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) ER AR R A 2300265
3 o [ B2 g A= A L5 PR L AT G L R BT 210008

BE =%®iEd& (Triprojectacites Mtchedlishvili, 1961 emend. Stanley,1970) J& M [ 2t —dr Fr i b 2B Bk 12
O3 A — 2 A AN ELA EE A A A o ORI )2 B S, I R RARIEE R T O T AR 0 58 R I R e Y
WARE KA. M TIBEE A28 X240 18 2 & FIAl IR T A2 7E A A0 M s ol 20 BTt T 48— O A o 29 17 Lo 2R
TR HE SR o AR SCRR 9 X P I 225l 1 S R = R AR AR 1 B R s ARCPE L SR T 25 N B0 A 43 S AR A WL SR L 4 A 4 I
NTE =GR EHIR oy P AEAERVE R FIAT 4R I T —BRSEARE EE RS BN EE A ROk %4 Fi
BR 2 UERA SR AR = S AR BB AN RHAL L T HLIE & T TS [ 067 B R A M AR A A Bl T K S AR AR 2 ] Y
WA, R = 5B AN 7 R R G IR AL TR 2 6 J Y TB 25 2% J3 de R 3R S i

(W5 45 45 X A A% Bl GEREHR 7 35 1 TR %)

@A ZREX BRE REHK OEL I
T

=28 2% (Triprojectacites) J& 4t 2 Bk | 1 2
GG AT Iz — R T AR X B
G R oy AR LG LA K Ry A o XA TR
(3¢ — B, 1993; K Z B 4, 1999; Stanley, 1965;
Herngreen and Chlonova, 1981; Nichols et al. ,
1982; Farabee and Canright, 1986; Srivastava,
1994 ; Herngreen et al. ,1996 ; Vajda and Bercovici,
2014) , WCRAEH 7R I B AL J7 F1 7R AR B 2 R R
TR Z 07 L A RA AL £ L T AL A CRZ
BRAE . 1981.20005 J# 1w L 3% 70 . 1983 5 i iy B 4%
1999; JH I E %,2009), =K M LR ES &
A2 R HE 50 R E R R G AT
AR 22 1R LA 08, AU A — L8 Fh 22 8] 1Y X0 34 A7
TR R, 3 3 A BRI AR A T R = SR R E S
52 R ME AN 22 A8 1 L i BOHC B2 B R SR AR A 5
B MELIGE— . ARSI N =R ALK Y PR
FRAEA T ARG8T AT R #1025 b R Bl B 22 4 4R 1
(TRIFRFARE 1 I 58 SK-1) Bl 41 3 Wl 7K 20 4k 1 bR A

Y5 H 9 :2018-01-16

HEvh f5 iy SR SR A T 2852 [ AL ) RATT 10 s LA A
PAVE

2 =S IEWIE b R X

=R 2 (Triprojectacites) 42 H Mtchedlishvili
(196 1) AT g Triprojectus g8 3T i 57 19 »
FE SCON < ARy L v A5 B A A I A AR B S . B
=V = AL RO A T 5B R I, 7 W 4F (B A 1R
F Mtchedlishvili P4 A, Chlonova (196 D) & H T
UNICA % (UNICA type) — i F L) i 55 2 L ) 46
By ABMEER 1 M%< R W Y R iR
W5 = M7 Hh, T8 2 M i k. Krutzsch
(1970) 3£ F Aquilapollenites Rouse, 1957 857 T J&
#3268 (Aquilapolles) , HAR MU AR IE . FiR =R
15, L =R # 28 (Triprojectacites) #2 H f 18 H 1 X
e, SR, R B Triprojectus 558 Aqui-
) [ ¥ % 4 ( Srivastava, 1968;
Krutzsch, 1970; Tschudy and Leopold, 1970; K Z
BRAFL1981) o AR L] B 2 L B0 AR ) iy 44 i

lapollenites

o B2 B R P 2 5B B 35 (XDB 26000000, XDA 20070202) FI E 5 SB35 430 H (41688103.418720040) ¥ )y .
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B (Turland et al. ,2018) %5 7. 2 7% “fy £ # 2L 4
5503 ST 1 24 FR BT 7K AR B 803 TEAR % 4 Bk g2
IEM A TR ST 47 R Triprojectus 5 5 4 - B I
A0 Triprojectacites J& i i H & M 44, A
o HoAR N 2l Aquilapollenites.,

Stanley(1970) %} Triprojectacites fiff T 1617, b
R Z AL - H = A GBS YA 2858 19 16
3 s e W B A R o R A 3K 3 e A 3K 5 1 4% AR R
AL T I 14 54 [0 98] » AN AEAE AL s SMNEE R AN () 72 Y
IR 5 4643 KL K /N A — . SF BE Ui £ 42,7 Stanley
(1970) ETIT IR 1 8 & de 2K 8L, I 4h 58 TIF 2B
g, B, AT E B T Triprojectacites
Mtchedlishvili, 1961 emend. Stanley, 1970 {E 5 It
RAEM 5 — IE2UFR I . “ triprojectate ( = 28 & 1)
(Batten, 1982 ; Farabee, 1987 ; Mclver et al. ,1991;
Braman,2013) 2 it 25 46 ¥y 19 JE %5 18] (Punt et al. »
2007) . HoAh—2E4E 3 B9 Aquilapollen” (i Hip 3L L i
fEA, 1976) . “ Triprojectaperturates” ( Nandi and
Chattopadhyay,2002) 55 U #§ i — 26 3F 1F 20 A 25 i
AR AR iR U NI

HRAE X — 11T = S S Y W & A% W BR A& T o
Funkhouser(1961) fr i i) “2f 7 (demi-colpus)” R
JEAMEEN 2 R IR L FE A 02 (Belsky et al. ;19655
Potonié, 1966) , — 46 22 35 AR 45 5 S T oy (19 £ BE Ik
A I B % % O L, W Chlonova (1961, 1962) Al
Mtchedlishvili(1961), Stanley (1970) fE#F 5% T lib
ARG W 5 A A B AL 28 AL, 3 0 H (48D
R, AAEAEAL . Simpson(1961) # 37 (9 Tauro-
cephalus WAL TBA L. B M Aquilapollen-
ites [ HF 57 44 CR Z B4, 1981 Martin, 19685 T's-
chudy, 1969; Srivastava and Rouse, 1970; Stanley,
19700 FRATXI AL 1L 72 4 1 T &R K AR A (1 W48
HE 5 58 72 A I ol v R o ROk Bl AR TEAL .
WA AR AL R RIE . B AR
Jianghanpollis Wang and Zhao,1979, Morinoi pol-
lenites Wang and Zhao, 1979 F Pentapollenites
Krutzsch, 1958 #Y L AL A1 BE 1) S5 58 58 . JE A0 26 )L R
LAY AR T H - 28 2 3 L Dy = 9 28 (Mtch-
edlishvili, 1980; Takahashi and Shimono, 1982; %K
Z ¥, 1981), Morinoipollenites Fl Jianghan-
pollis W* 57 S PRI A EE HP 2 1Y ) 0 g 1™ 1 B
P EOIR B R b i, X e T = RE R R 2
FEAHMRE Y 1) Ah 53 CE R T VR B, 1979 A 1l
& ,1992; Braman, 2015), Pentapollenites % Ji &

