TR E
TERL Y )2 B R B ARCHR AR 2 B LT IS A8 2 AL e
R BRI O3 A AN B 5 W PR AR L U8 s, HL R ) )
WIZ B W AR T D 2 SEGTAR Sy i 77 CH 5 A0
R 410, 2005) 5 Jay BR & b AH | & s Ve AR 25 L
T AR Bk S Ln v — R 2 AR AR
JE Y KR B le A T iR B K e A K
TR T 25 R b B 2 ) 4B R b K 8 BT 4y A
AREE - F o IS IR 3 L 8 W 75 i A0 Se 3L 5
AL, 72 W5 Quemocuomegalodon orientus— Neo-
megalodon boeckhi FE{% (Q—N COM. ), i AH &k 1L
W% A AH O AT ANAEE § 75 SEHE — i B KR 1
EULBE K AL T R 2 H R/ 2 3 H JLE |
17 GE AR A o N33°47720", E93°32" 22", 28 g Ak bk
o N33°48'00",E93°32"51", [&] 3) LA JK M8 | JK 4 6, B
LR BUE PR W4 SOl i oa A (R

ZRE WEHE . I TER A B

34°

33()

WA 22 5, ] AE S Wiz iy 3
K R 22 T
2.2 KREBHATREFE
XN ZAUa TR E .
IR G TIRUT S, T a8 A H
i 01 A e DU R R U8 A K
TR KE KRR E
5N AR A Sz 4R kS T
oA 1S T8 18] R T Ol R ATL % i)
(DI S S R T i1
EIRUURIRA T, BB iR e
JIG B % 1 B i R, 7 XS
Halobia superbescens—
Halobia disperseinsecta BEV%
(H—H COM.); I3 T5#
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AW Ry R s SR s
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Map showing location of the Late Triassic Fossil Bivalves

Fig. 1
in the Geladaindong region
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Q—Quaternary ; E—N —Paleogene—Neogene ;J,—3;—Mid— Upper Jurassic ; T3— Upper Triassic;

P3;—upper Permian; A —location of fossil
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1=k 22— A 3— MW B A s 4— M b s S— A kL b
6—RKAWE; T—HBERK A 8 A WA 90— M KA
10— W B IRKLIK & s 11— F R A 50 AW B KA 12— 58 E
A 13 Hm A 14U 15— B KA 16 Z LA 17— X
)

1——conglomerate; 2—mudstone; 3—siltpelite; 4—siltstone; 5—
poststone; 6—arkose; 7—lithic arkose; 8—quartzose sandstone;
9—micrite; 10— bioclastic packstone; 11—Ilimestone with cher-
ty-bioclastic; 12—dolosparite; 13—dolomitite; 14—shale; 15—

tuff; 16—andesite; 17—basalt

B 5T 8 T2 8 i K s Il A R A TR K
YRR VE S K TS WA Ve D B K
JER T . WA )2 v 4 D G 0 AR 1 e i Bk
Ja Kt B e f S A A R B AR
BlAE I R IR A 1 L R T — = R PR 1 7
2.3 BRAMRIFIE

40 Ay Bl 5 JE e Bk R 3 E TR A TUARUT
G, TR 0 A 5 TT R i R 8 T i VA
AW B K E K R R E A D E R A B
SRR . VIR R BoR S H & i e st d
URFR R LTI R, Ty HEWR— =MW, Jb &6
SR K AR A TR 1 YA i A — 1 = A U AH . OB B
3T R 7 e AR EL % 3l g AL O R R R 4 L
2005) B 8 2 AR, WO R B O A AR BB
HIR A 2 B S 1 K e 15 n] 43Oy 2 B (&

4) T B K S PE B g T B AE R B
AR R IR CTST) << fi 4R R I CHST) (435
55.,2003) , M (R 1 28 9 25 ) G 38 1 T HE R L
JEE /PN S T AU AR B o TR L IR RO e AR E
LD & FLIE TS 22 0 O S IR s 150 B8 22 , B 4
T 7K TR T 12 A BT WD R Rl AR T JE S Bk
RARCEL R, 2004) , S 5 DX I (8] B AL 3 THRE
Y iz BB J W IR DX A 2R DR A O KA Sl i T
T BEAR DR R #h 2 DURR 7 PR B8 R AR P xE LA
AR (R s EBJRE B TST>HST, RN 18
R TP T R AL | i KA T DAY AR L A
17 w5 K A B — IR e o OB b A R SR AR )
BLLAE L, 75 W5 Cardium ( Tulongcardium)
martini— Trigonia ( Kumatrigonia) hukxilensis
B (C—T COM.) . T i B2 52 TP i 2 b B
LT B D A B D K = BERG L

JUES i T KRB, TURR 855y G218, J5 W
/N TR R o A2 98 T Sl we BE R A AR AR
NEEPE T 2 H T, TST KM iR R
RYAY R 5 DURRER SR e = A I AH 2= G AR 5 Je R 2
1] (mfs) DA SR8 R R8I s A R 8 R AR ¢
B a bR AE . A W) 2 8 F T IR E A K A
TR & i, 7= W s Halobia superbescens— Halobia
disperseinsecta FE3% (H—H COM. ); HST L) #FH
RIRE U E AL AR B R B
AURE ] - 7228 200 A4 TEORL P o ARUBE [ )2 e 18] L) I I 2%
AW S B, B Amonotis togtonheensis—
Cardium ( Tulongocardium ) xizangensis Bt &
(A—C COM.) KRB = F IR A e & B 2 4 i3
FIA MDD R 8 Tl b OB
a1 b5 Sk b a s e n )= .

3 BEVE T

b A B T 2 5 b 5T g s B R — R B R Y
FIRF RE BREE N A 16 75— I BB IR A7 A A7 19 £ W) Fie
A R A T (R IEA . 1992) 5 R 2800 2 5 VR B 75 F
FERTE RN AR T SAR A & A I A A7 PR 7E LK
7 L B — TR ST . [ R RE A U 3t Sz e e 1] 24
RF A 26 7 R B 5 I 2 5 52 B 9 167 o 0 3 Vg 7K
TR BEF ] o R ot mT AR 41 AR ) 20 G T A B A A8 A AR
3 Wl 3 95 43 A 19 K TR AE 4k (Boucot, 19755 BRIE A,
1992 @ 455, 2003) . & RLFHAL M X | =& G4
HABGERMAMY & SUN X NG T35
1) V42— R — KRB IR A ol 2 B8 %5 U0 AH OC 5 iR
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1~12—the same to those in Fig. 2; 13—andesite; 14—basalt; 15—tuff; 16—volcanic breccia; 17—volcanic agglomerate;

18—gypsum deposit; 19—

fossils;

bedding; 24—ripple mark bedding

20—miarolitic texture; 21—

amond-shaped structure; 22—oblique stratification; 23—

s

flat
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3.1 Quemocuomegalodon orientus—Neomegal-
odon boeckhi % (Q—N COM. )

SRR T AR A B8 s A E R
SR E F . L Quemocuomegalodon orientus Yao,
Sha et Zhang.Q. longitatus Yao,Sha et Zhang %
B (k4B F45, 2003, 2004) RAFAE , 55 UL Neomegal-
odon boeckhi s Palaeocardia sp. [N & WARLEA 58
R R RN BERA A S A R R A A R L L 3
J@& 4 F st SRR v A

B R e R A R 2 JE Rl SR E AL
AT A 5 B L 3X 5 R Y R T IS G 2 A A ) O
UFAH B s A A I A2 25 AR SR B L IR AL L BE AR
AN B RE T 2 B TE R ST RIS N T S Y
Sl T o AN R DU 4 7 B8 RN K R 7 I R SRR 1
T RE T AR E T L 98 58 DX L 58 TS T, B T
7 JEE RN ¢ & 1 J T8 35K T M s 19 J 58 TR =22 8] 98 A
(4 VI R A R AE (AT BE R B 51 5 K 0 1 T DA
MR RIS 57D (B S 45 . 2003) R BTILE
TR AT BT AR 1 I S IDUR I W) 5 T LA T A AR
JE Ky b K o F ORI = A A R E B A e it 1
GiE RO R AR i i | s N NS 3 i TS B C P e £
ZeBLIC T HORZ B 1y W8 7 85 IR A - 32 AL 7y
B9 ] R SN KUIRAE T T 280 6 R B ik L HE AR T
J s AN Lt PR B I R A TR i 1 R R v i 2
T 5T 14 R 7 5 5 I TG 45 52 3 B3 W KK L K 8l
P B PREE 5 AR AL Y T BA2 JEWIH G F ERA 25
1% (Boucot, 1981 ; i 4 I 4 , 2003, 2004, 2005) , Hi 7k
TRTE B KB 10~20m, FEAE 20 m Fff ¥ . B a]
T B AR AR R AR PR .

3.2 Halobia superbescens—Halobia dispersein-
secta B¥¥% (H—H COM. )
B0 I 2 Ve o R DA i R U R A Y s
METTH T Bless 29 v E% 9 T4 Halobia
disperseinsecta Kittl, H. cf. disperseinsecta Kittl,
H. Superbescens Kittl, H.
H. fallax Mojsisovics, H. fallax parca Yin et
Hsu, H. cf. fallax Mojsisovics, H. cf.
Chen, H. Qinghaiensis Lu, H. cf. ginghaiensis
Lu, H. yunnanensis Reed, {f§ W, Amonotis togton-
heensis Chen et Lu, J@ f 05 8 &, LA Halobia & B¢
BRI 11 Bl B A S SO R T )
T b/ T ES T Ho L H. superbescens, H.

cf. superbescens Kittl,

convexa

S|

Bl 4 S0P X R b B DT AT R R L
U A 245, 2004 B0

Fig. 4 Correlation of comprehensive section of the Ba-
gong Formation in southern and northern Geladaindong
region (modified from NIU Zhijun,2004)
TST—# R K R 3 HST— & A fk R SB—2 )y ft s A—C
COM. —Amonotis togtonheensis— Cardium ( Tulongocardium)
xizangensis £f 7% ; C—T COM. —Cardium ( Tulongcardium)
martini—Trigonia ( Kumatrigonia) hukxilensis # % ; H—H
COM. — Halobia superbescens— Halobia disperseinsecta #f % .
HAp KGR E 2
TST—transgressive systems tract; HST—highstand systems
tract; SB—sequence; A—C COM. —Amonotis togtonheensis
Cardium ( Tulongocardium ) xizangensis communities; C—T

COM. —Cardium

( Kumatrigonia ) hukxilensis communities; H—H COM. —

( Tulongcardium ) martini— Trigonia

Halobia superbescens— Halobia disperseinsecta communities.

Others legends the same to those in Fig. 2

disperseinsecta W B N F &, MTMBEEA L5 —
e DA b b BT AR S 3 A

PRV 2 — i I U AR R Tl 28 TR A A R 55 1A TR
AW T b Halobia o7 245X 3, i 2 I Ath JIE ARG
AR LT A M R AR B R AR R B R £ T
7AW (Mcroberts,2000) , SRR A A7 H i F 872
55805 R 22 O T 58 AH i . BRI 52 1Y bE 9] A
i AR GE T AN TR Rl 2 A e B 4 T A
S5 R E AT E A 5 25 M 5T LA A 1 TR0
SR AT R A7 R TG AR D Z BB bl BoR 1AL
55 1)K 2 1) 3R s AR S FRRAE S B0 B 2R B0A 55 1Y
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PRI o 5 P JILIR K i AT LR /) 5 DA 22 55 14
[¢] 45 HD ) 2% B A 3 T AR OK 38 I R B v

MEE R S A R a N I B i 0a I
TR AZ TN BB B 1A, 5 s Bk AL R b SE R
B2 A Vi A 196 10 P58 A A8 8 IR 1 T PRSI R 3 g
VEVE A8 M5 3 7 v L2 7 8l B sIR K TE AR D BT
TR G o B (A Ay A XS A2 A 114 G 96 I ) — R o 22 S BR 5E
B TUARE S5 AN ) T A 28 B XL 7e 2R s W A A R
A BB U 2 T A R 5E S RE I N, A 2 LA 2
T BA4 A A A BB KRB IR EmZ T
60~ 100m FY 4 g fili B —Fuli 03 30 25 4 st A L 2= w]
K 3 55 37 AT (150m)

3.3 Amonotis togtonheensis—Cardium (Tulongo-
cardium) xizangensis 8% (A—C COM. )

it TRt EEREAL, R R
G W E Y A SR K A S A A AT
AT WL, T WAL 4 T A Amonotis sp. » A, sp.
nov. ,A. rothpletzi yushuensis Sha,Chen et Qi,A.
togtonheensis Chen et Lu, A. cf. togtonheensis
Chen et Lu,A. ? sp. ,Cardium sp. ,Cardium (Tu-
longocardium) sp. , C. (T.) martini Botger, C.
(T.) xiangyunensis J. Chen,C. (T.) xizangensis
Zhang, Trigonodus ginghaiensis Sha, Chen et Qi,
Unionites sp. \U. griesbachi (Bittner) , Bakevellia
aff. pannonica Bittner %, 5§ 4 25 L) 79 3K 56 A1 B 19
Anatibetites. Nodotibetites, Paratibetites 3 )~ J& fix
F& AW AF Placites, 3 4bn] W ist il fk
A1 B8RS A AT HL R S AR R b s A T
A1 .

WAL A7 B AR 2SR A H Rl Amonotis tog-
tonheensis SEIEL/)N B IG R SR FE Sl K H
Hoe R A, JEH  se X 9 H M 7 I8, 5 T U
Lo H 2, AR TS e S R L R0 A s HLOR
DU 75 J 2 A e DA A 3 O DR TR ) B T
TR BT F 32 0 VG 5 R 1 i R A D 5 HE B TE T L 52
TRAFAN 42 R B — AR 0 s 2 VK BIR Hok 3 )
B Bl 1 U8 1P BT R T R B B Cardium
(Tulongcardium) martini B-5% /N, ™ & H ik, 5%
TR 8 98t ge i) 7K A X F- L s P ILIR K i FA
WUR . R VR /NS RRAE . 2 8 P DR A A 42 B 55
B THE Do e BB 5T ) T AR R WY AR IR TE R A
KBk Hah BE R R R s b s 0 Trigonodus Fll
Unionites Y Jii7K 53 T FEA (B R BRSE;51987) . Trig-
onodus 73 A 5% B B SIS BT A B 2 44 29, A0 T K 2R

YD SO 0 B8 T 2 B AT 3 W K AR 2
A LT i T E B IR e BT Ol - GO0k LS AR A7
WA Y2 R BUK SR BE T Unionites 36 ) T
K By 7 0 585 1) T 9 8 D BR BE (VD 48 BE 4 . 1995)
Bakevellia j&— R ALK 8l 18 R ) 7 B 1R K Bl 28 B¢
(VD42 BEL1995) oA IR BT A D I A TS B A= 40

%A 257 %) T Nodotibetites cf. nodosus— Pa-
ratibetites cf. wheeleri 2045 (4B FG4,2003) , 7K
SRRy K VN i R S DS B NS R R N
N A e Y 3 000 T LR U L B R AR A B 22
A B LR AR s AL B I =&
TH v ) 400 610 2 A TS

AU ERHEER N T 2 B KRS R A
TRK PR, AR AR T 1R 1 7 b i B S g vt iz AR
— P IR K T B 98 T I IV T R T PR
B55 56 0T 285 s 5 SRR AE GROIDK R B Bp 75D %
BV AR A OAE S T BAS JIRAR 4 A5 AR S 10, oK BRGE
FEL R B 10~ 60m , BV P il B 22 3] 1] A 45 45 5 AE 25
i o
3.4 Cardium (Tulongcardium) martini—Trigo-

nia (Kumatrigonia) hukxilensis 8% (C—T
COM. )

UL T 1 A8 L TS B — 5 e m M s R AL
FHE Sy T A Cardium (Tulongocardium) sp. , C.
(T.) nequam (Healey),C. (T.) martini Bottger,
c . (T
(Kumatrigonia ) hukxilensis Lu, T. (K.) sp.
nov. , T. 1, P.
jianchuanensis Chen 2, P4 C. (T.) martini, T.
(K.) hukzxilensis & N F 5, H o C. (T.)nequam
Protocardia sp. nov. 1 % VWL, #1555 4% K 3
.

WAL 1 A K F, LR Trigonia
(Kumatrigonia) ™58, 58 TR 58 L Hi 5%, S 5
Bl KA X IEHR B P AN E LRSS e
HLE [F) 0> s Cardium (Tulongcardium) martini
HFe /N i m Hos se T L % 4ad KA X
-5 U R T Hi P LR - 2 LR /N S R Ak 208
PASEORAE AN A s H 5 i Bl it 3L T 2 SRR ALE
WA NG TEE B 4 2 L i K R L 3l RE 45 e 1 B B
W, Protocardia 5¢ )5 45 S5 238 N T 52 105 IR A
AT . A S ALY T BA2 IR 4H
£ HE 83 (Boucot, 1981 5 4 I 45, 2005) , FL K %38
FIRE hy 0~10m, LA 5~10m Jy &, BI/K 3 Jj A K

xiangyunensis J. Chen, Trigonia

(K.) sp. ., Protocardia sp. nov.
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TR AT R A T A B S — 2 LA A0 AH R = 04 U DT A Rk

ZEE LR W ERAE o] AHEWT B L Halobia #£9%
M Amonotis togtonheensis— Cardium ( Tulongo-
cardium) xizangensis % H [6] ¥ B ¥% (Homolo-
gous Community) B¢, B — & i gk & . mRg . b
# Amonotis togtonheensis—Cardium ( Tulongo-
cardium) xizangensis BE¥& 5 Cardium (Tulong-
cardium ) martini— Trigonia ( Kumatrigonia )

hukxilensis TtV B AT EE 7% (Analogous Communi-
ty) FR1E

4 Vs I ) U

FETE AR RAESN L AR 50 R . — 1
Wy HETE B S — A B V% B B A i #2 (Johnson, 1977
Rollins et al. , 1979) s A 0165 V- 17 47 22 | J 99 4 A2 4k
| TS B RE NS AT L TR R R b A G A 3 AR B B
BRLEH RGN ELRR, KAKR=5
TH: X5 28 2y 1y A 110 2 i) BROFC 2 A A 7K 320 4 5l
(A B NI ZE L 320 TR I . 6 05 T 188 8h )
CLAT D =8 7 U 28 0 O AR 3R 1 210 98 i 52 H A 5
YIRE CERUK AR R N AR SEBIR AR 32) W 3 5
B S U R = A U B TR PR R T — AN A
R B T AR — T AR A A I U K IR A LA S AR
VU R AR B X O — B CF A R A
1997,

W = 25 tH FP S i 2 TORRU 0 I A R B PR, 32 4
133 Bl A KL 2 el R R O O i R =
N — JRy BRATK RE 1495 80 =006 T8 3R 055 L i A ) s Bk X
W i 1R AR 7K Y 1R G 300 B 5 8 T T R L A R PR 65
i T R BB R A i E AR BT b A Al ) 5 e
T JE K A5 . Quemocuomegalodon orientus YE B L
S B L 0 PR 0 38 N BE ) i FLAR R R
PERRF R BT TR oK 128 5 BRI T Al . 3
S ARy v A L AR )2 b 2 RO A
fiisfgm ERARABBZERMS .Q—N COM. Rk
I Physocardia zhidoensis Zhang@ ,Chlamys bi-
formatus ( Bittner ), Arcavicula cf. arcuata
(Mtnster) ,Arcavicula sp. %5 5 3% E 7 5+ Je W HH
[ 1) 43 2R WY R JE S I IXC P 5 ) 7 e R R 1
i MW Neomegalodon P4 R 5= UL » 2 W] v A1) 7
HE R AR ) R

M = 2t I HEL R A TR B 0 L DX 8 O KRS
R B2 A B HLR 2 A 5 A< A DX Il 3 T
NS E TR ACE TEAR AL 48 A — A K IR BT 1

PR AR — PR IV A W E LA A7 T A TR 7K 7 Ji 2
) H—H COM. B N Rk AH 2 17 5 1 7% 3
Jo bt AR Ay s R o S 5 A S R T T AR LAl KRR 2
FARRIR I« AR AL W) DR AT A LR B2 G AT T

/< 3 1 R (Ol W VAR 198 e el -V
TE DA iz Sl 1 F T PR HE A T B R VLR . 1
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Replacement of the Triassic Bivalves Communities in
the Central Qiangtang Basin

TANG Zhaoyang"? ,YAO Huazhou” , NIU Zhijun® ,DUAN Qifa® ,
ZHAO Xiaoming” , WANG Jianxiong”
1) The Graduated Student Academy . Chinese Academy of Geological Sciences Beijing 100037
2) Yichang Institute of Geology and Mineral Resources \Yichang . Hubei, 443003

Abstract

Bivalves communities of the Upper Triassic in the Geladaindong region contained mainly 4 fossil bi-
valves communities. Vertically, the most important controlling factor of the community replacement was
water depth, and early it broke and gradual changed in late, at the same time, changed with shallow—
deep—shallow of the replacement. Horizontally, influenced by the amount of terrigenous clastic materials
and the varied environment. Study on individual morphology, ethology and the analysis of lithology and
sedimentary facies indicate that the eco-positions of the Quemocuomegalodon orientus— Neomegalodon bo-
eckhi Community and Cardium (Tulongcardium) martini— Trigonia (Kumatrigonia) hukxilensis Com-
munity controlled by the descend of high-frequency cycle were BA2, Halobia superbescens— Halobia dis-
perseinsecta Community and Amonotis togtonheensis—Cardium (Tulongocardium) xizangensis Communi-
ty controlled by the ascend of high-frequency cycle were BA4 and BA3. All of these will provide important

reference material to compare with adjacent areas.

Key words: fossil Bivalves, Community, the change of sea level, Triassic, Geladaindong region,

Qiangtang, Xizang (Tibet)
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Mixed Siliciclastic—carbonate Sediment in Rift Lacustrine Basin

a Case on the Upper Part of the Fourth Member of the Eogene Shahejie Formation

in Jinjia Area, Dongying Depression

ZHANG Jinliang"? , SI Xueqiang®
1) College of Marine Geosciences ,Ocean University of China ,Qingdao,Shandong,266100;

2) Center for Petroleum Exploration and Development Engineeriong of Shandong Province, Qingdao,Shandong,266510

Abstract

The mixed siliciclastic—carbonate deposit is a kind of peculiar sedimentary type, and the research

about it is too little. The upper part of the 4th member of the Eogene Shahejie Formation in Jinjia area,

Dongying depression, is a suite of lacustrine mixed siliciclastic—carbonate deposit. Based on recognition of

rock core and studying of thin section under microscope, the mixed deposit in the study area can be divided

into three sub-facies, and the mixed sediments contain both syn-bed type ( lime—sandstone, sandy

limestone, argillaceous limestone, et al. ) and interbedded type. The mixed sedimentation was controlled

by tectonism, material supply, lacustrine level change and many other factors.

Key words: Dongying depression;mixed sediment;siliciclastics;carbonate;rift lacustrine basin
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Discussion on the Relationship between Distribution of Fluxoturbidite and
Depositional Slope of Delta in Lacustrine Basin

CAO Yingchang, LIU Hui
Faculty of Geo-Resources and Information, University of Petroleum , Dongying,Shandong, 257061

Abstract

The fluxoturbidite in delta front is an important reservoir sandbody distributing in deep water
The delta

depositional system generally has three topography slope breakpoints, namely the breakpoint between

environment, and it is an important lithologic hydrocarbon reservoir in lacustrine basins.

topset and foreset, the breakpoint between delta foreslope and prodelta and the breakpoint between delta
depositional system and normal lacustrine depositional system, of them the topography grade of the
foreslope is the biggest. The topography grade of the foreslope is one of the key factors which control the
forming of fluxoturbidite. The slumping action occurs in the top of foreslope, and fluxoturbidite mainly
distributes the bottom of the foreslope and the outside of the prodelta, these zones are topography slope
breakpoints in the delta depositional system. The grade of the foreslope decides the location of the slope
breakpoints in the outside of prodelta, the bigger the grade, the smaller the distance between the

breakpoint and the foreslope. The quantitative correlation formula between the grade and the distance is

established based on the fine dissection of Dongying Delta.

Key words :

prediction

delta; fluxoturbidite; lithologic hydrocarbon reservoir; topography slope; quantitative
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BEAE 4 5 5 08 (Na, O+ K, 0=28.49% ~9. 39 %) . & # (K, O/Na,O=1. 12 ~1. 43) , S 3E 1 F1 , 15 & 86 Ll [ (SFeO) /
MgO=4.91~7.19]; & Rb.Ba,Ga,Th,Zr ,Nb,Ta, %% Cr.Ni,V; & SREE(392. 24 X 10 °~594. 76 X 10" °) ,#i + 0 &
5[ (La/Lu)y=12. 67~17. 097, 58 4 f1 5 % (SEu=0. 58 ~0. 78) , B R B PE 46 59 4 AR E . 55 55 27 B BE A6 B9 42 A
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45,1996, 1998 ;X1 2 45, 2003) . £ K43 Ai 7£ 3 1L
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Fig. 1 Geological sketch map of the Yingfeng Pluton
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Kt T Mg E: S MR IR A 9 TR RS KN
5 10—V K B IR BEAL K 5 11— K20 8 IR BE AL 4 5 12— P 4L
CIRFEAL A 5 13—V 39 D 4F 5 14— J28 5 15— M Bt A 4k B i
PR 16— AN 17 RFES LSS

1—Quaternary ; 2—Junzihe Group of Triassic; 3— Tanjianshan

Group of Silurian—Ordovician; 4—Wandonggou Group of
Mesoproterozoic; 5—Dakendaban Group of Paleoproterozoic;
6—quartz diorite; 7—diabase; 8—oligoclase granite-porphyry;
9—medium—fine grained biotite admellite; 10—light-gray
11—gray-red rapakivi granite; 12— red

14—fault; 15—

rapakivi granite;
rapakivi granite; 13—ductile shear belt;
geologic boundary and transitive boundary; 16—surface of

unconformity; 17—sample location and its serial number
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XML&MW ELE . 2200 AR ERN, FL L&
b4 (1] 22 Sy Wi 442 flah (1 1)
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FEr S B I N E R iR NS A S e =X N U
IR BEAE o HR A AN A VBRI 5
Bt ZRKAEK A bk & & E A NNW-—SSE J5 [1]
JEAT R LR A . AR A A KBS EAN —, 28 1
~50m ZI[A], HFAMULEE K BE ik L ik 5 PR BEAE 4
HAHEARA VI RIS R W AR A RS s,
iiE TR —&3 A A A a6 GRS, 20060, &

I E R B 2318485 1 U-Pb % 1776 +=33Ma( B K
WE4E,2003) , R EAMZ AL T H oo L.

A IR BE AR B A R — U R
A6 3 B AT G SR R €8, L R 2168 TR IR 21 =, L
FEE B IR Y A Y 22 0 R KA A R R
e A AT R I e 0 Al R R s
WoRELEN . XL IR BE AL K 5 3 5 IR BEZE - kR
PR ARESERZHALE 2.5em A, S, F
P& a2y 5000 IO B . S5 2 KRB £
AL RS . RA K AEREEA R A
Wi, J& Pyterlitic BRI BEL5 . 2 b B o
(3.6%~13.1%) BHK A (8. 2% ~34. 6 %) KA
(43. 7% ~79.4%) A (12, 4% ~22. 1Y) A K, . T
W a2, 2 WA IEK A AR KA, DR
HASE KA A B RS A A R R R
R B KA AR A GRRE R 45, 200652007)

MRS LA L BRI &k, 2L
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et FHINAET Y. BatEREKALE SRR A B
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FRAEARL, R0 WAH A 5. FET WA KA
(52. 1% ~74.5%) A HE(13. 6% ~24.5%) FI B =
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A =R = B S e A AL H L. BB
TR AR A K R IR LT IRIR 45 48 3 e
PERAT(35% £) K A (An=15)(25% +) . f1 %%
(30% £) FB 2B (10 Y0) 4L - BB 40 vh & & 85 A
AL AT
2 RS E O B T ik

ARICHCRET 7T AR (A DS IZ AR
FREESAGE D,

E AR DT A N A R b R A CAE R0
o7 S R 58 B R JT R T TCP-MS 3658 .
LR ICP-AES Uik A R0 1 %, & 1 Hik

FIH TIL R B =W T A K25 2% Wiborg 1 Laitila

AR S A BT AR LU T

Rb-Sr FI Sm-Nd [f] £i2 58 70 7 75 H [ 7} 27 e 3
J53 55 by R ) BT 5[] 43 2R B 4 2 30 2 S . [ Ao
R M AE VG354 [ A A 7 3% Bl iF L AT . SelAl

