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AP SO AT T RGN RETEEE & T KL b BBy A= Wy T 09 42 90 2 331 JF A0 37 R 46 A 0
BTAGORE 220 S T B TR A R VS R T AR SRR AR . AR X 6 A 2 A T op B T
A Z AT T LA-ICP-MS U-Pb 85 7 4 2 0F 5T - #8718 o 04 3t $G A ) AR A g g XD 125, 4+ 1. 4Ma & 120, 1
1. 1Ma, KEES B 500 J5 4R S W R T 45t £Rn] A ) 30 0 1 DAy 5 o S0 L 000 2 B R 0 P 0 . 5 AR R R
02 2 T IE T ICAR S A A e L 2 b EAGT A ) TR A A ) vl B 58T BE R ) B R N A W 5 oy B I A T I IR

T Y 2 S Al Y MR IR L O PR R 2 T R

R AT AR R s AR AR AR )R s Je T A s K%L R B

T VE A A TR % 22 W vp B AR Bl P I £ L 1
%k, j—> NEE [ £ v A= A7 B 42 4 (Li Yongfei
et al. , 2013;Chen Shuwang et al. , 2013) (I [& 1a,
b) . 110 km, FE¥5E 25 km, F iR AL 3 km, [ FR YY)
1692 km®® . Zl 4 A AU ) LB R &L T AL
FGHE L G TEAME S X H (BGMRHP, 1993) , 1
HotH b B £ a AT AR W e s A . i
NS 2 3 DX BT A B B A A A A 4 (Ding
Qiuhong et al. , 2014; Zhang Yujin et al. , 2016),
RS/ 28 G0 1 S5 R L X A R A AR B AR A
R IR A B . A IR AR 2 3 XSGR A = B T
HEAT T ORI X A BT SR W A A AT T &R
GE RS B IE TE kA A A S
TR %W v BB AR R 00 AR W 2R 00 TR I X Ol
AT B S A)ZHTT T U-Ph [A 47 2 4FE A 0F
FEo PRI A SO TE 455 T8 e VM X i) #4002 )
FEAL AT 4G R AR B AR IR 4R 1 A A7 i R e 2R
A By R B A A

1 DXl o E 2

Fh M R AR AR B R D TR B
TEMA . FHESE LA JCRAME WA, TEA
H DB R0 LU R S 2 e O 2 A s T 4l %
PRI R R TR PR A A e AR &
BN KL 2 E R T A R B s HT 4 2 B
o R KA .

WFoR X 32 2 & O AR W REAL A 2008 T 1
GRS VLA X BA (1972)® #£ 1/20
T3 WA FLAE TR v A 37 ) TP 22 0 I A L A
LA L AL R 2 U KL L I
Ko 1974 4, F A TRV 22208 A 47 Al
“ R SO S TG IR RIS ROV X
B b A 4 5 41 (BGMRHP, 1993) 48 8 VL4 19 & X
BT R AAH 2 F JFR (1 e 0 K E 417 oG I
R LT KO R AT N R BIRTTLE
5 (BGMRHP. 1997) %5 Fl 7 28 Jp 11748 Hb 5 75 10

e 7 30y v B A R 3 H (45 DD20160048-04,12120113053900,DD121201102000150012-17,DD20160345-17) #l [E % B A Bl 23

AEIEA T (S 41702032) B4 V% BB R .
Wks B :2017-10-22; 2k [B] H 41 : 2017-11-09 ; 5T AT 4 4 - B 1C
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K103 05 58 FF 48 e TL B Ll SR AE 6 AR R B 1T (P19
FITED B8R A b 8 2 5 M ) i (P16 &) 1D Ay b AR
YR TR T 4 T J2 AL R Ol A R BA ) T (P19
1) Y L3R4 2 R M IR 2 B IR S A T
ROCZW M X — B MBI e s e 7+
FARAEAA . SRR, S TR R
HEANBEAEMER . WA A . Ding Qiuhong et
al. (2014) AR AR 2H 30 I N R VT 20 9 | B 3L
R R T (3 1 L B SR B T4 .

AU T AR A 21 J2 0350 1 64T T 5 R0k 40
il s FEE AL TR e VLA e VL L R DGR R R g
T — 7 (I 1o, 2 5 A8 bR . 1227557197, 47714
36" 4 S A bR . 122°58712",47°13" 18", £ H 1E Ltk
R ERGRE T 54 i EW A A Mk F
7 RS IR TR R T A A2 A 2 A

RN 2 &\ 2 ) 4y 54 W58 L AE (Zhang
Yujin et al. ,2016,2017) . A WA 5% 0 3 A5 9 K 1k
AR K B F 2 B H 92 32.33.35.40,41,
43.,45.46 .47 .49 Z (LK 2) /D HSR A A0 R FHE .
Zhang Yujin et al. (2016) 5 S iR TG4 H)Z )2
FF N KGR 3 A F e YT 40 %8 1 AR B O 405 95 IR
EZ L WOH A R R X RS R TR RS
AR SCRR A A 205 R AR O A R R AR R Sy
3 AN AEMB (WK 2), o — B K4k 4 10 BE K
JK A B BE K R R S A A S
DEMYATE s B — B IR F K ATRE .
BEIK e A B K TR 0 2 L Al b o S R T e A
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L K ATBUE IS EE K 5K T B 5
LR A TR A A &R
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Fig. 1
1 AR 2 HMA ;36U ;4 Tl 5 HEmEH;6 TR 7 L8 Wl AR )2 ;9 3 Tt 4
10— =Bt 11— R oG m Ak 12— JIm & 13— P e a s 14— Wb 40 15— R 3 R PR 16— 4 T 4 b L 4k