SR e AT 1o R T3 B 1 B R OB B A 2R R
(Chateauneuf, 1980; Akkiraz and Akgiin, 2005;
Hofmann and Gregor,2018) , H7E (4 H %R 457 3 T 4
BN EINE (Kedves and Stanley, 1976), % |, 4
SCAHEBOR HALE YR BT A =588 2K

3 =RERIEAIL S IE

SREREMIESERGEE D KF Z M
FE B M 3 68 L BIF ST T4 TV 2 AR TE R
HEATHER . BT 28 SCHTHf B A 22 0 25 35 AN T
BCE AN AR 2 R AT I WS R [ A [) 34k TR
e S JEE ML . A SCR DL RIEH IR =58 K
TEH Y B A AL 32

i (projection) fIfA (body) « ¥ 7% 18 75 [6]_E Ay
PR N S 2 = R S fie 035 R AIE 5 28 B B
AR AL AR TR O3 B R A SR PRI G A i B kR
G BTk R ATTEEY O NN NIE R NI £ N
A TR A e 2 fl T 0 R0 00 o 1) 8 o A8 AT 22 AR |
WEERIE OUETE B A TE 58 Gl I 2) . T8 R Rk 25 A
R GERRAEAR 11 35 A 7 i 0 AR B A [R) T 28 0 A [
MM G 1 3) . 8 & A T I 1 — I Ak 2 38
(base) , L B 1A #Y — 3 FR A 3 (terminal) o A9 58 5
G b RS PR 0 PR R AR R (polar projec-
tion) , AN X —WEEIF LS, B WTERIE AR
O L B RXFFR A SR CAnAE T A BKOE L BUHE TR
S5 ARATEAE AT AT — R 9 58 s B Pk 722 1k 02 1
ToRGE M E EALE AT EGE K 3a.b) s FEARTE AR
ASHRI TR FR B G SR Cang A 8D B AAE
TE ] — 8% J5 1) (9 52t o A TE VR i BB L
BP“ il o€ 8 7 J& Jo 2 3R 0 AP A B G BT 3e),
Farabee (1993) 44 33 Fft “ {4 F1 “ 1 582 7 To 12 X 43 1
THTE FRAE “ /W & & & 1K (body/polar-projection
complex)” , 1 Jo A HE

7518 7 (equatorial zone) F1 7% 18 1fj (equatorial
plane) : 52 & A X 3T KR 5 1) 44 18 355 43 Bk O s 18
M5 2 BT K P 5 ) B X FR T Ay 2R TR B S A A A
T Gl B 1o TR AR 1) — A8 By o o o T
SEAR PR TR RN T e i U Sy i 8 T R0 R Al 1 528
Mo ABTE =S8 AE K o % I8 T B — e /R B
fif SRR AR, X E R SR EENELT
TR BRA HAE SR 5 WOR S B A 2 — >
T I P ) 355 38 5 2Lk 19 20 3 TRD 2 A4 1 T A AR
SMET . W H XA AL AR AR,



234 T2 S/ B R -4 % 58 &

R 1 ZRGER ORI S B MR

Morphology and terminology of Triprojectacites

Wl 2 =5EAAE G R IR
Body and projection shapes of Triprojectacites
a—d. fa AEJE b WEERIE oo BUEIE . d. BB se—h. & e HUIRL L AR g0 HAR B HEHIR.

a—d. Body: a. cylindrical, b. ellipsoidal, c. biconical, d. diamond-shaped; e—h. Projection: e. slat-like, f. lingulate, g. ear-like, h. lanceolate.

iR 3 =AM FARIAR EE (a—o) i B AR A (dse)
Schematic drawing of various heteropolar types in Triprojectacites (a—c) and two specimens of type B (d, e)
a. ARI,b. B&l,c. CHICAIR) sd,e. Aquilapollenites senonicus (Mtchedlishvili, 1961) , 78 282 5 i 2 B (d) 248 fAAHAC () o 2R 7R 7R 18 B
CHD s SR LR B . AR A ™ BRI A—B . AR =10 pm,
a. type A,b. type B,c. type C (angled) ;d, e. Aquilapollenites senonicus (Mtchedlishvili, 1961), showing projections perpendicular (d) or ob-
lique (e) to the polar axis. Dotted lines show equatorial axis (plane) ; dashed lines show polar axis. Specimens are from the first member of the

Mingshui Formation,SK-1 well. Scale bar=10 pm.
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23 i TR A AR R A A T PO R A
M2 . X T AR T B AR A G P 3c) O HER
A Ry I T 5 TG 3 A A AR G T o AT SEBIE S R SR
T A2k RS 5 2 T iy (A &1 4'b) B 3 o (A 1] 4e) e
TE -1 E AT RRE TS F T 208 15 1A T ELAY 1% 0 .
T 244 5 A 5 AR A 52 i RS Bt IO 1) 17 0 T AN 3
A B e I B b O 5 RER 23 IR T8 T i B HhAE A AR
G A S 7 D0 A P&] 4b) o T HL 4 oR b i JL A
Bt 52 ORAT A B AL A NS TE AR FT 52 00 T AR AR AL

AR AL B L L 2 [] — R A A5 B A ] Sk 25 7 A 58 AN
[ 14 % 30 T A PG R AR R R H R R Y
Yy . FOIE IR A 36 A AR R 9 A2 A AN B 88 A8 8 AL Y
ARIE T AL R G FRATIA O = R 2K 1 IR
I8 T AT LB A D 9k AR DX E0AY JK P X B T . T
HRC i DU R S A5 i A B R R BRI Y RO R G
Bl 4d) . Tk o T ARG S 22 52 B SR TP
RN A A B AR 52 Wi i) LS — AT R AR
53k 55 19 VE

P 4 X = SRR IE T (L2 FH G £ (O) B [ A B (a—o) 5 A SCHE & (D B X L

Different interpretations of equatorial plane (dotted lines) and center point (O) of Triprojectacites (a—c)as

compared to the viewpoint of the present paper (d)

i #& & (proximal body) F i€ % 14 (distal
body) : 7538 47 1 T A AR 43 Dy I AR A4 R
TEAR AR, H L TRRR Sy 5K Ccollar) , AR 3 X U 49 14 1)
WEZE B /IN ) — ] o 0 A s 388 R — ) o i A (Cat-
terall and Srivastava, 1985), £ F F& B K s (H&
X KB AR B 8L .

AN E (projection thickening) ; ¥ 28 it i
TERR P & B R A1 BE N )2 Cendexine) JE 4 1 B

f TR R L 28 T O AR i (R 5D o R R i
JERFNGEEE (4 73 5 T AR 7R B B T iR o (ER . i
TIGBTEAR B A6 A 7 B R S AR (R .22
8] R 252 120° (9 & ) » HLARTE T i 7 TR 38 4R
RSN RGBT A — M I L T A IR 1 i
(48 JER £k b L 3 RN VS A 3 7R 15 6 OL R 52 S fif
AR BB G CAn Al SCHR P 3d e SA SCH At 47 18] vh
MVFZ 440 .