Rl BEEGERRMEEAIELR(N)MPBETR(XI107)SHER
Table 1 Main( % )and trace elements( X 10™°) analysis results of representive rocks in the Yingfeng intrusions
= 1 2 3 4 5 6 7 8 9 10 11 12 13
FE 5 Qy21 | Qy76 | 99802 | 99807 y74 Qy4 Qyl Qy2 Y71 — — = —
. o e IRE g | T g | Wibore ) Laitle
Ak BETE 4 WRBETE 4 7 TR | MA | A e BEAERG | ER LN ESEIN
RES p | EE L | | s
SiO, 69.5 66.07 66. 16 67.73 71. 4 47.6 69. 4 68.3 68. 6 66.9 69.1 70.4 70.7
TiO, 0.53 0.63 0. 89 0.68 0.56 1.15 0.42 0. 39 0.4 0. 34 0.45 0. 45 0.43
Al; O3 13.9 14.68 14.7 14. 4 12.1 14. 4 14.3 13.9 14.8 15.5 14.5 13.7 14
Fe; O3 0.5 1.02 1. 56 0.99 4. 14 2.42 0.58 0. 38 0.91 0.94 1. 38 0.95 0. 82
FeO 3.47 4.69 3.11 3.04 1.1 8. 87 3.48 3.07 2.16 1.97 2.02 3.08 2.8
MnO 0. 04 0.08 0.01 0.02 0.05 0.19 0.05 0.05 0. 04 0. 04 0. 04 0.05 0. 04
MgO 0.66 0.78 0. 86 0.8 0.66 7.84 1.4 1.3 1. 14 1. 38 0. 46 0.37 0. 28
CaO 1.22 2.08 1.57 2.06 1.24 11.5 2.21 2.5 2.47 0.89 1.63 1. 96 1.59
Na, O 4.01 3.6 3.87 3.96 2.76 2.02 3.93 5.68 4.57 2.97 3.3 2.95 2.61
KO 4. 48 4.96 5.52 4.92 4.91 0.72 2.16 1. 08 2.01 7 5.56 5.57 5.63
P,0s 0.14 0.2 0.18 0.12 0.1 0.11 0.11 0.11 0.12 0.07 0.13 0.13 0.08
LOI 1. 16 0.96 0 0 0. 54 3.01 1.82 2.69 2.65 2.15 1.8 0.83 0.81
> 99.6 99.75 98.3 98.8 99.5 99.9 99.8 99. 4 99. 8 100 100 101 99.8
o 2.72 3.18 3.81 3.19 2.07 1.62 1. 41 1. 81 1. 69 4.16 3.01 2.65 2.45
A-+R 3.61 3.09 3.75 3.33 3.7 1.12 2.17 2.41 1.62 4.1 3.01 3.4 3.25
A/NCK 1.01 0. 97 0.97 0.92 1 0.57 1.11 0.92 1. 04 1.11 1 0. 95 1.05
K;0/Na; O 1.12 1. 38 1.43 1.24 1.78 0.36 0.55 0.19 0. 44 2.36 1. 68 1. 89 2.16
(2 FeO)/MgO 5.94 7.19 5.25 4.91 7.31 1. 41 2. 86 2.62 2.61 2.04 7.09 10. 6 12.6
La 93.5 142. 6 115 113 110 11.2 28.9 15.9 17.6 290 156
Ce 165 258.1 217 208 199 23.3 55.1 31.8 35.5 567 337
Pr 20.1 30. 47 26.7 26 24.9 3.09 6.42 3.85 4.27
Nd 74.1 105. 3 105 102 91.8 13.3 23.1 14.7 15.9 199 145
Sm 10.7 16.33 18.3 17.9 13.9 3.23 4.22 2.79 3.06 26 21.8
Eu 2.38 2.82 4.24 3.65 2.06 1.07 0.92 0.74 0. 86 2.5 3.13
Gd 8.66 12.93 14. 4 14.5 11.2 3.31 3.84 2.38 2.53 11.7 10. 2
Tb 1.3 1. 85 1. 97 1.88 1. 68 0.66 0.6 0.41 0.43
Dy 6.8 10. 15 11.8 10.9 9.41 3.93 2.88 1.95 2.05
Ho 1.2 1.79 1. 85 1.76 1. 66 0.77 0.53 0. 34 0.38
Er 3.55 5.54 5. 84 5. 34 4.76 2.24 1. 54 0.98 1.06
Tm 0.53 0.82 1.01 0. 86 0.7 0. 31 0.2 0.14 0.15
Yb 3.39 5.18 5.5 4.8 4.56 2.08 1.41 0. 94 0. 96 3.1 4.9
Lu 0.56 0.9 0.93 0.78 0.8 0.31 0.21 0.14 0.14 0.41 0.71
Y 32.7 56. 56 59.8 53.7 49.5 20.6 14. 4 9.58 10. 6 31.4 48.6
> REE 392 594. 8 529 512 476 68.7 130 77 84.9
(La/Lwn 17.1 16. 22 12.7 14.9 14.1 3.7 14.1 11.6 12.9
O0Eu 0.74 0.58 0.78 0.68 0.5 1 0.69 0. 86 0.93
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gk 1
F 5 1 2 3 4 5 7 8 9 10 11 12 13
FEfS Qy2l | Qy76 | 99802 | 99807 y74 Qyl Qy?2 Y71 — — — _
o o ,éf—‘Z\ﬂ ,Hi‘Z\%ﬂ TS ?f.““Z\If . Wiborg | Laitila
Ak BEAE K WRAAERS | KA | EEE | ARk . KEAE i k| A
ks NKE M ¥ | i
Rb 74.8 | 135.1 130 79.8 137 85.7 | 38.9 | 85.8 230 173
Sr 146 | 298.3 | 235 245 203 273 200 263 280 413
Ba 1505 | 2094 | 2646 | 2112 | 1648 750 350 435 2073 | 2180
Ga 24.8 | 22.83 | 26.3 | 24.7 | 18.4 15.4 | 15.9 14.8 | 22.9 | 23.7
Nb 21.3 | 33.11 | 24.8 | 24.4 | 26.5 8.37 | 4.28 | 5.34 23 28
Ta .14 | 1.57 1.04 | 0.98 | 1.21 0.48 | 0.36 | 0.26
Zr 361 | 433.2 | 266 153 431 145 112 141 421 414
Hf 9.36 | 11.64 | 7.85 | 4.21 1.1 4.18 | 3.23 | 3.84 15 16. 4
U 1.5 2. 04 1.53 | 1.39 | 1.73 2.49 1.18 1.51
Th 13.7 | 18.63 | 8.8 8.7 14.1 12.1 5.93 | 6.22 | 13.5 9.4
Pb 41.5 | 47.63 37.7 43.1 21.7 | 9.73
Zn 31.8 | 53.81 44.1 35.2 | 47.5 | 40.1
A% 15.8 | 21.43 | 45.5 | 58.4 15.8 49.3 | 40.1 | 43.1 | 32.6 44
Co 3.52 | 4.08 | 9.98 1.5 | 4.05 8.43 | 7.73 | 5.68
Cr 34.7 | 12,45 | 11.3 | 9.76 14 42.2 | 32.9 | 31.5 30
Ni 12.8 | 4.51 | 3.02 | 4.05 | 6.78 23.1 | 20.5 19.5 4 4.2
10* * Ga/Al 3.38 | 2.93 | 3.38 | 3.23 | 2.87 2.03 | 2.16 | 1.89 | 2.78 | 3.09
K/Rb 497 305 353 512 297 209 230 194 253 267
Rb/Sr 0.51 | 0.45 | 0.55 | 0.33 | 0.68 0.31 | 0.19 | 0.33 | 0.82 | 0.42
Rb/Ba 0.05 | 0.06 | 0.05 | 0.04 | 0.08 0.11 | 0.11 0.2 0.11 | 0.08

3.4 Bl HHF A HERT )R.1991;10.11 5] AR 4% ,1996;12.13 8] [ Ramo et al. .1995,

PR 8 (P Sr)/ n(¥Sr) = 0. 1194 # 1F,
Rb-Sr 2t = AR LY 2 X101 ~5X10 g,
Nd [al i Z & 48 2 Nd)/ 21 Nd=0. 7219
B IE , Sm-Nd 2R A AR A R 5X107 g,

3 ML

3.1 RMMENEMEZB _KERSWHRLE
HHE

HBEAE 56 4 10 Si0, AR 66.07% ~69.47% .,
R RAE 9. 71% ~10. 96 % Z i), 0 £ KT 3,
K,O/ Na,O 254k F 1. 12 ~1. 43 [a] , H. & i (& 2a.
2 VE R RRIE . 7E K, O—SiO, Bl b % 76 & 5
BB PE AT L X (B 20, (X FeO)/MgO 1
4.91~7.19 Z[8], /R & B FRHAE (& 2D . R
FHEEAE 0. 92~1. 01 Z (0], P32 0. 97, FR K1
1,

HBEIE 5 5 1 SREE &, £ 392,24 X107 ° ~
594. 76 X 10 " Z i), B HEM /0 F W, (La/Luwy
=12.67~17.09, ¥ ¥} 55 i F % (OEu=10.58 ~
0.78) (& 3),

TEFE TR A K A b dE AL B (B O b AR dfE AR A
% Y.Yb /N 1,34 HEZr NT 1,408 Ta /T 1

ZAZHORT 1, AIEEE WK K. Rb.Ba, Th
SR AL R TE L B A A = AN fE Ce AN
Sm 4k, AR Ta Nb HE Zr K4 .

BB TR AR XA DA ™= L 0 4 R
fIE 5 FRBE AL b 5 AL, 2 254 A 22 00 CAA RE &
4,2006) , FRICE Il IC R B FRIE 5 R BEAE K 7
(R FELARL 107 S [) W 2R A0 A T 2
3.2 ARAKEMEKILRSHMIKKFRFE

AN A 5 A G X A 1 kA 27 R AR R
FEARL 33X 5 B AT 25 A 2% R AE T 43 AT CBA BB & 55
2006) J& — 1y, 7E Si0,—Na,O+K,O & 1§
A5 (8 2a) , 8 EFE 1. 41~ 1. 81 Z [ , EL 45 5§
PEBERAE , HoAt ) 5 B P 2b R 2d) 8 5 7 5
PERIPER . Na, O fll K, O B % 84> BI7E 3. 93% ~
5.68% F1 1.08% ~2.16% z [a], Na,O/ K,O 7&
0.19~0.55 Z[a], H & #h#20 ¥ W R 1k 78 K, O—
SiO, Efife b 7% 75 85 5l P 7 51 X BB BT £ 41 X A
RN RRAE (B 200, R A4S BR7E 0. 92 ~
111 A, P30 1,03, R 58 85 2 ML A, (2 FeO)/
MgO 7£ 2. 61~2. 86 Z [i] , LA A% .

SREE 3} 77.04 X 107° ~129. 85 X 10™°, £ g
PEE T B SFE AR R EM - R R, (La/
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Fig. 2 Geochemical diagram of the Yingfeng rapakivi granite in north Qaidam basin

(2)8i0;—Na, O+ Kz O Irive, 197D, O~ B —X W 58 1 F 755 (D)SIO;—A + R (#if Whright,1969) ; () Kz O—SiO;
(& Peccerillo, 1976) ; (d)SiO;—( 2 Fe) /MgO (4§ Miyashiro, 1974)
(a)Diagram of SiO; vs. Na,O+K,O (after Irive,1971), O~ B ~—refers to the No. in Table 1 respectively;
(b)Diagram of SiO; vs. A ¢ R(after Whright,1969) ; (¢) Diagram of K;O—Na; O (after Peccerillo,1976) ;
(d)Diagram of SiO;— (X FeO)/MgO (after Miyashiro,1974)

Luwy A 11.62~14. 06, 7Ef Lo Z E o B LB
L (& 5),0Eu 2 0.69~0.93, 7% Eu 55 5 .
I H R AN S — RRKIER AT LTRY
Hi € 220 1 [ 28 45 40 (Culler et al. 1984 AL, 7
T AR A R LR R R R il 28 A (]
4), Hip K.Rb.Ba.Th B & & 4 . i H At s K21k
Ta # Nb A X #1468 1) Th F1 Ce % 1b. BR KA
A, Rb . Ce kb5 558 B 1145, Th 1 Sm A A B
WA, 10" X Ga/ALEBK. H7E 2 LN,

3.3 EZAE

R W S A T R 5 S 35k A I R (BT 220 A
B 5T (I 2b) s Hhr 3 T i M i (&l 2d) . KO 2R
0.72% , WY 8 b6 KPR BE X i i o 1 5 K RGP BE X
AL, Mg =0. 59, g A 2 it 2 1A%, 1]
AWM S5, FET Y Ol=6.679%, IR
SiO, 55 A4 F1, > REE = 68.71 X 10°°, 6Eu =
1.00,(La/Luw)y=3.70(F 1), s+ 7o % 4 £
R G8 (A (B 5) 5 S KBl 7 BE %A 1
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Fig. 3 REE patterns for rapakivi granite and biotite

monzonitic granite
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The denotation in this figure is as Fig. 2
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JG 2% Wik K 5] (Pearce et al. ,1984)

Fig. 4 Normalized with ocean ridge granite trace
element patterns of the Yingfeng rapakivi granite
(after Pearce et al. ,1984)
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The denotation in this figure is as Fig. 2

fiE o AE TR RLBE 2 A A v Ak A ek 0 1A 1 S R
FERAIA,Sr £ Ce BOLR & 4 1€ Ba Zbik & KMH .,
i P &G H e E# AL (E 6), Hlh &I & 5 K i
FLBEZ A MRl KL A NiLCr M A &R
B B U N R e A A L A
fm A0 ) A 32 SR OG0 R/ SR A
3.4 EEAK

2 AR PERE B 19 SroNd a7 2 4 B L 2,
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The Geochemistry Features,Origin of the Yingfeng Rapakivi Granite and Its
Associated Rocks in North Qaidam Basin and the Geological Significance

HU Nenggao” , WANG Xiaoxia®” , SUN Yangui® , SHEN Wenhuan" ,
CAI Huanhuan” , CHEN Yunjie®”
1) School of Earth Sciences and Resources management , Chang'an University, Xi'an, 710054 ;
2) Development and Research Center of China Geologic Survey, Beijing. 100037
3) The Geologic Survey Department of Qinghai Province, Xining, 810012

Abstract

The Mesoproterozoic Yingfeng intrusions are predominately composed by rapakivi granite. Diabase
and quartz diorite—oligosite granite are also associated with it. The rapakivi granite exhibit the features of
high value of alkali (Na,O+K,0=8.49% ~9.39%) and potassium (K,O/Na,O=1.12~1.43), almost
Al-saturated, high (SFeO)/MgO ratio ((SFeO)/MgO=4.91~7.19); the enrichment of Rb, Ba, Ga,
Th, Zr, Nb, Ta and poor in Cr, Ni, V; high content of SREE (392.24 X 107° ~594.76 X 10~°),
remarkable differentiation of REE ((La/Lu)y=12.67~17.09) and weakly negative Eu anomaly (SEu=
0.58~0.78), showing the characteristics of alkali granite, and being similar to the Miyun rapakivi
granite, Beijing, China . The quartz diorite—oligosite granite shows low value of Rb, Ba, Ga, Nb, Ta,
Th, Hf, Zr and high value of Ni, Cr, V; low value of (SREE=77.04X10"°~129.85X10"°), obvious
differentiation of LREE and HREE, but low value of (La/Lu)\(11.62~14.06), more weaker negative Eu
anomaly (SEu=0. 69~0.93). The I, (1776 Ma) value of oligosite granite is 0. 6924 and the ey (1776 Ma)
value is very high (+ 9.7), indicating its protolith could be the lower crust which strongly suffered
anatexis and poor in early period. The I, (1776 Ma) value of diabase is 0. 7066 and the ey (1776 Ma) value
is +3. 6, showing the magma originated from modified mantle. The I, (1776 Ma) value of rapakivi granite
is 0. 7181 and the ey (1776 Ma) value is —5. 5, showing it mainly originated from ancient crust. These
analysis results indicate that the diabase originated from tholeiitic magma, and the granite was genesis
from ancient crust. This study suggests that these intrusions formed in an extension environment and the
Yingfeng rapakivi granite is one member of anorogenic rapakivi granite of the North Hemisphere in
Proterozoic, however,the intrusions were involved in ancient crust of North Qaidam basin orogenic belt in

Caledonian period.

Key words: North margin of Qaidam basin; Yingfeng intrusion; A-type granite; Rapakivi granite
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*1 FREGHMENMTABLITERESE (X107°)
Table 1 REE contents ( X 107¢) of sandstone and ores in the Ili basin
R /| FES La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Y024 53.11 | 88.48 | 10.92 | 41.71 | 7.70 0. 98 6.29 0.79 4. 59 0. 90 2.47 0. 35 2.18 0. 33
Y025 42.76 | 85.97 | 8.49 |30.77 | 6.14 0. 69 4. 80 0. 60 3. 54 0.70 1.92 0.28 1.73 0. 25
Y026 45.63 [ 91.12 | 8.85 | 36.54 | 6.77 0.75 5.31 0. 65 3.97 0.76 2.19 0.32 2.01 0.31
Y027 48.78 | 91.67 | 9.90 | 39.62 | 7.50 0. 82 5.50 0. 66 4.01 0.79 2.21 0.32 1. 96 0.29
381/ Y028A 2.66 5.54 0.78 3.07 0.73 0. 14 0.62 0.08 0. 60 0. 14 0. 44 0.07 0. 44 0.09
AR Y029 42.11 | 81.50 | 8.62 | 34.11 | 6.60 0. 81 5.08 0. 64 3.62 0.69 2.03 0.29 1.77 0. 26
Y023 42.31 | 86.08 | 8.83 | 34.66 | 6.58 0. 81 5.18 0. 64 4. 04 0.78 2.25 0.32 1.93 0.29
Y038 31.07 | 62.93 | 6.34 | 24.68 | 5.04 0. 65 4.11 0.52 3.05 0. 65 1.93 0.28 1.73 0. 26
Y039 39.67 | 59.28 | 7.84 |32.02| 6.05 0. 80 5.03 0. 64 3.98 0. 82 2.39 0. 35 2.17 0. 33
Y040 53.38 [100.69| 10.46 | 41.49 | 7.90 0. 81 5.92 0.76 4.52 0.93 2.69 0. 40 2.47 0. 36
381/ Y042 40.78 | 78.71 | 7.93 | 31.45 | 5.97 0.74 4.62 0.58 3.41 0. 68 1.92 0.28 1. 81 0.27
X Y006 43.23 | 83.60 | 8.54 | 36.11 | 6.63 0.71 4. 87 0.59 3.59 0.70 1.93 0.27 1. 67 0.24
55 E AL 0
Y007 1. 37 4,78 0.49 1.95 0. 40 0.09 0. 44 0. 06 0. 46 0.11 0.37 0.05 0. 39 0.07
Y015 39.32 | 77.23 | 8.04 |30.93| 6.11 0. 86 4.87 0.67 4.25 0. 90 2.64 0. 40 2.47 0. 37
, Y016 42.42 1 80.96 | 8.51 |33.99 | 6.25 0.91 5.13 0. 64 4. 05 0. 80 2.32 0. 31 1. 85 0.29
381{ Y010 42.16 | 83.07 | 8.60 | 32.99 | 6.44 0. 80 4.76 0.61 3.53 0.71 1.99 0. 30 1.72 0.25
FUR & e B ) )
Y011 37,131 73.01 | 7.54 |30.42 | 5.75 0. 81 4.54 0.57 3.35 0.69 1. 95 0.27 1.74 0. 26
Y012 44,54 | 88.74 | 8.91 |35.35| 6.62 0. 89 5.21 0.67 3.90 0.77 2.21 0.32 2.01 0. 30
381/ R
b Y013 45.10 | 84.70 | 9.34 | 37.60 | 6.53 0. 86 5.45 0.71 4.15 0. 82 2.34 0.33 2.07 0. 31
Y056 39.12 | 74.28 | 7.90 | 31.38 | 5.93 0.79 4. 50 0. 56 3.33 0.67 1.92 0.28 1.67 0.25
Y057 47.83 190.04 | 9.20 |36.73| 6.78 0.77 5.22 0. 60 3.95 0.70 1. 89 0. 26 1. 69 0.23
365/ Y036 46.45 | 86.23 | 9.05 | 37.29 | 7.12 0. 87 5.61 0. 66 3. 84 0.75 2.04 0. 30 1.77 0. 26
A Y037 44.07 | 88.41 | 10.02 | 38.10 | 7.26 0. 89 5.85 0.67 4. 11 0. 81 2.24 0. 33 2.04 0.28
Y044 45.92 1 90.80 | 10.27 | 39.71 | 7.87 0.96 6.31 0.70 4. 20 0. 82 2.16 0.32 1. 88 0.25
Y045 35.37 1 70.16 | 8.32 | 31.57 | 6.63 0. 86 5.44 0.62 3.83 0.77 2.13 0. 31 1. 96 0.28
365/ Y050 41.72 | 85.16 | 9.51 | 37.07 | 7.03 1.11 6.07 0.73 4. 83 1.01 2.96 0. 45 2. 87 0. 46
ek A Y051 42.38 | 84.02 ] 9.52 | 36.62 | 6.90 0. 96 6.07 0.70 4. 50 0.91 2.56 0.37 2.27 0. 33
Y034 45.77 1 92.92 | 9.46 |37.43 | 7.05 0. 84 5. 44 0. 66 3.90 0.74 2.23 0.33 1. 96 0. 30
Y035 30.96 | 63.45 | 6.31 | 25.20 | 4.86 0.57 3. 90 0. 54 3.46 0.73 2.16 0. 31 1.99 0.29
Y030 40.39 | 80.30 | 8.73 | 33.20 | 6.27 0.82 5.21 0.57 3.62 0.75 1.99 0.29 1. 83 0.25
Y031 43.08 | 80.88 | 9.75 |36.99 | 7.26 0.92 5.69 0. 65 4.12 0. 80 2.15 0.29 1. 88 0. 26
Y052 42.03 | 82.78 | 9.22 | 34.98 | 6.61 0. 85 5.51 0. 60 3.69 0.71 1.94 0.28 1. 83 0.25
365/ Y054 40.06 | 82.37 | 9.20 | 36.02 | 6.75 1.01 5.85 0.67 4.24 0. 84 2.51 0. 37 2.38 0. 34
o PR A Y055 46.04 | 92.74 1 10.38 | 39.19 | 7.63 1. 00 6.27 0.75 4.71 0. 94 2.69 0. 39 2.46 0. 36
Y046 47.92 | 94.51 | 10.48 | 40.91 | 7.90 0.98 6.31 0.70 4. 20 0. 84 2.27 0.31 1.93 0. 29
Y047 46.19 | 93.72 | 10.17 | 40.37 | 7.80 1. 00 6. 48 0.73 4. 46 0. 85 2.24 0. 31 2.06 0.28
Y048 36.30 | 72.75 | 8.39 | 32.44 | 6.37 1. 00 5.33 0.61 3. 86 0. 80 2.22 0.33 1.98 0.28
Y001 47.33 1 89.97 1 10.56 | 39.97 | 7.73 1. 20 7.04 0. 83 5.28 1.10 3. 04 0.43 2. 80 0. 39
Y003 40.21 | 81.89 | 8.82 | 32.44 | 6.25 0.93 5.00 0.63 3. 69 0.73 2.05 0.29 1. 85 0. 30
Y060 41.76 | 82.65 | 9.13 | 34.15 | 6.58 0.91 5.38 0. 68 4.13 0.82 2.35 0. 34 2.02 0.32
365K LA Y061 38.09 | 77.82 | 8.46 | 31.51 | 5.65 0.77 4. 60 0. 56 3.39 0. 68 1.92 0.28 1.79 0.27
. Y022 34.68 | 70.31 | 8.00 | 29.50 | 5.61 1. 05 5.05 0. 66 4. 31 0.94 2.73 0. 39 2.57 0. 40
e Y058 38.05 | 75.24 | 8.52 | 31.97 | 6.35 0. 87 5. 30 0.61 3.91 0.79 2.20 0.32 1.98 0. 30
Y059 42.57 | 85.06 | 9.66 | 36.30 | 7.09 0. 90 5.75 0.71 4.59 0. 95 2.59 0. 38 2. 36 0. 34
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iR/ iy | KBS La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
YTX024 | 32.26 | 70.90 | 7.48 | 27.89 | 5.15 | 1.05 | 4.78 | 0.66 | 4.16 | 0.99 | 2.92 | 0.45 | 3.09 | 0.52
YTOX25 | 24.27 | 54.53 | 5.76 | 21.40 | 3.98 | 0.91 | 3.96 | 0.56 | 3.77 | 0.80 | 2.36 | 0.36 | 2.38 | 0.38
YTX026 | 26.48 | 63.34 | 5.73 | 20.88| 3.86 | 0.82 | 3.62 | 0.50 | 3.53 | 0.78 | 2.48 | 0.40 | 2.80 | 0.4
YTX027 | 25.96 | 56.58 | 6.07 |22.06 | 4.21 | 0.95 | 3.90 | 0.52 | 3.61 | 0.78 | 2.36 | 0.37 | 2.50 | 0.4
.y YTX028A] 35.50 | 72.43 | 8.34 | 31.37 | 6.07 | 1.24 | 5.89 | 0.72 | 4.61 | 0.95 | 2.65 | 0.38 | 2.52 | 0.38
e YTX029 | 25.14 | 59.51 | 5.92 | 22.28 | 4.27 | 0.99 | 4.25 | 0.55 | 3.88 | 0.87 | 2.52 | 0.40 | 2.69 | 0.39
ALY N _ _ .
YTX023 | 25.52 | 65.06 | 6.22 |23.64 | 4.51 | 1.05 | 4.42 | 0.55 | 3.72 | 0.82 | 2.41 | 0.37 | 2.45 | 0.37
YTX038 | 19.10 | 50.78 | 4.74 | 17.87 | 3.77 | 0.83 | 3.83 | 0.49 | 3.38 | 0.77 | 2.34 | 0.35 | 2.32 | 0.36
YTX039 | 35.70 | 76.51 | 8.15 | 31.01 | 5.69 | 1.32 | 5.78 | 0.77 | 5.39 | 1.17 | 3.50 | 0.51 | 3.41 | 0.51
YTX040 | 22.87 | 45.00 | 4.88 | 18.89 | 3.66 | 0.86 | 3.61 | 0.47 | 3.46 | 0.77 | 2.26 | 0.36 | 2.35 | 0.39
YTX041 | 24.22 | 51.22 | 5.26 |19.97 | 3.94 | 0.90 | 3.93 | 0.54 | 3.65 | 0.79 | 2.36 | 0.35 | 2.32 | 0.35
YTX042 | 25.42 | 56.16 | 5.75 | 21.67 | 4.11 | 0.94 | 3.73 | 0.49 | 3.35 | 0.71 | 2.21 | 0.33 | 2.09 | 0.33
381/55 % fk#| YTX005 | 21.26 | 44.42 | 4.78 | 18.57 | 3.77 | 0.97 | 3.99 | 0.57 | 4.08 | 0.93 | 2.83 | 0.42 | 2.59 | 0.41
BB YTX006 | 23.94 | 48.69 | 5.05 | 18.74 | 3.53 | 0.81 | 3.26 | 0.42 | 2.87 | 0.63 | 1.94 | 0.27 | 1.86 | 0.30
YTX007 | 25.49 | 52,00 | 5.58 |21.56 | 4.19 | 1.06 | 4.00 | 0.56 | 3.82 | 0.83 | 2.41 | 0.37 | 2.35 | 0.35
YTX015 | 28.27 | 59.42 | 6.23 |23.26 | 4.43 | 0.99 | 4.17 | 0.57 | 3.90 | 0.87 | 2.63 | 0.41 | 2.64 | 0.44
381/ YTXO016 | 27.98 | 56.45 | 5.91 |22.81 | 4.47 | 1.02 | 4.47 | 0.63 | 4.33 | 0.97 | 2.84 | 0.40 | 2.50 | 0.39
) YTX010 | 26.07 | 53.78 | 5.29 |20.90 | 4.05 | 0.93 | 3.75 | 0.48 | 3.38 | 0.75 | 2.21 | 0.34 | 2.24 | 0.32
I VY SRR ) _
YTX011 | 13.25 | 20.54 | 2.92 | 11.09 | 2.07 | 0.49 | 1.98 | 0.26 | 1.78 | 0.39 | 1.23 | 0.19 | 1.28 | 0.20
YTX012 | 28.97 | 59.35 | 6.17 |22.95| 4.37 | 1.05 | 4.55 | 0.59 | 4.16 | 0.94 | 2.80 | 0.43 | 2.73 | 0.41
381/ JEias
YTX013 | 31.89 | 64.58 | 6.73 | 25.98 | 4.91 | 1.09 | 4.74 | 0.62 | 4.21 | 0.90 | 2.75 | 0.43 | 2.92 | 0.44
B
YTX056 | 30.58 | 65.40 | 6.43 | 24.23 | 4.54 | 1.01 | 4.23 | 0.57 | 3.86 | 0.83 | 2.41 | 0.36 | 2.36 | 0.38
YTX057 | 30.41 | 63.53 | 6.39 | 24.60 | 4.49 | 1.00 | 3.93 | 0.49 | 3.33 | 0.71 | 2.05 | 0.31 | 2.02 | 0.31
365/ YTX036 | 29.51 | 59.91 | 6.15 | 23.60 | 4.37 | 0.96 | 4.08 | 0.51 | 3.54 | 0.71 | 2.19 | 0.34 | 2.23 | 0.36
ALY YTX037 | 27.07 | 57.56 | 5.65 [ 21.53 | 4.00 | 0.93 | 4.02 | 0.51 | 3.59 | 0.77 | 2.29 | 0.35 | 2.30 | 0.35
YTX044 | 33.59 | 69.40 | 7.09 | 26.54 | 5.57 | 1.20 | 6.30 | 1.03 | 7.80 | 1.88 | 5.70 | 0.86 | 5.54 | 0.81
YTX045 | 34.75 | 70.76 | 7.03 | 26.69 | 5.14 | 1.08 | 4.78 | 0.64 | 4.03 | 0.86 | 2.54 | 0.38 | 2.57 | 0.39
365/ 55 4k YTX050 | 35.51 | 75.28 | 7.53 |28.90 | 5.62 | 1.11 | 5.65 | 0.77 | 5.58 | 1.26 | 3.77 | 0.58 | 3.94 | 0.61
By | YTX051 | 34.11(68.90 | 6.82 |25.89 | 4.83 | 1.11 | 4.75 | 0.62 | 4.07 | 0.85 | 2.51 | 0.37 | 2.39 | 0.37
YTX034 | 34.51 | 72.40 | 7.23 | 27.11 | 4.93 | 1.06 | 4.51 | 0.59 | 3.91 | 0.84 | 2.58 | 0.38 | 2.49 | 0.38
YTX035 | 15.58 | 35.72 | 3.43 | 13.36 | 2.75 | 0.68 | 2.75 | 0.39 | 2.63 | 0.58 | 1.74 | 0.27 | 1.67 | 0.28
YTX030 | 29.97 | 62.43 | 5.99 |23.19 | 4.54 | 0.95 | 4.25 | 0.52 | 3.28 | 0.67 | 1.97 | 0.30 | 1.88 | 0.30
YTX031 | 32.23 | 65.81 | 6.77 |25.82 | 4.85 | 1.11 | 4.37 | 0.54 | 3.47 | 0.73 | 2.15 | 0.31 | 2.04 | 0.31
YTX052 | 33.72|69.21 | 7.23 | 27.26 | 5.32 | 1.18 | 4.82 | 0.62 | 4.05 | 0.86 | 2.52 | 0.36 | 2.33 | 0.34
365/3F JEAE | YTX054 | 45.33 | 84.33 | 9.24 |35.54 | 7.10 | 1.46 | 8.01 | 1.31 |10.21 | 2.42 | 7.74 | 1.25 | 8.38 | 1.25
R YTX055 | 36.21 | 73.72 | 7.66 |29.12 | 5.60 | 1.16 | 5.28 | 0.69 | 4.59 | 0.97 | 2.82 | 0.43 | 2.87 | 0.44
YTX046 | 30.27 | 63.77 | 6.31 [23.71| 4.52 | 1.02 | 4.13 | 0.55 | 3.48 | 0.74 | 2.10 | 0.33 | 2.10 | 0.31
YTX047 | 29.22 | 61.90 | 6.48 | 24.84 | 4.98 | 1.12 | 5.30 | 0.75 | 5.37 | 1.21 | 3.68 | 0.55 | 3.46 | 0.51
YTX048 | 38.16 | 72.06 | 7.77 [ 29.09 | 5.52 | 1.20 | 5.23 | 0.67 | 4.31 | 0.89 | 2.60 | 0.40 | 2.52 | 0.40
YTX001 | 37.73 | 72.19 | 7.60 | 29.42 | 5.64 | 1.29 | 5.45 | 0.72 | 4.84 | 1.07 | 3.09 | 0.48 | 3.09 | 0.48
YTX003 | 38.09 | 77.17 | 7.71 [ 29.67 | 5.48 | 1.22 | 5.32 | 0.71 | 4.65 | 0.97 | 2.79 | 0.44 | 2.75 | 0.42
YTX060 | 30.95| 63.35 | 6.54 | 25.15| 4.72 | 1.08 | 4.62 | 0.59 | 3.81 | 0.82 | 2.39 | 0.36 | 2.31 | 0.36
B — YTXO061 | 23.34 | 47.24 | 4.94 | 18.76 | 3.62 | 0.84 | 3.48 | 0.48 | 3.32 | 0.74 | 2.27 | 0.34 | 2.25 | 0.38
B YTX022 | 32.27 | 63.27 | 6.53 | 25.79 | 4.78 | 1.10 | 4.84 | 0.65 | 4.60 | 1.02 | 3.10 | 0.47 | 3.03 | 0.47
YTX058 | 30.35| 61.11 | 6.40 | 23.66 | 4.57 | 1.04 | 4.59 | 0.61 | 4.25 | 0.90 | 2.65 | 0.40 | 2.53 | 0.38
YTX059 | 34.59 | 71.44 | 7.26 | 27.44 | 5.14 | 1.14 | 4.70 | 0.60 | 4.10 | 0.88 | 2.59 | 0.37 | 2.44 | 0.38
LREE &£, {1348 1 12 Eu %l 2 7 7%, H B AL 2 b 55k v 4 A LG DR AL D S 0 R
A A ) 3 T T G R i T IUER S Lk i 2 M R . AT AR SR T A AR

