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Abstract: The Cretaceous continental strata developed in eastern Northeast China are rich in animal and plant fossils
and have formed important minerals such as coal and oil shale. The only records of the earliest marine strata in Early
Cretaceous are also preserved here besides Tibet, which is of great significance for the study on Cretaceous geography
in China. Many new discoveries have been made in the Cretaceous stratigraphy of this area in recent years, some of
which have filled the gaps of strata study in Northeast China. The paper also preliminarily discusses the co-evolution of
Late Cretaceous flora and fauna represented by dinosaurs in the region.
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— I sE L1 BEAEMHNERSEZNE A EtREHiEE
R L AR (R RV R A bR IR LR AL TR G ] — el DX A . 1 S A 7 A 3

BHPAER) LR AMZE T kT B Yk Jo R T o5 P e — B A L T L (DL R ]
A X —H X A RS )R T A Y B A I AR Wr—TFL 2241, Bl Berriasian-Valanginian ) 7 A0 30 )2 10
S KA B2 T RAT(1920—1960 £EAC) (IXE St 1982 AR RRITAR A — X K BATE BRI AR 28 B IR
LR (1970—1980 4£40) . BIRBLSIRAMIGY B TARLAHA (J—K) ™. 1985 4904 P45 1 e fil
(1990—2000 4E4%) L K Z 2408 ST ST me (21 3R T X BT M XGE 24 (Buchia) 1L A7 7). 1986 4
2o )5 4 BB SR, B T3 —Hb X M2 Hh R 3 EF R A A R T Rk T B
NER, . MOANSREERE KIS 2 D4R 4 M A7 (B1—B4), LA B2/B3 32 FHE R
W, Iz s [l AR 5T 45, A O 40 2 TP -FER (J-K) Rk ZHALZ T UL Buchia
U REEENEE A S0 russiensis “HACEE, JEHLIE B (Tithonian, J;); H ELL B.

WAk BlE A1 1 28O I AR A, el 2 unschenesis, B. volgensis X B. okensis % 3, J& I
[ Z AR AR IR TH S 2 2, Adt H B 3r—TFL 2% 4Bt ( Berriasian-Valanginian, K;)=* (&
Hi X AR 1 S AR W b R A i U T 2 la,c—e). ZZIEHN X AR 1) J-K FE2 B i v AH 2 F
B, W RIS T E BRI, A SO X —Hh X oA, SR ER W BT RS (] 1b).
A O 1 S ZE AR R R S T J2 AR 5 P — S e il 22 TSI 2 Y b XY _E AR e IR A SRR VT AR L
G, FHEXT B 2 AR RS DL RO R TR R A A SR T T T IR, Ay, 4
SR RN AL TR LR WESE T S LA HE 55 1B X0 PG 2 iy 1 21 & B0 1 i

SRR (FIEE ) Reiedmifl [ 9

K1 RIEVL e - i et AR 3 22 B AR 22 BRI A J5-K, T
Fig. 1 Early Cretaceous marine strata in Rache-Suibin area and marine J;—K; section in Dong’ anzhen
a—F [ B P 3 )2 0 A T (O G R VAR, B s B AR, 35 Sk [ 6 1880 (distribution of Lower Cretaceous strata in China, blue for marine facies, pink
for continental facies, modified from Reference [6]); b—2E& RIFML FE 5L H- 55 A F G4 450> (the author’s research team checking the borehole cores
in Suibin) ; c— AL VAT (K, BL=% 4B ) (section of Upper Dong” anzhen fm., Valanginian); d—/587 4% 4 J,-K, 71T (marine J5-K,
section in Dong’ anzhen); e—4< %41 Buchia f£f1 (marine bivalves Buchia from Dong’ anzhen fm.): 1—Buchia russiensis (4 HA WA, I ##
) (Lower Dong’ anzhen fm., Tithonian), 2— B. unschensis, 3— B. okensis, 4— B. volgensis (2,3,4 JZ 4 FA , K, DB - FL 22 4B 5
c,d,e #ECHK[3])(2,3,4 from Upper Dong’ anzhen fm., Berriasian-Valanginian; c,d,e: from Reference [3])


http://www.fineprint.cn

55 3 P P E ARG XA 1 e A A S HZ R 291

A (Berriasian-Valanginian ) A0 7 ¥ 5 b A7, AR
RV 2 7 ST R AT R TR

8 VY Z T 1 2H AR A A Z AR
F AR sk Bk L AR B 18 I8 25 Rk
W, ZEH SRS SO IE LA A i — 2R A
FIBESE O BN, TR R TR 8 20 JC LA ]
BN PR Y 2 S = AT 1 2H MR ) T RAT A
A ——=E R IAZ (Podozamites reinii Geyler /i 1 it
— B A FEWTSE A5 R %R i R BT H A
AN E BT AR (Shiramine ) A9 38 5 21 (Kuwajima
Formation) "™, i% 4 0 1t — B #% 1A N /& Berriasian-
Valanginian i) 2] B Ekf%wﬁéﬂﬂzﬁéﬁ%%@ﬁ%@ﬂ@
(130.2 Ma) i =) 2 H ZH4E H AR, H
A 7B ) TE 0 U A Podozamites reinii Fp AN
(& 1ic% N200600236), 5= H Valanginian #fHh )2 (H.
Takimoto P77 ,2022). HILUEH , B IRGAZ (P, reinii)
Z /R HBLTE Valanginian B2 5%, X —BHIA
PO B T RIIAHRIE AL 131.521.4 Ma 458
AR E 2 I ACURT BE A 1 S B 22 A —Wckr B
K (Valanginian-Hauterivian) 4L T Y6 A 005
HIE. 855 FEa ST 1 KA A He S5 T TR T 1 2H % B LA
Lagenorhytis granorugosus -Vesperopsis didaoensis 21 &
AR ARV MBI AT 15 EESFIACH Valanginian
WP REME K AR ARG PY 2t (LU IE A AR 2O A
), NG VG G f PR R IC L AR
FA) 2 T 2 P B EL AR R AR ) G0 ST TR T AU
(Preriopsis didaoensis Zheng et Zhang) F13 R I8k 12
(Podozamites reinii Geyler) , TE{i# 18 2 35 B 3% 7T 21
R BB
12 IEEBEARTEWHEEN

e VAR X6 D4 b DX 1) 41 L T A A A A
(LU R AR 305 SR A ) 2 R T4 AR X
AT PR WA P R R X BBt
TAEYEE AL e AR BT 17 2 — . AP R
TRV IR AL . SRR OC R BT S 2Bk
BRI RN L, — B2 OG0 1