1—Quaternary; 2—Ganhe Formation; 3—Guanghua Formation; 4—Longjiang Formation; 5—Baiyingaolao Formation; 6—Wanbao

Tectonic settingand geological simplified diagram of Longjiang basin

Formation;7—1ILaolongtou Formation;8—1Late Paleozoic strata; 9—FEarly Cretaceous rock; 10—Late Triassic rock; 11—Early Permian rock;

12— profile location;13—{fossil plants; 14—animal fossils; 15—isotope sampling location;16—speculate basin boundaries
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Table 1 Historical review of Guanghua Formation in Longjiang basin
1 20 LR FFIL1E @ B A E TEkLr .
(1972) (1997 (2014) 7
H 2 (Ko g
HAL (K ) ' 4L (K, )
G LI i 4D
e TH TH A St B
Lk KA 59 B2 HARH (K gh) £ o ARG B
S T L (KD (K gh)
U H% I B
JALEH U2 JEILA (K D JEVLAH (Ko D)
Bt A DA v B S FNEE K e 5 7 3 A Eosestheria ( Plocestheria ) damiaoensis,
Ay R . Eosestheria ( Plocestheria ) cf. damiaoensis,
Eosestheria (Plocestheria) cf. zhangjiagouensis,
2 A A Bk . . . . .
Asioestheria  hamakengensis, Asioestheria  cf.

Je LB GRS Ot e 21 2 B ) v A A B R
AEPITIZRTT H il & A A A B (& 3a) . 4
JE2E (H 3b)  WLFE A AL 2 (T 3o) , fadF 2K (] 3d,
), BRI 31, ) MYy (& 3h) 45 8 4112k 94
TR SR A AT o 28 2O 2] T A R ) Al A A AEUR A
i 2SRk iE (Zhang Yujin et al. , 2016) , A& ¥ &
FKAWETEH B A B 2R F R S5 .

2.1 MENLER

St A JE BT B B A B o R
ZABAA B, FERFENRE BRI S
H A ORAFIR B0 R A . I EOG AR A A
£1 . Wang Wuli(1976) .Ding Qiuhong(2014) ¥4 4k
A E . S T R I O e A A T 22
FomrR L KEd 5 &/ 21 f,oe A

Bairdestheria FEosestheria

SpP. »
(Longjiangestheria) cericula, Eosestheria opima,
( Longjiangestheria )

Eosestheria opima,

FEosestheria ( Dongbeiestheria ) sp. . FEosestheria

( Dongbeiestheria )  guanghuaensis, FEosestheria
( Donbeieatheria )  shanquanensis, FEosestheria
( Donbeieatheria ) naketaensis,  Fosestheria
( Diformograpta ) valida, Eosestheria
(  Diformograpta ) vera, Eosestheria
( Diformograpta ) pudica, Eosestheria
( Diformograpta ) cf. middendorfii ( Jones),
Eosestheria ( Filigrapta )  sp., Fosestheria

(Filigrapta) cf. ovata, Eosestheria (Filigrapta)
cf.

Fosestheria

producta, Eosestheria ( Clithrograpta) sp. »
( Clithrograpta ).
( Plocestheria )
( Plocestheria )

gujialingensis,

Eosestheria chifengensis

Eosestheria cf. chifengensis,

sandaogouensis,Asioestheria cf. nanying panensis,
Chifengestheria sp. ,Yanjiestheria sp. .

S M B A EEWAAAE TR P, b
Bz M AT LA SE 1 A Eosestheria opima-
E. (Dongbeiestheria) guanghuaensis 4 (Ding
Qiuhong et al. , 2014) (WL E 4), T H H Eosestheria
(Plocestheria) #l Eosestheria (Clithrograpta) 5%
WO M U7 B M Ry R AL B W Eosestheria
(Plocestheria) 3%t BLAE Jg V1 LG A2 A 1 o 0 —
o MITEERE A P BT A4S 32,33 A 35 2 LK
HOW
guanghuaensis, W2 J7 B R, HAXH B 7E B E
AR —HF . 5 Fosestheria opima #HFEH AR SO
Hogdt s — A A W4 /& B Eosestheria
( Dongbeiestheria )
opima , BT BN &R 5 W] A K ARG 4
P B EEE A7 49 )2 # E B K & FEosestheria
(Clithrograpta) gujialingensis,iZ ff B 45 H %I )
I S I HLAT 5 A0 7 SR R ER AT X L
WA SORF G H A I 34 e 57 75 — A A 4 5
N Eosestheria (Clithrograpta) gujialingensis -
Eosestheria (Plocestheria) chifengensis, B T 1€
B L.