TS =5 ISHMBELEIE S T A A s SR N IR I 4R TR G RO
Pollen wall structure of Triprojectacites under TEM, showing the initiation of endexinous thickening (arrows) from body
B bR a RAEIALATOR . BAK PO ESMREN 2, CoHAE R, T B . A AabA ™ B 1L IFWKH — B, WHIR =2 pm,

b shows details in the box of a. B:body,P:projection, E:endexine,C:columellae layer, T:tectum. The specimen is {from the first member of the

Mingshui Formation,SK-1 well. Scale bars=2 pm.
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BT REME, =R EXMAFERERETHE
—SEREA B 3 L FRATTRR 22 R B 4 3 Cappendix)
EATR X g Y B A RIRE . IR A S AR LR
=l

I (collar ring) (i &l 6a) : FEF R H I L F
) — P8 T T AR BR A M 35 . Bratzeva (1965) i FL i 7

BT X — FE KA 1 I 4 06 3 Parviprojectus”
amurensis, Takahashi #1 Shimono(1982) MK #& X
— ¥y & @S T H JB Bratzevaea V) 42 2 Bratzeva,
HRIEFAT WL 5 L 76 U AL 48 By 56 B o A AR (H R
AT S A TC AR Ak AT 2% SCHE 5 B T A 6] 0 . 3R 1]
SR I 1 ALy N AR BE JZ 7R I AL 1) 22 AL B 2

K6 =Sk MR Gk TR

Appendices of Triprojectacites (arrows)
a. Bratzevaea amurensis (Bratzeva,1965) Takahashi in Takahashi and Shimono, 1982 W Fi IR # 1% ;b. Pseudoaquila pollenites conatus (Norton,
1965) Liu, 1983 H1 ¥k S8 e (M4 =) sc. Integricor pus bellus Mtchedlishvili, 1961 1 R i B 24 M 75 . ARAS a.c 7= A AR 1 HF R 7k 41—

BOGARA D 7 AR 1 BKRA B, AR =10 pm,

a. Collar rings in Bratzevaea amurensis (Bratzeva, 1965) Takahashi in Takahashi and Shimono,1982; b. secondary projections in Pseudoaqui-

lapollenites conatus (Norton, 1965) Liu, 1983, note there are three at each pole; c. equatorial lateral fissures in Integricor pus bellus Mtch-

edlishvili, 1961. Specimens a and c¢ are from the first member of the Mingshui Formation,SK-1 well, specimen b is from the second member of

the Mingshui Formation,SK-1 well. Scale bars=10 pm.

K 5 (secondary projection) (ffi & 6b) : XI| 4%
R (1983) K BAEH L =R Kb IR AR & & 26
] ) /NG PR A = A, 5 20 T A7 5 1 5 2 A 1] HE
G ABKEEATFR NI I I A N R AE Q) S 1
Pseudoaquilapollenites, Braman (2013) H} F 43 2%
5 % Pseudoaquilapollenites 1E1] A A
IR I AR SR SO R AN T A 44 o W 42
H 1 (Pseudoaquila pollenites) LA 1€ ¥ 1) A #k 4% B
3 S/ 5 T X1 T A 2 Al 45 R T aX — AR AR
J DU A i A S B TP R B S SE YL O AN
Choi(1984) % BLRIR 28 B v ths A5 2 UL 4 3 - R 2
NI 5 (secondary polar projection) , Ff DLt -y
FRUEEE S, T H )8 Novemprojectus, FATIN Ky, X 46
S5 PN W 5 ) A 1) AR AS [ S BRI /N
G RIS, UL M Farabee (1993) 9 “F % %
#2 (subpolar projection) ”ZEFRIFHA KA 2Y, XLk
S EIE R AN HALAE A 2B rhm] WL AT 2
PRI GE L o Lh7R 5 2 38 7 1Y 28 R A X 45 o

75 18§ 24 (equatorial lateral fissure) (3 &l 6¢) :
UISER 3% K VAS RSN RO A LIRS RN (B &) P

Funkhouser(1961) 1A Jy H 854 , 1 Stanley(1970)
il Tekleva 55 (2015) A Ay 1M ¥ AR A4 38 A & L AE 3 X
AR A A T AL BE R 2 BR 2 Dy AR B R A
Takahashi( ), Takahashi and Shimono, 1982) {K i
IRIERES G ST T Pseudointegricorpus, kN iZJ& LA
HAX—W&Em X5 F Integricor pus Mtchedlish-
vili, 1961, {HEFESL |, REZMIELE Integricorpus HE
SR B S ABTEIZ BRI bellus B AR
AR bS8 T AL f) (Samoiloviteh, 1965) A 1 » Taka-
hashi ff Integricorpus PR A FL R 8 1 R 04 5023
NUEHG , fth BT 8 57 B Pseudointegricor pus SZN| & In-
tegricorpus W) B H 5 44 . Braman (2013) ¥ Integri-
corpus BRAE Jhy FL oA A 2 1 AR 26 AL L T IR 7 A
H oK 2 ) 25 B IH F Parviprojectus Mtchedlishvili,
1961, AT X — 1T 253 .
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AW R H @R I, R&w, ZRERMNA Aqui-
lapollenites —J& . TE 2 I Ak A7 & BLid 850 19 1 100
TR AT M TR O — R Ok R AT SRR R
. #; (Funkhouser,1961; Kedves and Kirdly,1970) .
{HJE , W & B M R R B & B, Aquilapollenites —
NMEBACARENR=ZREXEENESZH
P, TROPFEENRE T ZHE . HE .2 A
IS F 58 T B AR UK - 8 BR A, % 7 v — 2 g
Foft 8 R i B HG B A 5 B R Rl A X 03 72 A T AR
W, FEOXEAE R — DGR XN =R K
FERY BB B 2 L S0 S5 08 A 23 2 O T IR R E 1Y
LS5 RIS A7 A 22 5 R TR 25 o] B2 o . 66 = 48—
R A A T 1

4.1 HERES

R 5 & A TR 07 B A A . =588
A3 R SRR RN S S . SEAN SR R A SR AR TR
i eh A AR R TE A S Sy T A AR R PR O . SRR
I B 5 A HE A B D T A — O CGEE AR ) 5 3L 3
=R AL R IE AR R Y S — R — /NP ER )
RBEARFEIN s b5 %k (I ] 32) 5 B. 58 58 4 i
7 1T A A Sty o T A AR T R (ELAR Y TR R
AR B AT SR TR AR (B 3b) 5 C S8BT
AR R i I L WY S A v 30 A — e L (AT IR AN
XFFR S BB AT A AR B P N T i [
30) . C B SRR AR Cangled) 28 Y, “AR” 1Y & X
JEH Farabee(1993) 48 I, 12 458 T 47 28 2 5 1A 4 52
T SO AL G T B B — Se AR A, (HAR 45
MITAIWESE , B AU Hh ) 5 26 5 6 [n] 30T 41 it % 1) ) 85—
e 5 i 28 A 2 1) 3 JC WY 1 S BR (A I 3d L 3e) s
W RN TEVE 5 2 HR A X 45 PRt R A 28 A AL
Wi 45 4% 7 T 0 T A2 AR P B AR e I U R AN T ) S R
AR FRATTE X B AR R R e T C AL,
FOARAE IR A WY S A U5

e 1 e = 5B 2 S ol &) o3 1) AR A L (H AE R
W ARG . BN Aquilapollenites 142 H 1
fi s AR AL quadrilobus WKL R AS BE AT 55 1
A 5% ry . Hodr iE 8 (Radforth and Rouse,
1954;Rouse, 1957) 5l A B4, i @l 452 00 i 46 i i
WA . Mtchedlishvili (1961) 1A b W % X 4 55
e A0SR R AL, Sy e B 7. 7 Mancicorpus LAY
R MER AH R T H AP TR A =R
B 5 Aquilapollenites 7= £ T ® &, N It
Krutzsch(1970) X} Mancicorpus #47 T 1B1T,. % 2