Xt e MR R A B LOCR G TR R R H IR Y R LT R A R St g
Iy BT A R LA RFIE AN 4598 (R 4.8 3.4) . AR T B AL A D e E A B B AR T R
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Table 2 REE contents ( X107°) of sandstone and ores in the Turpan—Hami basin

iR/ | S La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
To025 43.48 | 85.90 | 9.11 | 35.50 | 6.40 0. 90 4. 47 0. 50 3.01 0.61 1.73 0. 24 1. 54 0.24
T026 58.10 [114.41| 11.55 | 42.05 | 7.60 0.90 5.93 0. 66 4.01 0.74 2.02 0.28 1.81 0. 26
To27 34.70 | 68.65 | 7.06 | 26.58 | 5.13 0. 81 3.86 0.47 2.96 0.58 1. 64 0.22 1.52 0.21
To19 49.16 | 98.24 | 10.03 | 38.06 | 7.11 0. 90 5.07 0.59 3.58 0. 66 1.85 0. 24 1.63 0.24
30/ 4 fL A T003 37.46 | 73.68 | 7.79 |29.26 | 5.29 0.77 3.73 0. 44 2.84 0. 54 1.51 0. 21 1. 44 0.21
b T005 44,63 1 90.82 | 9.23 | 34.06 | 6.43 0. 83 4. 69 0.58 3. 46 0. 66 1.92 0. 26 1.71 0.25
T084 50.45 1 99.89 | 10.26 | 38.04 | 7.11 1. 15 5.61 0.72 4. 34 0. 85 2.39 0.33 2.17 0. 31
T090 46.05 | 90.40 | 9.30 | 34.75 | 6.70 0. 80 4.62 0. 56 3.33 0. 64 1.85 0.28 1.78 0.24
T088 35.72 1 72.61 | 7.54 |27.81 | 5.14 0.73 3.75 0. 46 2. 86 0. 55 1.57 0.22 1. 43 0.23
To022 37.97 | 77.39 | 7.80 | 29.40 | 5.30 0.75 4. 00 0.47 2.87 0.58 1.61 0.21 1.41 0.22
T023 31.63 | 64.35 | 6.68 | 24.66 | 4.60 0.63 3. 40 0.41 2.55 0. 50 1. 49 0.21 1. 39 0.21
To18 46.99 | 93.36 | 9.28 |33.79 | 6.18 0.75 4. 64 0. 56 3.42 0. 66 1.97 0.28 1. 90 0.28
Too02 35.92169.43 | 7.11 | 26.07 | 4.98 0. 64 3.51 0.42 2.55 0.51 1. 50 0. 20 1.32 0.22
T085 36.27 | 74.36 | 7.49 | 28.15| 5.38 0.76 3.91 0. 46 2.95 0.58 1.63 0.23 1.59 0.23
To86 51.33 |101.28| 10.28 | 38.08 | 6.70 0. 85 4. 86 0.57 3.45 0. 65 1.85 0.27 1.71 0.27
T089 42.10 | 84.14 | 8.68 | 32.12 | 5.98 0. 89 4. 34 0. 50 3.16 0.58 1. 61 0.22 1.52 0.22

39/ P - - - -
i To091 32.00 | 63.82 | 6.44 | 23.25| 4.51 0.70 3. 34 0.42 2.54 0.50 1.49 0.21 1.41 0.22
T092 45.77 | 87.28 | 9.43 | 35.31 | 6.44 0. 85 4.77 0. 56 3.31 0. 64 1.72 0. 26 1. 69 0.23
To24 38.93 | 75.36 | 7.91 | 29.42 | 5.46 0.75 4. 00 0.48 2.95 0. 55 1.61 0.22 1. 45 0.21
To12 38.97 1 80.94 | 8.17 | 30.17 | 5.66 0.67 4.19 0. 49 3.09 0.59 1.68 0.23 1. 45 0.23
To013 38.80 | 81.92 | 8.20 | 30.52 | 5.67 0.79 4.28 0. 50 3.29 0.62 1.71 0.25 1.49 0.24
T029 37.60 | 81.62 | 7.64 | 29.34 | 5.53 0.78 4.28 0.51 3.17 0.63 1.74 0. 25 1.58 0.25
To31 47.62 | 96.10 | 9.47 | 35.37 | 6.84 0.73 5.09 0.62 4.13 0. 80 2.21 0. 36 1. 94 0. 30
T033 37.05 | 76.54 | 7.20 | 27.57 | 5.34 0.73 3.94 0. 47 3. 10 0.62 1. 69 0. 25 1. 54 0. 25
T035 39.03 | 80.70 | 7.97 |29.30 | 5.45 0.72 4. 20 0.52 3.22 0. 64 1. 84 0.27 1. 64 0.25
T036 46.61 | 97.77 | 9.66 | 35.29 | 6.81 0.75 4.75 0.57 3.42 0. 65 1. 87 0.27 1. 66 0.25
374 To46 34.82 | 73.35 | 7.29 | 26.69 | 5.01 0.75 4. 10 0. 49 3.29 0.69 1.98 0.29 1.77 0. 26
o T056 47.68 | 97.53 | 9.64 | 36.87 | 6.94 0. 81 5.35 0.67 4.18 0. 86 2.51 0. 37 2.34 0. 37
T057 32.98 | 68.50 | 6.86 | 25.37 | 4.63 0.72 3.53 0.43 2.66 0.51 1. 49 0.21 1. 28 0. 20
To47 37.10 | 76.10 | 7.33 | 28.29 | 5.29 0.71 4.23 0.52 3.28 0. 69 1.96 0.29 1.83 0.29
T048 48.851]99.99 | 10.02 | 37.82 | 7.03 0.82 5.13 0.62 3. 66 0.72 1.95 0.28 1. 68 0. 26
T063 40.96 | 79.59 | 7.78 | 33.80 | 6.22 0.68 4. 65 0.58 3. 34 0.68 1. 84 0. 26 1.68 0.23
T065 28.54 | 58.83 | 6.65 | 24.48 | 4.52 0.73 3.84 0.53 3.17 0. 69 1. 90 0.28 1. 84 0.27
To40 40.79 | 86.32 | 8.24 | 30.69 | 6.03 0. 56 4. 41 0.53 3.02 0.61 1.79 0. 24 1. 48 0.23
37/5 A AT | To41 31.09 | 66.02 | 6.47 | 23.11 | 4.25 0. 85 3. 36 0.42 2.79 0. 60 1.81 0.28 1. 69 0.28
[ T043 39.54 | 80.69 | 8.09 |29.25| 5.44 0.67 3.91 0.51 2.94 0.59 1.62 0.25 1.52 0.25
T045 44.28 | 94.17 | 9.36 | 34.83 | 6.78 0. 90 5. 27 0. 65 4. 46 0. 90 2.67 0.42 2.55 0. 39
T037 38.90 | 83.68 | 8.01 |30.27 | 5.22 0.72 4. 14 0. 48 3.19 0.62 1.78 0. 26 1. 66 0.27
T039 49.67 | 95.26 | 9.02 | 34.86 | 6.68 0. 84 4.85 0. 54 3.38 0. 66 1.73 0. 26 1.53 0. 24
To054 38.87 1 79.29 | 7.82 | 28.45| 5.50 0.68 3.98 0. 48 3.24 0. 64 1. 83 0.27 1.61 0.25
T058 30.31 | 60.07 | 6.89 | 25.31 | 4.59 0. 69 3.76 0. 49 2.92 0.61 1.68 0.24 1. 56 0.23
T059 39.44 1 76.10 | 8.63 | 32.00 | 5.85 0.61 4.29 0.55 2.99 0. 60 1.63 0.23 1. 48 0. 20

37/ P -

b To61 36.44 | 70.19 | 8.05 | 29.96 | 5.42 0.74 4,33 0.58 3. 40 0.73 2.06 0.31 2.12 0. 31
T062 34.36 | 66.62 | 7.54 | 27.57 | 5.05 0. 68 3.94 0. 50 2.90 0.61 1.63 0.24 1.51 0.22
To64 29.25 | 58.87 | 6.68 | 25.20 | 4.52 0. 70 3.68 0.48 2.85 0. 60 1. 67 0. 24 1. 56 0.23
T066 38.97 | 74.35 | 8.58 | 31.62 | 5.88 0.72 4. 50 0.57 3.28 0. 66 1.82 0.27 1.73 0. 25
T068 36.26 | 72.48 | 8.20 | 30.14 | 5.49 0. 85 4,33 0.55 3.05 0.62 1.74 0.25 1.62 0.24
To71 30.91 | 62.18 | 6.97 | 25.63 | 4.68 0. 65 3.70 0.47 2.76 0.57 1.57 0.23 1.47 0.21
T050 35.56 | 73.65 | 7.71 | 28.86 | 5.57 0. 86 4.25 0. 54 3. 44 0.73 2.08 0. 31 1.85 0.29
374 A T073 42.20 | 82.27 | 8.98 | 34.62 | 6.46 0.75 4. 87 0.61 3.38 0.68 1.78 0. 26 1.63 0.23
o T053 40.67 | 77.79 | 8.52 | 32.39 | 6.00 0. 80 4. 81 0. 65 3.93 0. 85 2. 36 0. 34 2.22 0.32
To51 27.06 | 53.84 | 5.98 |22.22 | 4.21 0.63 3. 30 0.43 2.52 0.52 1. 40 0. 20 1. 29 0.18
T082 42.96 | 83.65 | 8.78 | 35.87 | 6.97 1.02 5.74 0.79 4. 69 0.97 2.61 0. 38 2.43 0. 34
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gR2
BhR & /oy j=2=3 La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
XT025 | 41.66 | 80.11 | 8.76 | 33.97 | 5.90 1.19 5.20 0.70 4.14 0.91 2.54 0. 39 2.56 0. 38
XT026 | 43.25 | 85.66 | 9.27 | 34.54 | 6.20 1.25 5. 20 0.71 4.29 0. 95 2.75 0.42 2.79 0.41
XT027 | 24.55 ] 50.80 | 5.88 | 21.57 | 3.99 0. 94 3.83 0.55 3.48 0.76 2.15 0.32 2.14 0.32
XT019 | 40.95 | 81.64 | 8.74 | 33.44 | 5.56 1.17 4.82 0. 60 3.72 0.77 2.05 0. 33 2.06 0. 31
30/ 4 LA XT003 | 26.47 | 49.02 | 5.52 | 19.57 | 3.53 0. 90 3. 44 0. 38 2.49 0.51 1.52 0.22 1. 43 0.22
By XT005 | 31.84 | 63.70 | 6.36 | 22.40 | 3.97 0. 90 3.81 0. 44 2.84 0.59 1.72 0.25 1. 65 0.25
XT084 | 55.28 | 97.08 | 10.44 | 37.16 | 6.68 1. 46 7.16 0. 80 5.21 1.10 3.17 0.47 2.98 0. 46
XT090 | 34.78 | 70.29 | 7.05 | 24.12 | 4.11 0.92 4.01 0.43 2. 64 0. 55 1.62 0. 24 1.52 0.23
XTo088 | 28.88 |59.97 | 6.15 | 21.43 | 3.74 0. 89 3.60 0. 39 2.61 0.53 1.62 0.23 1. 49 0. 24
XT022 | 24.42 | 51.72 | 5.11 | 17.88 | 3.14 0. 86 3.23 0. 34 2.29 0. 46 1. 36 0.21 1. 34 0. 20
XTo023 | 25.46 | 51.08 | 4.94 | 17.54 | 3.10 0.75 3.01 0. 34 2.17 0. 44 1. 34 0. 20 1. 32 0. 20
XT018 | 42.99 | 79.84 | 8.64 | 31.03 | 5.28 0. 89 4. 41 0.58 3.52 0.75 2.20 0. 34 2.35 0. 36
XT002 | 30.20 | 58.32 | 6.54 | 22.97 | 4.02 0.82 3.54 0.49 3.09 0.70 1. 95 0. 30 2.10 0.31
XT085 | 26.61 | 55.94 | 5.56 | 19.54 | 3.46 0.92 3.43 0. 39 2.51 0.53 1.63 0.23 1.52 0.24
XT086 | 42.44 | 89.21 | 8.42 | 29.02 | 5.04 1. 04 5.05 0. 56 3.74 0. 81 2.54 0. 38 2.48 0. 40
. XT089 | 37.26 | 67.57 | 7.16 | 25.09 | 4.39 1.03 4.12 0. 48 2.90 0. 60 1.77 0. 27 1.74 0.28
39/ 1L P -
B XT091 | 26.81 | 52.27 | 5.48 | 19.24 | 3.38 0. 82 3. 36 0.38 2.40 0.53 1.58 0.23 1. 54 0. 24
XT092 | 31.40 | 63.43 | 6.29 | 22.40 | 3.80 0.93 3.71 0.43 2.70 0. 56 1. 68 0.27 1.74 0.27
XTo024 | 28.91|58.93| 5.83 | 20.19 | 3.65 0. 88 3.82 0.41 2. 60 0.53 1.65 0. 24 1. 58 0.25
XTo12 | 23.02 | 47.55 | 4.79 | 17.02 | 2.91 0.79 3.02 0. 33 2.23 0. 46 1. 41 0. 20 1. 35 0.21
XT013 | 33.61 | 72.48 | 6.94 | 24.29 | 4.20 1. 06 4.08 0. 44 2.68 0.52 1.56 0.23 1.52 0.24
XT029 | 28.43 | 59.64 | 5.79 | 20.37 | 3.64 0.92 3.57 0.41 2.55 0.53 1.62 0.23 1.51 0.25
XTo031 | 34.09 | 69.22 | 6.85 | 23.78 | 4.17 1.01 4.02 0. 44 2.88 0.57 1.72 0. 25 1.59 0.25
XTo033 | 30.28 | 60.33| 6.06 | 21.55 | 3.69 0.94 3.67 0. 40 2.61 0.55 1.58 0.24 1.47 0.24
XT035 | 28.68 | 57.39 | 5.50 | 19.97 | 3.47 0. 90 3.63 0.41 2.74 0. 56 1.75 0. 26 1.63 0. 26
XTo036 | 32.89 | 67.00 | 6.68 | 23.32 | 4.00 0. 90 3.83 0.43 2.72 0. 56 1.67 0. 25 1.57 0. 26
374 XTo46 | 30.93 | 63.19| 6.16 | 21.67 | 3.91 0.95 3. 80 0. 44 2.90 0.59 1.79 0. 26 1.70 0. 26
By XT056 | 38.63 | 84.07 | 8. 14 | 29.31 | 5.38 1. 04 4. 80 0.57 3.52 0.71 2.05 0. 30 1.85 0.29
XT057 | 31.96 | 65.83 | 6.52 | 23.86 | 4.29 1. 06 4.06 0. 45 2.91 0. 60 1.76 0.25 1.69 0.27
XTo47 | 38.61 | 81.08| 7.89 | 27.70 | 5.09 1.08 4. 94 0.59 3.92 0. 80 2.41 0. 35 2.33 0. 36
XTo48 | 36.50 | 74.29 | 7.06 | 26.15 | 4.86 1.13 4.67 0.54 3.37 0.68 2.03 0.29 1. 81 0.29
XT063 | 31.16 | 65.06 | 6.29 | 22.50 | 4.08 0. 90 3.77 0.43 2.74 0. 56 1.70 0.24 1.51 0.24
XT065 | 26.56 | 57.80 | 5.50 | 19.54 | 3.55 0. 85 3.48 0. 40 2.57 0. 54 1.62 0.24 1.52 0.25
XTo40 | 21.48 | 42.46 | 4.06 | 14.48 | 2.68 0.70 3.04 0. 35 2.25 0.47 1. 44 0.22 1. 35 0. 20
37/55% 4k | XT041 | 32.42 | 71.14 | 6.56 | 22.84 | 3.93 1. 30 4. 49 0.43 2.92 0.61 1.83 0. 27 1.68 0. 27
bisgiaeY] XT043 | 36.05 | 74.03 | 7.08 | 24.44 | 4.29 0.91 4.28 0. 50 3.29 0.68 2.04 0.31 2.05 0.33
XTo45 | 43.47 | 92.71 | 8.84 | 30.97 | 5.69 1.13 5.67 0.70 4.72 1.01 3.06 0. 46 2.98 0.47
XT037 | 50.06 | 98.49 | 9.59 | 32.87 | 5.44 1. 01 5.14 0. 54 3.19 0. 65 1.94 0.28 1. 88 0. 30
XTo039 | 18.10 | 28.16 | 3.33 | 12.01 | 2.10 0. 50 1.97 0.21 1. 40 0. 29 0.92 0.13 0. 88 0.14
XT054 | 31.05 | 60.60 | 5.76 | 20.79 | 3.63 0.92 4.27 0. 44 3.05 0. 65 1.99 0. 30 1. 89 0. 30
XT058 | 27.79 | 59.05| 5.75 | 20.87 | 3.83 0. 98 3.91 0.47 3.09 0.67 2.15 0. 31 1.93 0.32
» XT059 | 28.70 | 61.42 | 5.93 | 21.07 | 3.89 0. 84 3. 88 0. 46 3.20 0.69 2.09 0.32 2.00 0.31
37/ W _
B XTo61 | 38.63 | 79.87 | 7.85 | 27.88 | 5.03 1.08 4. 66 0.58 3. 86 0. 81 2.51 0.38 2.52 0.42
XT062 | 30.90 | 62.94 | 6.11 | 21.88 | 3.89 0.92 3.74 0. 38 2.42 0.49 1.50 0.22 1. 40 0.23
XTo64 | 31.93 | 68.14 | 6.49 | 24.30 | 4.51 0. 87 4.19 0.50 3.00 0.61 1.77 0. 26 1.70 0.27
XTo66 | 40.10 | 85.26 | 8.59 | 32.12 | 5.91 1. 11 5.04 0.54 3.22 0. 65 2.03 0. 31 1. 94 0.32
XT068 | 41.71 | 88.43 | 8.47 |30.21 | 5.63 1. 36 4.92 0.58 3. 60 0.73 2.21 0. 31 2.15 0.33
XT071 | 26.13 | 52.66 | 5.83 | 21.54 | 3.93 0. 83 3.56 0.43 2.76 0. 56 1.79 0.25 1.71 0.29
XTO050 | 33.02 | 68.60 | 6.50 | 24.57 | 4.69 1.23 4.31 0. 49 3.06 0.63 1. 87 0.29 1.76 0. 30
) XT073 | 43.79 1 90.21 | 9.60 |34.21 | 5.71 1.17 5.15 0. 56 3.07 0. 60 1. 80 0. 25 1.71 0.28
37/ JEAE _ _
By XT053 |39.47 | 75.81 | 8.16 | 29.93 | 5.13 1. 10 5.38 0. 66 4.03 0.90 2.87 0.43 2.78 0.47
XTo051 | 25.28 | 49.04 | 5.30 | 19.61 | 3.56 0. 80 3.48 0.41 2.41 0. 48 1.43 0.21 1. 35 0.23
XTo82 |39.32|78.41| 8.61 | 31.95 | 6.00 1. 41 6. 39 0.82 5.28 1.10 3.31 0. 49 3.01 0. 50
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Fig. 1

of different oxidation zone in the 513 uranium deposit, the

REE distribution patterns of ore-bearing sandstone

1li basin (North American shale-normalized REE patterns)
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Interstitial material of sandstone: []—oxidation zone; >—weak

oxidation zone; /\—transitional zone; (O—reducing zone.

Sandstone: +-—oxidation zone; X —weak oxidation zone; % —

transitional zone; A —reducing zone
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Fig. 2 The contrast of REE distribution patterns of
ore-bearing sandstone of different oxidation zone in the
513 uranium deposit, the Ili basin (sandstone-normalized

REE patterns of deoxidization zone)
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Fig. 3 REE distribution patterns of ore-bearing sandstone
of different oxidation zone in the Shihongtan uranium
deposit in the Turpan—Hami basin ( North American
shale-normalized REE patterns)
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ore-bearing sandstone of different oxidation zone in the
Shihongtan uranium deposit in the Turpan—Hami basin
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1984) ; R Ak 2f WAL A i 2 8 b 67 S 1 5
7K i Ny R B 5 | R TE XU AR 5 A AR A T TR A
AT (R EE A .1994)

4 SEu Fll 6Ce X878 2 8] AL AT
M ER Ak 27 R 5% 19 RR K R L

Ce Eu 2B Hrjo K . 7] B B 5 1) AL 8 5t 2% 1F
AN ) 5 BEAS [] £ 0 25 IR B 1998) . § 3 Ce, Eu
TEAS ] 1) Hh 2R Ak 2% 31 58 vh = A 4308 T B B Ce,
Eu i 5 % (B 98 %, 20043 R = £ %, 1986, 1987) ,
Jr Lk 6Ceq 1 Eu, {EL Y 728 A0 X H BT 28 1y 1) 35K Ak 2
R85 0 S0 3 D v A 5 A b sk A 2 i s B S (X
RAF,1987) . WFFE R, 70 400 B2 8 10 &5 18 T (il
R XA ), Ce BEAL L Ce'™ L Ce' ¥ i B2 AR
JIN 3 T RORY A5 I RIS e R A AR ARV R
PRZ 75 B Ce o DT 52 B W HH DT TE H R 19 4 4 i
R Ce S (G A, 2002) s 7E 8 JRL 454 F L Eu
IR A% R Eu®™ (Braun, et al, 1990,1993; Price
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the Ili basin and Turpan— Hami basin
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Abstract

This paper is base on the case of the interlayer oxidation zone sandstone uranium deposits in the Ili

basin and Turpan—Hami basin, the author particularly study REE distributing characteristics and its
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transformation characteristics of ore-bearing interlayer oxidation zone. By the contrast of North American
shale and original sandstone of deoxidization zone, research the REE transformation circumstances of
different oxidation zone. It is indicated that at the process of interlayer oxidation the rare earth elements
differentiate obviously with collectivity to the bed , LREE reduce at step from oxidized zone to transitional
zone, the content of HREE rise at step from oxidized zone to transitional zone, §Ce reduce from oxidized
zone to transitional zone as the weakness of oxidation and §Eu rise at the same time which present the same
Transformation regularity as hypergene weathering, and all of these well indicate the change of oxidation
and reducing environment. Although the REE occurs some transformation regularities, but the phenomena
of notable transformation and high enrichment of REE in sandstone type uranium deposits in Middle Asia

did not occur.

Key words:interlayer oxidation zone;sandstone type uranium deposits;the rare earth elements
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Characteristics and Origin of Granite Mortars in the Hexigten World Geopark

SUN Hongyan, TIAN Mingzhong, WU Fadong

School of the Earth Sciences and Resources, China University of Geosciences, Beijing, 100083
abstract

Since the discovery of the granite mortars in Hexigten World Geopark, different views on their origin
have been reported. Now the main two views are "Moulin" and "Pothole". Based on detailed investigation
and the development degrees of the granite mortars at the Mount Qingshan in the geopark, these granite
mortars were categorized into the following five types, that is, (1) embryo stage, (2) initial stage, (3)
middle stage, (4) mature stage and (5) extinct stage. And according to the development degree of granite
mortars, combined to the lithologic features and structural condition of granite and climate and the
geographic location of the research area, a new view on origin of the granite mortars in this area was put
forward that all the granite mortars in the high latitude and cold area of north China were formed by the
following process: from the embryo, initial, middle, mature to extinct stages. The original formation of
the granite mortar is that the granite is easy weathered. Under the condition with water, the differential
weathering of the special climate made the embryonic granite mortar formed. The embryonic granite
mortar can develop into initial and middle granite mortars under the comprehensive actions containing
differential weathering, water action, freeze-and-thaw action, aeolian erosion, chemical weathering and

other actions. The main agency during the initial and middle granite mortars developing into the mature

mortars is physical weathering actions such as the aeolian erosion, freeze-and-thaw action and so on.

Key words: Hexigten; World Geopark;granite mortar; moulin; differential weathering
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Table 1 Hydronium content variety with time in the Taijier biogenic gas pool
L HURE VR Y I i B 7 (mg/L) BT (me/L) | g f
K (m) GFE-F-H) Cl SO~ | HCO; | Ca** | Mgzt | (mg/L)
a2 T44.0~T747.4 1976-09-29 107261 9 67 2712 1476 175219
a2 700.2~704.2 1976-10-09 97937 28 67 2473 799 160515
a3 774.2~777.0 1976-10-26 107452 7 72 2778 1854 175191
a3 620.8~623. 4 1976-11-12 110307 6 64 2980 1736 179961
a1 710.4~717.4 1998-11-08 106053 2222 124 2845 2253 175853
£ 1 648.0~651.0 1998-11-19 113030 1315 124 3347 2638 185596
El! 501. 0~504. 4 1998-11-19 31630 2118 110 837 812 54576
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Fig. 1 Groundwater temperature graph in the Tainan

biogenic gas pool, Qaidam basin
OKRBOR i 75 1 0 2 BT ST B 42 46
(Data about water temperature are from the Company of
Qinghai Oil-field

R o S EEAR T P A A  Z AK E AT S AR 3 20 4
Jit . HLIZ )2 3 202 S AR L Gy I8 e — B4 v 1]
UL Bl 22 48 » HHE K DX 50 A 8 I die AR Ak 1 980 31 3 b
(& 2) . Hrial e sl R goxd il e = i £ 0 B A
TR CEREESE . 1995) A I T 52 i U8 o 1 )2 19 5%
BB HE T3 T 1 R G i ROR, o ARl AR DT B ) I A
B M T K X i v R T AR AR TR EE 20 1600~
3000m . 15 1) 2 B 7 15 249 80~ 123k, J- 249 i il A
JEAE A 2. 6°C/100m . JUJ X 383t 37 7K - 3t 4k B B it JE
29 42~78 C Mk VI B o 1 AR XU 7
(L PR3 BE DX o 3 o R B DX 4 A W R
T 1) s FL e g 0 R B B B AR AL AL T A HL AR
WAL A IB R B R AR 2 1 T P R B
JRJZ U S DURR AR R e A A 52 2 K 1 BEL i 1 T
JE X DX SR 7 T R TR

4 TR BT S

HY =00 D58 D AR Y PR S AR BE AR ORL 2 Oy
S R AL R W B 28 AT e LB
CFBIFLBREE 20 % ~40%) (=35 3485 3 100
X107*~1000X 10" um® ) (Y 4 11, U8 5 7 28 U 35 3
TR AL CPEFLBRE 180 ~300) IR B &
CEBBER 0. 01X 10 ° ~1.0X 10 ° pm?) {1k
FrAE GIR I 5255, 2003) o 2 I A& b Y 5 TUBL A 40 2
) T AR 8 T R I AR i R 2 A AR AR — R
3 1~5 LAY R AAZHZ 2
R oA BUK A 2K R SRR R (JBUR AR
1996) . JEJZWAHPE A JZ M R K E ALY
ST BRI T 8 R AU R I A T AR R
MAMEFRZE . T2 HERENXESEZ, X
W2 — B2y 400m JR 1 DX IR 8 BT AR, 1 4
B EEESEYAE Sm~10m Z[H®, )2 5162



%4

SRUL AL SO R F =W X5 DU R M R K 5 5 A W SO 23

A e A
B £
i f
5 000- i P i -5 000
eL Ik EoB £
4000 2 th ﬁﬁf -4 000
g w19 P 9
= 30001 2684.83m 2 746.53 - 3000
B TR Sptdf]
i | T
i 2 000+ G 2 000
1 000+ 1000
o- Rez=d=> 2435.38 m Lo
3058.18m
HARTTAH =N HEHAH BRIAE HIAH
braided river facies delta facies shore lacustrine facies deep lacustrine facies shallow lacustrine facies
BB AR XA JRERSS P E S
fluvial fan facies flood facies extent stream-field partial stream-field intermedius stream-field
Bl 2 Seik R 43 = W3 DX SR DU AR OV 5 3 T KR s B A

Fig. 2 Quaternary sedimentary facies and flow field sketch map of the Sanhu area, Qaidam basin
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Fig. 3 Simplified model of the ground water

bearing system in the Nalinggele—Tuofeng

area, Qaidam basin
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An Analysis on the Relation between Quaternary Groundwater Streamfield and
the Genesis of Biogenic Gas Reservoir in the Sanhu Area, Qaidam Basin

GUAN Hongjun"? , ZHU Dakui” ,ZHANG Daowei ¥
1) The Key Laboratory of Coast & Island Development of Ministry Education, Nanjing University, Nanjing, 210093
2) Engineering Institute o f Engineering Corps,PLA Univ. & Tech. s Nanjing,210007;
3) Research Institute of Exploring — Developing of Qinghai Oil field Company s Dunhuang, Gansu, 736202

Abstract

This paper summarized the general characteristic of the runoff system in the Sanhu area( Sanhu means
3 lakes in Chinese, they are the West Taijnar Lake, the Suli Lake and the Dabsan Lake), Qaidam basin
and described two prominently different groundwater runoff systems, which are relevant to groundwater
constrained flowing in bedrock of piedmont area. In Nalinggele drainage areas, the bedrock fissure water
and the piedmont Quaternary alluvial pore water form a uniform groundwater system with high hydraulic
head. Since the groundwater is blocked by thick lacustrine mud rock and high mineralized strata water, it
along delta facies sandy body switched to north and developed a limited discharge area in north slope
region. The prediction for regional streamfield is supported by chemical and temperature field data. Based
on hydrogeological and petroleum exploration data, a simplified groundwater flowing model in Nalinggele
— Tuofeng area has been set up. It gives a flowing velocity of 13. 14m/a, and a cycle period of 9361a. It is
predicted that the biogenetic gas, which migrates as water soluble gas can reach to 129 X10°* m® on north
slope. The biogenetic gas is mainly distributed on the discharge area, which favors gas concentration. The
biogenic gas reservoir forming conditions can be concluded as follows: O The long flowing distance and
deep circulation for regional flowing field produced a favorable pressure and temperature conditions along
runoff, which meets the demand of organic thermal evolution and generation, migration and outgassing for
biogenic gas. @ The regional flowing field has a great flowing velocity and a high runoff intensity so that
it can carry enough biogenic gas to north slope zone, which reach the requirement for biogenic gas reservoir
forming, that is the accumulation quantity is greater than dissipation one. @ Because the vertical
component of regional flowing field is increased nearby discharge area, it becomes a dominant location for
outgassing, accumulation and dissipation of biogenic gas. The tectonic trap around the discharge area is an

optimal place for biogenic gas reservoir forming.

Key words: Quaternary ; geomorphologic; groundwater flow field;biogenic gas fields;discharge area
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Fig. 3 Reactive and pyrite trace metal concentrations for the sediments from Jiaojiang Estuary
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Pyritization of As and Hg and Their Bioavailability in

Sediments from the Jiaojiang Estuary, Zhejiang

YE Siyuan”, ZHONG Shaojun® , DING Xigui” , YUAN Hongming®
1) Qingdao Institute of Marine Geology . China Geological Survey, Qingdao, Shandong, 266071;

2) Institute of Oceanology , Chinese Academy of Sciences, Qingdao, Shandong, 266071
3) Marine Geoscience College , Ocean University of China , Qingdao, Shandong, 266100

Abstract

To determine the reactive and pyrite fractions of elements, 3 undisturbed cores were obtained from the

Jiaojiang estuary. The reactive and pyrite fractions of the trace elements have been performed by modified

sequential extraction procedures, meanwhile, the pore waters were extracted for chemical analysis.

Results indicated that Hg underwent more significant pyritization with average degree of trace metal
pyritization (DTMP) >78% ,while the average of As-DTMP was higher than 50% at both low and high
tide lands and with 40. 99% at TZ02, and Mn-DTMP was less than 3. 32%. The degree of pyritization
(DOP) was generally less than 35%. Finally, the authors pointed out that As and Hg were highly bonded

in pyrite fraction even at several centimeters depth in estuary, which were potentially bioavailable.

Dredging and maritime transport activities as well as episodic submarine slumping events (resuspension of

anoxic sediments) in the estuary could lead to the oxidation of pyrite, and the release mercury and arsenic

to the water column.