®2 RIEXGCEEREIAE
Table 2 Stratotype section of Guanghua

FEosestheria ( Dongbeiestheria )

guanghuaensis-Eosestheria

Formation in Longjiang County
TEEZZHAUA(K)RBEZIRE
BEaEm
THESEA (K gh)
HBEB (K gh'):

JEREE>743. 78m

61. JK 2B — K &kt ff1 A AL TR TR b A 6.7m
60. JK &k 2 58 IR i RD 8 G 6. 4m
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92 RS KO
59. K&k O BER ML & 11. 3m
58. JK &% (0 BE IR D Bk 13.1m
57. K g 6 3 + &, &% ™ i /v Eosestheria ( Plocestheria)
chifengensis AP : Cladophlebis browniana %%,
4. 6m
56. B R AL BE K D B 13.1m
55. JK &% 0, 5 WREE K FORLED 45 16. 7m
54, B AR BT BE K 4.8m
53. JK &R U L A R A 25.5m
52. JR 44 B K 0T T 2 LAY 13.4m
51 K S0 3 S0 L A Rk A 48. 1m
FEHAPE (K gh')
50. K& R L& 2.4m
19. RGP v SR GO Kb 5 H 2 & M A« Eosestheria
C Clithrograpta ). gujialingensis, Eosestheria

48.
47.

46

(Plocestheria) chifengensis, Eosestheria opima {8 )1t

1% 3.3m
0 2 e TR B K R 10. 5m
KB BE KRR A, & W B Eosestheria opima,

Eosestheria ( Dongbeiestheria ) guanghuaensis,

Eosestheria ( Dong  beiestheria ) sp., FEosestheria

( Clithrograpta ) gujialingensis., Eosestheria

( Clithrograpta )  sp. s FEosestheria ( Plocestheria )

chifengensis, Fosestheria ( Plocestheria) damiaoensis.,

Eosestheria ( Plocestheria ) cf.  zhangjiagouensis,

Asioestheria  hamakengensis , Yanjiestheria Sp. s

Eosestheria ( Filigrapta) sp. ; B B 28: Ephemeropsisi
trisetalis, Aeschnidium sp., Coptoclava longipoda ,

&y IR 2K
quadripartitus; 1§ & 2%

Liaoningogriphus
sp.; HH ¥ 1k £
Equisetites sp. » Onychiopsis elongata s Cladophlebis cf.

Karataviell chinensis

. Bithynia
Carpolithus  sp. »

neimengensis, Ginkgoites  sp. ,

Acanthopteris alata, Podozamites sp., Baiera cf.
gracilis, Phoenicopsis sp. , Ctenis sp., Czekanowskia

rigida , Xiajiajienia sp. , Coniopteris sp. %5 ; fi ¥y tb A

- 1.5m
KRB AOFE T AR B K R A, & A Eosestheria
opima, Yanjiestheria sp.; WF 2&. Liaoningogriphus

quadripartitus ; ¥ ¥) 16 71 : Equisetites sp. » Carpolithus

sp. » Acanthopteris alata %5, 0.6m
AS. B B A R b o 5 BE K BT A W o &R
Eosestheria (Clithrograpta) gujialingensis, Eosestheria
(Plocestheria) chifengensis %55, 1. 6m
dRBEWER LA L. 2m
43 LA Z B L R K Sk G R BE K TR R 00 B A
Eosestheria ( Plocestheria ) chifengensis, FEosestheria

(Plocestheria) damiaoensis, FEosestheria ( Plocestheria)

cf. zhangjiagouensis; WMF 2&.  Liaoningogriphus

42.
41.

40. ¥ K

39. %
38.

37.
36.

34.
33.

32.

quadripartitus ; ¥ ¥) 46 A : Equisetites sp. » Carpolithus

sp. 4. 1. 6m
IR 2% € v 2 BE IR BT AN D 0.2m
W e LA %0 BNk A Eosestheria
(Plocestheria) (hifengensis f;“f: . 1. 6m

SRR T TN Al i U <
( Clithrograpta ).
( Plocestheria )

o B A

gujialingensis,

. Fosestheria
FEosestheria

chifengensis, Eosestheria opima; .

Lycoptera. Davidi, Lycoptera sp.; i /& 2&: Valvata
aff. Suturalis,Bithynia sp. %%, 31.2m
IR A TEACRF 4.9m
IR 55 — JR 58 8, v JL 2 58 K ST D Bk 5 e T 2 O X I R
29.4m
TR R 23 0, v J5 )22 B R 5 o A0 R D 15. 3m
R 2 (8 v g S R K T 5 oML 12. 7m
CHERE A ZE R RIS S D i A Eosestheria
( Dongbeiestheria) guanghuaensis, FEosestheria opima
%, 5.0m
K0, v L2 R S5 ¢th 40. 9m
TR AT BOIR BE K B0, % B A Eosestheria
opima , Fosestheria (Dong beiestheria) sp., Eosestheria
(Dongbeiestheria) guanghuaensis %, 43. 8m
WK G W ORE Lo, & WA« Eosestheria opima ,