FR TR M. anchori formis BT AARI Sl C R,
MR e T H 5 Aquilapollenites B 43 & ) [7)
B, {3 Krutzsch [/ 308 A B B & T — 488
Hemicorpus, X FE 5518 Aquilapollenites [ 35 W
AEAAL PR T A5 R A, SR, an b 2 ik, Aqui-
lapollenites BB 2 & B A B, [A ik, Krutzsch
(1970) )X FE 1T BN G121 s Hemicor pus SEPR &
Aquilapollenites WG H 54 . L% A 15 3 )5 K 0F
FEH IR

HT T 55 B S A 28 R 2 ) A T A i 2R R
X R E Aquilapollenites F1 Mancicorpus Lk M H
T Fh A R T E ME, Srivastava(1968) #2 1 & &
PO B A R B B R B B Y B RS Y LU
(FATFRZ A Srivastava WAH . & R Sr {H, 4 & 4c
HH) OP?/OP) R b AT K 5% - 45 X — HAH R F 26 F
0.5, A Aquilapollenites, [ Z W IH A Mancicor-
puso AR LG HUE SO IR TE BAREY AL X —5E X
TEEE SRR By KB o2 iE . R, K2
B RE S A EER, XFELT B
FOAT DU AN [R) B 38 i T8 4D 2 80X — HE B AR DL
P2 Ao 22 . B 25 e — S WA 9 5 S L e
(B3 25 52 3 58 62 5 2 1 52 W) o I AN i I 52 5 I 7 A
MR BWHI . &5, Sr A 0.5 M2 NNy,
I TCR 2 M - 7 LGB R b 1 S Aquilapollenites
IR P A, quadrilobus N #% H T Mancicorpus
(Tschudy and Leopold,1970),

FIE b P G T R PO Y AR R AT L)
S R AR o ) 2 v 3 AR T B AR K Y
FOAE o H i 08 T — A A A T P s
Je— MBS A B LA e R 2 B 7 AR BRI 22 L O
A AR 7 vk o X B FRATT A T 0 AR AR R A
PR B2 OB (P R Sz e A M 15 00 CELAA B2 45t 7 12
L0 B 0 WL T 30D o M F A )N S A P R« S R
T OLT M BB HT 1, 2 58 52 42 O[] — A% I (A0 4%
B.C B HAGT N ZE .

4.2 REMNEZFEE

R S = R M Oy L A T R b
SE I H BRI . SRR Y I D0 F ORI R AR pe
RE o AE = RGEIAEM I P2 H WL RGE B3 X
FERA B WO SR 5 R A R L (3
A I TR SR L B At AN — Ty i R
A Y 5 T AR T DA R S RO S

X 5 S i 07 T Y ) S S = R SN v ) —
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AR R W AE RS 5 R R AL AT A — A
O] S A T A 3o I A R 8 1) SRR LU B B
RS RIEAK AT A A D ST GG i) Fe R LR
{37 2 A RLAS Ry HL 5 TR 2 1 ) B T O A 5 2
FC 5 R A8 ET R AR i S L 3 st AR O LLAE
B8 S5 ] Y S IS R ok S8R S LS AT AR
A RE . iT U A fer 2 | TE A 3 5 P (]
15 R v B 0 B A SR A R L 0 O 2R AN A
W= AR,

AR FATTRS i 3L b K = SR 2 AE A S i A
5 T A A T RS L5 R 4 3R BB B 23 AT = SRR 2R
FE Ry 19 5 KL 10 i AT A 30 R AR G2 A 0 O A BE A )2
R X — M 3 O 4 T 5 K AR AL (R 5)
I AT S T LI e b 3 7E AR T iR R TR M

T3 AR i (PR Ay 9 RSk o A B 1D N o 5 B A B

O TSR 1 BR 55 PR L AR B B Sk 4
XFRIN AR A e A5 Bl 2 ) 58 k2 AH X T4 1) K /N
B, Stanley(1970) 42 4 T &-5 # kb (body/projec-
tion ratio) , R4 5 588 98 & 09 Fo (. G &l 7a i
h/w) s F§ & Stanley . {H ( Takahashi and Shimono,
1982) W fRIFR St HfE . X — P fE AT DA e 58 4 98 2
AR RE X 558 538 » SR T Stanley (1970) Jf 2K Ul B 58 42 58 J3E
A R I, H S R B O R S ik
1 B0 G Bl 7a) HZE SR SRR T B U KR S
PR3 FEAS B S AR O I 5 55 SRR A2 1) i D o7 2 R
R R M0 CANAA 1 7h 1w AT w) o R SCRL S8 Jin
JE S AT A A Al ) e 2 R R A TR R I ] 7o) T LA
Rkt bR PR b 25 e — T bR

i 7 Stanley M B W& )5
Definition and measurement of Stanley’s Ratio
a. Stanley HAHME X sb. 2R M ARRM i J X 5e. AWM T . ho Rk, w. R,

a. Definition of Stanley’s Ratio; b. different measuring of the width of projection;c. measuring method in the present paper. h:length of body,

w:width of projection.

Takahashi 1 Shimono(1982) 4% St L {8 i FH 3
T 10 AN I 22 DLk S S8 5 4 i B
FREE . P70 A BB ) S B 5E St 2 80D
f AT H LA St A SR X 4 Aquilapollenites(2. 0—
3. 3) . Pentapollenites (1. 5—1. 8) Fll Fibulapollis
Chlonova,1961(1. 1—1.5), H A Pentapolleni-
tes J& B ALVE 1Y 2R B AL A AT B9 4 18 50 2 A ]
1) R oy UK 3 SN BT IR I 28 Y S b AE R B
X FFAN TR G S ok St Lo (R BOR 288 5 14 1% 73
Sl BB 2, 43 B T B A 52 3 58 R A R AR
BRI . D TE St fE 2 oh s FATiE 7 R KT
KEERIZAR W IEM S8, T RERE. AN
oAl LA R 1 K B 5 AR R K 1 58 R BB (R A
JRE 58 T 0k B 53 b o LT 30O R S B HG R X 4R 1
il AR 5 & TR AT Dy m] LT 282 4K 98 1
A 25 b CRIV 2 k2 9 BE by R 0 28 2R 3 19 45 0 HL %2
Kot XEES LG &, BT DL 4 m
b A AR R0 S AR 5 82 1 R X 5 5 DA K SRR O A
A 2 S5 AR AE