Key words: sediment; trace elements; reactive fraction; pyrite fraction; bioavailability; the Jiaojiang

Estuary;Zhejiang
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Rp L] b 90 7 ] A5 P R O 5 A UL R e PR R
ORI IR FEn (Y Sr) /n(*° Sr)—1/n(Sr) X B K 7R
B 5 AR B AN [R] A AR AE 2 B R S A
En(¥Sr) /n(**Sr) ¥ £: A (Edmond, 1992 ; Edmond
and Huh,1997), Hill,—224 %} Raymo ¢ A A9
PR AT P St WA F (n(TSr) /n(*Sr)) 5 B
Ak 22 AL 6 &R NIRRT 57 3 (Edmond and
Huh 1997 ; McCauley and DePaolo, 1997; Singh et
al. »1998) . ity B9 A% O WL TE T X 5 5 S HE ) 3 v
Sr [ o 2 58 (3222 T30 IR 7 S 1Y IE ) il
B3 — [} @8, A FF R A BIAR LF i i e . 4G Sk
Bl b0 B S A S [R5 R CRIV O AR A
S s FEA SRR & A I
¥ Sr A BRI T E R #h A 19 XL (Edmond., 19925
Singh et al. ,1998; Krishnaswami et al. ;1992); —
SN 2 o A )l A TR A e e S OR A
(Palmer and Edmond,1992; Quade et al. ,2003) ; =
JEIN N = D RLAE R R Sr[A) 42 K F- i (Sr isotopic
budget) %0232 3| 1k BR R 5 AN B R #h E U i 1Y
200 (Bickle et al. ,2001; Harris, 1995; Galy et al. ,
1999),

FEH RIS e, 55,1964 44, BFSY 01, 2% A D0AR A Ol Ui st BR A6 5 B 8 . 3 TRtk - 610082, BUAR T — 21 # b = B 2 5 S b 5T

W P2 W98 0T s Email ; edgjianhua@cgs. gov. cn,
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1 5T X s
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TRV 1 1 | =R VA | g O 3 B - SR TV N A G o
2001) o R DX Ukl AT g R T 9 351 R A
1 S T IS Db A DR A A i A
ghidhaalr (B Do ARE Do, m DL 3 i 5 b
(MBT) 5t AL LA F= e i 2 (MCT) Sy 7 £
AR AR T B AR T T I SE RO 2 A AR,
H LA KT B 8 00 R IR R OB A RO A
fiF (Burchfiel et al. ,1992 ;& kL4245, 2004) , 58 O
PLAE CURR s 25 B A4 A T 2 sk 2 (MCT)
I 7 R (STDS) Z i) R AL s (R A

JBR ) AT OB i () —rp R IR 0 AR B 4
(Burchfiel et al. ,1992) . Jb & 50 HE, A7 T K rd P
15 25 (STDS) AR 2 1) 3 Wy 28 22 [6] » ply e il S i 42
Z A AT AN B AUE AR — S 4 2 H %
200k B KB 7 2H L (42, 2001
2 BURE AT IR

FEM SRR 2003 4E 7 H 4T, EEX WA R
S HE F) Pt L R A Bl A v 5 PR S T i
HEAT T SR AR (I 1) B R B H T 7K T 3K
T B TR B AT R R VD B AT L . S X B 43T TR B %o
Ui 28 b SR AE T AR Al A0 U0 XD S 8 S B
T] | L RS A] A VAT P8 TR R F 29T LA B BT Y
RS AT T IURE S BT . 3 A ) v e g B A
EATRB R R E AL B R L D A AR
K G ST TR . XE AR YK
A BT T O3B B SR T KR i 4 7R 3 T e

287
00’

10km
| | (a)

00’

'89°00 "

'86°00’

BE1 W5 DX b RRE o0 A 1 2 () BRAR Sh il 38 (b) ik b 9 3
Fig. 1 The figure showing the geology and sampling sites in the study area; (a) Kambuma Qu drainage;
(b) Poi Qu drainage)
Q— 55 VU RANHU IR R A UK HEBUR s E— il iE RWPVEAE RIS s Mz— L SUb i A Bk IR R H AL G 5 Pr— il 28 SLb e 5 Mk IR 38 4 41
s AnZn—HiIB B RBRAREH AU FEENR B AR AMB R KA KRARDERREE ZErq RBEAR—FERRANUN AR A
PN R A B S BRI AR D B A KB e BER RIS v8] — REWAEKNK S v — REL KA

ey MM KL @A Ak RS A KFERE R g

Q — Quaternary loose muddy, sandy and pebble sediment and glacial sediment; E — Paleogene, sandstone, mudstone and limestone; Mz—

Mesozoic sandstone, mudstone and carbonate rocks; Pz

Paleozoic sandstone, mudstone and carbonate rocks; AnZn

the Pre-Sinian

Nyalam Rock Group, composed dominantly of biotite quartz schist and biotite monzonite granite gneiss intercalated with little marbles; Z€ rq

Sinian—Cambrian Rouqgiechun Rock Group, composed dominantly of granitic mylonite and biotite plagioclase granulitite with little diopside

marbles; 7ys—Cenozoic monzonite granite, v85—Ordovican granodiorite, nyﬁf()rdovican monzonite granite, £yi—Ordovican kalifeldspath

granite, @—the rock sample site and sample No. . A—the river water sample site and sample numble
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Pk HCO, SR B bR MV WO 2 . F BT R
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By 7 B 4 F 95% . n(¥Sr)/n(*Sr) % Al MC-
ICP-MS, [d] fif & W5 ) NBS9 * Sr bx i % % % H
n(*Sr) /n(*Sr) = 0.710250, 26 4 0.000012 ~
0. 000038
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3.1

Mgiw

& 2

Bz E IR G K 5 Ah B S W HCO, —(CL
+SOT ) —Z 43 A TR TE I (CI238) 14 /R 0 f) £
J(CI23D T 58 (Cl +SO7 Y FI(Na® +K" )
Uit 1A S S TR K 3 BB F K Ak 2 7 B R R
KA M &K R W, 5 22 B R ok
ZihE R WP, BRI &AL E SRR S X1
YWO2 # 5t Ah A BT A AR i 5 Ca®' —(Na® +
K™ HCO, —SiO, —Z 4 A » S e ] 37 3 22
TRk BB R AZ B T RER LA AL 5 L X 5
T I8t 3 b 5 AH — B

1 HCO, —TDS & & B (] 3) ] 7K I Joi &
Bodr TDS 32 AL 1 5 PE 7 1 B 52 M 36 78 & 5 R
H T B 7K 38 2R W) B 3T K Ah (CJ238 A CI239) , He
fbil sk v HCO, 5 TDS BB IE L X & . RZH A
PEFM RS R s, 7ER 3 v, rp Je & 5 A R
TR 22 A B e AR A 4% A TR A K CRE
DWO02) Fl 3t 28 X R 0r A& 7 8 o 1 s B CFE il LW02)
TR 7K BT A 8 far TDS<C100 (mg/ L), 11 it £ YT AR
B X T 7K TDS #>>100(mg/L) , 7k H HCO,
T B VR TR R A M RE R A KL, Wk 2 s
M. R 3 T A TIEA X By K HCO, ¥
=60 (mg/L), Ml it £ 4L i< 5 1 7 K & 19 38 << 60
(mg/L) . WK Siooke i F 5k iR £ 5 KAk . & 5
/K TDS LB X R {2 Si/TDS [ lb %5 TDS %
A FEE O R (B 4) 3 AR 32 25 P R 3 1 5 )

Cl +S0+°

1 R HE A T g A0 s 7RG SR AR A Me® ' —Ca®t —[Na® +K" Jf1

HCO, —SiO,—[Cl” +SO:" J=#4TEH

Fig. 2 The Mg""™ —Ca’*" —(Na” +K*) and HCO,

SiO;,

(Cl~ +S0O% ) triangle diagram of the Kambuma

Qu River and Poi Qu River in the High Himalayan and the other rivers in the Qinghai—Xizang(Tibet) Plateau
4 BVl SR L E 0 A LR D X FEAE Sl Al (AR D A 3R 1 0 i

+— Tingri Pum Qu river, Nyalam river, Xigaze Jiedin river(seen in Table 1); X— Kambuma Qu River and Poi Qu River

(seen in Table 1); /\—the other rivers in Tablel
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Fig. 3 The HCO, vs Total Dissolved Solid (TDS) plot of the Kambuma Qu River and Poi Qu River in
the High Himalayan and the other rivers in the Qinghai—Xizang(Tibet) Plateau;
(b) is partly enlargement of (a)
P& ][] [ 2
The legend same as Fig. 2
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Fig. 4 The Si/TDS vs TDS relationship plot of the Kambuma Qu River and Poi Qu River in the High
Himalayan and the other rivers in the Qinghai— Xizang(Tibet) Plateau
Pl 4[] [ 2
The legend same as Fig. 2
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4.1 EZBHNLERREESRARMEE
7 Srif) £ B 5 iR

R2 P REGRAGRSKEFELTATY
n(®Sr)/n(*Sr).Sr fil Rb 4
Bras®. R 2. A A

R2 PREBEREZDMT Wn(VSr)/n( **Sr) MMET

Table 2 The n(* Sr)/n( *Sr) and some trace elements in the rock and mineral

B5 v B HE R A it 08 it 5 7 R R Dt AT g
n(*"Sr) /n(**Sr)—1/n(Sr) % %

Fig. 5 The n(*” Sr)/n(* Sr)—1/n(Sr) relationship plot
of the Kambuma Qu River and Poi Qu River in the High
Himalayan and the other rivers in the Qinghai—Xizang
(Tibet) Plateau

P& o P 2% 4 1 31 TRt R At 2 2T 3l Sr 38 X Bk, O
GR35 5 4 [ 5] 2

In figure, the limits described by the two lines is the drop point
area of the primary rivers in the world. (O—the average of the

world rivers. The other legend same as Fig. 2
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Fig. 6 The n(*’Sr)/n(*Sr) vs Rb relationship plot for
the biotite in the granite and metamorphic

silicate rocks in the Himalayan Central Crystal Series
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Tracing on the Source Rock of the radiogenetic *’Sr in the Kambuma

Qu River and Poi Qu River in the High Himalayan

QIN Jianhua'?, RAN Jin”, SHENG Ganfu” , DU Gu®
1) Chengdu University of Technology ., Chengdu, 610059;
2) Chengdu Institute of Geology and Mineral Resources, Chengdu, 610082

Abstract

Although the Sr isotope in the Himalayan Rivers has a strong effect on the marine Sr isotope,

currently, it is still highly controversial for the source rock (e. g. the source of the radiogenetic * Sr)
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resulting in the Sr isotope anomaly in the Himalayan Rivers. We have analyzed the major ions and Sr
isotope in Chinese Poi Qu river and Kambuma Qu river in High Himalayan, and studied on the source for
the radiogenetic ¥ Sr in the rivers. Our data indicate that weathering 0f the silicates dominates the dissolved
major ions in High Himalayan Rivers. The TDS and HCO, in the Himalayan—Xizang ( Tibet) plateau
rivers are primarily dominated by the lithology. The rivers draining the gneiss and granites have TDS
lower than 100 mg/l., and HCO, lower than 60 mg/L, in contrast, the rivers draining the sedimentary
rocks, TDS greater than 100 mg/L, and HCO, greater than 60 mg/L. Except for the rivers affected by
the evaporate and underground brine, the HCO, is proportional to the TDS in the rivers, but the Si
concentration has no obvious relationship with TDS. Further, our research has disclosed that the Sr
isotope in the high Himalayan rivers have features with the high ¥ Sr/* Sr ratio, and low Sr concentration,

and that the gneiss and granite would be the primary source rocks of the riverine Sr, with weathering of

the biotite in the gneiss and granite supplying the dominant radiogenetic ¥ Sr. in the rivers.

Key words: Himalayan Mountain; Xizang (Tibet) plateau; High Himalayan; Riverine % Sr
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Table 1 Chemical composition and hydrological data for the seven Chinese
rivers originating in the Qinghai—Xizang( Tibetan) Plateau

WU | BRI R | A0 R | AR IR | WK | TDS WAy ik [nC O] (umol/L) n(¥78r)
A [(10°km?) | (m®/s) | (km®/a) | (m) |[(mg/L)| cuz+ Mg?t | Nat | KT | CI= [HCO; | NO; | SO | SiO, Sr n (%6 Sr)
AT 0.233 1566 39.4 1825 379 1100 | 533 | 2391 | 58.5 | 1269 | 3662 | 8.9 388 105 | 4. 34 0.71026
0.233 476 349 1235 | 646 | 1026 | 35.4 | 726 | 3539 279 164 | 3.31 0.71138
N 0. 089 1773 29.0 1256 333 1445 | 458 306 | 25.1 ] 184 | 3376 | 19.2| 279 126 | 4.11 0.71010
WL 0. 089 311 424 1555 | 725 | 1013 | 36.2 | 646 | 3698 | 14.5 | 625 157 | 7.53 0.70974
T 0.110 3234 53.1 827 246 1088 | 409 137 | 26.9 21 2683 | 14.4 | 220 115 | 1.60 0.71296
0.110 441 274 998 546 343 | 30.5 44 2736 341 361 | 2.40 0.71454
N 0.146 1395 23.2 1748 334 1210 | 617 700 | 30.3 | 369 | 3460 | 44.8 | 255 107 | 5.14 0.71122
= 0.146 187 342 1267 | 625 696 | 33.6 | 256 | 3772 | 53.4 | 216 111 | 5.02 0.71221
T2 0.129 2096 55.3 998 211 815 425 241 | 29.7 22 2345 192 111 | 2.05 0.71230
0.129 679 231 890 463 187 | 22.8 35 2665 | 15.5 | 100 136 | 1.83 0.71319
. 0. 089 2886 61.6 390 191 828 304 102 | 35.4 11 2190 | 15.5 92 107 | 1.60 0.71190
KRBT 0. 089 688 262 1030 | 493 183 | 30.8 35 2784 | 14.7 | 213 139 | 2.40 0.71136
T 0.037 720 14.9 405 287 1228 | 393 417 | 53.1 ] 100 | 2901 | 107 302 135 | 2.62 0. 71040
0.037 155 427 1605 | 571 996 |102.8| 480 | 3841 | 171 479 157 | 3.54 0.71172

TE < Db i S AR AN B AR R 5k BT AR N IRIE AN [E K SCAE S

HRSE. HCOy g 7 i k1%

n(*®Sr) = 0.119%4,

WRED BE 72 = W HEAT A R T 1 5, BF B8 )
160 H . IN 9 HCI IR L i 4h 25 BR s W, 7 DA
LK e 2 e (UL R T A BRI D . AR5,
) HCl + HNO, + HCIO, + HF % W% #1711 f# .
TH A J5 AR S 7 W R Jarrell-Ash 1100 HL RS &
BT HEDGIH A Hr Ca® (Mg*' (Na™ (K" 4§,

3 R

K A 3 B R BE Mon(St) on (P Sr) /n(%°Sr)
FEFEY S8 (TDSFF £ 1, W RE /5 #r
By FE 2 H.

I8 B T0 R WV BE 23 52 B M R M 2 K S
EHE R M n(Na ) 945 #E 1L L [n(Ca® )/
n(Na'), n(Mg?")/n(Na'), n(HCO, )/
n(Na™) ], B 2 B/, 763X 2 5 n(Ca™ )/
n(Na™) 5 n(Mg* ) /n(Na" ), n(Ca’" )/n(Na") 5
n(HCO, ) /n(Na™ ) Z [AI 4775 % JE 5 4 i A L |
B Ttk TR R e R Ak IR R A T b 3 R XA TR
o TEFAE TR =M Kb (& 3a) , ZH0RE i B 58
I Ca®" Tt T AE BB = A g b (&L 3b) L Bl
RO VR TE AR R Bh— 2 L ;b By HCO, —
(SO + CIT )R b 3 3% W7 5 26 30 850 ik R &k
FNZE AR B KA AT BE E O FE 22 . BRUR YL Ab , At i
R (NO, D ERARG . IRVLE & i n(NO, ) Al fig 5

Fdk e T Sr R AT 2005 4 6 HOREE. N AT O 2005 4F 12

MR R —ER KR,
x2 EERARAKRDEOLERS
Table 2 Chemical composition of riverbed sediments

of the seven Chinese rivers

sy [t ] Gumol/®) n(Ce ) Mg ™)
Ca?t [Mg?* | Nat | K* n(Na™) | n(K")
SUTCHED | 211 | 335 | 524 | 401 | 0.40 0.84
T (RLED 68 | 212 | 391 | 425 | 0.17 | 0.50
YT GEH#) 112 | 182 | 383 | 434 | 0.29 | 0.42
F (KW | 149 | 324 | 567 | 483 | 0.26 | 0.67
M 20T (R ) | 222 | 327 | 382 | 373 | 0.58 | 0.88
KPR R | 233 | 323 | 571 | 424 | 0.41 0.76
WY CR D 216 | 263 | 678 | 441 | 0.32 | 0.60

TE 25 1 A8 A BT SR AR 1) A VD VLK B vh B 3%
I n(Na™) Fla(Cl ), A A S5 EEFE 5. 28 3 5%
£ 2005 4F 6 AXF &L A B T 8 ASAIH
MoK BB 9 RE L o n(Na™ ) Al a(CL ) #f 82 5
[n(Na" ¥ dn(Ca®" )], &k 2006 57 H %4
S 0T VL TE W5 Y6 V6 TR R 35 2R YT SR A 18 ZKORE o ) H3
HAIEH & B n(Na™) fa(Cl ) (10 mmol/L £
) 3% 5 AHEES S (1998) B 4k B %5 (2003) XK 7T
TEK I e s o — 8. KIWHEKEA &
n(Na™) Ma(Cl ) W) JE A 32 82, 8 5 /R 1 7435 3 &5
WA 7% S e i G i A HU SR 7= SRy, 1990) , A8 B R
T FVETE WA A 2 4 $R L [ e B A2 3 M T AR
SRR O 3 £ 45,2002)
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001 T T | summer, 2005; (O—samples collected in winter, 2005
0.1 10 100
n(Ca’)/n(Na")
. D WK R A 1 B AT 2 B A B A
E| (6~ N N _ L N v ~ Ny 2
] " FER BT K n(CLDO WA IR T ITL. X5 2
] 0 DAL RS o< R L B w7 e P o T B2 = R D Y
2 w3 e T S 5 1 A M A
: S ia) i . N N \] ~1 — » Y
] mERE 8 5 0 T K BT K 0 (CL ) B 3 5
g : B 10 A 0 — B OF 5 3G BT %
T R VLY B A0 A 726 e L A R M AR
ShiFr-< A3 BRI (CL ) ] R & BN 283 3l r 3 s R
e S TR TR B0 (NO, ) W ENE T i B
n(Ca®)/n(Na’) T (CL ) B2 B ) AR — 48, 53X m] g I
T B2 A s AR IR D ALY DR il B A
Ca2+
0_100
20 80
40 60
60 o 40
80/\/\/\/\ 20 80 20
100 /\ /\ 0 100 0
0 20 40 60 80 100 0 20 40 60 80 100
Mg™* Na +K Si CI+80;

Bl 3 ARBEIT YL A T I S B R e L e AT 3 o BH S 5 B B = A P < (a0 B S 1 TR i DR 22 0P i s 5 Ca®™ ™
0 RE 32 WY ¢ 5 XA 1 42 7 P 5 (b) BT 7 JEL i < 800 A 00 F HCO, A (CL +SOT ) 3% 28 1 8 IR 28 70 B b ok R 4k
HRERENRAL ., SRR 2

Fig. 3

around Ca’" apex, indicating dominance of carbonate weathering contribution to major ion concentration; (b) anion plot;

Ternary plots for cations and anions in the seven Chinese rivers: (a) cation plot: most of the samples cluster

the data closed the mixing line between HCO, and (Cl~ +SO; ), suggesting carbonate and evaporite weathering in these

basins. Legends the same to Fig. 2
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R 22 8 CAN A AR 55 ) o 10T R A A B 3 3 B 4 A1
AR (AR 4, 1994) H BT K i n(CL )
B, R 20 pmol/L 2y i T HAT AR A K
ST S b T 9 2 K A = B B O ST Bk = DU
AN BE VA 1] 245 B A T CCL ) ARG g 1S3 3
3.1 AKPREEREFRKERNEENL

Xt ] AL A O RAE 1) R A R AT HE R RT LA L R
K6 H \8~9 ) B R SR FE i 1) 0 3R e BE A A/
T2 H—1 A) &k fe e 1 BE & W& K
TR RO HE 5 ) 52 I o R K R R TR R Ak
B2/IN LT S K A 2 SRk K T 1) 9 KA T 55

n ( X) riv 1 ( X) cyclic + n ( X) evaporite + n ( X) carbon

BEAL TR B 43 AR« riv—T] UK | eyelic— R FEK .
evaporite—32& & £k .carbonate—i fig £k | silicate—fif:
Bk sulfide—Ti B2 h . anthropogenic— A 2K 5,
3.2.1 KRSMEAKMAEKEDD

AT 7K e ¥ firk 0 1) A\ T T2 T R R
Sk, ZilEER I R KT R 2 CL S
iR P S B /3 e A N R 1 R 1 P NN 7S
TG T (L) #R AR HL A2 Y0 VL 3R V6 Y1 R0 35 ][]
I3 HAT & A9 (Na ™) B B2 3x Z W H A /Y 25 5 JF
A2 BN AR K . A3 L 2% ik 1Y)
I ViR B VAV A AR T8 o PR I A XA K R T 3R A v
JERUE L R A RS2 W 3R 5/ o AR B SE R X R
A BEATARLE

BT VD VL GV VL VLA SR A R B
s AR R Z A ik Hig ey N B X, AL
DB TR 2 2, A A T UG IR A S PRt A S Bl X
FRE T mEN . HEZR LR W AE A 1]
VIRE AT RE L2 T — & B NG g s, (H AT AE Ry
AL R n(NO, ) Fin(CL O HA KRBT IX

M B IR Ak FATTRE 2 ms A 2R3 Bl Y Tt

3.2.2 mEEER#ZHXE

ik R R XU AL 0 65 T 2 o 40 ik R Eh KUAR Ok TR 1Y
n(Na™) +n (K™ ) Fll iy $5 86 Ak IR # R R A9 (Ca® ) +
n(Mg*" ) X iR] 7K v s i 0 o 1) ok ot o 48 R R
AL 5% B ] 3@ i i K P oa(SD/[a(Na™ )y +
n(K™) J(bAbn(Na™ ) o Je fif iR £ KL I B 1 Na™)
LB A 0 5 A 3 3 b s AR ) e R R XA
NI E o A0 B A XU R DA A5 7R ) K
Ain(SD/[n(Na®) g +n(K) =1 7; i £1 XAk

ate + n ( X) silicate + n ( X) sulfide + n ( X) anthropogenic

T RIS (Wu et al. » 2005), 1 5 H At 0] 7%
R] Y 4 Y VL4 KB n(Na™), n(Cl) K
n(SO; DEHHEZAK 30% ~50%, X & i T4 iT
N R I W A PRI N A € S8 5 R T
2 T 5 i ) 0T K AR A
3.2 GAKFEEETFRIKIE

WK R JC R B EOR IR TR K AT
S A (RERR SR VR IR 3R AR BREh A28 R 3R 1) K
fb. P —FILE X 1988 LIS N (Galy et
al. , 1999) .

D

KE IS A R 3(Huh et al., 1998), %5 % % 1
SEBFSE R 7 30 H e (S /[n(Na™) g +n(K7) 1R
RONT D, R W] bl R 3 XA T A5 21

WK Na 't SR 8 5 &b | f1 2 v A Rk R b
AT KT 2R IE FrEfREY . F CL 1B iR A
ARV AR bR o I Eh A R R XA 7 A i m(Na ™) g
Fin(Kt) g

n(Na™)gy= n(Na" ), —n(Cl ), (2)

n(K) g~ n(K"),, (3

K i R ER AL STk Y Na ™ [n(Na' ) o, |
S RN, AL Z W T n(Na™ ). n(Na™ )y
(K g — &M B P B F 19 1020 247 BEEH AL
it [ R B Ak Rk KA A A2 2 0 PR R U

W Ca®' SR U T i R £ L 78 & 6 L fE IR b
AL A /D BE A QB R AR 5 T Mg® " BRI T AR
i £R AR R AL . VAT I P R AR XUfk Sk i Ca”t 2
S SR R R e A i PR AR L S S S
BHE A A T n(Ca® ') /n(Na™ ) Fe R 3 1A
P RR R R 1 Ca®' [LLFRRH
n(Ca?" ) M Na' [LLF 2R yn(Na' ) ] 35 iy 4
Km e, W A i n(Ca* ™) /n(Na™) AE R — 4
A3 7T LA K o B (Na ™) g 32 45 31 #E 1R 25 X
AR (Ca® )y [FREXS F fk R 2 R U 11 Mg™
[n(Mg*" ) 1, B35 55 i T IR b Ay ek 2 ek 458 40 DU
FE B (Mg* ") /n (K AR Ry — A Al ot AT LU
K (K ) i H 45 #n(Mg”" ) (Blum et al. ,
1998),

ML b AR A5 380 04 1] 3 r Ak R & ok i) PH
PHES 7 S B0 EL ] (S, o 2638 8L -
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CSaX) qa . nNa D) g+aK D) g+2 -« aCa” )y+2 - n(Mg' )y
(e ) s o Toe #Na Do F (K )y 12+ 2(Mg? ) 12 » 2(Cal )
771(Na+)&n+n(K+)sn+2 e n(Ca*t ), » %4—2 n(Mg*" ), % 0
n(Na™) +n(K") W +2 « n(Mg* ), +2 « n(Ca*" ),
Ak aNa™).. (K ). 5000
n(Mg*" ), Fl n(Ca*" ), 78§ A S 1]
KRB A A R, aNaTDu o0 o ke
n(K™) g, n(Ca* )y Ml n(Mg* ") = ? ®
A5 K s EERR R R BRI OCE S 3000 > ®
T o, n(Ca’ ) /n(Na™). M g ‘O
(M=) /n(K*) 8 R IRRS 20007 O
hRERER I Mot R S . if
FEAR 1 (Sneu) a2 5% ~38%, 10007 O
EEK A &Y. NEBE EW o | | | |
Z I A8 SR I 4 T VL T S B 0 1000 2000 3000 4000 5000
Rt I A R 2 i <000 Cd(rEa)
TRA A 8 B T fE IR+ KAk ik 45 FH
BRI 4000 - ® O
3.2.3 mBHhEaNELAS
WK Cat R Mg R E 2 3000
fiE 1R R IXUAR Ok U5 A1 3 8 38 2o ik PR % @
R AL 0 2 K T R 4 2 2000 0 U
MR £k 02 2 3 45 I A Pt A9 5 T
WA EE A, HCO, fi1 Ca™" 1000 -
R Yt e 32 ) B B RN PH B
¥ Yy 80 MY n(HCO, ) i 0 . x x [
0 1000 2000 3000 4000 5000

n(Ca®") B S fif, M n(Ca®') +
n(Mg*' )ﬁﬁj:’%n(HC()3 ) - i
CIEL 4D 33 2 Ui 38 itk 12 36 XU A Y
— R
WK SO FEA B Ak
W ATBERAER RA. 11
BN INT -
CaSO, —>Ca*" + SO} (5
B A AL
4FeS;+ 15 O,+ 14H,0 —
8H,SO, + 4Fe (OH);
7 TR PRV A AR )
8H,S0O, +16CaCO; —
8S0° +16HCO; +16Ca”"

Ca+Mg (1 Eq)

B 4w n(HCO, ) H5a(Ca®™) (a) Fin(Ca®™ ) +n(Mg® ) (b) 4% S &l

Fig. 4 Scatter plot of n(HCO, ) with n(Ca*") (a)
and n(Ca*" ) +n(Mg*") (b) in the river basins

Bl s 2 80 % B n(HCO; ) fin(Ca? ™) ff 4 » Wi n(Ca® ) +n(Mg? ") 3R E 5 n(HCO; )

V. mbR A

LR 2

The data show about 80% of n(HCO; ) is balanced by n(Ca*"), whereas n (HCO; ) is

basically balanced by n(Ca2* ) 4+ n(Mg?" ). The meanings of sample symbols were same as

Fig. 2

6) 8H, S0, +8CaSiO, +8H,0 —
8SO’ +8H,SiO, +8Ca*" (8)
53 T BB 1 Ak 2 A AS TR] S 56 F 2 1 XU Ak
(7 ANHFERR CO,,
s a A ET LE S A N ZEm
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FETE W 0 A 1T REJZ AT K A i SOT — Aok WAL SO W EE,

Wi FEIR R ZF T A A DR v B B SR A K IR A SO # ok W F 28 & & Wik
FEBEF= 44k HCO, # Si(Huh et al. . 1998), 1fij B2 £k AL AL W B Ca®™ 1 Mg*™ . (SMca Yy TTH
EEESFNHE T = ME P BlE L& T R

HCO, M Cl”—SO] # 2k I (J& 3b), i 1t W ¥ &k

H

Sn(XDew  _ 2rn(Ca® )y —n(Ca® )y —n(Ca® )1 H2rn(Mg* ), —n(Mg* )7

Sn(Cation) e n(Na™ ) +n(K"),, +F20n(Mg*" ), +2n0(Ca®" ), X

Zn(‘at carb —

Beibn(Ca® ) F8 19 2 28 & %t Ca (1 STk, v] 38 i 3.4 HIEHKEE

B F IR A SO AR F & kRmfas. h W 28 35 S5 A YT TR] i W I 7 9 e D X e
FEBT At — B4 SO B4 Fr it 5w RARAE I RE B 5 Gaillardet 25 (1999) 5% Y
(3Cat) e — 1 F R AT 26% ~81% Z A, 3y KL FE L Ve VT (Mekong river) A1 VT (Salween
65, B AR 1 5T RRAE 0 TT TR KW river) A CTROECHE . WL Li % (2005) 7 1) 94
B MR 2K R I RO K R TR Ty AN DR A O AT LB AT LA A
86~ 360, 4 Vb VLN ¥ T 43 4 i P A, K 36 0 I S S PR 3K ] T TS T R R D DX A A

209 X 5B TR IK 26 R 4 1 Z i 68 M — B S AT U U 1 BRI RE 0K R AR (3D
3.3 SrEEA S AEELE T 57 35 SRV DM R — AL R I RE A

s e SRS I G AT R B n (S R A T 1 R RCIRTE T IR N IR T 7 G e SR 3t DR R R
pmol /L Xk F] 3 pmol/L, i i F Ak kFyy  IF LA IR R KT .
{8 0. 89 pmol/L(Palmer et al. , 1989), [Alif 1 & T 1 274 AR R Y B 5 A0 X 3 S a1
BT Ry 1T 4 0 A A B e R L T S B SR AR A L T 3 AR L R D EE T Y 0 R
BE B AR A M. b & WM (TS /(S BT HCARR B R E BP9 TR TR G I O
(0. 71010 ~ 0. 71454) B W & F i WM s po . 7(Ca™ ) an(Mg™™) Rin(HCO, ) W12 5 T 48 1] il i3
(0. 706~0. 709) (Palmer et al. » 1989) ,{H & i 2 4 o By R R ok S e T H R IR T R R
G T 9 A 0 T R A R . (S RIUBRAE TR AR B A KUK 2 i T S Rl 4
(9 (57 Sr) /m (°° Se) A 52 B3 26 i 355 1) XU AL 3o 2 A FRIRT AL 5 e &b 5 F 0T 3 AT A A X 55 i 9 (S FTER
PR AL £ EERRER AL k. 5 Al Tx RIS /nUSo)  duik— 2B BT X 4R 3 A
LT R — s W i 1/a(So 5 BRIRERE AL ERIEA (K 3.
n("Sr) /n(Sr) K AW L, N A LFE S 3.5 FIEAIKLEER