FEosestheria  sp., FEosestheria ( Dongbeiestheria )

VI <3

Cypridea

Cypridea ( Cypridea )

guanghuaensis;

tubercularis, ( Cypridea )  wvitimensis,
Darwinula contracta s W5e 2% : Arguniella subcentralis Fl

Sphaerium sp. %5 ;B £ 35 : Valvata all. Suturalis %,

44, 2m
3. KR 25K R K A4 A B A 4. 8m
FHEATE(K gh')
30, JK &30, T 2 BE K T R R A 20. 5m
29. B4 T2 B K 5T R v oRLRL A D 24. 7Tm
28. WL A0 N E 5 8 BE R A Bk 66. 8m
27. RGO & T K f TR A 44. 1m
26. K 20, J5L J2 05 B TP A R A A A T D S e K 2 £,V 2
IR 520 72. 7m
25?%@*FF% B R A 4.0m
24 JR 28 A0, T JRE T2 B K BT T AR £ TR A 19.1m
23, JK 55 — BB K A TR 68. 1m
22, JR &30 W2 B R 0T P AR A 0.1m

21.
20.

19.

18.

17

TRAE — TR ¢ 10,3 2 5E K & BRBLR R A7 5 B b 2 0. 04m
TR 23 €0, T 2 8 0 T R AR K A o b, S e
R Y T 0.2m

WA 2 B I R AL A e TR s L S A A
R ZERT A 0.1m
K 2 — I A5 10, v T2 R K TR R 0.2m
- 2 BEK B PR E TE 2B 0.3m
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16. JK 23 40308 2 Bk K B A bL K A A TS A 0.05m BE i+ adh . B0 RERM, FE N Lycoptera
15, BEaR MR BE IR A1 6 T D 0.2m davidi Fl Lycoptera sp. » 3 J& F& K 4 . & H 8
14, JR 5565 0 J2 B8 K0T & BRALURL K T8 b 0.1m o 2 JE UG 2T R S A AR B N, — R TE 9~
8 DR IR R O I 2 T R 2 o R 1 B
12. Mg O )2 K A5 E a5 0.08m

11 B2 (0 2 BE K TR W 0o 0.3m
10. B &% (0 3 )= B0 5T PR B e 5 )2 BEIR BORLRL I 0 5 T

WaEHE 0.1m
9. LR 002 B K BT E SRR 4 B B s 0.05m
8. IR &4 T 2 BE KT & BR AR K A B D 0.1m
7RG R BEK K AE B 0.08m
6. IR 5 5, T J2 BE K 0T TR R 0.1m
5.0 ()2 S ERRLRL I S B A 0.1m
4. JR AL T2 BE K ALK A A B 0.1m
3.4 0 2R D TR 0.08m
2. LA P 2 B K BT P A TR AR S 0.3m
1RGO SRR K AT 8 B & 0.6m

B i
TG A (K D TR 2% (522 111 53 A B 205 B IR

2.2 fiRELE

JEAE 2R T A B A L H R R R
B KRB AA R W 32 R SRR L E .
AR RIS 2 8 4 Fh, EEA Cypridea
(Cypridea) tubercularis, Cypridea (Cypridea)
vitimensis, Darwinula contracta, Cypridea spp.
&, H v Cypridea (Cypridea) tubercularis Fil
Cypridea (Cypridea) vitimensis ¥Ry, 7T 8 FR
Cypridea ( Cypridea ) tubercularisCypridea
(Cypridea) vitimensis 6. %ALA VLo i H R &L
M/NR 2 B A8 A 28K Darwinula
contracta . R @ VBRI RAF 4 S5 £, IR ] DL 58
Hese i, HAME E A R SORT /NI VR DR AT B LF 5 AR
A5 R AR AR i S 2R HENIZ A A R T
BT T R S
2.3 WMEEMBERE

e 4] 2 B T B e R A AR R R H O R
JEAR TG HR P Be i Hoa b o ATz EAU 2
B, EE R Arguniella subcentralis Fl Sphaerium
sp. s EE N Arguniella-Sphaerium HE, 54K R
Hp o RS JE B > R A R
N Valvata aff. suturalis,Bithynia sp. , i T2
AR 5D BRI A H G .
2.4 fHRE

DA 21 )22 B T B Y RS ) T (O A R 5 K
J5) 28 A A AR A A BB 2 5 oA Ao R L P

A7 5 U0 e T A b PR A ) P 50 B R 2 A
JGHE A TP B B o o3 A T 2R LR 2, — AR R
BRI —Fh s R I 58 . PR3 7 Aol R 28 34 ke B 1
pRINC W AARIIES: SR SNIN =1 8701 OB e i)
B G R — AR R AL B Liconingogri phus
quadripartitus TRIEHT ,
2.5 BH

KT B A A B R E D AR R
1 2 7 B xR A B B A AT T R GUR AR
WE5E Hof A EZIRAF TOLRA P B 46 F1 47 JZ
% L a ABE K s L RS E i 7 H 8 BEL 18
i Aeschnidium  sp. ,
Coptoclava longipoda, Ephemeropsis