1990—1992 4 1 2 3 AP 1 YR LY B A
X VY L Bl T A A R4 s R AR L X AR AR
PR R A S AR AL T E TR 2a). 397

O, AR, Vo BRI A IR AR Hb . 2019:1-81.

FRE A 2 DA 55 - (A siatifolium ) (XS PG I
(Jixia) L FE M (Shernkuoa) . KR K ( Zhengia) I 5L 2
16IF (Xingxueiana) 55 9 A2 fE e (& 2b). IAEZE
E NI NE AW NS i A e 5 ey (TRLS
L 4 oo aete- 2022) H 3 A R S Ao X P L BT A
TR 7 i Y T b DX 1 S g e 2 Fof £ Pt )22 e
BB RAH IR B 3l T AR DG sh kA
(M0 Aucellina 55 ) =27 J [f i 28 0 4F By 42 (1 ) 2 2%
(Bl 2¢), 3 B4 T 3 AH )2 (5 12 )2) i Et
AR, H ERURT 25 R PG 358 V) 21 4= 21 A AR AT S
B W B BA—BT 3% 4F K] (late Barremian-early
Aptian) (& 1) 5 M7 2H A 85 AR 490 AbA ( RAS P L
IR AL T b B ER ) B IR B Ay B
W (early Aptian).

Rl fEAR S, BT AMRY i # e g 5
16575 B 43 b (Sutchan Basin, BLFR Partizask Basin) F ¥
F—F1" 1 (Bolshoy Kamen )T (& 3a)i9-5 A b
2 R BT ORAT 58 5 1Y XS 7 L B AR AR
F PSRN (A siatifolium elegans ) F12F X8 yg it
(Jixia pinnatipartita) %6 '® (B 2d-h). P Wr2E 5 AN
SRy i k7 OO R AW RN RS 18 I = WP VAT i3+
F 3] R+ 4 (Frenchevka Formation ) ; {H 2 2 J| Wt
ZENWATRE N E T E 4 (Starosuchan Formation, 5
FRFEXG PG AT 2HAR S ) (R 1), 244K, R EHA A T
e 2L WF SRR, X V8 R B A 2 e i
ML X R B, T T FAT TR XS P R A
MM e R AL AR,

1.3 KuFEREHREFEYRMERAK

T MRAR FRGE 7 L 2H I R S AR T 3
B4R T LA SE B HE 5 e (Potomac Group ) - A 4%
FHEY AR HERE ALY 5155 114 (Zone-11) , B A7 B
SR A 18 1 4 e B (middle-late Albian) @@ (& 3b). #
T~ G B A0 25 R s B e P A PR A AT 5 1 AL
TR TR A A AR Ry A3t e — AT JR A
H B 1986 AR, BRI ALIT AR R4
KL RIAYE TR 5T (B 3c-e) , (HXF K7 7 R BY
TGRS EUTHT T R 25 Ak Y
W 022

VTAER WA 2B HIBN SR P WP G/ A R
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Fig. 2 Early angiosperm from Jixi flora in Heilongjiang Province and its strata
a—X P 3 9] R P ek T4 )T (2R H 4, 2006 ) (profile of Lower Cretaceous Chengzihe fm. in Jixi); b—3% T 417 A8 FHI Y1k A (early
angiosperm fossil of Chengzihe fm.): 1,2,3—f 3% W Y M (Asiatifolium elegans), 4—F M3 P4 M (Jixia pinnatipartita), 5,83 F M ¥4 i (.
chengzihensis ), 6—&FKILHEM (Shenkuoa caloneura), 7,12—3PGH CREF) (L sp.), 9,10, 11—F¥4EF (Xinxueiana), 9—4£JF (inflorescence ) ,
10, 11—JC{AH4EH (inapertural pollen) (1~11 #53CHK[ 10, 16-18]), 12 HRZ Wirg AR A, E. Volynets 21t ) (Figs. 1-11 from References[ 10, 16—
18], 12 from South Primorye of Russia, by courtesy of E. Volynets); c—3% Pt % th Sz 915 DX 5 {4y et 1 )22 40 A B kLl 4% (45 SCRRL 15 ]) (distribution
of Lower Cretaceous strata in Jixi Basin and adjacent areas with their volcanic rock ages, from Reference [ 15])); d~h—/H% i 55 1 g Hb X & BE XS PG R 1)
BEFAEY) (5 3CHik[ 23 1) (early angiosperm of Jixi flora found in South Primorye of Russia, from Reference [23]): d,e—{fk % #i g R0 F - 1150w M
Ak 7 HZ A7 (Bolshoy Kamen section and fossil-bearing horizon in South Primorye of Russia), f—X M3 P (Jivia pinnatipartita) , g,h—4f3E W0

(Asiatifolium elegans )

$7 4 S R IR A5 A S e Y v b X LY B (Kl 3a). % Brrg i a9 75 B 2 7 2t 3R kb 5
A H AR A B2 AR )2 S A BT FEAFFEASIBTR A F2H (Frentsevka Formation ) FEAE I BERRE St )2 )2 7
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Table 1 Division and correlation of the Lower Cretaceous strata in eastern Northeast China
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113.1 Eiﬂﬂ E?MT_T!E Em.ﬁ S e S EL{I@
e wWE | BeEsee P — itHEa
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- | - FaLLEFE k] WFmE £rEE
=] P
& 1306
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B L 2 B - o po—
=40 ! REEixE
1394 RS R
I7 550 i A B - iH (BB HEoneiE