4.3 AERFHLERREREKR
FRSRER R L O TR (B Ny ey i )
PAORAF R AN [6) 6 o o T8 7 8 I AR A 5 4% b o i
R o T AR T AL B U SA MT Y R S ) = AR TR — A
T AR AN A B 2% 3% B AR A TR R s BE A K A A T
Wb R AN HEREE 2 0k R R Z (E] D) B 5k
5K 2 1] i1 BB AE AR 1WA 5 o L S AL Xkl
R T > HE () U 0T O A A ST A R R AR
() B8 A 2Z 8] 9 % LGB AR 7
Y R ZHFOLT XA R AR TR AR
. B U, Aquilapollenites spinulosus Funk-
houser,1961 il A. rectus Tschudy, 1969 7 & i iy}
ST 2 0 7 RN T PR R AR AR AS . {ELX e
MO — L NG MR T3 — Aok 2, B 1% w0 5
25 B THT MR AR 23 3 VA A [) g A 2 2 5 g 2R 2
AR AR S i 26 B 52 0 T 7 8 DR AF 1Y bR AS #R A T
Translucentipollis Chlonova, 1961 ( & Jij #H . #X f£
AL 19765 R ZBRAE, 19815 A3 i Bt 45, 1983 J 1L &
55,2009) X FPJT Ik EORE TN T H B AR R 5E
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ea . AT 0 R RE i A R T i I A
o HFY % TR UL AR T UL R[] — PR ) (L SR 1A
Bl AR 5% 2 ORI S0 <5 R AIE AT RT BB 3L AN [R] PR AT
11 BB A Z T IR R

AR AT X A L 5 A A1 s A R A SRR P52
(10 52 B2k FATT S A 3 Tk UL AR 1T UL A 23l 5 T

AT UM, 17 3 B8 R A 2R A5 15 A T8 A B AR A AH [ (19
(B T SARKASC M Z 50 B A 280, NS0 E 25
SFRHAE B X FE A

4.4 Y
S 75 S WLEE TN X g3 o o R A8 03 26 1) — A

—BEWEIE . B T 0w AY R T A 2 A
Hog I EARRE — — 0 W AR AT . LA O SR A, &

HEMAR., ZRERMEH SRS 2. 4
AN T S N I S5 o T R A A E D

RS Hid e 56 RMEE (L TR =582 R
Ornamentations of Triprojectacites under SEM and LM (f and h)
a JIPIR b, BRRDIR e ZRBUIR LA ZREUR e PR T Wl RIARATEIE SO T RBRDR (D EH R BB T R E AR (2 hoi [/ —hibi A 78
BHE T V1 (b AEF LB T ANRR (D L), BIERHEE AR 5 5, k. Integricor pus 77 38 M ZEME I 19 2 805 20 B0 1 588 1 AR AL /9 #E 9 5
ARIm LR . AR L7 BAARE 1 RO Al bR A 7 B AR 1 RBKA . HEBIR =1 ,;m({Ibﬁ%‘Ffﬁﬁl‘h
a. spinulose, b. baculate, c. striate, d. striato-reticulate, e. reticulate, f, g. the same grain appearing granulate under LM (f) and densely
spinulose under SEM (g), h, i. the same grain appearing psilate under LM (h) and finely granulate under SEM (i), j. spinules and reticula
nearby collar, k. striae and striato-reticula nearby the equatorial lateral fissure in Integricorpus, 1. bacula at the major part and spines at termi-
nal of a projection. The specimen f is from Nenjiang Formation, SK-1 well, others are from Mingshui Formation, SK-1 well. Scale bars=1 pm

unless otherwise stated.

HIIR (spinulose) J& =
Mo BN SRR AN 45 5

9&@%%&%%% T £
K 13 umUf E 8a),

TG S U AR ) L {E T A A0 A 2 L R ity [ A R A
8b) ,Farabee(1993) Fr Z M ¥ # Ik (clavate) , {H
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S 58 %

FEATHEEE  HoR s FF A8 B2 0K PR e, DR 9 R (bacu-
late) FRZ LB 1A 24

PR (reticulate) J& Hy FIE (muri) A H. 38 LAY,
Z % 1 W IR (lumina) f7 8 % (i B 8e) o F& 80k
(striate) W J& fy 4 T 56 A< P47 /9 o A2 4 A0 (I 5]
8c). SLUA IWHAEME (groove) [] & A2 4y X I HH H. 28
S, AT T B 4% 80 AR (striato-reticulate) 80 1 (4
8d),

— 8 = G R TR OGO T AR T S ORE AR
(granulate) (4 & 8f) 8¢ Y618 (psilate) (3 [ 8h),
EE 3 T 1 0 O L B AT S AR o 2 AR
T3R5 B A AR 40 /0N 1 3R BOBORE , RNV 2 T pm
(& 8g.81),

QU AE = 5 28 3 2 v Pir 32 B i) AR HE AN TR
I 4 B A Al Funkhouser (1961) & iT Aqui-
lapollenites 2 AL 5 R AR AR L 45 SR AR 46 4%
Fh &2 AL, Farabee(1987,1990) 45 = &3 /r A
SRPIR AN AR R P K 3 J5 B A48 S sUIR CDIR S5 24
JEAJE . Braman(2013) [ 43 28 3 G0 K 8 43 o0 ]
ARPUIR L 2 BOIRFIOG I DA K FRAR F8 A% P T IR
B R ) 3 i — 28 R o O R Y e

SUTE 3 S v i B SR O o B . AR T . U
TEAERIRL b 19 & & 1 0L+ 43 5 4% 9 A 1% Braman
(2013) J7 S B AR RE TR B0, FAT] 5 A LA 31 9
ML GG ER R BT F 2 = S AR M b 1Y S0 2 AR

AN — B HAT A R B A 2L5  fn f R R R TR
81) \ AR BN 2k B ) (A P 8k ofill #9481
S5, TE—RLAERY b, A W) Goi 22 18] BE W] RUAH B IX 7
WA, PR e L S RO B L A A R A O
AL A IGO0 . AEHB KLY A [] BB A7 o U0 5 S oK S 71 5%
T LA K A4 1 850 08 AR T8 9 o 0 2 B R A T RE A [
T o S A P I T SR A 53 28 O P R

5 ZREREEHER S

i B OO AR B A = S S LA 73 2K Y W
Jeas BUR IR A A PR A 5 T AR AR Rk
YRR PEHE B R A IR ME . AR AR B PR = 52K E
SEMEZA, FEIRAT H AL B W 5 —
5 I R AR O B T AT O % R S
RAEAT BE B TR B 5 38 A 280 2 B0 14 Ao
AL 55 553 A5 TR AT A £ T A 140 3 2 A e DAY R )
WA BARAWEIE 4R I — 26 2 50 B AR 3o
B A8 2 A B AT AR BB . X T A X = %%
B EAT B B F AT IE B S AN IR AR

FRATHEAT 20 70 B = 58 F T 25 5 A5 10 5L il
B BEAT FRE A A RS DL B O A R
PARE SCHH A ARAE 0] 47 o SO0 e o 3f A% 30 5 b 1 2
AR = REIAAATRA R LA T SR H T RUR
7 10 SRR AR Gl 9 LIS %

IR 9 =GR AT A 2 I Ty vk 2 o % 2 IR A 2 DL IE 30

Morphologic measurement of Triprojectacites (See the text for definition of measurements and referring points)

5.1 EEARZE

B CHERA Y B2 5 2 R R AR S Rl . =R
T 2R AE ) B8 et r i 1R o AT T 32 T e WA e
AR DA R o o i SC A ) a1 A 2 IR (R

20 o FiAbh W rp A R P R G DR A7
HAERMEN, —RKERNW =ARE. B THEZ
[ AEAE 120° ¢ ffy . B A1 AR /0 B 2 A 3 {77 F o1&
7t B T S 2 6 DA A il Sy et ok il O 4 b 1)
] & I (i [l 10a,10e,10g.101,100) ., ZHUIE BT
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/

7

A — > B fie K PR MO R A B B S A KR
o 5 A 2 T DU DA — 22 A £ B ARk ik R A O
A B ST OB RS . L AT, =Rl A
3 7 JiE 2 v W 120 S TE BRSSO TR A Y 58 E 1
T AR AR 1 A S (D IBC{EL . X S B AT
LA 3ok 4 S X8 R 19 D 3HE K 43 A A6 A R 1 4% R R 25 Ry
fiE o FRATTTRE o 1 25 i )k B0 B %o 4% Al Bk a5/ B 2k
(B 2 7 iR I R G EL 9) .