Karataviell chinensis ,
trisetaris
Eichwald, Homoptera, Orthoptera ( Habrohagla) ;
Raphidiodea, H th
Coptoclava longipoda F Ephemeropsis trisetaris
MG B R, B H B & N Coptoclava longipoda-
Ephemeropsis trisetaris . AR KR K& MR
Hufbsr, EEAEEH EH PR E FEE
WH G E g A H bR R X SR A
A N 30 2% 28 A 2 BR 05 AR B e 2 A T Al A S
AT LA DA SRR St AR 2 R I e v L R oy
X L R RE A T M B
2.6 1EY

SR E R E A A R OB A
B NFEE, % Zhang Yujin et al. (2016) REWI5E
WA RAL AT 18 J& 31 F, B AT RS KK
J IR AR N TR R ARV S RS KRR 2R
WHAZE AATREFH . PR LLERE N £,
Bl BB B Coniopteris. Xiajiajienia, K W&
B Onychiopsis F4y 2 A B Cladophlebis
SN Hoh Cladophlebis 53 5t B fic iy » o5 HE 40 41
B 19 4% RO AR A A (AL HE RSO S Y
AN 19,400, Z R ZOR M 28 5 IRk 28 AR P I3 Bk
RAEW B A 7528 HAAAZE B K R 2R AL A5 PR A 1
JE AR R, RZEHZE W WY
1. SR BRI R SRR LR
Onychiopsis elongata F Acanthopteris alata BN
T 2 AL 2L A R BRI e
P (Zhang Yujin et al. ,2016) . [ K ' A 41 A

Prophalangopsidae,
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Fig. 3 Photos of fossils of Jehol Biota from Guanghua Formation in Longjiang basin
(@) — A s () — A TB 8L 5 (o) — BRI s (D) — I TR IR (o) — B AR EE f1 s (D — Z R AR () — KIBHEF s (h)—Fi ol A K

(a)—Conchostracan; (b) —Ostracoda fossils; (¢)—Sphaerium sp.

5 (d)— Liaoningogri phus quadripartitus ; (e)— Lycoptera davidi ;

(D —Ephemeropsis trisetalis ; (g)—Coptoclava longipoda ; (h)— Neozamites denticulatus

WIEH 5% € N Onychiopsis elongata-Acantho pteris
alata A WL T 20 301 0 A8 ) 4 TE 400
2.7 fam

SRR A T2 BRI S 47 )2 A
PR R P8 A5 BE R BTE 5 A Ak A rh R AE Y 98 T
TR A A AR 2. 8300, 4k 3 & 3 b
( Zhang 2016 ). F B K
Cyclogranisporites sp. »  Leiotriletes Sp. »

WY AER 15 & 18

Yujin et al.,

Biretisporites potoniaei ,

Bl EBONFAMAZE . & A LR AL G 97, 172,
DLt BB R0 4 2R AE B Dy F. LR BT R g
(Alisporites) HAL#(33.97%) . EE Fy Alisporites
parvus Fl Alisporites thomasii; 4 BR ¥y &£ 2 N
Psophosphaera bullulinae formis (16. 04%) ; % i
¥ ¥y ( Podocarpidites) F B N Podocarpidites
canadensis (1. 89 %) Fl Podocarpidites bi formis (9.
43%0) . HE T s8R & A AR
HEHEN CyclogranzsporztesfAllsporites HE.
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g | e | | B g | L YR FA
= (m) B33 o g A NIk HiY ik XW5ek Bl falf% | LATICP-MS
il
i 61 6.70 J114.3£2.9Ma
7 60 | 6.40 = (Zhang Chao. 2018)|
- 59 | 11.30 = '
38 (13,00 ==, >
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Fig. 4 Biostratigraphy-chronostratigraphy of Guanghua Formation section in Longjiang basin
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1975) | vp [ AL U 43 1 K 41 55 — BL (Pang
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Fig.5 Microphotograph of rhyolite crystal devitrified tuff

from Guanghua Formation in Longjiang basin
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Fig. 6 Mlcrophotograph of tuffaceous shale from

Guanghua Formation in Longjiang basin
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Fig. 7 Zircon cathode glow image of Guanghua Formation in Longjiang basin
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®3 RISMAEEARRKRETET U-Pb R4 R (PM211TW104)

Table 3 Zircon U-Pb isotope data of tuff from Guanghua Formation in Longjiang basin