IRV AR AR AGER” (B =T 4 ) b i 4y HUZ X 225 TSGR 15 (R 2 30 2 BRI Sk 20, 23,63 1 : BEIBIE )2 (Samarga hor.), 1131 %2
JZ(Kamensk hor. ) , EL40ES /R )2 ( Monastirka hor. ), B F, 2 )2 ( Arzamasovka hor.) , 45 B #LHE 5 )2 (Petrozuevka hor.) , BH/R 4 B (Korkino gr.),
B KRR YL (Frentsevka fm.) , 3675 B 2 (Severosutchan fm.) , &7 2 21 (Starosutchan fm. ), 52 B 1 R4 (Klyuchev fm.) , 3 20520 (Taukha fm. ).

855 TR AT 55 KL 5 R ) R B e 2R EL AR Bl Ak
VIR R B I E, e i 8 A X 5e 28 = i i
(Trigonia) 48 7 W Bl /K 4ii ] (middle Albian), A It 35
AR A 20 I AR A A J B 7% A1 5 A e 30 i v e
g ol Gy AR R SRR R R Z ERERER
4 (Korkino Group) [ T BH& A 15, 1% F Btk
A T8 75 BT R A A 12030 A AR R R Z T
Syl & R A 95 B 2H (Severosutchan Formation, A&
A TR E R L) A5 2 95 B 41 (Starosutchan
Formation , KA Y F IR E A3k F-m 2 (£ 1). ik,
EEGEZITHNGERRA N Kb 7R A 10
AT BB A 5 11 2 BT 25 A7 99 1) o B 3 (middle-late
Albian). 448, A XRKPLFAH 5 HE W i B AR
FeRAMTELINT LR A TRl —25 TAE.

EASEE B 2 BTN A, AL 1 VR0 3 AR OR it
FHFEAR O, R KRHL T H T BAER

109.9+2.9 Ma, FBUAFHY R 96.2+1.7 Ma, Hi ittt th A hi
T AT BB A 1 2 B 7R A 10 2 e 1 2t 2
S H] (Albian-Cenomanian). 2£F AN, ERKPIT4H
“ BB S AR S R A 2P e,

B, KPR Y = R T
YA R P — NI, W SRS
ST AEPIRERS LR —A 5 17, A SR 1 L bk
THAEYI LS I ARSI 15— 2B TR A

2 BEEHEYMERMERRHE
2.1 EHBEAEHEYFAN

ARk, v R DO KA G A )
BRI, ANAE R e VL5 B A PR A R LIk bt
(Dalembia heilongjiangensis ) 6l oK WA 5 1A
YE” (Nelumbo jiayinensis ) ¥ 55 | W AMA K& BUK A 45 1
T BRI (Quereuxia) AR B #4318 45 (& 4b-i).
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Fig. 3 Dalazi flora and strata
a—1% B W5 B Za M PR B T R (SR [ 24 1, A SOl e S48 340 38 KRiT- 25432 ) (sketch map of Sutchan Basin in Russia, from Reference [23]); b—
LB TR 2R S AL (BB SCRR(29 1) (evolution diagram of angiosperm in Middle Cretaceous, from Reference [29]); e—Z & F LK F4H
BN EE (1995) (international experts in field work on the U. mem. of Dalazi fm.); d,e—2&F B4 RAE R RPLFLHEB YL E® (some plant
fossils of Dalazi flora collected by author’s research team); d—#RTHIH) KBRS A (gymnosperms and ferns): 1—# KM (Zamiophyllum), 2,3—H-3Hn
(Otozamites ), 4—/NEUHEIBH (Williamsoniella), 5—"8M 4% (Pagiophyllum), 6—{B 1 (Gleichenites), 7,8—WEIAE (Elatocladus); e—FHHY
(angiosperms ) : 9—1{L\i % 55 (Menisphermites ), 10—3%E 3 M2 (Yanjiphyllum 7 ), 11,12—3F 30 (Sterculaephyllum) , 13, 14— FHEY (R E4)

(angiosperm, indet.)

72 B B e (Dalembia) 250 WV 38 X 242
EEG YA, AREEEREH. BTERN
R IR IE ) L R 8 R AR A b X O i . b3
BRI, ORI R T XHZE Hh o B 5 A7
BN (B4 boo). mHEmM RS 51 kEsh: Fh
“HETRIfTAE R E T RAE 2 — WA B K AR
T WG A 7 58 B 10 & B 80 Ma Rij i) 5%
BT A S IR R T A SR A A iRk s R
BRI SUKGFR A e SRR ET T 2/ 30 Ma
([ 4d-f). BeAh KA AL A F 2 AR ME LR AT

A B AMIF S Ry 5 L, 2R A B U I
R 2 B2 2L, 2 M SR 5 B BT Sl (I 4g-i).
22 HAIEMAEASRERARENUAHEZNR
PRI X 28 8 AR A B R AR
FR I ORI ARk S S LA
(- B T b X A A VR 20 T B v SUB R B Sk
THEH PR IE VT B AR (Platanus heilongjiangensis )%
s IFE RS T oA 2 A0S AR s
96.2+1.7 Ma Y[R R AFEE ik T4 PHTRIA S 1)
B A AT BB 322 A B 1 A FE IR 2 (Cenomanian ). iX
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Fig. 4 Advances in the study of Late Cretaceous flora
a—3% BT B e VT 0 1 11 2 #7282 B (outerop of Upper Cretaceous strata in Jiayin along Heilongjiang River); b—2J¢ VI3 8 Lt (Dalembia
heilongjiangensis ) ; c—3iB 8 L7 AR JL A M 3 43 A L (416 SCHR [36]) (paleogeographic distribution of Dalembia in Northeast Asia, from Reference
[361); d,e—%= B (Nelumbo jiayinensis); f—%a B 1 A 5 8 )5 & ($5 3CHR[37 ]) (paleoecological restoration of Nelumbo jiayinensis, from Reference
[37]); g, h,i—EHHMH B H 2 Bz 4057 & B (e SCHR[38 1) (new discovery of Quereuxia and its leaf epidermal cells, from Reference [381); j,k,1—%
TeTTEAS AR T AL AT 77 b (35 3Rk [ 39,41 ]) (Platanus heilongjiangensis and fossil site, from Reference [39,417])