AT fr B Ry b BA A 5 2 (So) AT F A TR Rk TR R 1 ALK T R 465 14 B 5
n (7 Sr) /n(* Sr) L 1M W T b ] A1 B B RL B T TALoR AR ST PRAS G AR 8k kT
K (S FKA 7 Sr) /n(*°Sr) TIAR I X3 22 A A R TR £ Ak 2% RUIE 3 3R (SWRD) Al

R IR R AL 2 AL AR (CWR)

[(Ca®" ) g+ (Mg" ) g+ (Na") g+ (K™ +(Si0) I X i &

SWR= - TR 10
B 2 (o
CWR:[(Ca2+)carb+(Mgzv)carb+O' SX(HC();)mrb]X?}ﬁi (11)

S T R KRR TR A e T

AR (Ca®" ) g v (Mg® )  (Na™ ) g Il (K™ ) & R i 2.4 g/cm®(Galy et al. , 1999) ., b £ i i 8019
MR AR AL 25 1 P2 1~ (B2 24928 mg/ 1) 5[ (Ca® ), iR B H AR N RS E K SCAE RS 3,

(Mg ") oot 55 B R R 16 25 19 BH B - (A0 35 O mg/ BRI SRV % 77 B I n(HCO, D Py —2k ok B T
L) 5 i PR R0 3k R 6 114 1 1 % B2 43 S K 2. 7 g/ e’ KA. CWR BRI T A AE fERR R K IR 11 Ca®



% 4

EuEA

ﬁg_

e ot

%‘:Fjﬂ@i

i AL 2 AR RO R CO. B T AG I 1

0.770
@ fii GangesRiver
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Fig. 5 Plot of n(*’Sr) / n(**Sr) vs. 1/n(Sr) of the Chinese

seven rivers and some of the world's major rivers
AL Y] 1A L T A R R B IR B Krishnaswami 48 (1992) s JUARBUIR IR B Palmer % (1989) . 8 il Al £ $if B 3
FERLI 7R T 45 85 1 n(Sr) B 85 n (37 Sr) /n (56 Sr) , T W Ty 37h ) 1 B8 B35 B ) B AR 2 (So) R AR n (37 S/
n(%Sr) , B HF B B A R (SO AR TS /n (35 Sr) HL(E , 32 B I 48 300 380 19 KUK o 7 DA 98 4 KU AE R 3=
Data for Ganges and Brahmaputra from Krishnaswami et al. (1992), remainder from Palmer et al. (1989).
Ganges and Brahmaputra were characterized by high n(¥”Sr) / n(*Sr) and high n(Sr), Amazon and Orinoco

showed a trend which had low 72(Sr) and low 2(¥”Sr) / n(*$Sr). Most of our samples have high n(Sr) and low

n(¥Sr) / n(%5Sr), indicating that carbonate weathering was dominant in the drainage basins of our study area
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x3 &HIREI BRI ETKPHUERSSESMEUKBEIBZEAR BT HHALDE 4R B0 E AR L3
Table 3 Comparison of chemical data for the Jinsha River, Lancang River, Nujiang River and Yellow River
measured in this work with those at estuaries of the same rivers from Gaillardet et al. (1999) and the

data of the Ganges, Brahmaputra and Indus

o - - TDS YR E2C )] (pmol/L) 2(57Sp)
TR SR FE 3 N SRFEH =
(mg/L) | Ca2t [Mg?™ | Nat | KT | €I |HCO;| NO; | S0 | Si0, | sr | n('Sp
AR 18k 2005 4E 6 f] | 379 | 1100 | 533 | 2391 | 58.5 | 1269 | 3662 | 8.9 | 388 | 105 | 4.34 | 0.71026
Kir® A 221 973 | 292 | 222 |36.0| 151 | 2311 164 | 108 | 2.42 | 0.71071
T [ 200545 8 H | 333 | 1445 | 458 | 306 | 25.1 | 184 | 3376 | 19 | 279 | 126 |4.11| 0.71010
@ AT 263 | 1001 | 367 | 663 | 48.0 | 448 | 2305 343 | 167 |3.39 | 0.71020
Lo W 2005 4F 8 1| 246 | 1088 | 409 | 137 |26.9| 21 |2683| 14 | 220 | 115 | 1.60 | 0.71296
BT© N 306 | 1150 | 658 | 435 | 26.0 | 571 | 3475 10
] © KK 2005489 | 334 | 1210 | 617 | 700 | 30.3 | 369 |3460 | 45 | 255 | 107 |5.14| 0.71122
T @ N4 460 | 1175 | 848 | 2370 |105.0| 1563 | 3361 696 | 128 |13.00| 0.71111
Heyi] © 22 2000 4F 6 | 385 | 1200 | 722 | 1715 | 58.1 | 951 | 2889 660 | 113 | 7.38 | 0.71117
& ] @ Patna 19824F 9 H | 182 580 | 267 | 417 | 67 | 143 | 1951 83 | 128 | 1.02 | 0.72490
i ] @ Rajshahi | 1996 45 8 J§ | 125 466 | 201 | 175 | 69 94 | 1421 ] 0.3 | 76 | 127
1 A © Deopryag | 2003 4E 8 J 91 387 | 105 | 68 51 12 | 868 | 14 | 102 | 97 |0.37 | 0.73862
P W R @] Goalpara | 1982 4E 4 J | 101 350 | 156 | 91 | 100 | 31 | 951 104 | 130 [ 0.67 | 0.71970
AP D B[ @ | Chilmari | 1996 4 8 A | 105 393 | 168 | 104 | 52 25 | 1114 55 | 155
A o Iy 3 4 iy i) © Dhubri 2000 4 7 H 106 396 | 153 | 107 50 19 | 1018 73 200 | 0.50 | 0.73003
Eq g @ Thatta 19924 2 H | 302 958 | 374 | 1370 | 112 | 931 | 2130 436 | 233 [3.69 | 0.71100
Eq B ] @ Thatta 1994 4E 1 H | 343 | 1013 | 518 | 1288 | 109 | 749 | 2394 583 | 106 |4.91| 0.71172

F W O ARRWEFE ;@ Gaillardet et al. ,1999;@ Wu et al. ,2005;@ Galy et al. ,1999;® Bickle et al. ,2005;® Singh et al. ,
2005;@ Karim et al. ,2000

M Me™ #RH Tk R th 5. HIERN K K AW otk RSP CO, WA RIEW EEA., HEERB
Ca’" XA B A CWR & —A BB, R RiE A TE BRI ER KX KA CO, 1T FE 1T LA Z
FIiA 1 SOT #RIRZ% K 3K W WK i CWR A F (Berner et al. , 1983). AR 20 53+ % o ik 2 £k X
B XA LIRS TR A4, RERRERXIEE R R FIRR AR KU AL BT T RE 1 KR CO, il . AR 4 B
F 0.3 X10° t/a 5 2.1 X10° t/a Z[H], Gaillardet [ S W 1= R AT A S N W

ZE (1999 XAk 60 A% K BT AR 19 W 58 P o L 45 K Do, a =P(TZ ) 4=

T BT TRV VRSV AT 3 e 3 AR DL A5 B [2n(Ca*" ) g +2n(Mg* )+

WAL T8 B P2 A TR AR 2 . X2 T AT n(Na™) g +n(K) g Xt/ dnma d2)
SR AR J2 100 3 A T8 1019 2500 o 1 28 5 55 SR T A 2 3] [@co, . =P(TZ) =

DL P 8 e Dt ) R R e AR R I [2(Ca®" ) g, + n(Mg*" ) | X

AR TR A D E. 7 FZARRES T/ P Sk e AR (13)

R, 2 JER L DX A e R R XAk B 3L Bk T 29 5.7 X 10° Hh,n(Ca®" ) g . n(Mg* )y .n(Na™ ) g Flan(KT) gk
t/a BB BV XA R IREERR R S AL Sy ok b e R R UL AR B G PH B F R, n(Ca® )
WM (550 X 10° t/a, Gaillardet et al. . 1999) Ay Fln(Mg?™ ) o W BB £5 B 1 (09 FHES T %0,

1%, SR 0 S5 o8 TP T R ok 26 3k 4% Tl 9 1Y) s AR 6 B R 12 H W6 R AL 1Y
Moo i e CEL A RE MR AR AL BRIRER AL RIZR A i Ak i 8 T AT 15 80 6 H 1 ©co, .
SR D Ay 26.9 ~ 80 t/(km® « @), FIFLY 56 /) Hl Do, 4FBIH 1. 3X10° ~4. 6X10° mol/ (km? -
(km” « a) L 5 T AR R il B P24 )0 1.6X10°~11. 4X10° mol/(km® « a).12 A K
t/(km* « a), Gaillardet et al. , 1999; 21 t/(km® « Do, .t Fl Deo, e 53 B H 0.3 X 10° ~1. 4 X 10° mol/

a),Berner and Berner, 1996 ], iX 15}l & S i ffE 1 — (km® » 2) fl 0.6X10°~3.0X10° mol/(km® « a),
T8 0 5 DX 2 11 A AR A 2 6 F1 A 12 F HF i 4 B2 HE 4 40 S5 K 1 G Tk L AF B
3.6 XMAKCO, HREEXRSHMARAI LR IS FE L SEPRAE S CO, W RE S AL F X% 2

FENT AR REEE N A e te ) .



% 4

o DAL T R AL 2 AR TR R CO, 1978 #E18 HE

wl
ul

B4 . Qin 55 (2006) X IR VL 3% JL A 7K ST A5
F18 4 AR B5CHE HE AT I (] 1 47 40 A7 0 O O s SR R KO
(0 3 B 7 s 5 AR T I B O A B A R
A 3 S 0 Ao 4 A I JR) 8 5 0 A P B R Ol
I CRHIX 58 22 <210 %0 T Al 7K 39345 380 11 45 SR f 2 (A
XPIRZE>3700) . WILEE MM 6 A i+
s F0 AR OF B i AT R S BB oo, a M
Do, .t 77 AN 0. 7X10° ~3.7X10° mol/(km® + a)
F11.3X10°~6.8X10° mol/(km? « a)(F 1),

W 5 (2005) 3 28 %of 8 7] 2= M F Ji o) B ds T
TR SR ) G5 TR RV AR R T R K R R AR LR TR
52 R0 E) A5 20 B RE R £ XX R R
CO, HFEE I Deo,.i A 1.2 X 10° mol/(km® « a),
W o T2 2 S O X SR e K A it ) BT AR CO. 9
X 10° mol/(km?® « a)); Li & (2005) 12 1% &% ] Fil
VLAY B A7 T AR T FE 3 i (Do, ) 23 901 8 0. 22 X
10° mol/(km?® « a) 1 3.8 X 10° mol/(km?® + a), %

*4

B SF AR AR 32X 2 B T T B Y U X B
VA 11 4 L B8 ) BN T R Y AR T S BT i A a4
B B R R B AN W ALY 4000 . 28 kR
TUHERAEH A

Hh ] 25 T ER A R XU AR N 1R LA PIT 3
FEY KA CO, @73 5 0 < il (6 F By K A2 5cds
I ) 243 X 10 mol/a 1 491 X 10° mol/a; fiK {4
(12 7 WKk Ak 2= 50s Fhim i) 48 <X 10" mol/a Fl 120
X 10" mol/a; £EF- B {8 (i [6] 5 8] 3 A 45 30 19 o 1
WAL ——6 H Y 7K Ak 2% B o 4R - ¥ i) o 173
X 10° mol/a 1 302 X 10° mol/a, P _b & A fr
L AR R ] A ED B B BCE L IR B B SR L
I e L 1 SR TR I A TR R XU Ak R R XUAK BT TH
FERY KA CO, 3 1543 5] 35 5] : 398 XX 10° mol/a Al
663 X10° mol/a(E{H) 203X 10 mol/a F1 292 X
10° mol/a (fikf) . 328 X 10° mol/a Fl 474 X 10°
mol/aCAEF-BME) . i 4 Bk KBl Ak 1R 8 A AUAL Fi ik

AR 7T FARREDSHELER 3 ZFARMRALEZRM CO, HEEBE

Table 4 Chemical weathering rates and CO, consumption fluxes for the Chinese seven

rivers and the Ganges, Brahmaputra and Indus

SWR Dco, ,sil CWR pax Dco, .Carb+evp CWR in Do, ,carb

VLA t X107 mol|X1010mol| X10% mol| X100 moll  t X10° mol|X 101 mol
kmZ + a | ™V ka km? « a a km? « a mm/ka km? + a a km? « a mm/ka km? ¢+ a a
6 H 11.3 4.2 1.6 10.8 | 22.7 9.5 2.4 5.6 14. 4 6.0 1.6 3.7
&I 12 A 1.5 0.6 0.4 1.0 10. 6 4.4 1.1 2.6 8.8 3.7 0.9 2.2
AEFH | 9.1 3.4 3.7 8.6 18.1 7.5 1.9 4.5 11.5 1.8 1.3 2.9
6 A 7.8 2.9 1.3 1.2 114.2 | 47.6 11.7 10.5 96.5 | 40.2 10.0 8.9
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| 41 1.5 0.7 0.6 59.3 | 24.7 6.1 5.4 50. 1 20.9 5.2 4.6
6 A 11. 4 4.2 2.2 2.4 130.2 | 54.2 13.5 14.8 | 109.6 | 45.7 11. 4 12.6
T 12 A 4.2 1.6 0.7 0.7 17. 4 7.2 1.8 2.0 13.0 5.4 1.4 1.5
ESEH | 5.9 2.2 1.1 1.2 67.8 | 28.2 7.0 7.7 57.1 23.8 5.9 6.5
6 H 5.8 2.1 1.7 2.5 49.5 | 20.6 5.2 7.6 41. 8 17.4 4.4 6.4
B 12 A 0.9 0.3 0.3 0.4 6.8 2.8 0.7 1.0 5.9 2.5 0.6 0.9
S 1 3.0 1.1 0.9 1.3 26.1 10.9 2.7 4.0 22.0 9.2 2.3 3.4
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AESEH | 8.0 3.0 2.4 3.1 44, 4 18.5 4.6 6.0 36. 1 15.0 3.8 4.9
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Chemical Weathering and Atmospheric CO, Consumption
of Qinghai—Xizang(Tibet) Plateau

WU Weihua” , YANG Jiedong” , XU Shijin®
1) Department of Earth Sciences, Nanjing University, Nanjing, 210093 ;

2) Center of Modern Analysis, Nanjing University, Nanjing, 210093

Abstract

In order to evaluate better the influence of weathering of the Qinghai—Xizang(Tibet) Plateau and the

Himalaya on the global climate, we present river chemistry data for the seven Chinese rivers(the Jinsha

River, Yalong River, Minjiang River, Dadu River, Lancang River, Nujiang River and Yellow River)

originating in the Qinghai— Xizang(Tibet) Plateau, examine detailedly the geochemistry of these rivers and

estimate contributions from silicate and carbonate weathering on the major ions in these river water, we

also present CO, consumption fluxes via silicate and carbonate weathering. The results show that in these

rivers, the long term CO, consumption by silicate weathering in the seven Chinese river basins range from
0.7 X10° mol/(km* « a) to 3.7 X 10° mol/(km? » a). Combined with the Ganges, Brahmaputra and

Indus, the main ten rivers originating in the Himalaya and Qinghai—Xizang(Tibet) Plateau consume the

atmospheric CO, 328 X 10 mol/a in all. But it is only 3. 8% of the CO, consumption derived by the global

silicate weathering (8700 X 10° mol/a), and only accounting for 2.5% of the flux of organic carbon

transported annually to the ocean by rivers.

Key words: Qinghai—Xizang(Tibet) Plateau; continental weathering; atmospheric CO, consumption
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Table 4 Number of the papers concerning the different
fields of the Jehol Biota published on Nature and
Science by the end of 2006

| A | H | A B s | W N
CA%Y | 1 114112 13|65 1] 3| 36
(B | — | — | — | — | — | 5 2 2 1 | 10
ANl 1|1 |42 | 13|11 7| 3| 4] 46

2 2006 4R 1k & T I A YU EE AR AORT R
BRI 24 A 22 AN E R 26 D HTREECH 2R )
GRS B ek R R I Hoh AR 5 8 2
ReJeik 8 Brjm 9 Bl I FLIE 5 Bim 6 BiAh k3
B 4 AP (R 5) . X 28T A & A UROR
AR AR PR A A7 AR T ELAE PR X 2 A
(19 e A0 3 A 2 S 26 5 T L R AT EEOR I R

3 (B (B4 A SR P

AR OR RS B g o
3.1 R (LEREBR)

2006 4F, 5K IR 2 SEMIE T NS TR SCE A p
— oo L AR 88 K b A I8 A 68
(Mesomyzon mengae) , -LHEAEAJE F I, &9k
R A A HESh ) S Ak 0 R A v R U A 22
CSE A B AR Z TP A KB, o b A 68 ) R
PREE R AR 5 B A R 2 I B AL AR R E
H Al ME— B A AL B AR S, 12 AR IR K
A2 1L B 48 2 (Chang et al. » 2006) , %46 A 1Y &
IR Wt L R A 2 ) A R A S R T AR L
3.2 AE#%

{5 52 B Al Shubin F 2001 F 438 7L FE 72K
Ly 225 b AT B b B AT RS T G 2K Ak A JRU L AR

RS HE2006 FREBERIBE) LG ANRTEYBELETEHRMAR

Table 5 List of the new genera and new species concerning the Jehol Biota published

originally on Nature and Science by the end of 2006

S

B B

TR

O (& H A 8 Mesomyzon mengae Chang, Zhang et Miao., 2006

HR%

ORI HFEWE Siner peton fengshanensis Gao et Shubin, 2001

OM & K Feilongus youngi Wang, Kellner, Zhou et de Almeida Campos, 2005
O [R5 /RS R 3 e Nurhachius ignaciobritoi Wang, Kellner, Zhou et de Almeida Campos, 2005

DS

O#MeF WL I Liaoceratops yanzigouensis Xu, Makovicky, Wang, Norell et You, 2002

O ¥ Mei long Xu et Norell, 2004

O4RIC MY Caudipteryx zoui Ji, Currie, Norell et Ji, 1998

O FEHMLZE I Beipiaosaurus inex pectus Xu, Tang et Wang, 1999

O T E Y Jg Sinornithosaurus millenii Xu, Wang et Wu, 1999

OM E/NE I Microraptor zhaoianus Xu, Zhou et Wang, 2000

Ok & H 4 Je Sinovenator changii Xu, Norell, Wang, Makovicky et Wu 2002
O XY Incisivosaurus gautheri Xu, Cheng, Wang et Chang, 2002

O /NG . Microraptor gui » Xu, Zhou, Wang, Kuang, Zhang et Du, 2003
O# 4 b Dilong paradoxus Xu, Norell, Kuang, Wang, Zhao et Jia, 2004

O =¥ P EY Sinornis santensis Sereno et Rao, 1992

OMEAL TS Confuciusornis dui Hou, Martin, Zhou, Feduccia et Zhang, 1999
OF TIPS Protopteryx fengningensis Zhang et Zhou, 2000

O WG 5" Jeholornis prima" Zhou et Zhang, 2002

I 7L

O AR W) Akidolestes cifellii Li et Luo, 2006

O TR K FN - Zhangheotherium quinquecuspidens Hu, Wang, Luo et Li, 1997
O 4 I E Jeholodens jenkinsi Ji. Luo et Ji, 1999

O 4h ¥ Fomaia scansoria Ji, Luo, Yuan, Wible, Zhang et Georgi, 2002
OV I [H 4% 8. Sinodel phys szalayi Luo, Ji, Wible et Yuan, 2003
OB M EE Repenomamus giganticus Hu, Meng, Wang et Li, 2005

YT

OiL T i B Archae fructus liaoningensis Sun, Dilcher, Zheng et Zhou, 1998
O e B Archae fructus sinensis Sun, Dilcher, Ji et Nixon, 2003

T JE B2 R AR T O B N B JE B A, bR O 1 R 8 Bl 5 28 19 R G $A ) 5 (4 Jeholornis prima™) J& W42 W M 5 (Shenzhoura ptor

sinensis) 1M [ 40 5% 44 .
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(Sinerpeton fengshanensis) , X &=—Fh B-H &5+
SERF AR, R A 2 IR 19 FRAE (Gao and
Shubin, 2001), [m] ™ # [F] )2 7 /Y 3B J= ik A o5 —
ol I 430 19 58 42 728 285 28 Y ) e W 2K AR Uy U W
(Laccotriton subsolanus) (F v EHEE, 1998), XLk
A RPN AT 1 A B Sy — 2 3 A e g 28 1) 9
ERRIAUINOPYNSE 3¢ g R &/ T

3.3 BERERERKR

1997 1 1998 45, Wi A5 22 F1 7% 9 AH 4k 4l 1 1L
W EXBEAHFPME A HRERITHER
( Fosipterus Mo o W E®E R
(Dendrorhynchoides curvidentatus) , 'E{1 28 ¥k
A1 AE B A Y RE R d L OE (A . AR,
1997, 1998) . X W23 Ju A 43 AU3R 1 Itk A I G
TS FNHE A (1 3 T e S A AL 04 [F] — )= A 9 2L W)
B o S R 2T Y 3 e kA0 2H B BRI
ARARLE AT B PRI A 0 A W 2 A AR
Py b 3 S S PO BRI AR R 1% TS N B A
R T EEFE i et al, 1999b),

FEF e A Z B LR 100 245 B, 38 Jp E b
AR AR LY AR A UE . 2004 4R BT AL T
PO HR SCE SCELAL i 2 B IR IG i 32 e AR AR T
Gt b E WARGE B U 3 e K 41 (Wang and Zhou,
20045 Ji et al. , 2004) , LLSEBR A ORHIE 52 32 Jp 1 o B
Ay, i H R BOE R R L 5T B 1R
R 835 J5T A1 T 2 R X BB 5 b e (U1 et al.
2004) o AL PY AR A P P 3R e SR AL A R R B
TN RZ S Sl Wy i BEai Jy 3R 1 1 o B R i A A K
i o

2005 48, TEARARAEHE 1 SCE RS B A P A B
FIEEF 4 [ I (Feilongus youngi) A7 K55 /R
W4 7% 3 W ( Nurhachius ignaciobritoi ) (Wang et
al. » 2005) . - X PT AR Wy e b 10 32 0 28 2 A T
PEAT T o0 H . BT A W 9 32 e Ak A n] W] 0 Dy
AN G T AR SCE A FE e 20 5 B 4 IR 1 A
5 19 8 5 48 Solnhofen 16 0 % it 1 3 Iy 41 4+
T A5 SRR AL 5 T U i 2 19 32 ks 2 5 D) S ol 3 20 1Y
Oy TR 5 PG B T Santana 41 H g3 g A
BHE LIS F (Wang et al. , 2005), # 4 4)
FERY I e A o ATHR AL 1 38 e oh IS G 28 HE 2 kA0
R 2 () ik Y v Y A R TE Y A BRI 3
(8 53 A L AR PR AE T IR B R AR

PUYRETSN
RN,

yangi )

3.4 AERELE

2002 4 PR B AE ANAHGE 1AL PE AL 5 — A AR e
e A M T W AL M J& ( Liaoceratops
yanzigouensis) % J& F AL TR T 5 B A e 2 1 T
o3 555 7 T Bl H B (Xu et al., 2002b) . 2004
AL IR A S NHRGE TR — b SR — B B RY WE le
(Psittacosaurus sp. ) F AL . Hod 34 HoNRTEALE
— L ) Al A A S TR I SR A — A R R W e
Sk B AR A g FATHR AL 13X FE 1915 .« L AE B Y
W e BAT BRI 4y A7 B A5 S o T 58 G W e 1V 3% 8 AR
A 1% (Meng et al. , 2004),
3.5 KPEWEHNLBEEESLXREERE.FE

BHEK

KOoP B R e A 1 & B DL R B AT A B A G
B 2R IR AN B A AR B R P AR )
FE T 4 R B hy T A I ST R B S AT A P R
WU T I H e Al i) — 25 . 1996 4, =5 Al
Wi A5 E X4 7R B — R IR iR PR B
B R R i R S (Sinosauropteryx
prima) EFASRAR /N 5& G000 2K Jm B, (R A7 A IR
JE b B £F R 5 0R OP B (R0, BB 2, 1996),
1998 45, R A 3k S5 A4 3 b A %) 32 J b 1) AT 5 18 3T
TECAR) EAF AR 3 IR SE T e e 5 5 b
£ B B A7 E (Chen et al. . 1998), [ 4%, Zx 3 45
NAECAHR) FRIE T RABIEHBIES & 21
MR AR S (Protarchaeopteryx robusta ) F1%4p
REM Y (Caudipteryzx zoui) , i A & X1 Bl
WAEAET - EATA RS K HPRER S IR
IERE i et al., 1998), T 528 I By B AN 2 2%
i T AT R ) W B T e B A ) R
X V8 SCHAE B e SR R (AR -1 AR TR
B 2 B G H IR ) B R 2 1 56 T FA ) AR W A 0
MBS ARG EE X BPS A8 E K ES
YK BE 22 (R A A T A B R B S Y R B
G3HT s s FLAR A5 ] e T R T Rl AT O 1
2 (Jones et al. , 2000),

1999 4F AR R HESIEC AR B R R T PR X
B, WAL P SCEL 2 Y Oy APPSR R I B R
JeA AT o3 AR T I RS B AT R iR T e 2 1 R A
Jt2Z Jp (Beipiaosaurus inexpectus) (Xu et al.,
1999a) F1 W20 T4 /b B 5 W (Sinornithosaurus
millenii) (Xu et al. , 1999b) . £ & X2 £ EA]
M5 EIR AR BT R PR IE S B E AL 4R R
(MR R WIX UG B B e AR 5 2 v s A
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12 P BAMIE SRR A R L. 2000 45, 1R B2
S5 MARIE 1AL PG L A AL — S AR AR N 5
T4 /NG e (Microraptor zhaoianus) (Xu
et al. , 2000) , & 1Y 45 — kA7 & AR H T A Bk N 2
B8 AR 33k SRR A 5 D AT 5 TN o R AT A 3 A IR
i+ I N O TRAT B R R P AR UG B T I 4 .
2001 4, f B A HOB T E 5 e B by s ik P
EBlETH—PHERANE  KRAGLEPECERAT
3RS 235 R R 5P Al s AT Ay A N7 0P R Y B AL
RS 7 AR L BRI A B T R Al A
Bl (Xu et al., 2001) . [A4F, FF5 25 AHRH TR A
PR IR LB AR IR R SR IR R, X
e RERBAEZ MRS THEBESEAARE
FRABLZ Al 5 1E 3 AR Bn A B W 5 | oty AR 2 R 2, o4
BERE P E . HIX S B R T 0 B4 1 (Ji et
al. . 2001, 2002 4F ., — {3k B 1L 74 3] FH U Bk & 21
H S e 2R AR A R IR AT AR B R AT B 2 B
TR KR HEA MR P B P B (Norell et al.,
2002) , HAf iy 5 B B 2R 1R B E 2B 4 X
T . 2003 A0 L A AR SR I 5T BH O3 N BB Y 9 28
AT S T /NS TR R I A A R/ e
(Microraptor gui) (Xu et al. , 2003), %f X — HF &
BRI BT 18 SC LA B E U8 RAECH R )44 G
(AR 1-2) o B IR/ s Je 7 i i B R BB KK A
XFRRE CORT L 5 RAT 2 P S i B R
KEBKBANIRPE: ENRBERK, KKE
PEEEPEBHORmEHE b WU/ el e
JECAN KT BRI B 1Y B A AR P B AR S B 26
O R Ak A E B % 1 S R L T LA 3R T 5 4 5
T HA B AT 30 1 2= SRR . W) I 8 7R 7 L4
BRRATERE S RS L N S T — Y
HprBe.

RBRAECHIR) b AR 1 E 5 B2 e
ARG 5 & 2R R Y5 B (Incisivosaurus
gautheri) (Xu et al. , 2002¢), 1514 78 28 7K (K [
W (Sinovenator changii) (Xu et al. , 2002a) %
. (Mei long) (Xu and Norell, 2004), DL & 1] [
TE KT RW I (Dilong paradoxus) (Xu et
al., 2004) . Hrp ik e 208 BoR 5 R0 5 261
VFZ MR Z4b . £ BB RS 52R0 R
BRARBABYIRREZ — . DRBUNY 5 5778 e
Je W e e U AR SR LSk Bt 2P T Sk S
R AP R R AR A R A E
BEMAE; [R] I B B AR A RS R P B I

— 2L R W] Fh 45 44 1) Jc ) s BRAR P BE S DR R IR IR A
K.
3.6 FIREK

PG AR S b A R BT 20 fHh4D 80 4RAR)G
L1992 EM ERX B M= EE (Sinornis
santensis) X FH — BRI 10 I 5 254k A1 (Sereno
and Rao, 1992) ., 1995 4, {34 il 4 18 11075k
BRI LT 5 (Con fuciusornis sanctus )6 fq » X
J& B R B B A e Y 5 iR 5 2K (Hou et al.
1995) s {H R F 24 if 59 4 KL A AT B W] g B A —
BEKMBERRE . WA BT 1A AR XL
TSR ESEAT 7T R TSR BA K&
FRE.ECERAf THLSRTHEANRES S
(Hou et al. , 1996), 1999 & X EBE XML T
L 5w n — —t KA 575
(Con fuciusornis dui) %R 1 3k B # X 52 3
TR 5 FNCAT 34 ) — Le Ak (Hou et al. » 1999).,
L7 SE R EEM A SR — BT SRR
T AL 5 0 5 IR 5 2 0 A 25 5 AR T o) M S AT
HAARTEARIE.

1997 4F , Martin 1 J&] (880 % BN Bl 2 5 28 3k &
e AR 4L 5 5 (Cathayornis yandica) W) — B E 5
EIMR A W0 S (Archaeopteryx lithographica) B 1F
1 — WA LITE (Martin and Zhou, 1997), 2000
LR TEAAFETXEHAMN TR LY
(Protopteryx fengningensis) #INNACE T wIRIH
M 5254k f7 (Zhang and Zhou, 2000), F 3£ I
e H PSR — 48 VB S5 5 T . 2004 4F R BT I PE X
B R SRR AT SR AL TR
AN ENTE AR E R . RERE A EA B K PR
B RGP B AT H T EER N EE
BI1E A (Zhang and Zhou, 2004) ., & & 225G Y
BAAT IR IR FAT TR AR R B
Bttt 72 5t Ak 1 M B (Zhou and Zhang,
2004) . kR VCHBMEMMEREY  XEKGZE—
RS EAEETP E &K E 2L AR R
[ e S N o =

2002 4F TEIL VG R BL T W] HIEE R i H S 25 T
MR MR E S Rl —h RIS
(Shenzhouraptor sinensis) (Z=5REE, 2002) flJR 44
PO 5 (" Jeholornis prima") (Zhou and Zhang,
2002) , J5 & L 1 e 0 R ) S 44 (T et all
2003) o X A A W) R b 5 4 E A BRSO AR b
TR — A AT 1 56 S 2R A A B R SRR A A
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S B LE U6 AH 55 R AR L T AR S A R U BE B A S Y D
I, X— KBRS AN KB, 2 W] 5 28 Y R ik
AL R BN .

Ve b 2 —Fp i AE S b B ETTH N 5
(Gansus yumenensis) , =5 5K M0 F. HH 1984
AEARIE LR % 5 B AL LA — R EB A5 A AR 3R (Hou
and Liu, 1984) , PR FATTRS & A9 A PURR JEE I 3 115
2006 £, JUiE & A5 N F 5 005 A R X X — 528
AT T M5 (You et al. , 2006), ZERFEMH. &
IR & 02 B L P SCRY 4 5 28038 B B AT I B
A AR AR AR 2 0 — LB AR ) X S 2R Y T
KA A O B 2R U T K AR R 5 A Al R
TR .