fiil £ % LU AE 4 (Ma)
FE i 44 Th/U | 207pPb/ 207Ph/ 206 P/ 20TPh/ 20TPh/ 206Ph/

206 p1, lo 235 ] lo 238 ] lo 206 P, lo 235 lo 2387J lo
PM211TW104_1 0.71 0.0485 |0.0039| 0.1212 |0.0101| 0.0179 [0.0005| 123.0 177.4 116.1 9.1 114. 3 3.4
PM211TW104_2 0. 98 0.0487 |0.0019| 0.1255 |0.0052| 0.0191 [0.0005| 132.2 89.0 120.1 4.7 122.0 2.9
PM211TW104_3 1.49 0.0749 [0.0049| 0.2121 |0.0150| 0.0203 |0.0006| 1066.2 | 126.0 195.3 12.6 129.7 3.9
PM211TW104_4 0. 86 0.0496 |0.0023| 0.1309 |0.0065| 0.0196 [0.0005| 175.9 106. 4 124.9 5.8 124.9 3.0
PM211TW104_5 1. 28 0.0618 |0.0022| 0.1666 |0.0064| 0.0193 [0.0005| 668.2 74.6 156.5 5.6 123.5 3.0
PM211TW104_6 1.95 0.0808 |0.0029| 0.2035 |0.0079| 0.0187 [0.0005| 1217.2 68. 7 188.1 6.7 119.6 2.9
PM211TW104_7 2.23 0.0514 |0.0039| 0.1514 |0.0122| 0.0219 |0.0007| 257.9 165.0 143.2 10.7 139. 8 4.1
PM211TW104_8 1.93 0.0728 [0.0024| 0.1867 |0.0066| 0.0186 |0.0005| 1007. 4 64. 4 173. 8 5.7 118. 8 2.9
PM211TW104_9 1.19 0.0616 |0.0025| 0.1602 |0.0069| 0.0191 [0.0005| 661.2 83.4 150. 9 6.0 122.1 3.0
PM211TW104_10 0. 66 0.0489 |0.0024| 0.1307 |0.0066| 0.0194 [0.0005| 142.9 108. 9 124.7 6.0 123.8 3.1
PM211TW104_11 0.94 0.0566 |0.0027| 0.1492 |0.0076| 0.0194 |0.0005| 474.3 103. 3 141.2 6.7 123.7 3.1
PM211TW104_12 1.02 0.0493 |0.0028| 0.1333 |0.0078| 0.0197 [0.0005| 160.7 125.6 127.0 7.0 125.6 3.2
PM211TW104_13 0. 39 0.0477 |0.0015] 0.1314 |0.0044| 0.0200 [0.0005| 83.3 72.1 125.3 3.9 127.7 3.0
PM211TW104_14 1.65 0.0944 |0.0034| 0.2351 |0.0093| 0.0183 [0.0005| 1515.9 66. 4 214. 4 7.6 117.0 2.9
PM211TW104_15 1.24 0.0501 |0.0022| 0.1558 |0.0074| 0.0226 |0.0006| 199.4 99. 4 147.0 6.5 143. 8 3.6
PM211TW104_16 0.87 0.0508 |0.0017| 0.1347 |0.0049| 0.0200 [0.0005| 229.9 75.5 128.3 4.3 127.9 3.0
PM211TW104_17 0. 87 0.0487 |0.0035] 0.1305 |0.0098| 0.0193 [0.0005| 131.7 161.5 124.6 8.8 123.0 3.3
PM211TW104_18 0. 56 0.0478 |0.0016| 0.1291 |0.0045| 0.0200 |0.0005 89. 4 76. 4 123.2 4.1 127.5 3.0
PM211TW104_19 1.04 0.0505 |0.0018| 0.1307 |0.0051| 0.0190 [0.0005| 216.3 82.3 124.7 4.6 121.6 2.9
PM211TW104_20 0. 66 0.0505 |0.0019| 0.1327 |0.0053| 0.0196 [0.0005| 217.6 84.5 126.5 4.8 125.3 3.0
PM211TW104_21 0.72 0.0477 |0.0015] 0.1290 |0.0044| 0.0201 [0.0005| 81.7 75.0 123.2 4.0 128.3 3.0
PM211TW104_22 1.22 0.0508 |0.0022| 0.1505 |0.0069| 0.0224 |0.0006| 233.3 95.8 142.3 6.1 143.0 3.5
PM211TW104_23 1. 45 0.0483 |0.0048| 0.1293 |0.0133| 0.0194 [0.0006| 111.7 218.2 123.4 12.0 123.5 4.0
PM211TW104_24 0. 85 0.0498 |0.0031| 0.1378 |0.0089| 0.0204 [0.0005| 185.9 138.1 131.1 7.9 130. 2 3.3
PM211TW104_25 1. 29 0.0484 |0.0021| 0.1310 |0.0060| 0.0192 [0.0005| 118.9 99.1 125.0 5.4 122.4 2.9
PM211TW104_26 0.92 0.0470 0.0020| 0.1290 |0.0058| 0.0200 |0.0005| 48.2 98.9 123.2 5.2 127.9 3.1
PM211TW104_27 0.59 0.0531 |0.0026| 0.1341 |0.0069| 0.0192 [0.0005| 332.4 106. 4 127.8 6.2 122.5 3.1
PM211TW104_28 0. 95 0. 0500 |0.0028| 0.1360 |0.0081| 0.0196 [0.0005| 194.2 126. 8 129.5 7.3 125.3 3.2
PM211TW104_29 1.54 0.0694 |0.0026| 0.1836 |0.0075| 0.0191 [0.0005| 910.0 76. 4 171.1 6.4 122.0 3.0
PM211TW104_30 0. 88 0.0511 |0.0016| 0.1389 |0.0048| 0.0201 [0.0005| 244.3 71.7 132.1 4.3 128.0 3.0
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Fig. 8 Zircon U-Pb concordia and weight diagram of tuff from Guanghua Formation in Longjiang basin
~80pum, K e HLHIT 1 ¢ 1, B Wi i IR 3% 2 . S5 R BoR 18 MUK 4 FRAL Tl AL b K H R (&
HABER Th/U A (0. 36~2.23), ) bt T 53 8a),*" Pb/** U 4£ i My ALY fH 2 125.4 £ 1.4
IR 5 A 144 5 (Wu Yuanbao et al. , 2004), Jlj4FE Ma, R4 P B i DTRAR I



oo ¥ Rk A
208 http://www. geojournals. cn/dzxb/ch/index. aspx 2018 4¢

x4 RIAMKEARRKRIETRES U-Pb X4 R (PM211TWI23)