— B R Ry S [ AR b X S e R )
() FP At TR geRt (] 4i-1)1%0-47,
HFHTHLIX B 289 Y e, DI 23
B WA BB AR R (Platanus subnobilis ) , B 45
Y IRIG A K (P. pseudiguillelmae) S 4t PRI 2K
(Aralia mudanjiangensis)%[m. FE EL R B e 2 oA T
HEIPILEM (Thuja heilongjiangensis ) S ¥AFAZE J2 /b
HPRIEE ) IR IR TR AR Y S B0 B R o7 R AR
fEuk, At PRI A P25 SRt T 55
FYTESE. R, X R TIAS AR R 1 AR e e
FEHNC RN 4 BB 1) RUBIR Be——4t 5t
TLAEYIRE (HG)7, LS KRB AV R AR Ry
@, FHRZN Cenomanian B, S E IR &
2)“H” BB, EE O Ae—HEE W5 (Turonian-

Coniacian ), FLHIS H AT AE R AL A Rk 3)H8
WA 1 B ——2 B AR IR AR SR A R B, ol 74
W25 50%, S BB Rk, RO EE—
Y (Santonian-Campnian ) ; 4 )z B0 i Be—— A -
w AR (fEif e T A LE RAA S ), e s
R A PSRRI N, MAZH G TRl
Y MRS il U ), AR O B iR
By, SRS SRR, ISR S R BRI
(Maastrichtian )"*®/,
23 BEEHMER
231 ERFA—HHIRH

PEAER 55 B b DX 1 S T 2 5 A o K
RZ— BT Wk 5 Markevich 55 R4 1E 48
MFER A TR 5 A% o0 B I PB (] 5a): T Bt
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Fig. 5 Advances in the study of Upper Cretaceous strata and K-Pg boundary in Jiayin, Heilongjiang Province
a—%% DR )2 3% (stratigraphic table of Upper Cretaceous in Jiayin); b~f—¥ase 20 FECHI (FESHE) KHALA (section of U. mem. of
Yuliangzi fm. in Wulaga): c—ZH0& g (Wulagasaurus ), &I (Sahalyania), e—2&JE 1z BRAb A (dinosaur skin fossil), f— [ B2 1545 Bl (burial
of dinosaur in the U. mem.); g~i—ifiss T FBGHIm (B i) KHEALA (section of L. mem. of Yuliangzi fm. in Longgushan): h—i§ ¥ J&
(Mandschurosaurus ), i—F ¥ ( Charonosaurus ) (a~i & 3CHk[45]) (a-i from Reference [45]); j~1—3= B K-Pg F-L& A0 & (F5 3Chik [ 44-45 1) (definition
of K-Pg boundary, from References [44-45]); j—Hi/ZH K78 7 F (stratigraphic column ) ; k—Hfi & FER B AL A - T b« =4 MK - A 8UIR By
HE(HEV, mFaEREd), R REESUER—NUERAE" (HE VI, 77 F S5m0k B ) (significant sporopollen fossil for definition of
boundary: the lower showing assemblage V from Furao fm. and the upper assemblage VI from Baishantou mem. of Wuyun fm.); I— K-Pg %4k 2 T i & i
H HR R AR AR 1k A7 ( Maasterichtian index fossils) : 1—=H &M} (Aquilapollenites conatus), 2—3EMNZEAARNY (Intergricorpus bellum) , 3—7i Wi
1R 25 R 3 (Pseudointegricorpus clarireticulatus ), 4—37 [ ¥y (Aquilapollenites stelkii), 5—1 /N LK (Marsypiletes cretacea), 6—HLKE IK KBy

(Wodehouseia aspera)

PIOgE 2 3, Sl e —R g shdl &, it h
Maastrichtian F- (] 5g-i); FBDLGHIRE B,
O Ry - e s G, U Maastrichtian H ]
(& Sh-f) -1,

e T HB X S LA TR AR DX i 1 2 e 2 A B 2/
B9 N AL A, (H DA 8 GE A Ry i B g 2L
Jo BRI SR BRI 8 e DA i )
O3 BXABLE— B FREE L Rg e T X B 22 e & S B K

A i) AR, AR, 48 Markevich 281 BE4IAFSY,
A SE T2 T B e B In R sh 45 ) = flk b
A7 BAUKAS S5y - SRR 25 (A quilapollenites
amygdaloides-Gnetaceaepollenites evidens Ass AT,
IS Eh s B R 400 s e 2 B B (R i gt
Je s G )R AT R RURE IR Tk - R VTN 58
HA"(Wodehouseiaaspera-Parviprojectus amurensis Ass.