3.7 BRI ASHEEXER

rh A= A S5 7 I 2L S AR A2 B AT 3l Y LR
il 5 L7 W L 3l 0 38 A g s b A0 Al OB =
Z A A o P BE A B AR R o A S A A
B, W FLSh e 1 DF S WA TV 2 R R
Lk, LR B FL S AR Z R T H
PRAFAE TR 38 5 A ALK B F0k 5 1 B 58 88 1 QR BK I
P A TR A Bl DR A7 G T B 0 B R IR, 1997
A IR W] S fir 44 T AL PG b 5 S B2 rhox i 2 —
| Fh——T R Kk FE
quinquecuspidens) (Hu et al. , 1997), T I N F A
AL TR A kR 2 EEF R . 2006
AR, 2 SRR 3G 0 v R L 2 — B A X A
BV RV (Akidolestes ci fellii) 4T T H#iR , X
— J& AR W) R AR AH K B R A R R S
JBCAD . 7t 5 B AL 2 AR 2 B Y £ A8 R AE (Li and
Luo, 2006) . WX 14 -2 B (R B #5443 09 A W] 5
FEAE S 1R B AN () 2 B AH 8 B

1999 48, oS fr 44 1 AU LA p iy =246
BAS 4 Q] B8 (Jeholodens jenkinsi) (Ji et al. ,
1999a) i J& Flt A 47 R AT 85 A 2 20 T I A ) B
B AR BoR W B A R AL R . 2001 4R,
FIUT 58 A X 1L Y AL S PR R =R 1A
Ze 0 i @ B (Repenomamus robustus ) Fil X, BE £
(Gobiconodon sp. ) & . FEA TS T BT T 6
2 v IR RACE IR ALE 3% S6FE OF ST 3L sh ) v B
EIE J7 m R A BOR B R X (Wang et al.,
2001), 2005 4E4), % T B B € (Repenomamus
giganticus) BYIEL K F (Hu et al. , 2005), X J&—
AR KAL) o 4 BE AT 35 T, 78 o AR AR R
FLalWy b AR KRB S . R I — 1R Rk B

( Zhangheotherium

ST TE B BR A 1Y i 1 P Il DR A AT SR AT 1 — LE 4 4R
LT Cl AN G T ING LRECR A B LN N
F187 7 2L 3l 4 T 40 2 A O 58 /N ) 4 A 2 0

2002 48, ZEuR SEAROE T — R B AL P B IR A
4w ol gL Wtk A B % iR B (Eomaia
scansoria) (Jiet al., 2002), X &2 & RGN E
RO HIRREE R EE LR EA RS
T EEAME. 2003 4, B VGEE N ARIE T [H
—HA e MR NAREL A IRFEEE
(Sinodel phys szalayi) (Luo et al. , 2003), 5%
ALK RS 0 R EREE T2 5K
. ZIIRMIL YA TR LR AP &,
R FL e h B 2 T T 2 B A A
BB EATTE 204 AT R 2B RRAE A S A L Dy i L 3l
WA B AL AT LG I T B S0 AR AR ST TR 1 IR S ) I
FEA
3.8 HEMREFEDER

BT AP AR IR — B N IR Z k™.
1998 4F, o 55 ATECR 2 ) bk 32 i S (& i
1-3), 4 18 7L 78 SCE A i e b e A W 1k
fA—iL T i B CArchaefructus liaoningensis )
(Sun et al. , 1998), 2002 4F, PhHidE A X — IR kK =
(Bl2f )3t SC s (B T-4) 857 T 1A 55 — B b
Fide W B (Archae fructus sinensis) (Sun et al. ,
2002) . HARZEAEY)E H FTC R R G 58T A Y
KHEER SR TR ] RERR IR TR R
K A FE ) o 33K S T AT SR 1A ) e BRI o 2
R AR M AE Bl 1 AT R 4 AR W R U ) R A A
.

2003 48, R TIL V8 LB S5 N SCEL 21 R R
7 (Ginkgo sp. nov.) fk A1 (Zhou and Zheng,
2003) , BLAM THRAT SR AR AR 2 2 LA =20 ) i AL
AP,
3.9 Hit

1998 4F AL ARG L PG IL 5 L B A h PIR B AL
B ML B AEAE - LA B B SRR ) 22 18] 1) B3 ) AR DG AR
A2 VI T 8 A 42 7E 24 B ) 30 78 b DX ) 48 1 B
(Ren, 1998) , Jy HI 48 Hy b2 U8 1) R4 Jee 17 7 S8
I o

E BT A e EZE R —, 1L
PG LB 2H 1 3t S5 i A A A A AR 2 L L
B R 2 1 2 R S5 N W) A WL . 1999 4,
Swisher HI A [E R} B 9 27 5 18 13 X357 4 & 19 7] 462
FAFRE I E L BT B AL AR R R R A
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4. (Swisher et al. , 1999),

1999 A ) “iL 7y % 57 (Archaeoraptor
liaoningensis) 14 (Sloan, 1999), AL f# 4~ HI H
S A MEE(E Z M) R ERZ HZE B 5
AT Wy e 0 T 5T AR R T — i Y BT R
2001 4F, £ [H %% Rowe MR A% ANTECH R I E
ERFET R AT CT S35 T B IR SE
ST RS T R DR PSR B 2R AL £ P
TE— & 1 » Sk T 1Ay — 4 5 3 A i 2 A 3R
FH—F KM E (Rowe et al. , 2001), T )& & Fil 46
NJG XX AR A (8 BIF 50 30— 25 R W] H Sk B A
KR AL S 2K S K S (Yanornis martini )
(Zhou et al. , 2002),

2003 48, J B MAETEC AR ) B R R T 124 E—
— i o T BT AR W R T 5T 09 25548 1 18 3C (Zhou et
al. » 2003) . X J V8 3C 4 T MM fA] 22 19 PP R 1 A A
PR B 48 T AR AP L AR T e AT AR B 2R ke
P B 0 5 28 TRAT Y S TR N T A R U A T
] T 3 AR 4 B AL A AR L T T P AR W B T
R AR A A0 S Z 18] A B R & LA SZ AR W)
THE A b 5T R A TR i 1 3 5 7 55 55 T R B (] R, A
T HE— 25 B ] T ] AR 4 1) B 2R A fR S A
A BR A A A W B R Y A

4 CHRIMOB ) AR E KR
18 B8 AL WAL A B R R B

FEFRE N ST OE PR — A E R R
W R AR IRR R B T — SR A HE S W1k
A7 RS T B R )27 T A ORI R =
N ELORUN TR DU SN P N S L | T (2
g SCBAH B ISR GE AR S . 2000, 2005), Hfk 4
CINEPIN < SEIRESE7/F (N 7 ot LDV sSSPl X
e, I 32 AR 3 e R0 R Ak A A (R, R R
B, 2002; R, 2002) , B =AU A R S AR
B H N Uk Il 21 582 5 11 20 (FF AR 55, 2002
W SC&E, 20045 Z=a4E, 2005; Gao and Ren, 20065
MK S5, 2006) o A 45 X 1 5T R4 15 L 2 2 Y b
AR TS S JBORT P [R) 67 3R 4F 08 45 BF 52 07 T e BB A 1Y
G5 HR SR A AR SCIR I R AN . A
FEH X — R BT A A A BN B R AW
7 H 5 AT AR W A T A Xl B . Bk 2006
AR A 3 IR SCTERX I T Bk 3 . WAL
N RWIAREZE (LR R R (2 /D = 2 /s e
(R 55— VE 2 A R v B B RS

2003 4F, 2 5 8 A Shubin R1E T “HE R W E”
A B W M 285—XK X ¥ W5 ( Chunerpeton
tianyiensis) % J& B Al i U1 9 A BB 85 R (Gao
and Shubin. 2003) . 5 9 B A= #4985 1] J& — F
FEZ B AL SR AR TT T 20 0. 1Ga, MRV A B 2K
AR R I S R A HEEE X

2006 4E4) » R A 44 1 — R 23 W UK 14 )56 T
KB R M— 2 M B & (Castorocauda
lutrasimilis) , 5 HABE Mg P AR FE B AL LA
i) 3Z s W1 5 AT 98 s 1 R 5 38 T I8 DK R £ S
(Jietal. . 2006), [AJ4FJE . f {4 AN SIRIE T 75—
KoM A P 2R A A E (Volaticotherium
antiquus) 3% 52— B FL 3B 28 R AL BUOR
ANARAL DLES B £ B BATBOR TR R T A
B R R 2 W A FL sl SR L S Y AE
rr ORI AT 4 2%l 3E A 25 B (Meng et al.
2006) X PIAE EAL A R AR FL R A B AL
W B A [) B T 7L 28 2R 1E & A 1R A () Y A 28 3
A FLE PR D I E & BT S Uik RN 4 T
AR . T O S PR I S0 Bl TE R
FOFCH R ) b L F] 1 BF 518 3 (Research
Article) flig 3 (Article) I K £, B XTI h¥Y)
R €0 52 I o3 o8 B T 2 A 0 B T (I R T
5.1-6),

5 Z4ih

TEME 2006 AR Z HIAY 15 4 o, 56 T v [ L
F1 S BRG] A MR LA R rp Ok 22 5% 0 A R R AT
FIETILASA A6 T Ml 3 e R FRAECH R MR ) 2%
A b H R — 1R B b E R LA Y 18 SRR
IR 39 WA 2 0 BB A 6 R Z . XL
FFE R Sy — 6 0 B A W S A 905 A 7 B A 4
BETRCON SCBE AR A B o B Oy g T H 5
T fu 47 5 28 Y S G R 0 00 S o) B R R R G R )
B KBRS P B R RS BT
YRS . P B RGP B B R 21
MR Y B AN ORE 5 2k IR 5 P Bk AR S
ASAS TR B BIFFE ) X 23 T o T HL RL— R34k
BERE B 2 U T R R T 1) 2 U B B T A
Wi o SHBAEIES B i R BLE A T UEN] T
BRI ATk & LUAEAE IR A T A S 145
A 4R A 2 6 B 400 9 1 A R 2 Y B Y
filh s PRI A A HR B0 BT oM B . 2 A R E
BRI A2 2 L 3l W) Ak A e PR AR W B P R
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B AR AT A A0 S AR BT A BT J7 4R i HL R
T B R AR ISR T SRR . R A
Hh 2 T UK 0 R 2 2 R 0 R L Sl G B 2B AR AR
BRI FL S © AR T3 A [ AR A ER T Y
KM, ORI A REE R T Y.
BT S BUATE 52 0 Ak T 9 9y 4 S 0 i TR
e R IR IR 3t B E B S Bk A R P
Je 3 e KRG IR R iR 5 2 A K i B R 45
BB AR R IS 05T o [ B A G
SR BTN T E R TTHR . X S8 R AECH SR ) A
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Comments on the Major Advances in the Jehol Biota and Daohugou

Biota Published by the Journals Nature and Science

JI Shu'an
Institute of Geology , Chinese Academy of Geological Sciences, Beijing, 100037

Abstract

From 1990s, a series of major advances have been obtained in the study of the late Mesozoic Jehol

Biota and Daohugou Biota from western Liaoning and its neighboring areas, northeastern China. The

research progress on the origins of birds, feathers, eutherians and angiosperms has been regarded as ones

of the most important contributions in the field of paleontology worldwide in the past 15 years. By the end

of 2006, total 46 scientific papers concerning the Jehol Biota and 3 papers about the Daohugou Biota have

been published on the two top international journals "Nature" and "Science". Among all these papers, 39

papers on the Jehol Biota and 2 on the Daohugou Biota were finished by the Chinese paleontologists as the

first research institutions of China. These publications not only make many new and important viewpoints

accepted by the scientists across the world soon, but also considerably promote the research about the

Jehol Biota and Daohugou Biota.

Key words: Nature; Science; Jehol Biota; Daohugou Biota; China; comments
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Rusophycus —

isp. D



%4 ERORY

B M S 3] 2 1 L L 3 S A v Y IR B 4 g 5 541

K IR Cruziana ’*”iﬂlﬁ%‘fﬁ EP%E*H%EW
R TR SIS 433 b o 3% st 3l S 3 iy =i
LIPIN YN E%ﬁﬁ)‘ﬁﬂ\ﬁﬂﬁ\ﬁﬁﬁ%%ffﬁﬁ“ﬁ
it R (B 3-A) o R TR i = i U
JG I Rusophycus B3l 4i& il LY KL E Y )G
P S Bl ob s B AL L T B W kB Y AR S
Rusophycus B8 0 7 T B0 T HDH: B 4TUR 5 76 $h
Ii] £ 0 ) PR S B A R, = A R B R 2
Bl FEUUB) 2% 1H 3 A E2 35 W 19 Cruziana T3
é’;ll T B BRI A A 20 S e D e Sk
L R, LSS Ul & 2 AT R 7E Cruziana B3k
4 3 AR T ORI AU 5 48 £ 5+ = i 1 Tk e 5
JF (& 3). Bergstrom (1973) il Jensen (1990) ¥ JiF
St C. dispar 5 Planolites W15 305 A ¥y 22 [6) {7 75
— MRS R.
1.3 4TEL RIT—1TE T K (BT
Diplichnites 3 I\ hyJ& = ALY %

7

[~

SZR=

y

1217727 27
NOUIDBDSN Y

4 =7

|

Bl 2 =t i Cw sy &47 00 1 A2 AR B
Fig. 2 Showing the transformations of trilobite (brachiopods) tracks
M 3—iH & ; 4—Cruziana; 5—Cruziana—Diplichnites 1t
83K 1 i ;

“— <
AN
Ll

1—Rusophycus; 2—Rusophycus—Cruziana i J%
Diplichnites—Dimorphichnus 3% J% % ;

Monomor phichnus; 12— Parallehelcura

”“‘“m\\\
///////l'

9—Dimorphichnus;

47 7E 5 38 3 Fr FE i (Seilacher, 1955 ; Radwanski
et al. ,1963;Crimes,1970a,b;Crimes et al. ,1977),
Cruziana 5 Diplichnites Z 8] B i JE B3 Crimes
(1970a, Pl 9) A i il 7E L B4 P W A7 e it i
PR AR A (ERR T1-5) , J e e A 7—47 4 147
HAAL .

TEATHE L Diplichnites W . P4~ B A7 W 51 JTUR
8 5 8 HEAS T A T [R) — J2 I, AR — BT AR oh . s
B TR ) A AL /N 0 85 B LA K 1 90 TSR 22 1) 1 (]
SRR AS AR (] B 22 7 35t 08 e 25 Ak A 33 8 R B A
L) Diplichnites [a] Dimorphichnus 33 ¥ W) 4T 305 ;
AT 352 300 A AN [ 2 ity 1 47 3 R E  7E AR B AT A ]
3l X 73 HE R RS AN TR A AR 3 3 A ) AT BT R
1-2.3; [ 2-8) . XAl AE 2 = Mt — R 5 B Bl
I3 — AR IR FTE L, 5 AR 23 B3 W oK
AT AL w] B8 S = A SRAB AT S BIr .
L4 1TE ki 70 i ik i

[,5’ 12

211 2

>

N

10‘/\ \

Hlm ///
) =
\\\\\\\Uj// . 11—
7T 7 ~
S
= ) ///‘9
NI/ A
NS e
Y =/ 1IN
S S AN

VR 5 6—Diplichnites; 7—
10— Dimor phichnus—Monomor phichnus % J% ;5 11—

1—Rusophycus; 2—transition of Rusophycus— Cruziana; 3—preying track; 4—Cruziana; 5—transition of Cruziana—Diplichnites; 6—

Diplichnites; 7—transition of Diplichnites— Dimorphichnus; 8—courting track; 9— Dimorphichnus; 10—transition of Dimorphichnus—

Monomor phichnus; 11—Monomor phichnus; 12— Parallehelcura
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Dimor phichnus #% f# %0y = - B0 ] 3z 3 19 IR
5 o — {000 B A SCHEAE T T 55— 0 BA i 5 4 o IR
£ & ¥ (Seilacher, 1955; Crimes, 1970a; Banks.,
1970) s Monomor phichnus &8 % # I\ & = i d1 49
Ui ¥k ¥ (Radwanski et al. , 1963; Crimes, 1970a,
Crimes et al. ,1977,1985;Fritz et al. ,1983;2 H #%
22.,1988) ;1M Parallehelcura #% AN & = M 5 iiE Kk
I P R ) A R A TR ) 2 T 4 BB R (B 2
25,1991,

1.5 AETHEZEHELXER

Seilacher (1955, 1960, 1970, 1985) 1 Crimes
(1970a) % = - A7 oy 75 30 2 78 A A Ir 7 AR A i
U0 SIS NS 2 4 € TR N (2 = I 1D B e
7300 3% B AL W T 5T 22 4R T B 1) 22 Al (45 L —> T
Fr—=>A7E =W UKO B 7 41 L BLZH b > R 5 B sh )
AT Z 18] 1Y i 8 2R Y (I i 1-4~6,8, 95 I it 11
AR TTI-1,2,4) , R B E AT Z 18] /4 722 46 B A P[]
PE B - A5 B~ T8 AT A7 3E — W Ik Ml Ik — 17 E —~ e
i1 5 (8 2),

Kl 3

= 0 o A A 3 BRI Ruso phycus balangensis
(n. isp.) FYTE L

Fig. 3 Showing the producing process of trilobite

preying and Rusophycus balangensis (n. isp.)
A— =1 g (938 &2 3 B2 s B—Rusophycus balangensis (n, isp.);
R B ss— H 8 r— M p— i B LB X Hi ko =
- JUfy 32 3 77 18]
A—the preying process of trilobite; B—Rusophycus balangensis
(n. isp.); c—resting (concealing); s—starting; r—running;
p—preying; l—leaving; arrows showing the trilobite moving

direction

UL B 0 Diplichnites — Dimorphichnus 2.
[a] {1 3 47300 (B i TI1-1~4) Fl Dimor phichnus —
Monomor phichnus W3 17378 (B R T-4) % 1 PR
TR B2 b . 55 B sh i (B =M O ZE TR &
T A5 72 B8 #0378 e 25 I iy Tz S v K 3h ) Y
YRR 5 TSl 0 1) B (A7 R AR PN 2 — 0 R B ) 3
Bl 85 P W/  TE DU R TH 133 S Bl 4 K i Ah S —
S 2 N = A T = 7 N 1 B | A7 < N 3
Dimorphichnus T35 5 24 & 335 4 ¥ 175 iz sh 158 M AE A
B —E WK B AR T B M0 A 22 A 25 00 6 R
FF UL 22 1 B, 7= 42 Monomor phichnus 137 (]
4,

K 4 =i IESh Y Diplichnites, Dimor phichnus

5 Monomor phichnus W s 2 &

Fig. 4 Showing trilobite turning movement and the
transformations of Diplichnites, Dimorphichnus
and Monomor phichnus
A—=0 H B 2 58 g 47 i B GE AT 3 8 B Al Dp—
Diplichnites; Dm— Dimor phichnus; Mo—Monomor phichnus; 5%

i Sk Sy = M I8 gl T 1) 5 28 Skl RO 132 Bl T
A—trilobite tracks in turning movement; B—tracks producing
in turning way; Dp—Diplichnites; Dm—Dimor phichnus; Mo—

Monomor phichnus; broad arrow showing trilobite moving

direction; narrow arrow showing moving trail of endopodites

2 YL AU DI BT 0 A

Bt M ST — 7t B L2 B IR O K A 2 KA
V&SR 5 I 45 BT U ] b e BB o0 36 22 5 R R LA JK
0 R SR A8 5 85 B e o T Il Z R e I K
o IV TR P A B D A R AR UE K A ) b
JT 21 43 32 W 4G 22 5 rP LR Sk 00 B B TR A O L 3k
HEZAR DYV AR 0 B b I Y K A ) b
Jo Ry b Rk D S B WG 22 s B K A )2
AR 7 & 5 65 T e 2 o ) b o J 3 34 22 5 TOUS O K
R, JE 214 m., R (1994 1 E 4
% (2005,2006a,b,c) HR 4 35t 78 fk A7 9 AF 5T . A R B
AR DT BR B R IR FE T DL VISR T A
A A3 I IE R R ) R . H K IR AR AE (1996) 3
BENTTBUE A 22 A IE A Ny 2 TR T SR  BR 555 T
JIG 2 T AL T AR A SR T B O . T H RS — RO
ST Z M E s GBIT 855 ,1999,2002 5 K 1%
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RE,1999),
5P B A Yy B SL IR = H A0 38 00 T B LAY B

EIR7/R 0N S NG (R S | /17 B s I W IO O R 11
Rusophycus, Cruziana, Didymaulichnus,
Diplichnites,  Dimorphichnus,  Beaconichnus,

igen. ),
Parallehelcura, ¥ 4 ¥ 2 W 7C Bifungites,
Arenicolites, & 4t 1% 7 Treptichnus ( Phycodes) ,
Lophoctenium; K ¥ # 9¢ Gordia, Cochlichnus,
Planolites, Palaeo phycus, UL & 3 "= i Oldhamia,
Kailidiscus % 4= 9 8t 3 (4 XL 19945 £ 29 55,
2005,2006a,b,c; Wang,2006) , 13~ Seilacher
(1964,1967) 1Y Cruziana ot 78 AH {14 ML 43 7 5% 8 T
oy (R EIL L A W R T B R A IR G S
(BHAAE 1994 B3 4R35, 2001) » IR IR AL T
Jea BL b T O A i IR Gl R OR B & 100m
(Conway Morris, 1986), 5 4b, HL H 4H £ IR 2 1) ofF
ST HATRR R4 2 A i R T 22 Y - e K PR 5
CGHEEWIAE . 1999) . PR 2 25 IA hy L L 241 35t 5 7 %
JIT B W 1) B85 D YR BE TET LA L XUER TR R T 2 )
LR AR X A I R AR T4 A LK
TRAE 100m LA P A 3 v BF 55, JHC ¥ OIS T80 1) oK [ 485
AIEREETE
BARmMILEA h—E g ek bR IKaH
Ji o AE 5L 5 G R 30— v S G LA ) Bl D 0
5 A X A QAo B o BT T oK B R R 15 A T
bl s B AR p DORR X PR A AR B A (1979,
1980) I3 4 R 45 (2002) HH I 3 L€ 5% J3 ) ot %ok
H TR S0 . A0 3 R A s R W], A 98

Monomorphichnus, Monoaulichnus ( n.

A 5 81 3] — 7 ) 8 J6 A7 E — R 51 RS ¥ (Liu
et al. 1994 ; ¥ 1A BE 45,2004 ) . 33X &6 3 05 B 1% 0 2

B SEAEAE 14 Ak — 20 W BF 9% . 0 3% — i B Bl T
D] 1] g — 717 L, R 2 A 0 FH B 58 00 o — 28 491 05 15 2

WS A0 . Y M RE i o, R —h R R
F M A T 2 B R SR AE E A 4 20° Z ] (Lin er
al. ,1985; 5k 1 72 4E,2001) , FUHF A 2 1 X2 7 B 7
TAF AT TS & el B AE Y #F (& oo B 45,
1999.,2002; Zhao et al. ,2006) {42k K FIEFH R 45 T
K i BB SR ) SR A ) I s () IS fh 0 ™ 2R i PR DT
P (BR IE A2 55, 1996) 2 H R B 8Kk L A &
(Kaili Lagerstatte) 5 DL oy 5€ 25 {3 17 04 B 5 5 K
Z—

3 ARGk

KT3&35F Beaconichnus Gevers,1973

KTHE 335 (R EF ) Beaconichnus isp.

(E e 11-2,8)

R R A AR IR L L (i — RO M E A
J s 3 ) — 7 1) kA oSS R 22 SO HES
SITE 1 — 7 PR 5 A % 0 9 TOU A 5 B o
A RN FIE RS — L m R A — . IUE
B9 0. 5~2mm, 5 0. 2~ 1mm; i 35 % 77 75 8~
22mm, £ 17~25mm.,

it 7 FHULHE A Beaconichnus isp. IIE
NE KM B, darwinnum Gevers 1971 Fl
B. gouldi Gevers 1971 A& 8] B 19 X B ; 577 Tk
M P ERFEELHM B, ichnosp. (Z=#4E,1999) X
BIAE T 5 & s 4 v, OB TR W i k. JZ 1

A IO TUR AT RE D = i B8 2
P S B SN S, T iR G A .

=& % Cruziana d’ Orbigny, 1842

ERE %L
isp.

(R T-5~9)

BRIRA GKTI52(EI/R 1-7) .

FEIR A RAN /N G ] GE AR A
DR AL R Sl B SR sR AN R = ol = 51
A APAT B N BT  JTOIR 5258, SR TG 5 f
BORWV 5., MMk g R E IR, 14
FrAS o, 5t 70 1) 1 5% 5 BB A B K 2 Rusophycus
IR OB B JE » PR A7 R 45 I Rusophiycus T 78 (Y Fif 5
IER RS O N R T R U SR IR UL <
B HE R Sl . 35378 98 3~ 8mm., UK F8
0.8~3mm,V FI a0 A E R 150°~160° £ 4, 44
HFEKE 8~15mm,

T8 - 208 35 0 b LA 35 38 45 7 MR T8 1 AU Sy
¥k, 5 C. imbricata Seilacher 1970 B4 X B A4E T
Ja B RO Jo i, Btk e e K TR 5 C
lobosa Seilacher 1970 7ZETURE S M HEH V FIE A A
A — 2 WAL B S 2 A5t 30 B 2 1 58 TR 5
1986 1 X 5 7E T
JE# VPG R AA EEN R AR, L s v E
LN

W 5t 300 R RE S S IR 0 2 A 0E Y /N B AN
PR = BT B, FLHT S B Rusophycus TGP [R]
T3 ] fig Sk i 30 A W i Bl IS B A

SR SN S, T —rh G HLA

F ( F7iE 5 fh ) Cruziana angusta n.

C. zhangjiajiensis Wang et al. ,
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ol E & 2530 (LB #h) Cruziana cf. plicata
Crimes et al. , 1977

(B TI-1)

R YA R PR B TE Y I
TP IAUR . 2 V FIR R A L 457 ITUR i —
BORRY TR 20 . b e A Bom B e, A 9 R —
BT 1. 1~1. Sem; FFFENUR TE 1. 6 ~2mm, K 2~
7mm;V FIE I 80°~100°,

B i st 8 AP AR AR 3y 5 77 B PG PR R P
C. plicata Crimes et al. 1977 W4R1E 3L AR FH 45 . (H
M /N5 C. lobosa Seilacher 1970 19 X Bl 7 T
EE 2Rt kil AR TUBE” SER S/ 3|89
PO

PSR NS, TP IER G A,

ZH R & %% (k& M) Cruziana cf.
yunnanensis Yang et Hao, 1990

(R 11-4)

FR PR TR ORI, P,
(5] kg — T 2 1Y op 3 BT 0 O, v v 25l T B 2. A
IR R I T AT 2 TR 5 il i S /1 2 67~
10°, A MATUR 5 il i Je 1 oy 207 A4 o TR B0IR
TR R A7 R w] WA 0 SR B . W34 2
BA MW . 8% 10. 3 ~11. dem, JUR %8 0. 6 ~
Imm,

Wig: P F 5t e gl BAH Cocl
yunnanensis 577 H T = B YT BB G441 B H
B C. yunnanensis Yang et Hao 1990 YEJUIE 5
WA /N T 20° JUR I B HA 20 LR L h
VB 1 T 78 SRR AR b A [R] S AEL i 2 TR PR A R A
HE5HHEKETFE4T. 5 C. barriosi Baldwin 1977
BARAL X TERT G # IR A &S, A X, 5
C. parallela Yang et al. 2004 W X 57 T )5 & I
P T

FEFRMEIM PR AN C. of. yunnanensis [
FEBEAE 10em DA Lo fH qn ot KB g =i i 26 8 H
B A & BT L HL2H b T 7 A S AR Y IR Sl
Anomalocarids (& 76 ¥ %¢, 1999; Zhao et al.,
2005), AWM C. cf. yunnanensis B 0] 58 0 A &K
BT 3% Anomalocarids 1£ T FI#) 36 16 15 18 3l /)

S R AL SN S N — IR G 4.

BEZFE(KREM 1) Cruziana isp. 1

(R 11-3)

R PR R e B
[URE M SWSE ok i NGO i DI L ] A B AT R
R B —HURH 2~3 A EcE 2R TP 17 89IVR4H
B . PR 5 BE K B2 R0 ™ S 19 v B DA B[] B 5 1
ACEER .V FIRAUR 19 Je f B8R, — i K T 1607,
S GAR . RS 1. 5~1. 6em, FhA % 1. 5~
2mm, JUKE T& 3~5mm,

TR« i 3t 70 il DL ABORE KA 8 [0 R U0 g —
PR 2~3 A8 2 158 T P47 MTUR 4 8k 7
TES M Cruziana 7 X 3] HER A BR8]
AN E B

S RAL: S S, T RS A

BEZE(KREM 2) Cruziana isp. 2

(R 11-5)

R AR iyt . s SE ] e, TR
T6] 1ij 757328 ) A2 /0N o e v A Y ITCIRE A A R Y
o AEm Ja — M, KB IUR. & VI
R HARELY 3075 1) Fy 7 JUR SR SL = R BUR, V
FILAR R Mk, B S EE. VR E
AR ELE LR AN . 8% 1. 8 ~2mm,
PRAEFCK y 9mm.,

WHE X5 U5 Diplichnites BFFAEAR DL
] B 32 W P N Cruziana B30 , LA 8 FI9TUR (9 28
R RN LIUR E L RMHF FRIE. 5
Diplichnite #l Cruziana Ffth Fh A1 X 5], {5 5 A %5
D BORAE R AL BB A F Cruziana, %15t ik Al Bg
/NS =i G AT S 8 ) A AT A

SR SNSRI A

BE T (KEM 3) Cruziana isp. 3

(& B T1-9)

iR AR sk., h ] B ECR .
BTV 52 = IR A o 48 1) w3 5 v 3 ol 2
Ho PRAFRLFRY AT WO % . 3858 58 3~ dmm,
PURE 0. 6~0. 7mm, 1< 1. 2~1. 7, PR Z 1] 1 (8] BE
0.4~0. 8mm,

TR s I N BRI S PR H . 5
C. qinlingensis Yang et Hu 1992 #H{L . (HHT & 1N
JRCAHTUIRE 52 = AR, HLRT I W 4 2%

[ D = VAR A ) | T IP Rls RS w2 k= £

Z 41 Didymaulichnus Young, 1972
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3k /R = 4 i i Didymaulichnus lyelli
Rouault, 1850

(i 11-6,7)

BR BT KR, Bik5 2
(IR I35 1 T L S Rt SRt N [ B
M T8 220061 R A7 R AF 09 AT WA 3 A7 T il
A LT . PN Rt i AN B R . 83l 58 2~
3. 2mm, H1 i 5§ 0. 3mm 72 A, MU & SE 0.1 ~
0. 2mm,

Wit A TIL R A MR A 5 Rouault (1850)
Bl ik 1) D. Lyelli W)4$FAEFEAAH ] L {5 358 705 9 BE 4%
/Ne 5 D. miettensis(Young,1972) 41 EL %% , Rl & 7R
kB AH B 5 D. rouaulti (Lebesconte,
1883) i DX 1E T )5 & HAT B A IR

Didymaulichnus I\ "N V] §8 & ME B2 . W7 2 8k
% 3 ¥ B %% 8 BF JE B (Crimes, 1970a; Young,
1972 ; Acenolaza et al. ,1993; 4 R # 45, 2004) ., %
st 300 A a] WA 3 22 B AU . AT BB T Sl ) ) e
(FRUR

SR SNSRI A

XN 2 i#E Dimorphichnus Seilacher, 1955

W (R EFH) Dimorphichnus isp.