Table 4 Zircon U-Pb isotope data of tuffaceous shale from Guanghua Formation in Longjiang basin

[ 1 %% Lo fE AE I (Ma)
FE it 44 Th/U 207Ph/ 207Ph/ 206pPp/ 20TPh/ 20TPh/ 206pPh/

206 Pl lo 235y lo 238 lo 206 P} lo 235 lo 238y lo
PM211TW123_1 0.81 0.0573 |0.0017| 0.1484 |0.0048| 0.0184 [0.0004| 501.3 63.6 140.5 4.2 117.6 2.
PM211TW123_2 0.71 0.0497 |0.0023| 0.1418 |{0.0070| 0.0211 |0.0005| 182.3 | 104.9 | 134.7 6.3 134.9 3.
PM211TW123_3 0.59 0.0475 {0.0022| 0.1195 |0.0058| 0.0185 |0.0005| 73.3 106.8 | 114.6 5.3 118.4 3.0
PM211TW123_4 2. 44 0.0498 {0.0043| 0.1338 |0.0122| 0.0202 [0.0006| 183.5 | 190.8 | 127.5 10.9 128.8 3.9
PM211TW123_5 0. 66 0.0469 {0.0017| 0.1239 |0.0049| 0.0191 |0.0005| 44.7 85.3 118.6 4.4 122.2 2.9
PM211TW123_6 1.04 0.0587 |0.0016| 0.1563 |0.0048| 0.0193 |0.0005| 554.3 60.0 147.5 4.3 123.1 2.9
PM211TW123_7 1. 60 0.0530 {0.0042| 0.1410 |0.0117| 0.0209 [0.0006| 327.2 | 168.3 | 133.9 10. 4 133.2 4.0
PM211TW123_8 0.81 0.0640 {0.0016| 0.1787 |0.0051| 0.0198 [0.0005| 741.9 53.1 167.0 4.4 126.7 2.9
PM211TW123_9 0. 81 0.0489 {0.0016| 0.1318 |0.0046| 0.0197 [0.0005| 144.9 73.0 125.7 4.1 125.8 3.0
PM211TW123_10 1.02 0.0480 |0.0022| 0.1320 {0.0062| 0.0195 |0.0005| 101.4 | 102.4 | 125.9 5.6 124.7 3.0
PM211TW123_11 0. 65 0.0495 {0.0024| 0.1232 |0.0062| 0.0182 [0.0005| 169.6 | 108.1 | 117.9 5.6 116. 3 2.9
PM211TW123_12 0.96 0.0513 {0.0020| 0.1335 |0.0056| 0.0191 [0.0005| 254.5 88. 2 127.2 5.1 121.9 3.0
PM211TW123_13 1. 49 0.0486 |0.0019| 0.1254 |0.0052| 0.0189 |0.0005| 130.2 89. 8 120.0 4.7 120.5 2.9
PM211TW123_14 0.72 0.0495 {0.0021| 0.1304 |0.0059| 0.0185 [0.0005| 170.1 96. 1 124. 4 5.3 118.3 2.9
PM211TW123_15 1.61 0.0483 {0.0032| 0.1308 |0.0090| 0.0193 [0.0005| 114.3 | 148.3 | 124.8 8.1 123.3 3.4
PM211TW123_16 0.61 0.0479 10.0017| 0.1286 |0.0050| 0.0189 |0.0005| 91.1 83.9 122.8 4.5 120. 4 2.9
PM211TW123_17 0.56 0.0524 {0.0025| 0.1350 |0.0067| 0.0182 [0.0005| 303.2 | 103.1 | 128.6 6.0 116.0 2.9
PM211TW123_18 0.61 0.0485 [0.0013| 0.1249 |0.0038| 0.0183 [0.0004| 123.2 63.7 119.5 3.4 117.1 2.7
PM211TW123_19 0.69 0.0456 |0.0022| 0.1149 |0.0058| 0.0180 |0.0004 0.1 85.7 110. 4 5.3 115.0 2.8
PM211TW123_20 0.97 0.0496 |0.0015| 0.1310 |0.0044| 0.0190 [0.0005| 176.5 69.6 125.0 3.9 121.5 2.8
PM211TW123_21 0. 46 0.0489 [0.0017| 0.1243 |0.0046| 0.0182 [0.0004| 140.7 77.8 119.0 4.1 116.5 2.8
PM211TW123_22 1.03 0.0494 {0.0019| 0.1313 |0.0054| 0.0194 [0.0005| 166.1 88.1 125.3 4.9 123.5 3.0
PM211TW123_23 1. 05 0.0460 |0.0018| 0.1310 |0.0056| 0.0205 |0.0005 0.1 88. 4 125.0 5.0 130. 6 3.1
PM211TW123_24 0.99 0.0492 {0.0023| 0.1250 |0.0063| 0.0185 [0.0005| 158.8 | 107.7 | 119.6 5.7 118.0 3.0
PM211TW123_25 0.63 0.0508 {0.0018| 0.1240 |0.0048| 0.0182 [0.0004| 230.1 80. 4 118.7 4.3 116. 1 2.8
PM211TW123_26 1. 04 0.0523 {0.0038| 0.1279 |0.0097| 0.0182 [0.0005| 299.1 | 157.2 | 122.2 8.7 116. 1 3.3
PM211TW123_27 1.24 0.0491 {0.0023| 0.1277 |0.0063| 0.0186 [0.0005| 153.0 | 106.6 | 122.0 5.7 119.0 2.9
PM211TW123_28 0. 65 0.0421 |0.0024| 0.1137 |0.0068| 0.0201 |0.0005 0.1 0.0 109. 3 6.2 128.1 3.3
PM211TW123_29 1.45 0.0551 {0.0020| 0.1343 |0.0053| 0.0179 [0.0004| 417.3 79.3 128.0 4.7 114.3 2.8
PM211TW123_30 0.61 0.0460 |0.0016| 0.1236 |0.0047| 0.0191 |0.0005 0.1 80. 1 118.3 4.3 121.6 2.9
PM211TW123_31 0.67 0.0497 10.0019| 0.1253 |0.0051| 0.0186 [0.0005| 179.7 85.6 119. 8 4.6 118.5 2.8
PM211TW123_32 0.55 0.0517 |0.0015| 0.1399 |0.0043| 0.0191 |0.0005| 274.1 63.1 133.0 3.9 122.2 2.9
PM211TW123_33 0.58 0.0475 |0.0014| 0.1185 |0.0039| 0.0183 |0.0004| 71.5 71.2 113.7 3.6 117.2 2.8
PM211TW123_34 1. 06 0.0491 {0.0020| 0.1159 |0.0049| 0.0175 [0.0004| 152.0 90. 4 111.4 4.4 112.0 2.7
PM211TW123_35 0.98 0.0465 {0.0018| 0.1194 |0.0050| 0.0185 |0.0004| 24.5 91.5 114.5 4.5 118.3 2.8
PM211TW123_36 1. 44 0.0471 |0.0024| 0.1222 |0.0064| 0.0185 |0.0005| 53.1 115.8 | 117.0 5.8 118.0 2.9
PM211TW123_37 0.58 0.0466 |0.0022| 0.1216 |0.0060| 0.0187 |0.0005| 27.4 108.2 | 116.5 5.4 119. 6 2.9
PM211TW123_38 0.54 0.0463 |0.0024| 0.1235 |0.0067| 0.0186 |0.0005| 11.5 120.9 | 118.2 6.1 118.6 2.9
PM211TW123_39 1.01 0.0466 |0.0016| 0.1285 |0.0048| 0.0197 |0.0005| 30.0 80.5 122.8 4.3 125.7 3.0
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Fig. 9 Zircon U-Pb concordia and weight diagram of tuffaceous shale from Guanghua Formation in Longjiang basin
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Abstract