LA TV ), LA 0P HE B R . S — A
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1) CN BRI , AR B 375 17248 W] R AE 5 e L
BRI Z K 2 K4 (F 5)). ki, 7 7E K-Pg
FRZHT, R e ga KO0 A, 2 A AT
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66 Ma [)— %)= FLR. Z AL NG, kA 5
BN R AT KA TSR AE N 70% LA L 17 fili
AL M USSR R 28U E YR
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I E DAL SR A 55, H 2002 4F A, 78
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Fig. 6 The co-evolution of Late Cretaceous flora and dinosaurs in Jiayin and plants serving as food for dinosaur
a, b—MEWEIp 2T 45 K 145 (8 3CHR[45 ) (lower jaw and teeth of hadrosaurid, from Reference [45]); ¢,d,e—3% B K JGAR X M 1 A8 1 Jp 25 K 2B 2%
% JEUR (Late Cretaceous hadrosaurid and ecological restoration in Jiayin and neighboring area): d—Fi#8/R 1% (A murosaurus ), e—RH#/RIE(Kundurosaurus ) 5
f—HERE W b I E H (vestoration of Pittacosaurus eating cycads); g—H 1 Jp 28 S5 /K A bk FAEM A AR S E IR (8 3Cilik [60]) (paleoecological
restoration of hadrosaur with aquatic angiosperms, from Reference [60]); h—7K 4= Bl THIM B #M (3585, K,) (aquatic angiosperm Quereuxia, Jiayin);
i~o— LAY (Qiving plants) : i—BRIE(fern), j,k—I58k(Cycas ), V4R7F(Ginkgo), m—4L G A2 (Taxus ), n—FAERIR (conse of Pinus), o—K2%(Magnolia)
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Fig. 7 Sketch map of dinosaur distribution in China
a— BT HE IR /R 25 8] (dinosaur migration); b, ¢, d—35 [ FT 21
PRSI T 5 BB R JEE (HE3CHK [62]) (teeth of Late Cretaceous
Theropod dinosaurs and their restoration, from Reference [62]): ¢—3#i F
Je(Tynnarosaurus ), d—15th JEFH(Troodontidae )

HuIX A T REAZ T, 12 IX BB A 1] 3208, W E
TN IR K AT A B, A i,uiz_f

REE T, 25 AR Rt 2 iR 8. X — 3k
il " R S A U R AL Y 2 e KA ) 4R
CNE =R

M AMEARARFFEALERAIT THE
ErAEMBLE K-Pg K & L7 (30220130698,
40842002)4% R B feA 30 5 & B30 AL B P E A £
Z-Fi AR LA (2015FY-310100,DD20160120—
04)R B 4 £ 4, A BGRA AR E F o) A dk 5 W80,

Bt EHEHE 34 R AL ) R A I b B A B
gz; B A 21 Ph B 38 SAS B R F )
IAF. #F A BT A F IR R A L3R E.
Volynets #F 70 i FRAEA FAK T Aol o 25 4

R A RRY R 2 By P G- B i ol NN N A4
J 2 B 3 O LR FALSY, S Bt R R HL i B s
AR5 Ae T AN S R 4T o ki T 5 A 8.

S & 3 #k( References ) :

(1R M B Ry, SRRV R BRI M ). dEat: Hh5Hh AR
#t, 1993: 1-734.

Heilongjiang Bureau of Geology and Mineral Resources. Regional
geology of Heilongjiang Province[ M ]. Beijing: Geological Publication
House, 1993: 1-734. (in Chinese)

[2]7b 4P, SRR, BB G AR 2R R Buchia fLARELT ] A4
4%, 1985, 24(6): 651-662.

Sha J G, Yuan F S. Buchia fauna from Dong’anzhen Formation near
Dong’an of Raohe County, Heilongjiang [J]. Acta Palaeontologica
Sinica, 1985, 24(6): 651-662.

(390, Wb BE, XN, &5 BRIETThem AR LR S - AR AL K
Buchia HFILI ). A%, 1989, 28(5): 579-590, 597.

Sun G, Sha J] G, Wang Y G, et al. Jurassic-Cretaceous boundary of
Dong’ anzhen, Raohe, Heilongjiang with a new knowledge of Buchia
[J]. Acta Palaeontologica Sinica, 1989, 28(5): 579-590, 597.

(4190, KRR, Phapih, S5 BIETTACHEROR S - 2L R AL T )2
BB RELT ] M52, 1992, 16(1): 49-54.

Sun G, Zheng S L, Sun X K, et al. Recent advance in the research of
the strata near the Jurassic-Cretaceous boundary in eastern Heilongjiang
[J]. Journal of Stratigraphy, 1992, 16(1): 49-54.

(5 AT, MR IE VT A e i IX e pR B i i 1 — 7 1 iy M e 2

[ C IR ] S SR 23 B U0 P T8 7 F S T i 1. BB - S T R4
AL, 1982, 5: 227-267.
Yu J X. Late Jurassic and Early Cretaceous dinoflagellate assemblages
of eastern Heilongjiang Province, ChinalC J/Bulletin of the Shenyang
Institute of Geology and Mineral Resources, Chinese Academy of
Geological Sciences. Shenyang: Liaoning Science and Technology
Publishing Houses, 1982, 5: 227-267.

[61FE5EmS, JrivettE, ENE, 55, PR LLLS R EHES )],
TERRE HERFRE, 2019, 49(1): 257-288.

Xi D P, Wan X Q, Li G B, et al. Cretaceous integrative stratigraphy
and timescale of China[J]. Science China Earth Sciences, 2019, 62
(1): 256-286.

[7 1RG0, AR 4. BETEVTAR ARGV b B (1 S T 3 4 1 Y e
K00, R, 2001, 40(1): 127-133.

Cheng ] H, He C Q. Early Cretaceous dinoflagellates from the Didao
Formation in the Jixi Basin, eastern Heilongjiang Province, NE China
[J]. Acta Palaeontologica Sinica, 2001, 40(1): 127-133.

[8]Zhu Y H, He C Q. Middle Jurassic to Early Cretaceous dinoflagellate
assemblage zones in eastern Heilongjiang Province, Northeast China
[J]. Cretaceous Research, 2007, 28(2): 327-332.

[9JFBAME, BRI IR VLA AR X IR TR RE B S TG A A A L C I
AR SR 2 B U P ST 7 0 5 B BT ). T BH - L TRk A BOAR
JRkt:, 1982, 5: 277-382.