(R TV-5)

FEIAR « 2y Y358 305 Ry AT O X BR A BIOIR 2 B AR
FTRAIRH . —AHIUE G H— RIAHEZE
1845 200 2 R LA 3~ 8 SR EE £ (1 40 1 L —
s S AT SUHRS 5 A — R AT, op 3 b A B A 4
RO TEMA 5 55— 20 (N 250D HIVIR Ay e i vy
WG o A1 O i B — 5 JEA T 20036 00 I P 25000 g — 1>
KETEIUR . 3808 58 13~ 14mm; ShZ PR 5E 0. 4
~1.5mm, £ 1.5~9.5mm; N M IMIE T 0.5 ~
1. 5mm, £ 1. 5~3. 5mm,

THE 7 TS i bR A< DL Ah 2] () IR Hy 3~ 8
FEE LA M BN AT E R
Dimor phichnus AL AH H BT ARAS — B, 2 E
Bl F AR R A 2 ARAR

SR M S, T rh RS A

X ELi#E Diplichnites Dawson, 1873

g X R (& )
midlinearis n. isp.

(] fig TT1-5,6)

BRIRA : GK7165 (R 111-5) .,

Diplichnites

F A < 352 08 P B0 TP AT TR 4158 15 31 TUR
ZIEEA Mt RIEIR. TURZ S, 5iz
AL R VAL, TURK 3~8mm. IR
Z I B IABE 4 ~5mm, V FIE I Ml 150~160, 84k
HiJE 78 0. 6~0. Smm, =ik Je 1. 5~1. 8cm,

THI8 < st i A 5 HAE P 81 TUIR 22 1) H A 25 i
LRI R AE . P BTV 2Z (8] 1 46 R AT RE Sl =
- R BT E A

S BEAL: St M G IR G A

INTE SR ( FriZ 3Efh ) Diplichnites minimum
n. isp.

(R T-1~4)

BRARA  GK7190 (J# i 1T1-1)

FEIR - YA AT 225 Y L d 5 5 TR 2 i) 2%
A2l TR SO il A 23 S0 KR SE AR AN —
EL 24 SR — i 550 9 T T 5 32 W 1) g — i {0 T
ko TEIT E )iz 3l b TR A0 A AR s, 9551 TUR
ERML 120 1V FIE . TR HIER . Ah S 5]
IR L L 2 B /INIRIR L IR o 2 T A 1) AL P S
HITIR W A 3K & Dimorphichnus B, M5y
PISITUR T A7 . a8 % 2~ 12mm, JUR K 0.8
~4mm, i F& AL B 0. 2~ 0. Smm, [[] 51 IR /Y 4] BE
0.5~1.5mm, %) Z [a g EFE 0. 6~4mm.,

L 2088 0 i gl A7 L JTUR 52 A8 70 Uy
KR NEAE. 5 D. aenigma Dawson 1873 FE g &
& LB MM ARG HEB I 5 D. robustus Yang
et Wang 1990 (% X 517 F )5 # ot i 8 R 58 K, 40

OB it W b fE W I b A5 Diplichnites—
Dimor phichnus ()34 3 28 B, o] G 7E TR W) K 1
EATERM S =0 e . W R L A
HA T 50 TR 1 3t 78 56 A 8 B, (H P35t 30 A A /] 25
iy A7 R A AR (A BT A B M X Y O T
AN TR A U 38 57 A P i AT 30 (B R TT0-2, 35 6] 2-8) , 7]
RE A& = He— A 55 3 B S — A 0 2 T ) SR A
1.

SR M S, T rh RS A

WAL (R EF 1) Diplichnites isp. 1

(R TV-3)

A P B AT AR s . W 2 SRR
TVAT 40T AR — 4, 40 A it s DU 1) 2
HH Sz ahJr a2 25 30 Je A B T A7, 358 008 11 i
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498 FIE YA 5 0 4 1 7 PN 2 A 558 e 5 AN 1 R 3 0T

o BTE 2. 5~3. 2mm, 4B K 1. 2~2mm,
i : 5 D. bipartibilis Yang et al. 2004 fj[X
TTE T )5 5 35t R T 5 O B TE AR 22 5 5 m &2
K2z w3 il M X R 98 # & BLAY Diplichnites sp.
(Young,1972.fig. 6) 78 HA WA BYJTVIR EAHAL . H
JEHPIAT R BRI TP AT . PR S B AL SN S,
T ERSEE .

SR (R EFh 2) Diplichnites isp. 2

(E g TV-2)

IR AT S A A TCIE 2 AR Y 3R A
o TR S 208 Al a2 Y FIE,
P i o e PR ATUR 2k #2120 19 V FIE .
W 7E 1.4 ~1. 8cm, JUJE K 2 ~ 6mm, Fi 0.4 ~
0. 5mm, [A]F TR Y A1 FE 1~ 3mm, 31 2Z ] /9 [8] B
6~7mm,

gz w5 D. subtilis Yang et al. 2004
FETUR 25 il 2 90 B8 AL, X HE T )5 & 5t il
T8 TR A 73 3, HLIR 0 TUR 1 ) BE A /N

S RAL: NS, TP IER G A,

B FE T (#1258 ) Monoaulichnus n. igen,

&K Fh . Monoaulichnus guizhouensis igen. et
isp. nov.

FFAE : T8 K10 BBV 3 25 A SR R L AR A
LA DSTRP YU S % < e Nt e SUUL AR
DRAE B L I AT D240 1 31 40 8 5 98 8 9k ) R 52
8V FIE. SER PIMEA R PR S A P8
AN R o gt R AT EURURE AS , aTAH HL S
MIE

Wit ¥t kb JE 5 Didymaulichnus Young
1972 #1 Cruziana d’Orbigny 1842 X H|{E R & JCH
Wi 5 Archaeichnium 1963  #0
Palaeophycus Hall 1847 ) X ]2 )5 ¥ & 4 18 A 5,
S FIR 9 HOEAREUD .

5> 7 B A BN S, rp € R

Glassner

BRM BT (FF&ETRE, F &L M)
Monoaulichnus guizhouensis n. igen. et isp.

(R TV-6~9)

WRARA GK7164 (E it TV-9),

IR - 5 2 TP AT BRORESE B B R AR R G
B, st HEF A il T A B AL AR S
858 R OGO R A WA R T ARV

KETE B = AL SR, Wik S V FIEAE R
D7 A A . B SE 1. 6~6. 2cm, PR AF I K I8 36cm;
G HE 0.5~1.8cm, V FIEMHFE 0. 5~ 1mm,
125 10075 AT 4 1T — 98 0. 5~ 1. 8em, P 25 4b 1]
ik 2. dems MU AR FE 4~6mm,

THE 38300 AT B2 W B s W T i . VR 4
A FNAMU T 5 N AT RE S350 S N ORI A IR Y 32 Bl B
A

i 5B s S, T RS LA,

B i Monomorphichnus Crimes, 1970

W& B ® ik
Crimes, 1970

(R 111-8)

iR r T EHLSM S I T REmIUR. Eh
17 Z5 S B 4 AR HES A1 B B k)
BB FER, HEK 18~23mm, 5& 0. 5~ 1mm, i
X [ BE R 0.5~ Tmm, B 2Z B M [ BE 1~
4mm,

Wit: " TElBRHAM A S ™ T IR K &
(Wales) By PR A (Crimes, 19702) M HL 55 4114
SR L K EFERER /N 577 TR hER S
TR M. bilinearis AL AH J5 2 194 8] B4R
750 o O O R R i E R AE A K
BERE A — € B9 284k (Crimes et al. ,1985; 2 H
HESE, 198847300 . 19905 A A, 199D o Il Y
A AT RE g = B SRS I B i R BT IR

PSR S S, N — RS A

Monomorphichnus bilinearis

Ba 2% BA Jf2 7l Monomor phichnus lineatus Crimes
et al. , 1977

(R TV-1)

R o0 A T2 1R B2 Y B Y
LR AN AR A R E O 26 . A0 B
Z AV AREAT A0 H BOR 2 B 4~ 138 5% AR BAT
HEB i A 2 RATHES B A B AT HES Y . FE TR —
PRAS A A 1 58 R T — 8. HF K 5~15mm, 5
0.5~1. 5mm, & AN 0. 5~8mm,

TR 3% A LU B X 09 B A O RRAE. M.
lineatus T - i A& F 78 BE 5 19 5 22 2% il (Crimes
et al. 197D AR 4~7 . ZJE KBLH AN 5%
BAEIEAN (Fritz et al. ,1983;Crimes et al. ,1985;4%
9 ,1990) ., PEFHLEAM M. lineatus, H gt il
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VKRN A I SEAS RS SE S 2 R R A8 4R T RE
AR A ST BE Sy = i AR R B i vk S ST
U7/ S

S RAL: NS, T — RS A .

I B2 i (F &= 3% # ) Monomorphichnus
needleiunm n. isp.

(FE R TII-7)

BRARA GKT7178 (& g 111-7) ,

R — 2 16 200 B E S0 i LR A HES
AR, A0 SRR, — i R 2R 5
— it WS R ARHAR . ETIR AR i 2 B i 2k A
HZAIAS-A7 RS 52 R R L H2 R i ) ] B A ) AR
TR . AL — AR AR . K
0.9~3. 2cm, B ETE 0. 5~1mm, & KAbTE 1. 5~
1. 8mm ; 41 2 [A] (Y 8] R AE A2 R 3y 4~ Tmm, 725
R Ky 2~5mm,

THIE IZO0B a8 B LB R A0H 5147 H A 5)
SR L . 5 Monomor phichnus W) E A 15 75 Fp
FADCH o X SREIR AN W] RE 5 = -t Ay B e s 5 )
Hl i DU R TH A K.

S RA: NG, TP IR G A,

YL B W ik (Fr 3= ik F ) Monomorphichnus
kailiensis n. isp.

(I RR 111-9,10)

WRIRAS  GK7184 (] pix 111-9) ,

Bk TR ELRANE . A AR AT Ak
39 RUE . R EATHEY . MENTEEAS —, —KH
TERTEM AT Z AR A 2 RN s F 8K
A —, A Smm., R R KA 12mm,
A 0. 1~0. 8Smm, [A]FE K 0. 2~1mm,

L 2088 Fl 28 LTE R T8 i 40 8 Hh e 2 4%
WM HE NFAE. 5 M. lineatus Crimes et al.
1977 43 ARARL - AH HIT & 09 408 A 58245 Z 43 0 Al % B2
R, BHKEAR—., 5 M. multilineatus Alpert
1976 WH AR, AH G E IR A (5 5 6 7). Hh
PR IR B TR i W 2.

S RAL: NG, Tt RS R .

L 1THEILE Parallehelcura Yang et Wang, 1991

=% F 4T HE i (48 L F ) Parallehelcura
trilineatus Yang et Wang, 1991

(E R TV-4)

R AR TFATMAIE sk, 4 h 3 K H
%) 2 28 AR 2 [R) I T A7 ] ) A B
4 SEVE RS U ) AR R RS, B IR . 5tk
5.6~5. 8Smm, P ZH 40 A9 B BE N 2. 5~ 2. 8mm, i
&) 20 # 9% 0.4 ~ 0. 8mm, P§ ] 40 f% %8 FF /N T
0. 2mm, 40 Z [8] B (8] /N T+ 0. 3mm,

TR« 3% 35t 700 A Bk ast 700 45 /N LA HL Ak oAl i) B
SHIES ™ A T &b € R 2R A P.
trilineatus Yang et Wang 1991 19 %5 4 (7 = 8 &5,
1991,p. 84, PL 11, fig, 1) #A.

Parallehelcura I\ h 2 = W 81357 Pk B FH R )
o o DR 4 2R T B E L (B AL 199D
TEGI —i L B 4l vh , AT B 8 Parallehelcura 1
A RE 2 H 2 i) & # 3k H (Corynexochida) =i Ht

SR NG, Tt R G HLA .

45 i 33F Rusophycus Hall, 1852

JUBR 8% 6 i ( #F & i #)
balangensis n. isp.

(EIRR 145 7 3)

WRARA GK7163 (] it T-4)

FEIR < 35t 08 43 BT ISE PEASTR Ay 5E H R JE R
Rusophycus B35, 7§ 55 A + 43 7 Wi 09 Cruziana
R . J5 B Rusophycus B30 Ay v 3B 58 0 W 8 A
T e TR R IR O DA B Y S i G T
HI 7 Rusophycus Y305 85 55 B ™ 8 5 i G 2s fly ,
T 0 2 s il A B AT RSV SR BRI
IR T 7 B AT PO e oy RS, Ho B K. IR Y
TS fl s A B i W 0 | DA g OB R V5
FEATUIR 5 75 1 v 3 1 — X R B oM R, 33t i 98
LT ~2cem AR 6. lem; J5 38 Rusophycus B30 T
.8em, K 1. 8em, A FE 1. 5~2mm, PN I PTIR (/] #E
. 5~2.5mm, V JE & #1 25 150°, fix 1 P17 VIR 58
. 5~2mm, K 7~ 14dmm; §] & Cruziana B3k 55
T~2cm R EK 4. 3em, FIETE 1. 2~2mm., N
PR B 3~4. 5mm, V JE Je ffy 140°~ 1607, fi HDH:
PIZEITUR 96 2mm, 1< 11mm,

WiIg B B F 5 Cruziana barbata Seilacher
1970 1A H A B R. ramellensis Legg 1985 DA I
C. fasciculate Seilacher 1970 B X HITE T )5 =& 8
A vE AR s HATUIR B 3R HR: 5 97 30t 8 )5 38 Rusophycus
Bk 5 R. cerecedensis Crimes et al. 1977(PL. 2c,
ADTE V FICIUIR EARRL B 5 & 35t 208 5 K m 98, H.

Rusophycus

— = = =
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ﬁﬁ%@}mﬁr—]ﬁﬁ it : 5 R. eutendor fensis(Linck, 1942) i X
15t 5 0 = HOEE L CRRO A 3L R SITE T J5 & I EDE . B i i B & AU e, V SFIEN
E@\ﬁﬁ\*ﬂ%j&fﬁﬁﬁﬁ?ﬁm AR 3D, AR = WML K., 5 Cruziana quadrata Seilacher
L iYL Nt 1970 (1 X ATE T 15 # 1 98 RO .
FHMERA SN, T RS A . S RA SN, T RS A .

8K A E (B
ptychopariids n. isp.

(B -1

BHARA :GKTI50(E T 1),

R O AF T2 E A I 0P [RDE e 7 st
T Sl S T 075 B NS Rl = 1 5 e
PRACAE . PR SE I B RO A O TR AT TR 5
HOR T T . AR O A T TR ) R M
(K1 B> N TR TGy o NI LU 1= N A 11~ I
HR BT B A SRR AT 9 X R FE AR S N AP B A
IR 22 3 BTE (9 /N5t SO by B2 bR iy sRIAR 5 Sy
6] /i 75 N BOR B B TS . SR SR IR B
ARG S A . 35t 3 Hi AR 98 15 ~ 16mm,
K 5.5~6mm, FH T 2. 5~ 3mm, {j Z M T 2~
2.5mm; P EPFE 13 ~15mm, K 12~ 13mm, FF 5%
1. 5~2. 5mm, BIR AR 0. 7~1. 5mm; J5 # 58 12~
13mm, ¥ 8~8. 5mm, & 7% 1. 5~2. 5mm, J5 i1 %
P 1~1. 2mm,

Tig: 5 7E % B PY A M e ik B
Rusophycus sp. Gutschick et Rodriguez(1976, p.
203, PL 1d, e, ) HLAM HEH I V FIEHE T
RN

OB IR AR g = B4 R0 R S SO =
MHURHT RIS IR IE AR Y T RE S B A 9
RO R T D Q= I N -2 = DR A T S =
(Ptychopariida) ; & 305 A= Yy 7E 45 B, B 46 AR
T BOIR B Ah i N AR R L T AN B B el R
BT [ AR B A0 RO 5 A7 5 2 U1 Sy = i 29 i

JE G T IR
SR st SI, T ERG I

5 #h ) Rusophycus

BRI (REFH 1

(B h 1-2)

HE A < Y AL B AT % S R TE R R IR
T A 1] J 28 B /0N o 8 ) B B B R A
)V FIEIUR I T A7, A Ml 50~707, 35t il
P 1.8 ~2.2cm, ¥ 2.5~ 3cm, NI [ BE 0. 8 ~

Imm,

) Rusophycus isp. 1

i (R E M 2) Rusophycus isp. 2

(FRR 1-3)

R PG BE B e B sk . G0 il Y
T8 D T R A A B LA O A PTOIRE o 5E 3 TR sg
A AR X Ak 1] T e, e S A BT O T T o v
SIHIE o WA 2 G WA 5 TR AR L 2 [ B
R = AN, SR 12, 5~ 13mm, % 6 ~
6. 5mm, F{ETE 1. 5~2mm, I A 1. 5~2mm,

TS Z i 5 Cruziana dispar Linnarsson
1869, R. Legg 1985 HI R.
lungmenshanensis Yang 1988 B IMIE XA W ], {H
1R 30 G A5 PR AR A k9, ELYE 43 11T )5 .

PSR AL S B, N — RS A .

ramellensis

TR W IIE 1 Arthropod Claw Scratchmarks

(E R TV-10)

R H R N R AT . F 2 E T T A
AT S B ROAIRHES L A0 AT 23 SRS B A
AT /N T AN S R A 2/3 B, R
10— i) 458 T 18T 53 1) 75— S (PN i ) 38 3 7

FUF RS = SO AP 1 70 RN AN TE W . Fb
P FE A~5mm,. K 15~17mm, N 7% 4~6mm,

£ 15~18mm, WAMT B[ BE A 5~ 7mm, B4 Y
[E] 8 28 ~30mm,

TR« 135 70 AT BB S A AR 45 i 3l W 7 i UK
P B ASOTC 4328 2l e 350, A 1 A0 T e A Bt B 5 )2
AT (14422 fi 4 i T P00 Ay RS T 5 22 T 1) 5 T Ak

P S RAL: S S, T RS L LA

T INIE 2 Arthropod Claw Scratchmarks

2

(R TV-11)

R T2 B = AR =R Z R T
T TR HES . A — i 0 T 3 — i 3 T AR
PR BRI =R . = A RO 73 R H— i
e A B = AREER A . B9 2~3mm. K 1. 8~

2. 3mm ., B 2Z [B1 76 J uiE AY [B] BE R 0. 5~1. Smm, 7£ 55
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— ¥ ¥ AR 0. 2~0. 5mm,
TR %380 AT R Y B sl W Y TUR .
PSR S S, N — RS A

TR W IIE 3 Arthropod Claw Scratchmarks

(E e 1V-12)

A T 2 0y A BRI i BB
F8 90 AU AS T T AT B AN . AN A —
IR T 53— 3 5 A I A R TE KA —
JEE FE Smm, K 3. 4mm; 4018 T 0. 2 ~0. Smm, K
2.5~1. 6mm,

L 1%t A] fE 2 1 s W i TV .

PSR s MG T bR G A

B < 0 80 A A AR AR i SN R SR 8 T e
B2 RAR AR MR 0 IS
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B kW I

1. Rusophycus ptychopariids (n. isp.). 8] W g 435 5 Fl g =565
H T B R e A g, JC o O BOR A 9 XL Bl S
GK7150 B AR A

2. Rusophycus isp. 1. #5085k, B985 . GK7161,

3. Rusophycus isp. 2. WA 13 26 5 IR AR XS BE i 2F 8 % 58 [/ =
FIE R I A BB — Rt . B0 . GKT7145,

4. Rusophycus balangensis (n. isp.). Ji #H Rusophycus K . Fif
A Cruziana B, Hid 5. GK7163 (#i X g A<D, 5~ 9.
Cruziana angusta (n. isp.)

. AU Rusophycus B , J5 3~ Cruziana B , 5 91CR B9 1l 2
GHET W R, BidS . GKT147;

6. Hi ¥ N Rusophycus B3k, Jg # N Cruziana W3k, i 5.

GK7143;

TP i R R SR Y SR W] . Bl S GKT152 (%
A4 5

8. Ja#Bh Rusophycus B, {ii 7% K Cruziana B3, 590K 09 5 i
GRE GBI . #i05  GKT149;

9. J5 ¥ N Rusophycus W30k, §i # N Cruziana Wi, & i 5.
GK7167,

wl

B A

1. Cruziana cf. plicata Crimes et al. 1977. 9\ B MR W9, &

IR 1 — A BRI TR R . B0 5 : GKT7142,

Beaconichnus isp. 2. W) JEM , H— R IE M B AR, &id

5 :GK7146,

3. Cruziana isp. 1. 1 2~3 AN 8UHE 2 0038 T P47 19 TR 4 SURORL K
AR IR VR . 8905 . GKT7170,

4. Cruziana cf. yunnanensis Yang et Hao 1990. 2\ T& K iy — otk
WO G U TR 5 45 il ind W v h e T AT B
it 5 :GK7180,

. Cruziana isp. 2. J5#5 Diplichnites W) ¥ HE AL o 0] B 2 9 o 9%
N Cruziana B AR L HBCARGNE . Bl 5 . GK7175,

6, 7. Didymaulichnus lyelli Rouault 1850, JiE & {f:AFER R
i, W] S AR A R 2O . 6. 5905 : GKT15657, %%
id 5 :GK7182,

8. Beaconichnus isp. 2. — Z 51 38 X 8% A 38 3 H HE 51 7 588 ™ B 41
S IR N PN AR AR . %R0 5 . GKT148,

9. Cruziana isp. 3. YA M A0, IR R = MRS il
e R ] s WM 2% . 2% . GKT171,

B R

Do

wl

1~4. Diplichnites minimum (n. isp.)
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Arthropods Tracks in Kaili Ichnocoenosis from Lower—Middle Cambrian
Kaili Formation in Jianhe County, Guizhou Province, China

WANG Yue"?
1) School of Earth Sciences and Resources , China University Geosciences, Beijing, 100083

2)

School of Resources and Environments, Guizhou University , Guiyang, 550003
Abstract

Abundant arthropods tracks, including Beaconichnus, Cruziana, Didymaulichnus, Dimorphichnus,
Diplichnites, Monoaulichnus (n. igen. ), Monomorphichnus, Parallehelcura and Rusophycus, have been
fond in the Lower—Middle Cambrian Kaili Formation at Balang Village, Jianhe County, Guizhou
Province, China. The arthropods tracks described herein contain 9 ichnogenera, 23 ichnospecies, of which
1 ichnogenera and 9 ichnospecies are new. The preying and courting tracks produced by trilobites (or
arthropods) are found in the Kaili Formation. The track transformations of the arthropods moving tracks
have two changes: from resting trace to furrowing trace to walking trace to swimming trace, and from
swimming trace to walking trace to furrowing trace to resting trace. The transforming tracks in turnings
reasoned that the bodies of track-makers were tilted due to the water energy or the moving inertia in
turnings. The Kaili Formation yielding the Kaili ichnocoenosis was deposited in shallow sea with lower

energy and softground, between daily wave base and storm wave base.

Key words: arthropods tracks, Kaili ichnocoenosis, Kaili Formation, Lower—Middle Cambrian,

Jianhe, Guizhou.
Description of New Ichnogenus and Ichnospecies

Ichnogenus Cruziana dOrbigny, 1842 is wider than the former. It is similar to C. [lobosa

Cruziana angusta n. isp. Seilacher 1970 in the claw markings and V-angle,
(PL. 1, figs. 5~9)
Holotype: GK7152 (Pl. 1, fig. 7

Description: Small and lengthwise bilobite, 3

but the former is narrower. The narrower trace

and larger V-angle is different from C.

zhangjiajiensis Wang et al. 1986.

~8mm wide, 8 ~15mm preserved long; median
furrow broad, shallow and slight curve; scratch
by

arranged on both lobes, claw markings smooth,

markings produced endopodites  parallel
0.8 ~ 3mm wide; two row of scratch marking
forming a "V", V-angle 150 ~160 ; with narrow
pleural impressions on both lateral margins. In
some specimen, the fore or rear end expanding and
appearing as Rusophycus-type, the fore or rear
marginal impressions on Rusophycus-type trace
appearing arc-shaped.

The

characterized by narrower trace and broad scratch

Discussion : new ichnospecies is

markings. It differs from C. imbricata Seilacher

1970 in that the latter is smooth on both lobes, and

The elliptic Rusophycus-type trace in the fore
or rear end is produced by the resting of small-size
trilobite with broad fore and rear ventral margin.
Kaili Formation,
Lower—Middle Cambrian, Jianhe, Guizhou.

Horizon and Location:

Ichnogenus Diplichnites Dawson, 1873
Diplichnites midlinearis n. isp.

(PIL. III, figs. 5, 6)

Holotype: GK7165 (PL. III, fig. 5)
Description: Consisting of two parallel series
distance

of curved tracks, 1.5 ~ 1.8cm wide,

between two rows of tracks 4 ~ 5S5mm; tracks
commonly in pairs, long axis of individual track

oblique to the direction of movement, the angle of
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the pair track 150 ~160,individual track 3~ 8mm

long; a slight curved and continuous linear
dragging track between two rows of tracks, 0. 6~
0. 8mm wide.

Discussion: The new ichnospecies is
characterized by a dragging track between two
rows of tracks. The dragging track may be produce
by tail spine of trilobite.

Formation,

Horizon and Location: Kaili

Lower—Middle Cambrian, Jianhe, Guizhou.

Diplichnites minimum n. isp.

(PL. 111, figs. 1~4)

Holotype: GK7190 (Pl. 1II, fig. 1)
Description : Elongate and  meandering
epichnia, consisting of two parallel series of claw
tracks, 2~12mm wide, distance between two rows
of tracks 0.6 ~ 4mm; individual claw track,
straight or substraight, unforked, and various in
width and length, appearing as a spine that an end
of track is wider and deeper, and another end is
sharp and shallow, 0. 8 ~4mm long, 0.2~0.5mm
wide in widest place, distance between each two
tracks 0. 5~1. 5mm. On near direct moving ways,
the sharp end of track at inner side, and the angle
of pair tracks about 120. On the turning ways,
appearing as Dimorphichnus-type trace, the claw
tracks on outside turning way shorten gradually
and even appearing small tumors, but the track on
inside turning way lengthen gradually.

Discussion: The new ichnospecies is similar to
D. aenigma Dawson 1873, but the latter is wider
than the former; it is different from D. robustus
Yang et Wang 1990 in that the trace and claw
tracks of latter are broad.

The new ichnospecies, on the turning ways,
has the transformation between Diplichnites and
Dimorphichnus, which may be formed by the
trilobite walking or running on the sedimentary
surface. Though two trace fossils bearing two
rows of claw tracks are basically superposition on
same surface, they can be distinguished by the
characteristics on the turning ways (Pl. III, figs.
2 ~ 8).

2, 3; text-fig. The tracks may be a

courting track produced by a courtship habit that a
trilobite followed after another.
Formation,

Lower—Middle Cambrian, Jianhe, Guizhou.

Horizon and Location: Kaili

Ichnogenus Monoaulichnus n. igen.
Type

guizhouensis igen. et isp. nov.

ichnospecies . Monoaulichnus
Diagnosis: Straight or gently curving furrow-

like trails, moderately deep, without median
ridge; the single furrow is commonly smooth or
some fine ridges oblique to the trail; Two rows of
small lumps on both outsides of lateral bevels. The
trace is commonly crossing or superposing each
other.

Discussion: The new ichnogenus without
median ridge is easy to be differentiated from
Didymaulichnus Young 1972 and Cruziana d°
Orbigny 1842; it is different from Archaeichnium
Glassner 1963 and Palaeophycus Hall 1847 in that
both latter are cylinder or subcylinder tubes.

Distribution ; Kaili Formation, Lower—Middle

Cambrian, Jianhe, Guizhou, China.

Monoaulichnus guizhouensis n. igen. et isp.

(PL. 1V, figs. 6~9)

Holotype: GK7164 (Pl. 1V, fig. 9)

Description: Straight or substraight single-
furrowed trails, parallel or subparallel to bedding
plane, 1.6 ~ 6. 2cm wide, most preserved length
36cm, and 0.5~ 1. 8cm deep; smooth or some V-
shaped fine ridges (0.5 ~ Imm wide) on single
furrow, the V-angle about 100; both lateral bevels
0.5~1. 8cm in straight ways, and the lateral bevel
on inside turning way is wider than that on outside
turning way; the round- or circular-triangle- or
ovular-shaped lumps arrange on both outsides of
lateral bevels, 4 ~ 6mm wide, and long axis of
lump parallel to fine ridges. Traces commonly
cross each other,

Discussion; The V-shaped

surface of furrow trail may be produced by the

ridges on the

endopodites of arthropods, and the lumps

arranging on both outside could interpreted as claw
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markings produced by expodites. al. 1977, but its ridges can divide into the narrow
Horizon and Location: Kaili Formation, and broad ridge, and are various in lengths. It

Lower—Middle Cambrian, Jianhe, Guizhou.

Ichnogenus Monomorphichnus Crimes, 1970

Monomorphichnus needleiunm n. isp.

(Pl. 101, fig. 7

Holotype: GK7178 (PI. 111, fig. 7)

Description: Epichnia composed of a series of
more than 16 straight or substraight ridges;
individual ridge appearing as needle-shaped that an
end of ridge commonly expand to be as shuttle-
shaped and another end gradually sharp, the length
of ridge in central part is longer than that on both
sides, 0.9 ~ 3.2cm long, 0.5 ~ lmm wide in
central part, and 1.5~ 1. 8mm wide in expanded
part; ridges unparallel to each other and arranging
as fan, distance of each two ridges, 4 ~7mm on
the side of expanded end, and 2~5mm on the side
of sharp end.

The

by  the
unparallel to each other and arranging as fan to be

of
Monomorphichnus. The needle-shaped ridges may

Discussion : new  ichnospecise is

characterized needle-shaped  ridges

different from other ichnospecise
be relation to the tracks that the podites or the
spines of trilobite scraped on the sedimentary
surface.

Formation,

Horizon and Location: Kaili

Lower—Middle Cambrian, Jianhe, Guizhou.

Monomorphichnus kailiensis n. isp.
(PL. 111, figs. 9, 10)

Holotype: GK7184 (Pl. 1II, fig. 9)
Description: Consisting a single set of 39
isolate and parallel straight ridges, horizontally
arranged; the width and length of ridges are
various, 0.1~ 0.8mm wide and 5~ 15mm long,
both 0.2 ~

commonly two narrow ridges between each two

distance between ridges Imm;

broad ridges.
The

characterized by two narrow ridges between two

Discussion ; new ichnospecise is

broad ridges. It is similar to M. lineatus Crimes et

differs from M. multilineatus Alpert 1976 in that
the latter is composed of four or six scratch marks,
and the central scratchmarks are deeper and wider
than those to either side.

Formation,

Horizon and Location: Kaili

Lower—Middle Cambrian, Jianhe, Guizhou.

Ichnogenus Rusophycus Hall, 1852
Rusophycus balangensis n. isp.
(PL. 1, fig. 4; text-fig. 3)
Holotype: GK7163 (Pl. 1, fig. 4)
Description; into two

Dividing segments,

rearward Rusophycus-type track and forepart

Cruziana-type track, 1.7 ~ 2cm wide and
preserved length 6. lem. Rusophycus-type track is
outstanding bilobate which is narrow in rear and
wider in the front, with arc-shaped rear marginal
track, about 1. 8cm wide and long; median furrow
substraight and broad, 1.5~ 2mm with; scratch
marks oblique with an angle of 150, anterior
scratch markings are longest and widest, 1.5~
2mm wide and 7 ~ 14mm long. Cruziana-type
track is elongate bilobate, unclear, 1. 7~2cm wide
4. 2cm median furrow shallow,

and long;

commonly curved, 1.2 ~ 2mm wide; scratch
markings parallel arranged on both sides, slightly
curved, the angle of V-markings 140~160, a pair
scratchmarks obvious and robust in the middle
part, distance between each two scratchmarks 3~
4. 5mm, robust scratchmarks 2mm wide and 11mm
long.