FE R EL

el (polar axis) 5% s (pole) : # fill & 9L 51 78
o 1A B X BRI B R Y B8 AR R AR R P
E R P,

L 3 i (Base Point) « 282 45 24 TR 1Y X 35
S, HAE AR b B B A i P A FRATTRR R i
B (BB RIS . SR SR TR
RFERE AR E T 2 T A7 I B A R 43 B A I B
FARIE = FB 43 . 5 5L 2 78 I 3 180 AT P AR 7 3 v)
LR E , — R R 2R S R W & & iR
HMEEZ IR B R s TR S A 2 il A R kG ]
PLIA R FETF I 1 3t 5 AR 3% 8 JE 8 I 1] 5) 5 — 2
S HE R 43 TR R A R I AR MR B ]
I8 /R S AU AL E . TE A 1 MRS AN ] e 1
00T I DR 55 988 56 B 7% v f W] Sk Ak 2Ry i A

AT AT (Tip Point) : T A5 (T) J2& 28 e 1 )i 11y
Fi A7E Ui

RS IE 45, (Distal Point) : 4 EE Py J2 M E A £ Bt
TR FRATT DAL i AR 2 SR R i 1Y) I IR L FR
IR £ (DD,

PLIX 6 1 O A S BN, SRR I R A
JERPEAR S BT GEE 9,

PR Ch) o 30T B o 52 08 A A 1Y B, B AR il
PP’ Wi 5 PP IR ARGE A7 b T A B R
AR hy FHE AR b, .

TRTE Cw) R e R 98 B . e R MR 283 o,
N e L ST R N @ WSS E S RE kS i S
HELLBR A2 5 N ) v . o B R AR R SE B R
5 L B i B STAAR 1) BE B (AR R B G AR — D . 7
FOPR T v (AR H T 38 A AN AR FRATT DA Dy
KRB IR AR T8 AR R A TE

8 HE LT P (wy )« 58 T A ik A 22 ) ) B
I BB,

2 J A iy B (wz )« 2 768 1 A o R 32 A5, 22 (] ) B
.8 DD’

K (1, ST A (T) 2 A B 5 i 2 3 3

A

=

ik

ML R .

SRR A (10 - 58 FE 18 25 0 )& It 3%
2 R 2 ] A LRI 2R R A S A A N
T BB . BATA LU 19 B B Rk
I RO TR IR TE L R T L B DR AT B bR A
TE & ERSE—.

DA 08 J7 0 FH T P A 0 T R AT AR A
X0 T A7 B R AT BB AS D 5 e 5 A2 T o /N — >
GEF AT S, IR 6 25 S 0 1R 22 R /)

X 17 B PR AT IR AR I P 9b) L BR TR K
TCE MG Z o0 ol < B2 L AR RE 3R AT . IE ML)
TET L A 111 R JBE AN ) ) = AR T W AR I R B — A
T 7 9 5 A 30 5 A [ A1 BE DN 2 TS 58 KRR Ak T
TR HE AR A A Y T8 T w, » SRS T B I [ 1
BB AR SRR R 1, . AN IHERIE Ho i i
AR T R A BE AN I AR AR T L b 3R B AN B
31 50 18 1 2ok 3 b bt G L Ty P R R R
FRAE - AE M3 FP o i B P A AT — i 5 ) A
BRI AR O WA B O R B . R R A O
R i T A P9 B 8 SRS A B o R A P A A i
Ab £ FR 1 FEBE CEE” (FF ) 2y 58 & 1) i 5 1K i 58
JE o A PSR A B AN 58 A A U DA AP 5 B 2
A OlITEE 28 5530 T8 42 B0 79 O 1R 58 1) — > T 31 3
JEL M SRR R R K

IR LA A RE S A% R I 45 B g I Ty
¥ ] LU IR A7 B A Ry PR3 ok 1 22
T R R i 0 5 S0 ol 4 oA 8 A O i — 28 SR A
B KSR TR RE SRR . A AT 10 T R
LM RE 1 B 2 RN TR S B A [ PR A7 07 B 1Y
ORGSR TR A A0 Y AR E S ] R R R R R
AL T B 1 I A R i Dy SRR R A R
718 A THT 37 B A 5 — 2 B I B D7 3 o R TR A
M ZEE T, B A8 5 T 00 E - AL A — — bR ik
AR A 5 R RE R 0 R I A5 1 3 A R R 114 4% 4K
Wi o AERXLEARA b od L ELi o Dy B T DR AE B R
ASSBR TR GE— 2 1 IR T i R M) L A T
I, T LA B AR MR 985 b BB i 18] —
N0 S5 WY AT LA HG R 9 B T D A B 1 S AR AR B
2 ] AT AR AR R AR R B R AT B AT 2 ]
Y L CBIARAME 280 s d IR TE TR L 5 588 =2 ] 1 5
FIRAS B S DU P o 81 S 32 ) S Dy A 9 —
PRSI g map SRS BY L MR Y B L I
AR GE . avg | PSR 5 T 4% Al 52 B A 0 B
MR HFEARTE 3 5 06 T 52 BUAR A B 58 B N 79 fiR
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% . h.k.o %ﬁéﬁﬁéfﬂtu — P R — FRAEFE R b Tk X 4 AH 28 I JEE 28 15 bR 7 it
A& i, gk R | ROy SRR N FIE VR Aff o 000 o (A T 9 RE L AS 2 7 AR B S

10 AR A T R = 58 S AR A 1 ) 5 41
Measurement examples of Triprojectacites on specimens extracted from the Cretaceous System in the Songliao Basin

a. b. Aquilapollenites attenuates Funkhouser, 1961, c, d. A.normalis (Takahashi in Takahashi and Shimono, 1982). e, {. A. striatolongus
Hofmann and Zetter, 2007, g. A. kentii Braman, 2013, h. A. turbidus Tschudy and Leopold, 1970, i, k. A. quadrinus Takahashi, 1964, j.
Fibulapollis mirificus Chlonova, 1961, 1. Integricorpus clarireticulatus Samoilovitch, 1965, m, n. A. senonicus(Mtchedlishvili, 1961), o.
A. melior Takahashi in Takahashi and Shimono, 1982, p. A. trapeziforme(Mtchedlishvili, 1961).