Zheng S L, Zhang W. Plant fossils of Longzhaogou and Jixi groups in

eastern Heilongjiang Province[ C ]//Bulletin of the Shenyang Institute of


http://www.fineprint.cn

300 Hh,

=

2022 4

Geology and Mineral Resources, Chinese Academy of Geological
Sciences. Shenyang: Liaoning Science and Technology Publishing
House, 1982, 5. 277-382.

(101903, BIESE, 22000, 55 ASELRRFLCUZER S, PE T
IR AR, M AR R, 1995 310-341.

Sun G, Cao Z Y, Li HM, et al. Cretaceous floras of China[ C]//Li X
X. Fossil floras of china through the geological ages. Guangzhou:
Guangdong Science & Technology Press, 1995: 310-341. (in Chinese)

[11]Geyler H T. Ueber fossile Pflanzen aus der Juraformation Japans[J].
Palaeontographica, 1877, 24(5): 221-232.

[12]Kimura T. The present status of the Mesozoic land flora of Japan[ M ].
Tsukuba: Tsukuba University Press, 1980: 379-413.

[13 JKusuhashi N, Matsumoto A, Murakami M, et al. Zircon U-Pb ages
from tuff beds of the Upper Mesozoic Tetori Group in the Shokawa
district, Gifu Prefecture, central Japan[J]. Island Arc, 2006, 15
(3): 378-390.

[14]Legrand J, Yamada T, Terada K, et al. Palynofloras from the Itsuki
and Kuwajima formations of the Tetori Group and their correlation
with Paleofloristic Provinces of Eastern Asian [J]. Paleontological
Research, 2021, 25(3): 177-190.

[15]Feng Y H, Yang T, Liang F, et al. New zircon U-Pb age of the
Didao Formation in Jixi Basin and its significance for the geology and
paleogeography in Jixi and eastern Heilongjiang region in the Early
Cretaceous| J ]. Cretaceous Research, 2022, 135: 105169.

[16 190, FRX0%, KRR, S5, fH SR P A3 R A R B R
L] hERE B, 1992, 22(5): 543-548.

Sun G, Guo S X, Zheng S L, et al. Discovery of the earliest known
angiosperms in the world[ J]. Science in China (Series B), 1992, 22
(5): 543-548. (in Chinese)

[17]Sun G, Dilcher D L. Early angiosperms from Lower Cretaceous of
Jixi, China and their significance for study of the earliest occurrence
of angiosperms in the world[ ] ]. Palaeobotanist, 1996, 45: 393-399.

[18]Sun G, Dilcher D L. Early angiosperms from the Lower Cretaceous of
Jixi, eastern Heilongjiang, China[J]. Review of Palaeobotany and
Palynology, 2002, 121(2): 91-112.

(19 1PNEE, X WUH . P VIR PG 5 A 2 b 7 10 S P Al 2 R A g
(Tyrmia) W R BALT ). BEH T S5H8H%, 2007, 35(2): 1-5.

Sun G, Liu F X. Discovery of Tyrmia from Lower Cretaceous
Chengzihe Formation in Jixi coal-bearing basin of Heilongjiang,
China[ ] ]. Coal Geology & Exploration, 2007, 35(2): 1-5.

[20]Volynets E. Geology and forming condition of Aptian-Cenimanian
deposits in NW Primorye[ D ]. IBSS FEB RAS, 2011.

[21 ]P0, /MR, Z280LL, A5 MJpiIig oy & i 1 1 e A it
JEBTFORHERELT ] B S BHA, 1999, 27(6): 1-3.

Sun G, Zheng S L, Jiang J H, et al. Recent advance in study of
Early Cretaceous
Heilongjiang, ChinalJ]. Coal Geology & Exploration, 1999, 27(6):

biostratigraphy from Jixi coal-bearing basin,

1-3.

[22 )90, SR o IR G AR A2 0 43 X b 2 B L D ). bz 2
Feii, 2000, 24(1): 60-64.

Sun G, Zheng S L. New proposal on division and correlation of
Mesozoic from northeastern China[J]. Journal of Stratigraphy, 2000,
24(1): 60-64.

[23]Golovneva L, Alekseev P, Bugdaeva E, et al. An angiosperm
dominated herbaceous community from the Early-Middle Albian of
Primorye, Far East of RussialJ]. Fossil Imprint, 2018, 74 (1/2):
165-178.

[24 ]Krassilov V, Volynets E. Weedy Albian angiosperms [J]. Acta
Palaeobotanica, 2008, 48(2): 151-169.

[25 1104 B, BBIRVTAR 2R Aucellina (W5EIS) MR ]. #2242
&, 1990, 14(3): 226-230.

Sha J G. Discovery of Aucellina (bivalves) in eastern Heilongjiang[J].
Journal of Stratigraphy, 1990, 14(3): 226-230.

[26 ¥4 B, BROBTLATRIL (1 Bttt A b 2 24 B o0 i) E e[ ], b
R, 2002, 9(3): 95-101.

Sha J G. Major achievements in studying the Early Cretaceous
biostratigraphy of eastern Heilongjiang[J]. Earth Science Frontiers,
2002, 9(3): 95-101.

[27]Sha J G. Cretaceous stratigraphy of northeast China: Non-marine and
marine correlation[ J |. Cretaceous Research, 2007, 28(2): 146-170.

(28 M4, Phafih. SRIEVTAR A 000G PY G ok 3T 2 ¥ B P 2 1
B M AE A BB T . il A4, 2000, 39(1): 46-62.
He C Q, Sun X K. Late Hauterivian dinoflagellates from the lower
part of the Chengzihe Formation in Jixi Basin, eastern Heilongjiang,
NE ChinalJ]. Acta Palaeontologica Sinica, 2000, 39(1): 46-62.

[29 JDoyle J A. Molecular and fossil evidence on the origin of angiosperms
[J]. Annual Review of Earth and Planetary Sciences, 2012, 40: 301~
326.