Discussion: The new ichnospecies is different
barbata  Seilacher 1970, R.
Legg 1985, and C. fasciculate

Seilacher 1970 in that those latter are broad and

from Cruziana

ramellensis

their scratchmarks clustered. The Rusophycus-
type track in rear is similar to R. cerecedensis
Crimes et al. 1976 in the V-shaped scratchmarks,
but the latter is wider that the former, and its fore-
margin forward.

The new ichnospecies show a trilobite preying
resting ( concealing ), starting,

process from
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running, preying, and leaving (text-fig. 3). The
trilobite concealed in the deposits could form the
Rusophycus-type track. After discovered food, it
rushed out from the concealment to the food, and
then made the anterior scratch markings of the
Rusophycus-type track. During went at the food,
the highspeed podites of track-maker could produce
an  indistinct Cruziana-type track. For
accomplishing the preying action, the track-maker
must decelerate or its head went down rapidly to
make a pair broad-scratchmarks on the middle part
of the Cruziana-type track. After preying, the
trilobite left here.

Kaili Formation,

Lower—Middle Cambrian, Jianhe, Guizhou.

Horizon and Location:

Rusophycus ptychopariids n. isp.

(PL. 1, fig. D

Holotype: GK7150 (Pl. 1, fig. 1)

Description: Elliptic bilobate resting traces,
obviously dividing into three parts: fore part (15~
16mm wide and 5. 5~6mm long), middle part (13
~15mm wide and 12~13mm long), and rear part
(12~ 13mm wide and 8 ~ 8. 5mm long); median
ridge broad and obvious, 1. 5~3mm wide; parallel
scratch makings near vertical to median ridge. In
fore part, bilobate-type hollows changing gradually

shallower forward, an arc-shaped fore marginal

marking (2~2. 5mm wide) in the front. In middle
part, nine rows scratchmarks arranging on both
sides of median ridge, individual scratch mark is
commonly separated into inner and outer
segments; inner segment of scratchmark showing
small circular hollow and outer segment showing
slight curved spine-shaped, distance between each
two scratchmarks 0.7 ~ 1.5mm. The rear part
appears fan-shaped, with bilobate-type hollows
and a rear marginal marking (1~1. 2mm wide).

Discussion; It is similar to Rusophycus sp.
Gutschick et Rodriguez (1976, p. 203, PL. 1d, e,
g) found from the Late Devonian in western
American, but the V-angle of scratch markings is
larger than the latter.

The new ichnospecies could be trilobite resting
track; its three parts could correspond with body
of trilobite, which may be Ptychopariida, with
nine thoraxes, and without or absent librigenal
spine, side spine and caudal spine. The trace-
maker resting on the sedimentary surface, its
endopodites curled up to produce the spine-shaped
inner segments of scratchmark, and its expodites
stretched freely out to make the circular outer
segments of scratchmark.

Kaili Formation,

Lower—Middle Cambrian, Jianhe, Guizhou.

Horizon and Location:
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B 1 NPEE S o 3l e A
Te RAE L B (i R A . 1986)
Fig. 1 Geological sketch map of the Tianbaoshan
Formation in western Sichuan
( modified from Wu Genyao, 1986)
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Zt/TiO,

0.0 el ki

A RV
0.001 | . I

0.01 0.1 1 10
Nb/Y

K 2 KRFEIWH KA Zr/TiO,—Nb/Y 432K K
Fig. 2 Zr/TiO, vs. Nb/Y diagram for felsic
volcanic rocks from the

Tianbaoshan Formation
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Table 1 Compositions of major element( %), REE and trace

elements (X 107°) in the Tianbaoshan Formation

Ji K 1 3 AR OC R (R, Ba , Th U &
AR BRI 5 A A 20 KA 2 SR AE
SHEMITRIBA K, HARE TR B Sr £
B AR XS 5 B8 2 A o 7 ok 0 PR B AR R B

CX67-1 | CX67-3 | CX68-1 | CX70-2 | CX70-3 | CX67-2

SiO; 72.59 | 73.53 | 73.93 | 76.96 | 68.78 | 44.63
TiO; 0.3 0.26 0.28 0.14 0. 24 1.98
Al, O3 | 13.27 | 13.52 | 13.05 11.3 13.87 | 18.51
Fe, O 1.12 1 0. 39 1.99 2.7 2.68
FeO 1. 89 1.58 2.19 0.92 4.19 10. 44
MnO 0.17 0.21 0.08 0.03 0. 07 1.55
MgO 1.32 1. 46 1.42 1.3 1. 96 6. 84

CaO 0.4 0.19 0.57 0.09 0. 25 1.8
Naz O 0.1 0.08 1.59 0.09 0.09 0.05
K;O 5.9 5.52 4.73 4.39 4.45 3.63

P, 0; 0.15 0.09 0.15 0.02 0.16 0. 26
CO2 0. 47 0.12 0. 47 0.12 0. 39 0.21

OO L S s 9 A 5y BB 10 £
s A (E 3D,
18.08

o5 3 #if1 SHRIMP U-Pb 4F %

o SORLBE R E T I 4L L R
15.69 3,45 A U-Pb B ME LA HOIE B4R %, Hp 3k
00 R B B, 40 B
A v M A S BT R TR
oo5 SEHAEEAL TR 1T 1L A TR
D1 G U-Ph A SR DL
O TR R AR,

100. 43

H,O 2.08 2.24 1. 46 2.08 2.94 6.74
B 99.76 99.8 | 100.31 | 99.43 | 100.09 | 99.32
La 99.4 63.9 71.9 52.7 77.9 13.9
Ce 195 124 159 116 159 32.3
Pr 20. 4 17.5 17.3 12.3 18.3 4.34
Nd 78.1 68. 2 66. 6 43.6 70.8 19.8
Sm 16 16.5 13.7 9.02 17 5.41
Eu 1.74 1.62 1.52 0.51 1.74 1.97
Gd 13.7 15.5 12.6 7.95 16 5.62
Thb 2.31 2.83 2.01 1.33 2.73 0. 94
Dy 13.7 17. 6 12.1 8.55 16. 6 6.22
Ho 2.78 3.49 2.56 1.72 3.11 1.29
Er 7.95 9.83 7.35 5.04 8.82 3. 95
Tm 1.1 1.35 1.01 0.73 1.21 0.55
Yb 6. 85 8. 46 6.61 4.7 7.72 3.59
L 0.97 1. 14 0.93 0. 66 1.1 0.53

u
B 460 351.92 | 375.19 | 264.81 | 402.03 | 100. 41

s S EL )1 AR BT R S NS % B Y
SO0 g2 1Ly 2 g B 1R B O 19 K 5 L 2R
SO SRR AL /N 2 W R 1 R 5 1l
016 JETIZY EERE AL CRARME.1986) . i %
0.80 g RIS HREIE R EBR . RN S I R
) ShEAT B% 7 SHRIMP U-Pb & 4, /N i B i
Y 1 PEAIL B 5L -6t E 3
L2 GBEE DR SR AR R
P AR SO B AR N SR
s sy R (CX6T-1) R 118 B BN & R o
54 ARbRMAE 4 27°21. 558, A4 102°17. 2167, &
008wl A AT S S R U

Sr 12.2 8.65 27.4 4.16 6. 46 8. 82
Rb 289 345 188 208 202 285
Ba 941 949 788 727 569 483
Th 51.6 54.2 29. 4 38.2 23.6 2.6
Ta 1.61 1.82 1.6 1.62 1.75 0. 54
Nb 21.3 22.1 21.8 14 22.4 9.1
Zr 291 273 272 152 225 138
Hf 8.83 8.6 8. 66 5 7.54 4.14
Y 73.8 83.9 67.8 47.5 82.4 34.5
Sc 10.2 9.48 10.1 3.57 8.39 47.5
Cr 4.21 7.85 4.91 5.96 6.8 440
Co 2.57 3.82 3.6 2.06 3.51 42.7
Ga 25.1 25.7 19.9 18.4 25.4 28.1
Pb 1712 1595 292 5.47 5.95 613
U 4.26 5 4.18 5.18 4.6 0.77

9s 5 FRMEE. AR A KRR, EEEEMN
264 USRI, B ARSI . RS S A ROk
LIk R KRR RN R A) L B A R
s EIESR A (E D,

125 LM E T 15 AR PURL, A a5 SRk 2
SRR MIER U E R 94 B 335ppm, Th &
g 79 F] 335ppm, Th/U L fH A 0.4 #
223 1.39, WL A A AR AL 7EaCTPh)/
ST ()P /aF UMK FL B 8 5
SRR B B LR 2 A, Hiplh 14
0.27 AN M S AL T A b sk M aE (L 5.

RFE AR K L s HA AR R TR & 2
A — 30y 4 A B0, ¥ B 7R Y Ba A X Rb
Th,Ta F1 Nb #5%} U #1 La.Sr A% P #1 Sm, Ti 4
XF U FGd 15 5t (B 3b) , 3 Rl 4 A R AE 5 48 X5
HEZH R 1 K 1L B 43 A REAE A+ 40 AL . PR A B

n("Ph) /n U Ph) AL - 3 A iR Sy 1028 £
9Ma, MSWD (K 1. 3, 2C"Pb) /n (3 U) Il AL E 1
AR O 1026Ma, 45 R EE A — B, £ B 2(*"Ph)/
(S Ph) [ 4E 1% 45 5 5 n (P Pb) /n(P5U) Y 4F I 45
LR . I 1028Ma AR R 45 AL FE T K5
AL kA TR BETAR
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DA :3%3 ;gig? | id #CX67-1 WCX67-2 ACX67-3 XCX68-1
i . i i -7 %CX70-1 OCX70-2 +CX70-3 OCX71-1
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Bl 3 REWAKLER LR (@ M IT R (b) b5 1k & fiF
Fig. 3 Chondrite - normalized REE patterns(a) and MORB normalized spider diagrams(b)
for the Tianbaoshan Formation
B4 R 4R KOS s a R R OGER
Fig. 4 CL images of zircons for acidic volcanic rocks from the Tianbaoshan Formation
#2 JIBXELAREXLENER SHRIMP U-Pb 37 46 R
Table 2 Zircon SHRIMP U-Pb analytic results from the felsic volcanics of the Tianbaoshan Formation
. Ul h | nCOPh) | nC7Ph) | . sos , , ,
i 20"0Pbc 223;811}1 206 ply 20 | ncPhy I (20 Pb)/ﬂn(mbe) n(Zwa)/On( 31U [n( UGPb)/Dn(mU)
(A) (Xl()*s) ﬁ‘iﬁ%(Ma) fﬁﬂ?’%(Ma) (JLA) (iﬁ) (iﬁ)
1.1 0.12 251 98 0. 40 38.1 1047419 | 1090+26 0.0758041. 3 1.842+2.4 0.1763+2.0 0. 832
1.2 0. 10 162 111 0.70 23.4 999419 | 1035+£37 0.0738+1.8 1.705+2.7 0.1676+2.1 0.748
1.3 0.17 155 175 1.16 22.7 1014419 | 1045437 0.0741+1.9 1.740+2.8 0.1703+2.1 0.742
1.4 0.47 94 79 0. 87 13.9 1021420 | 1029465 0.0736+3.2 1.7414+3.9 0.1717+2.2 0. 557
1.5 0. 09 328 138 0. 44 48.7 1028418 | 982425 0.0718641.2 1.713+2.3 0.1729+1.9 0. 836
1.6 0. 20 120 79 0.68 17.3 995+20 | 107639 0.0753+1.9 1.733£2.9 0.1670+2.1 0.736
1.7 0.27 142 155 1.13 21.9 1065420 | 1050444 0.0743+2.2 1.840+3.0 0.1796+2.1 0.691
1.8 0.24 200 234 1.21 25.1 877+18 | 1027446 0.0735+2.3 1.477+3. 1 0.1458+2.2 0.691
1.9 0.43 228 254 1.16 33.9 1027418 | 989436 0.0721+1.8 1.717£2.6 0.1727+1.9 0.741
1.10 0. 31 148 61 0.43 20.9 981418 | 104647 0.0742+2.3 1.680+3. 1 0.1643+2.0 0.651
1.11 0. 34 201 202 1.03 30. 2 1033+19 | 1001441 0.0725+2.0 1.739+2.8 0.1739+2.0 0.695
1.12 0.27 250 335 1. 39 37.8 1045419 | 928450 0.0700+2.4 1.698+3. 1 0.1760+2.0 0.632
1.13 0.22 335 173 0.53 49.5 1022+18 | 1047429 0.0742+1.4 1.758+2.4 0.1719+1.9 0. 801
1.14 0.23 286 231 0.83 44,8 1076+23 | 1003428 0.0726+£1.4 1.819+£2.7 0.1817+2.3 0. 858
1. 15 0.31 178 80 0.47 26.2 1018419 | 1038448 0.0739+2.4 1.742+3.1 0.1711+2.0 0. 643
T £19Ma ;225 5 (1988) 3R FH 85 A1 & L ik 3R 1547
N C N N ST N
8 1466-+21/—19Ma; 245 Jp 45 (2003) 3% F i ki
41 RELABBERLGT® A U-P o 00RO 25 SR 35 247

ZEHRHE (1986) X1 7o 55 (1991) R Fl %5 Rb-
Sr S5 I 28 15 A A5 2 BV 1B B i 98 22 5 AR % 907

958 4 16 Ma, L W 5 B 3T BEAR 9 2 2 4 0% O 961
+27Ma, BRE BB A 1466 Ma B4R S5 R Z 51, H
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Fig. 5 SHRIMP U-Pb Concordia diagram for zircons from

the felsic volcanics of the Tianbaoshan Formation

b (25 B8 /N T 1. 0Ga, Hirh Rb-Sr 45 5 4E 1 i
/NHTRE 5 A JE AR AR A Rb-Sr [[l 7 2K &
TR K

AR AT ILAE (1988) 2R B ML A1 U-Pb 1A 4R 15 1Y
1466 Ma [4E I8 25 3% . 23 i 8048 & 3L A 5 4l
OB L5 SR I IR AN Fo Al 4 A 0
IR (L2 I5E, 1988 il 8] 5-22) SR I AL i
Mk A A BB E G Hh RR BT EM 5 5N
T ER M T 50% ., mFAE S P A AR B
(A 2500 FL AR i 25 SR 0 DU AR 3625 A 19 TB B i AR
AL, BT HRE R W FLES 41 U-Pb 2%, JCE: 1
INH B AR AR A AR, RS TR
T Uk RES £ .

ST UL IR S ANy IR Y R 1
1) A 45 SR IE N BB B i R 5 1 4 K L B TR
R

AU 5 00 5 A R LA BT R R AR
(B4, RPEATE T EKRHE, KA
1028Ma 4F 1% 45 R 1 4t K 22 80453 B s AL T 1 Fl 2k
WA W S R TR B AR A BT SR (T PD)
n(* Pb) {4 4E W8 25 52 5 nC°Pb) /n (P U) (1) 4F I 45
TR . X SRR T 3R B A AR B R A K
B L I HBAE BB TS T LA E A AR IR
PRI 1028 =9Ma MY4E I 45 R EEA MR T K% 1
4 LA T B AR

AN BRXE R 52 10 AL ST T AR I8 =2 4h 4 %t

23 AR RULLVE 20 P O e 2RV o RS T
HUE VI = WU R 55 04T 3 425 Rb-Sr ¥k 19 42 1%
W ARA 1 420 S5 I R AR IR g 1540Ma, JF A i
AR AR R RULL 7 2H TORUIE S Y 4 i (B 5 B 2R 52 1L
45,1988) . H T 4R (1987) 1A Ry ik —4F W 25 2
SEINT LR, TORA Y b BT S, BB A SRR I A R
PRI 1 = AR L 24T T Rb-Sr [ 3 0 B (U
WELTF 8D 3R 45 B [n (" So) /n (" Sr) {1 A AL R
KM 0.110976 F 0. 791054, FHIEATHY [FAL &R
R RAE TR . 7% AR R A A BT e
30 L TEX TR AR S 5 8 BTk B o, Rb-Sr [\ 47
RERREGZ B TS EE, H, EHFAN,
TEA DR Rb-Sr J7 124745 1 4F I 4 RARME [ e s
A BB AL, 2T R BRI AT H AR se
SIPRAE B AR R 5 10 20 LA TR i AR, R R
Tt DA 3 I R g R E LA 2 B IE A
IR BR

i Greentree et al. (2006)RiE T =~/ B H
TR0 DU 1| 5 3URE Ot SR EE oy B BH R 5 K 6 FRE S
EFEALREREI AR . TR 5 R &)
rH IR R — AR L s K R s
BE K FUB D B RD 5 45 AN ] 7 At 3t IXC Y B L
KA. HBE K a5 By 41 SHRIMP U-Pb 4E %
1142 £ 16 Ma, A IZ4E AR R BE K A 19 T2 U AR
TE 2 gk L B O B LD Sk 20 BB Gl RO M BE K %
HgE 1 SHRIMP U-Pb 4E#3 4 996+ 15Ma, A f
e RO BBE K a4 R OR 4 . B UL
Greentree 55 (2006) £ Hi K 5) '] BT 7 J5t %] 73 79 B 1L
3k 48 A 4y th ok B g 7 % B 1L 4 (Laowushan
Formation) , & FTERMHHEZ T . B T R HHE W T &
i S 11k ZH AR T 996+ 15Ma 4R I L PR I B BH 3
i AR N TR AR . FE X Bk I, Greentree 45
(2006) 41 P9 1| P FE #8 9 K 511 2 5 2= e 14 B PH A A
R EOE BB DO A S e o DOl YAl S R
MRS 4] 1028Ma KT F R 13k 41 996Ma,
A TG . KIEHSE (2007 78 = B R BHAF S 1L
LA s RBCEE K s 3RS T 10322 15Ma By 4R
45 5 Greentree et al. (2006) (4 fa —E =&
PR, HEHEE  SRAGHE 2 BTy 24 00 e 15 4
GBS EEAS AL T FIZR I 1T Greentree JiT 43 #7 1Y)
16 i, A 4 A KIR AL T fe b Ay —
BBAT 43 B a5 AR RN B b R B R A — 8 (I
Greentree et al. , 2006 Fig. 7b)., HIHEHZH %I RN
LSRR VS e R NI I E DI
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# 1028Ma AR IR A RN B 1032Ma 1 4F I8 75 1%
ZEVEEN 5, MAh, EH S S E R LS
HkAE 10302 19Ma 4R R 45 2R, 76K 53 51 11 b [X
A TTG i B MR 1027 £ 8Ma [HAE IR 45 5, Li et
al. (2002) 84 £ K ) Inl 35 V4 46 5 5T R fR 45 v 3R A5 3
1007 £14Ma [ %5 7 SHRIMP U-Pb 4F i , 3 S8 4F
I HE A A 158 25 90 ) — B AR T ol AR
(P QITE= & X Lo

DU 1 VG R FBAS [R] b XM 8 1 2 BEBE B R AT
ZL03E) IR HAE B A OC R X E TR AT B R
ST, N EA WIS 4 32 ok D 5T e T
M B SR 2 2 i 8 5 MR AR K £ ik S
AR R (RS B 4, 1999) . 4 S AR R (1986) Y
JEEL A VO )1 VG i 0 8 1) K 5 1 4 32 el AR T R
SOl KL EE K A B A WAL T R 5
G W X AN BT AT ., BEFRE WL
41 anfer 5 B BHBE R B AT L B R B 2
g o
4.2 XEWLABENDLEBRENITIR

SHRER ALK LA W A A REE R B
o7 KR AL O A AR R R O A R Sy
SRR, SIO, &R (68, 78 % ~73.93%) . e HE
T RGRHLE D, A RE e, Zr HI %
It . Sry Ba, Py Ti & 8%, 7R JC R 3 ik
B sl fsE LR 3b), Bk S A-RITE
F A A AL 2 ML B A 2% FF AE (Whalen et al.
198 ML, FFAMKT I 5 A 725 R Pk Je L 2 (g R
1E Ga/Al—Zr WAL K 55 2 B AT AT G K

2000

1000 |
o~ 500 R AT 7
> I
:f 00°

100 /lxtﬁgim ©

NG 7 /-

1

10000*Ga/Al
Bl 6 R HBRM: KA R Zr—10000 * Ga/Al
[ fi# (i Whalen et al. , 1987)
Fig. 6 Zr vs 10000 * Ga/Al diagram for felsic

volcanics of the Tianbaoshan Formation

wIX, 5 ST IRIZE b A B W X (6D
MHE e o0 2 X A-RUAE K A B 3 — 2 R 4 (Eby,
1992) , REINAHBR M K 1L E B T A2- BT 5 A (A
7).

Y Y 3%Ga

Bl 7 REWABRM KA A RS T E
Fig. 7 Nb—Y—Ce and Nb—Y—Ga ternary diagrams
for the subdivision of Al- and A2-type granites

from the Tianbaoshan Formation

KT AL R CE R, AR E RS T A
[F] A TA P, A AT A3 g = Ao [/ g W8 . (1D
SRR T H M 7e , 2 ik s VR AT 15 )5 YRR KL S R A A3
R E e ) (Collins et al. , 1982; Clemens et al. ,
1986; Whalen et al. , 1987), s & Hi & & A %% . A&
KA AN S = NS TR < N A 3
R EhE B (King et al. , 1997, 2001; Dall’Agnol et
al. » 1999) . (2) R U5 T Hb&g I IX, IS 4= 19 % o ol
B LAY 28 3 4y B 45 O B (Frost et al.
1997, 1999, = # & 0 I8 % s it A K AE b T 45 &
3 Sk TR b s2 B 4 e ) 5 R G TR i (AR R 4
2002)., (3) 2k ¥ T 52 18 & HK K & (Wickham et
al. » 1996; Mingram et al. , 2000),

g T E K A R M LA R YR 2 G
Xof BB 378 B RR M KLl s 34T T Se A Nd Y R 7 R
I E (3 3) . o Sr[Al i 20 i 45 R A2 AR K,
(n(*Sr)/n(*Sr) 7 fHM 0. 110976 | 0. 791054 . it
IR T — A A Sr R R AR I L TG s R
HOA B BRSO R — I E B F AR i A
AN b R Bk 3 . PR b A — &5 2R O BT RE &
PR SR A HUBE A i A B i ) R, U8 B R 521
HKIETE B Z G Sr AL R AR R 32 3 78R i 4
2y IR R X A L R AT Rb-Sr 88 I 28 5 vk 3R A5 45 i 45
AR — R HdE (1540Ma Al 907 Ma) 3 A JE 4 B
T ENTRY Sr R R KR Z 2 TR AR .
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Table 3 Sr and Nd isotopic composition for the felsic volcanics of the Tianbaoshan Formation

5 Rb Sr n(8"Rb) /n (%5 Sr) n(¥Sr) /n(%5Sr) + 26 [71(87Sr>/71(8(‘5r)]\
CX67-1 274.999 10. 351 82. 974936 1.519986+0. 000034 0.572016
CX67-3 330. 595 7.344 143. 540666 1.750895+0. 000041 0.110976
CX68-1 179. 392 21.979 24. 452544 1.0704184-0. 000012 0.791054
S Sm Nd n(M7Sm) /n(M** Nd) n(MSNd) /n(MNd) £+ 26 [11(”3Nd)/71(1“\1d)]\ ena () tpm
CX67-1 16. 205 79.041 0.123947 0.511984+0. 000014 0.511334 —5.32 1904
CX67-3 16. 360 69. 569 0.142172 0.512108=+0. 000013 0.511362 —4.78 1861
CX68-1 13.910 66. 934 0.125643 0.51201640. 000013 0.511357 —4.88 1869

SARFEIHABRME K ILAER Sm & #AE 13,91
~16.36pg/g Z B, n("*Nd) /(""" Nd) 43 # {5 7€
0.511984~ 0.512108 Z [A].exa (£) fHTE — 5. 32 %
—4. 78 Z A1 (K 3) . ARHE T B Nd [F] £ 2K 19 3
1678 1. 0Ga 247 75 5 MU 1 ea (O {H B AE +6. 2~
+9.4 Z 8] (Jahn et al. , 1988), K 5¢ 111 4 2 1 k1L
Friend (O (Z B 1 SHRIMP U-Pb 4F % 45 R 4%
1. 0Ga 3158 AR5 =7 15 i 1) 8 AL A ] 5 gl A 10
EATESNE R A I8 . R e (OH S
Hu S AT A ) — 28 S BUAE A T o AR, R BTR 1
HBRPE K E EEoR A A s A . BEREIX
0. 8Ga & 45 1 bf 2H R 1 K 1 s sk Ak 27 A S T
A2 BB KA BT ena (1) =0. 8Ga) Sy +1. 11 3|+
2.62, APFREV A ENEZ B MR OIB
A2 BT A b 5T AR B — AR R
1b 25 5o S U (ERRAE S . 2003) o RE AR
PEKILA W B A A2 FUAG R 7 1 3K Ak 2% FR AR (5
Hena (O H I3 HEZH R 1 K LA Bewa (DIRIF 2, B
REMTMPBCRIEFIE R T XEA B ER.
exa (OB F WK 5 I AR M LU 1 4 o3 ok U DA 5
FEHLSE R o = AN FE R X 5 5 e e ) A i AL
F 1860~1904Ma 2 [8] (& 3) . o Ui B fe ) 5 3 M
by S EORAR B L B AT S A AR Y i B A
FBEF], 2] 1. 0Ga 2247 FRME KL A TR . S b A b
AR R e &l TR 1.0Ga (1 Hb 78 i B
M

K b 53 ) TS OE R Pk 5 3K £ A LU L
AL o — 2 B 9 100 IS 4R f b 7 0 R 4 3 0
FERIE B R 2 09 1R M 2% Ci LAAE R A B
) TR AE KR 24T SR B 5K B BOE B 7 R 43
il 0 1 0 T A TR S I R P 5 IR O DL R M il s
FINR S0 B R0 28 77 1) = 2t 78 Bl B il 428 I B 9
571 B T b 58 w0 b ) K i b 52 ) B
AERERRIEEK .. &R A R 2R 5 [A) A

R B A H R AR BE 5T X8 B R BLR
1. 0Ga By E S L TN I T 5 IS 4R A B iR
FIHBRE K a T REEA K . RATE U R 1k
HIRAE T 8 WO 5 R R A IR PR OB 2 Y
W RE WA PR &4 DRI Kl (AR
AR [ I A R PR 5 BT T 2448
HEEH AT REME AR/ . RS 4Lk s e A T BE Y
TE W7 20 2 » 8 il iy 42 e 9 488 o B » 4% 77
FIRHS 9 o 7C W) I A He I M il AR R A e 3K B
JE W R PR T R E 4l ks . RE Ik
s 5 B PH R & RH B B 8 K T s (] R iR —
B, X LA MR T3 1 A ) R
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Chronology and Tectonic Environment of the Tianbaoshan Formation:
New Evidence from Zircon SHRIMP U-Pb Age and Geochemistry

GENG Yuansheng, YANG Chonghui, DU Lilin, WANG Xinshe, REN Liudong, ZHOU Xiwen
Institute o f Geology ,Chinese Academy of Geological Sciences, Beijing, 100037

Abstract

Volcanic rocks in the Tianbaoshan Formation, distributed in Huili area on western margin of Sichuan

Province, are mainly felsic volcanics. These volcanic rocks are classified as rhyolite, riched in SiO, from
68.78% to 76.96% and K,O, with ratio of Na,O/K,O between 0. 01 and 0. 34. They are mid fractionation

in REEs, with strong negative anormality of Eu (Eu/Eu® =0. 18 ~0. 35), meanwhile depleted in trace

elements of Ba, Ta, Nb, Sr, Ti, so have some characteristics of A-type granite. exs(¢) in these volcanics

is from —3. 05 to — 3. 45, similar to the S-type granite from the melted crust, which indicates that the
felsic volcanics mainly formed by the crust melting. Zircon SHRIMP U-Pb age dating of 1028 &= 9Ma

indiacates that felsic volcanics in the Tianbaoshan Formation were erupted during the late stage of

Mesoproterozoic.

Key words: Tianbaoshan Formation; felsic volcanic rocks; geochemistry; zircon SHRIMP U-Pb age
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Fig. 1 A geological map showing locations of the Dongsheng uranium deposit and

sample collection, North Ordos (modified from Cai et al. , 2007a)
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Kie—Lower Cretaceous Yijinhuoluo Formation; J,z—Middle Jurassic Zhiluo Formation
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host sandstone (No. 2-62) of the Middle Jurassic Zhiluo

Formation in Dongsheng area (left: transmitted light;
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extracted from inclusions in the host sandstone of the

Zhiluo Formation and Triassic source rock
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Fig. 5 Partial m/z = 177 and m/z = 191 mass

chromatograms of oils extracted from inclusions in the
host sandstone of the Zhiluo Formation (No. 2-62) and
Triassic source rock
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Origin of Spherical Magnetite from Host Sandstone of the Dongsheng
Uranium Deposit, Inner Mongolia

LI Hongtao"* ,CAI Chunfang"? ,LI Kaikai"'® ,LUO Xiaorong"?
1) Institute of Geology and Geophysics, Chinese academy of sciences, Beijing,100029
2) Key Laboratory of Mineral Resources, Chinese Academy of Sciences, Beijing,100029

Abstract

Spherical magnetite has been found in the Middle Jurassic Zhiluo Formation sandstone in Dongsheng
area, Inner Mongolia, in the northern of the Ordos basin. In order to assess its origin, the host sandstone
has been analyzed for fluid inclusion oil biomarkers, pyrite §**'S, calcite §"°C and observed under scanning
electron microscope (SEM) and X-ray energy dispersive spectroscopy analyzer (EDS). Fluid inclusion oils
in the host sandstone are characterized by significant amounts of demethylated hopanes and tricyclic
terpanes and existence of unresolved complex mixtures. The features indicate the result of biodegradation.
Pyrite has §*' S¢prvalues as low as —19. 8%, indicating that the sulfur was originated from bacterial sulfate
reduction. Calcite cement exhibits 8" Cppy values from —12. 3%, to —19. 7%,, suggesting that partial CO,
was derived from petroleum oxidation. Biogenic pyrite was found to intimately intergrow with calcite
cements with petroleum-derived carbon, suggesting that petroleum was likely oxidized by sulfate reducing
bacteria (SRB) and thus supplied a source of the carbon in the calcite. Furthermore, SRB may reduce Fe*"
to Fe’" by anaerobic respiration, resulting in magnetite precipitation. These lines of evidence lead to
proposal that SRB may have degraded hydrocarbons coupled with Fe'" reduction and thus spherical
magnetite formation. The association has important significance likely to uranium ore and petroleum

exploration.

Key words: Dongsheng uranium deposit; spherical magnetite; §'S; 8" C; hydrocarbon inclusions;

sulfate reducing bacteria (SRB)
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Discovery of the Polymetallic Mineralization Zone in Mazar—Heiqiadaban
Area, West Kunlun, and Its Geological Significance
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Abstract

Magmation was frequent, tectonic deformation was violent, the history of geological evolvement was
long and geological condition of producing mineral was good in West Kunlun. There is advantaged
geological condition of producing mineral in West Kunlun, but the grade of commodity research is low
because of the execrable physical geography. During the field researching from 2002 to 2003, three
mineralizations which all have five ore bodies were found to the east of Mazar by author. These ore bodies
nearly depend on Kangxiwa tectonic belt in time, space and origin. The three mineralizations including five
ore bodies constitute the ore band of polymetal in Heigiadaban. Although the tenor of the ore bodies in ore

band is relative low, the ore band has huge size, has good geological condition of producing mineral and

clear unconventionality (abnormity) of geochemical exploration, a better future of search for minerals is

showed.
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