The Guanghua Formation in Longjiang Basin deposited continuously and is exposed in integrity, with
abundant fossils of Jehol Biota, making it one of the key sections to probe the origin, evolution and
radiation of the Jehol Biota in the middle of Da Hinggan Mountains. This study carried out a precise
measurement for the section of Guanghua Formation. It is believed that the Guanghua Formation
conformably overlies andesitic welded tuff of the Longjiang Formation, with part covered unconformably
by basalt of the Ganhe Formation. Three lithological units have been recognized from bottom to top.
Systematic sampling and identification for corresponding biota fossils were carried out, and this has greatly
enriched the biota category of Jehol Biota in the middle of Da Hinggan Mountains. Based on newly
collected fossils and previously published data, authors established the assemblages of various fossils in the
middle of Da Hinggan Mountains, which include limbs, ostracods, plant fossils, insects and others, and
further discussed their characteristics. The LA-ICP-MS U-Pb zircon chronology study of the lower to
middle sections of Guanghua Formation reveals that the Jehol Biota in the Longjiang Basin occurred at time
of 125.4+1.4Ma to 120. 1+1. 1Ma, with an span of roughly about 500 million years, reflecting that the
Jehol Biota throve from early to middle Apter period. According to paleontological characteristics and our
previous studies, it can be concluded that the paleoenvironment of the Jehol Biota in the Longjiang Basin
may be the intermittent or seasonal lakes, and the paleoclimate should be in the warm and humid

seasonally-changing warm zone, accompanied by the short term arid climate.

Key words: Jehol Biota; biostratigraphy; chronostratigraphy; Longjiang Basin; Middle of Da Hinggan

Mountains