[30JKAE 2, TKIINPE. &b 2 & A R 1 A A [ ). 4
i, 1990, 32(3): 220-229.

Tao J R, Zhang C B. Early Cretaceous angiosperms of the Yanji
Basin, Jilin Province[J]. Acta Botanica Sinica, 1990, 32(3): 220-
229.

[3U]MAEZ, KNP PR AL Py EMGE ] Mk
2EH, 1992, 30(5): 423-426.

Tao ] R, Zhang C B. Two angiosperm reproductive organs from the
Early Cretaceous of Chinal[J]. Acta Phytotaxonomica Sinica, 1992,
30(5): 423-426.

[32]Sun G, Zheng S L, Wang X F, et al. Subdivisions of main
developmental stages of early angiosperms in NE China [J]. Acta
Palaeontologica Sinica, 2000, 39(S): 186-199.

[33 Krassilov V A. Early Cretaceous flora of Southern Primorye and its
significance for stratigraphy[ M ]. Moscow: Nauka, 1967: 1-167.

[34 JKrassilov V A, Nevolina S I, Philinnova G G. Development of floras


http://www.fineprint.cn

55 3 P P E ARG XA 1 e A A S HZ R 301

from the Far East and geological events in the Middle Cretaceous| C ]
/NGCP 58, IBSS, FEB AS USSR. Vladivostok, 1981: 103-115.

(354448, WlF, skOB%, &5 W MREER R Bt Iy 7 AL B 44

kA 45 A U-Pb AR [C1rb B AR 2205 28 2 R AR
SIRSUHEAE. TR PR AEY -2, 2015: 165-166.
Li X, Gao Y, Zhang D J, et al. The geological age of Dalazi
Formation from Zhixing Basin of Yanbian, Jilin: Evidenced by U-Pb
zircons dating [ C J//Abstracts of the 28th Annual Symposium of
Paleotological Society of China. Shenyang: Palaeontological Society of
China, 2015: 165-166. (in Chinese)

[36]Sun G, Golovneva L, Alekseev P, et al. New species Dalembia
Jjiayinensis (Magnoliopsida) from the Upper Cretaceous Yong’ ancun
Formation, Heilongjiang, northern China[]J]. Cretaceous Research,
2016, 67: 8-15.

[37]Liang F, Sun G, Yang T, et al. Nelumbo jiayinensis sp. nov. from
the Upper Cretaceous Yong’ ancun Formation in Jiayin, Heilongjiang,
Northeast Chinal J]. Cretaceous Research, 2018, 84: 134-140.

[38]Liang F, Tian N, Sun W, et al. Epidermal features of the floating
leaves of Quereuxia angulata (Newberry) Kristofovi & , an aquatic
angiosperm from the Upper Cretaceous of Northeast Chinal J. Cretaceous
Research, 2021, 125: 104835.

[39]9hes, 2%, Wik, & BTN B iR M ], B b
R AL, 2020: 1-176.

Sun G, Liang F, Yang T, et al. Late cretaceous flora from Jiayin of
Heilongjiang, China [M]. Shanghai: Shanghai Science Technology
Education Press, 2020: 1-176.

[40 I3k A5 iAL. ALFHT 2 i JLFD 3 e A A [ C 1 b Bk
ZEBEBER Vo BH BT RS BT 4 T JRT R ke, 1981, 2
(1): 154-162.

Zhang Z C. Several Cretaceous angiospermous from Mudanjiang
Basin, Heilongjiang[J]. Bulletin of the Chinese Academic Geological
Science. Beijing: Geological Publishing House, 1981, 2(1): 154-162.

[41]Sun G, Kovaleva T, Liang F, et al. A new species of Platanus from
the Cenomanian (Upper Cretaceous) in eastern Heilongjiang, China
[J]. Geoscience Frontiers, 2019, 10(4): 1535-1541.

[42 AR, k2R AL i B2k () ). A 2AaR, 1994, 33
(6): 756-764.

Zheng S L, Zhang Y. Cretaceous plants from Songliao Basin,
Northeast China [J]. Acta Palaeontologica Sinica, 1994, 33 (6):
756-764.

[43 IMarkevich V S, Sun G, Ashraf A R, et al. The Maastrichtian-Danian
palynological assemblages from Wuyun of Jiayin nearby the Heilongjiang
(Amur) River[CJ//Yang Q, Yang Y D, Weldon E A. Ancient life
and modern approaches. Hefei: University of Science and Technology
of China Press, 2006: 526-527.

[44]Sun G, Akhmetiev M, Markevich V, et al. Late Cretaceous biota and

the Cretaceous-Paleogene (K-Pg) boundary in Jiayin of Heilongjiang,

ChinalJ]. Global Geology, 2011, 14(3): 115-143.

(45 JPhE, SERH, PISOKABIRIE, 45 MR VLa B I S tt— it

HEWIRE K-Pg R R KA M . ifg: GRS B0 HE,
2014: 1-196.
Sun G, Dong Z M, Akhmetiev M, et al. Late Cretaceous-Paleocene
biota and the K-Pg boundary from Jiayin of Heilongjiang, China with
discussion on the extinction of dinosaurs [M ]. Shanghai: Shanghai
Science Technology Education Press, 2014: 1-196.

[46]Bolotsky Y L, Godefroit P. A new hadrosaurine dinosaur from the
Late Cretaceous of Far Eastern Russia [J]. Journal of Vertebrate
Paleontology, 2004, 24(2): 351-365.

[471Godefroit P, Hai S L, Yu T X, et al. New hadrosaurid dinosaurs
from the uppermost Cretaceous of northeastern China [1]. Acta
Palaeontologica Polonica, 2008, 53(1): 47-74.

[48]Godefroit P, Lauters P, Van Itterbeeck J, et al. Recent advances on
study of hadrosaurid dinosaurs in Heilongjiang (Amur) River area
between China and RussialJ]. Global Geology, 2011, 14(3): 160-
191.