LR 2R 7R G B (w5 s RO BT S7 B BB AR IR Y — 2 (w, /2) o BRAS e—g 77 AR RE 1 PO = B AR AR A = B AARE 1 JFBIK 24— BL.
AR =10 pm,

Dashed lines show the width of projections (w1); dotted lines show half the width of the body in polar view (w},/2). Specimens e—g are from
the third member of the Nenjiang Formation, SK-1 well; others are from the first member of the Mingshui Formation, SK-1 well. Scale bar=

10 pm.
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5.2 BHREX

AL LB FRAT AT T AR A N 5 —
BT 0 e RN T R AR X S R
I FATH AT LA 3R AT & T RE A7 R4S e 48 By 1 1
SR K B RF A 250 O 40 g S I Y Rl AR R
o TR R L A O AR A Y S AR B, FRATTIA
SR IX T 2 HORT A LG A VA T AR B e = 5
HER LS FHE . AR IX S S 50N B 7 b HIAE
B JE s Rl 2 SO (AT DUAR G b AR A 4
NGRS T
5.2.1 8%

&K 7 H R, (length-width ratio of body) : {&
K AGER A, BP Ry =h/w,, s I F R BRI AR - %
FEAE R MAAB A 5 3 LU AL/ S DU A 5 R

K 98 b R, (length-width ratio of projec-
tion) : K A T B EL(E . Bl R, =1,/ w, . iZ HLE
T W SR A B T AR R L ) 2 A B K 5 )N
I 5 2 8 9

R, AN 8 2 Wl 28 e A X T 440/ 46 0 R A 5 55
Fean s SR A B R U H HORH X TR 20 4N G
10D) 5 2 A B 5 4 {H AR X T 44 20 AR L H: I 14
10,107, X I FRATH ZAE B LA T 2481

2818 55 BE $5 2 WI(Width Index of projection) : %8
R FE 5 K A B WI=w, /h, 3% H A RE R e ss i
AR T R R E A 2 T St FfE 1%

R K E 8 $ LI (Length Index of projec-
tion) : ZERK 5K FE W L E. B LI=1,/w,. HF
W S L FE B 1] B AH X TR (R AL, LT W fig il
i B =ASHOTREA LB LI=R, XR, X WL,
SN LT @0 5 Ak 2 J6 w7 D ARG, Xl 45 B A
QRN T NI N 287 S e = i < VAL 4 B
B TH A ER R

WICE LD 5 R, M55 &  BEAR K i S i 58 1
AR 5 355 AU AR . B AT B 1 S Y K A 9 HRE AR
2 G 4t 0 R /INTHT AN i S I 52 AR T T4 fRy R
R AR B2 A SRy B S BT AT LA SR 6 LG AN (] K /0N B 48
FykL 2 B A R B O .

Z&E W 4E e R, (Reduction Rate of projection)
5 L T T 5 R i B 1 25 5 5 R I JER A i LU AR, B
R, = (wy —w) /Lo 3% FOAE B B 58 DAk & 21 K i
ARAE A DR A S SRR B TR IR . i LG A
T 0, S MGG, T2 P AT 5 % AR,
R L AT 247 B T A L S P 40 A G T 0T R A ) AR £

JEEBR

e PE+8 80 PI(Polarity Index) : 3 #% {4 Fil 172 A% 44
FIKEZ . Bl PI=h,/h, . X — HAEBEA &% 5]
S S S 7 A LT ARl 0 5, R 23 52 B H O AR
A USR] 52 ) BE S Bt AR PE i L SEAE L. HE R
B8 £ — S 00 i 07 B DR AT BB AR CUng 18T 100, £E 1A
AT PR i 17 2 A= A 1 A2 T8 0915 50, FRATT AT A
1L AR B B LB A AR AR X — e . TR
T8 1L 235 b b A B 0 52 45 S PT{E R AR 47 #h IX
O AN M SE AR T PIE 2R 0. 6—1, 4k A 7Y
PI{H&EHF 0.3 LIF,.B.C & PI{EH N 0 (s #ir
h 0D 4678 S T A T AR OK i

5.2.2 #Hix5NA

18 1B SO 48 0 A ol 4 ) 6 R8T R s A )
280, FRATHE AT L il i = 588 28 18 By 1) 2% A
MR /NRE . 8 5 78 = 5 2R A8 B AIF 58 19 K
S OCHER P AT LR R i R PEARTE TP IR 2
Ok BT 11 o R E AR AR . X LR AT N
A SCHR I S AR B S EO B AT T AR By X
UL (18 2) .

KT BIE R 0 1538 AREAG CGRATR AR &
BR 1SR Ry — A A

FEIE Ceylindrical) « 442 i W5 3 35 P47 5 A o - £k
B E KD LT A28 4L (6 B 220 . %8 4R 38 #
BOEK HWAFTE R B, R IE R 8 W 2
2.1—3.1(F 4.5, KF 3. 1 BFK N KAETE (long-
cylindrical) , /N T 2. 1 W FR N %5 8 JE (short-cylin-
drical),

HERTE Cellipsoidal) : = 58 &2 2 4 fe UL 1) T
A3 IR 300 2% R0 A it 147 (B0 3, AT R AS ) ) 4 e R 40 2
PA [ f lh % CiE E 2b) . {5 % Erdtman (1943;
1952)%F P E HAE AR 43 - FRATHR 4 98 1o R, 4K
430 < BR Coblate, <<1) . Bk (spheroidal , 1—1. 4) |
K Bk (subprolate, 1. 4—2. 2) , K Bk (prolate, 2. 2—
3. 0) K IR (perprolate, >3.0),

XUHETE (biconical) « 442 D A 8 [ P A% % 45 » < i
RELHGTFEHERNM., R, 0] KA/, B F JEFP
KRR J& Fh D SO 13— 25 X4 Gl 20)

#i 1% (diamond-shaped) : (TR A B, 1 F
PR 3 AN RO R o 2 A 8 A AR S o B K I8 R i
A o 3 AR i~ B B P T G — R fR) Al A G
2d) . AU TF AR C AL,

R 10 toakom AR M HTE o kO KAk
T 5 H AR IR T8 A7 B AR AS 1R 34 S W KO8, Horb p ik
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7]

S 58 %

BKIE g b I HWKERIE cevjo HKIEKIE .

iz FAE A FOAE  AE T 58 OB DA S 4 L 32 46
ST LI SRR 3 Ry LA JLRR B AT IR

Mtk Cslat-like) « 28 2 99 31 7 B HL 17, 3E35
55 2R w8 BE AR I U AR HE RNVT 004G 20 . 1%
RIS @ MERK . KIH R, >154 R, <
1, WFR R %8 Bk (short-slat-like) o

IR (lingulate) : = 58 R R i WIEAS .
SR NP AT s fh R ) R i T R, > 0. 4 (4
Bl 2D, 7 5SE X BUE A R, > 1, MFR 8 K H AR
(long-lingulate) ; #5 5 & A X ¢ 98 4 . R, <<0. 6, W Bk
N 48 E R (short-lingulate) , 48 74K W) U 46 b — %

AR,

IR Cear-like) - 28 2 2K v 18] 3 » 5 MR AR AL H
FEFR G 45 o B9 R 1Y) Je K 98 B L T e 3 R R g =2 [
(i 2g) . XFIBAR M 28l — M K Pt R, 4
H10.6—1.2,

PEERIR (lanceolate) « 28 A ufi i 75 I 2 R B
L ERGGEE 2h)

B 10 Hruik Lop MR HRCR AR bR A
HER A o dg MEEFR a b omon HEKEIR.