[49]Haq B U, Hardenbol J, Vail P R. Chronology of fluctuating sea
levels since the Triassic[J]. Science, 1987, 235(4793): 1156-1167.

[50]hife, SERHH, ROCR, 45, i E R MR e R T K B LA
Weol T AR RARMBEL ] KASK, 2015(4): 28-31.

Sun G, Dong Z M, Wu W H, et al. The extinction of the latest
dinosaur fauna and the K-Pg boundary from Jiayin of Heilongjiang,
Chinal[J]. China Nature, 2015(4): 28-31. (in Chinese)

[51]Alvarez L. W, Alvarez W, Asaro F, et al. Extraterrestrial cause for
the Cretaceous-Tertiary extinction[J]. Science, 1980, 208 (4448):
1095-1108.

[52]Nichols D J, Johnson K R. Plants and the K-T boundary[ M ]. Cambridge :
Cambridge University Press, 2008: 1-292.

[53]Sun G, Akhmetiev M A, Dong Z M, et al. In search of the
Cretaceous-Tertiary boundary in Heilongjiang River area of ChinalJ].
Journal of Geoscience Research NE Asia, 2002, 5(2): 105-113.

(54 JFERMI, JISL, (AL, JE R TR g e ()], &g
HEShHI2F-4t . 2003, 41(4): 324-326.

Dong Z M, Zhou Z L, Wu S Y. Note on a hadrosaur footprint from
Heilongjiang River area of China[J]. Vertebrata Palasiatica, 2003,
41(4): 324-326.

[55]Sun G, Akhmetiev M A, Golovneva L, et al. Late Cretaceous plants
from Jiayin along Heilongjiang River, Northeast China[J]. Courier
Forschungsinstitut Senckenberg, 2007, 258: 75-83.

[561Quan C, Sun G. Late Cretaceous aquatic angiosperms from Jiayin,
Heilongjiang, Northeast China[J]. Acta Geologica Sinica, 2008, 82
(6): 1133-1140.

[57]Golovneva L. B, Sun G, Bugdaeva E V. Campanian flora of the
Bureya River Basin (Late Cretaceous of the Amur Region) [J].
Paleontological Journal, 2008, 42(5): 554-567.


http://www.fineprint.cn

302 Hh,

=

2022 4

[58 Markevich V S, Bugdaeva E V, Ashraf A R, et al. Boundary of

Cretaceous and Paleogene continental deposits in Zeya-Bureya Basin,
Amur (Heilongjiang) River region [J]. Global Geology, 2011, 14
(3): 144-159.

[59]Suzuki S, Sun G, Knittel U, et al. Radiometric zircon ages of a tuff

sample from the Baishantou Member of Wuyun Formation, Jiayin: A
contribution to the search for the K-T Boundary in Heilongjian River
area, ChinalJ]. Acta Geologica Sinica (English Edition), 2011, 85
(6): 1351-1358.

[60]Stockey R A, Rothwell G W, Johnson K R. Cobbania corrugata gen.
et comb. nov. (Araceae): A floating aquatic monocot from the Upper
Cretaceous of western North Americal ] ]. American Journal of Botany,
2007, 94(4): 609-624.

[61 JER/NEE, Mg, IMASE, 4. R OB SRR A R

WRED T ] B TR 4R (A ABED, 2017, 37(2):
1-5.
Xu X H, Yang L Y, Sun B N, et al. Exploratory study of the
epidermal structure of the Early Cretaceous Taxus fossils[J]. Journal
of Anhui University of Science and Technology (Natural Science),
2017, 37(2): 1-5.

[62 77 - G B k. PROET (PR /K ) i IX e 11 S {12 Je 2 R e (e B
JZOID ] KA HMKRE, 2013,
Bolotsky I. Tyrannosaurid dinosaurs (Coelurosauria) from Upper
Cretaceous of Amur/Heilongjiang areal D ]. Changchun: Jilin University,
2013.

[63 IMikhailov V A, Reibalko V 1. Stratigraphy of eastern Shikhot-Alin
volcanical region[ C 1//Volcanogenic Cretaceous of the Far East. TUC-

UNESCO Project 245. Vladivostok. 1989: 14-35.

(_E3% 358 T /Continued from Page 358)

(17 AN, iR, I, 45 AR E—WBH a0 (b i X LR 20l e
IR SR LT ). HUBE SR, 2006, 42(1): 17-20.

Piao S C, Li X J, Shi L, et al. Element zoning and its application in
the Chifeng-Chaoyang auriferous province[J]. Geology and Exploration,
2006, 42(1): 17-20.

LIS IRIAVE, bR, TR, 55 SHINIRRAH IRIF A SRR S IR0
BM——LAI -1 SR B ] 06 G ek b= 4k, 2018,
37(4): 674-686.

Wu S'Y, Hou L, Ding J, et al. Primary halo characteristics and deep
ore body prospecting of the Nibao gold deposit, Guizhou Province:

[ustrated with the example of 11I-1 orebody[J]. Bulletin of Mineralogy ,

Petrology and Geochemistry, 2018, 37(4): 674-686.

[19]Clure J K, Kotlyar B, Gantsetseg O, et al. Geology of the Boroo gold
deposit, Northern Mongolia [J]. Seg-lagod Guidbook Series 11:
Cercams/Nhm Longon, 2005, 105-117.

(20677 5%, R, RUR, 5. 58 M R G0 KL R A
SHRIMP #5-41 U-Pb JUAF K3t i 28 1], HaEkey4iE, 2010, 31(3):
331-342.

Hou W R, Nie F ], Jiang S H, et al. SHRIMP zircon U-Pb dating of
ore-bearing granite in the Boroo large-size gold deposit, Mongolia and
its geological significance [J]. Acta Geoscientica Sinica, 2010, 31

(3): 331-342.


http://www.fineprint.cn