DA & 10 B9 28 B A 15 A oA B 1 B K =
G IACK R ) AT EATHEAT T 05 R AR
TEMSENEL, X SRR IRATT LRI

1 BB 1IABIAAGEE 10)NEEURSEE
Measurements and indices of selected specimens from SK-1 well in Fig. 10
Go I () ZH
h Wi hy hy Wi W 1, L. R, R, W, Ly R, P,

a 49. 25 18. 14 13.32 11.45 23.07 13.75 24. 34 17.75 2.71 1. 05 0.47 1. 34 0.53 0. 86
b NA 17.91 NA NA 25. 64 13.59 26.54 18. 38 NA 1.03 NA 1.48 0. 66 NA
c 24.35 13.37 5.51 4.32 15.14 11. 48 8.56 4. 33 1. 82 0.57 0.62 0. 64 0.85 0.78
d NA 12.42 NA NA 14.52 10. 65 8.57 4.01 NA 0.69 NA 0.69 0. 89 NA
e 28. 37 9.63 4.93 4.55 18. 54 11.57 12.90 8.91 2.95 0. 70 0.65 1. 34 0.78 0.92
f NA 7.35 NA NA 15.02 8.32 10. 20 6. 30 NA 0.69 NA 1. 39 0.97 NA
g 30. 99 18. 07 9.89 3.12 19. 08 13.39 14. 24 8.82 1.71 0.75 0.62 0.79 0.65 0.32
h 26.67 13. 84 6.22 3.62 16. 24 12.63 12. 80 5.98 1.93 0.79 0.61 0.92 0. 60 0.58
i NA 11.88  10.05 8.42 12.28 8.90 18.25  14.07 NA 1.49 NA 1.54 0. 24 0. 84
] 20. 14 9.52 3.14 2.73 15.93 11.76 6.75 3.16 2.12 0.42 0.79 0.71 1.32 0. 87
k 48. 22 14. 40 16. 27 15. 54 13.33 8. 61 21. 80 17.37 3.35 1.63 0.28 1.51 0.27 0.96
1 41.70  29.27 18. 28 14.93 8. 30 7.72 13. 49 9.16 1.42 1.63 0. 20 0. 46 0.06 0. 82
m 28.91 12.54 13. 66 2.39 13.45 8.83 15.71 8.94 2.31 1.17 0. 47 1.25 0.52 0.17
n NA 11. 45 NA NA 13. 36 6.97 15. 25 7.83 NA 1. 14 NA 1.33 0.82 NA
o 28.78 13.05 8. 14 8.08 12.02 6.53 12.08 8. 89 2.21 1. 00 0.42 0.93 0.62 0.99
p 24.00  21.26 13.32 0 13.45 13.16 19.48 12.13 1.13 1. 45 0.56 0.92 0.02 0

¥ : NA= A3 Ff i¥) (not applicable)

g.hom ) PI{HA 0.17—0. 58, 554k A #l;p
) PTAE R 0. 58k 58 42 fi 1] 3T A - (HL K2 B R
XEFRA  J8 St B R 5 HoAx R 18 0 B AR A7 I AR AS PT
JLPHRAE 0. 6—1 Z[a] . A B AR 2 2 M T . A T A
O TET 7 B DR AF I BR A PT AN BEHE A T 75, 1H DA A4 7y 9
R bid B IRTE PIRBCER AT K EL BT 1T K
ANAEE Ry SR A s n W] DL SR BIAAE — K &
T 7E 75 — B /N B A B Sl A B B AL,

R KT EREH IR TR R
RPEAE BRI AR e . i SC 2 28 1 M A B R
BT RERBRIEZ TR BN E =FS 8ty
AT AT IR R R A XS SR 55 [, coe g hij BT
PR WK Ui WA AR G 2 98 1 982 L T ke 1 1 Y
WIH/N HREMXEAE va0 /v T LR Z 10 .
evd G R BEE R B LT B/) 1 W] 58 AH X 14 fi %

B, HI1MREKSE R B H LI/NEH TFiA
Vi 1 I 11 5 15 BH B A 5 AR A OR 1A 0N L R 58 R
AR B T end g B RGBS o 150 ] 58 2 AR X 45 A A
SR I [ B L K B R R . 1 kLI
R, B 1 W] 58 R R S A

bod foion by B A B B8R i ARk ) 0 T A R
FEMIBRAS o BRI T3 045 A1, FE Al 1 B2 24 Be 45
M REAS B 2 AR K 9 bE K B FR BRI s = A~ S
o B e AT 7 B BR A AT B A R
a Ml boc Al doe F1L.0F1 jom Bl n 588 1) =45 5L
HOAEE  EHA 2SR IE RN, 1 H L b A IR
TR Z AN, 5K TE T Ry B KA 581 58 i
WL RN a 15 AL, d PR A T8 M 0 46 B
SARMEEFRAHZH c MEl. e 56185 WI
BEK S U B % TE A 38 B+ I A R 0 S R A A T A
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AN PRFEAAMRL . N R AT — Rk T . B S
T 58 HEAHALL . AR . T 5 m X EE . fe e A LA
SRR A — B AT LS a A boe Fil de F1 £ AN
jom Hln g3 E TR A RiR = A SH0R R
WA R AR 368 285 38 T LA & 336 2 H T 58 oK i L
e P8 O - 3 BOH R 0 A0 /N i P R

FSSINE QU TIEUR AU F: L /A S & s L)
S AL B S B AT AR WY B AT 4 o iy 00 5 vk
TR &5 2 2 B AT R 0 & BIPE A SE IR . BeAl ] ik
W2 25 AT LA 000 G ) P i A iR 22 L B
14 2 B RE AT 250 40 3k 221 ] — 2 2 A8 oy R I 5 1Y
FEMRRFAE I 3 T A [ A7 B AR AF B bR AS o AT AT
AT Byt A7 3k B AR AS 22 [ A BB AR L 4 e o 2R Y B o
PEAIATHEPE

6 zt
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Key words

Summary

Triprojectacites Mtchedlishvili, 1961 emend.
Stanley, 1970 is a group of angiosperm pollen with

the
stratigraphy

great significance in Late Cretaceous and

Paleocene and  palynofloristic
biogeography in the Northern Hemisphere. Their
extreme complexity in morphology makes it very
difficult in measuring and describing these pollen.
There is no clear and uniform standard so far,
which as a result hampers the progress on the
classification of Triprojectacites.

Triprojectacites is diagnosed by three or
occasionally four to five projections with colpate
apertures, which excludes tricolporate types from
this group. The equatorial zone, where projections
grow from body, divides the body into two parts,
which determine the polarity of the pollen grain
(Fig. 1). The initiation area of projections from
the body is called the base of projection while the
distal part at the opposite direction is called the
terminal of projection.

Based on the observation of a large number of

the the

Songliao Basin, northeastern China, a standard of

specimens from Cretaceous strata in
measuring methodology of Triprojectacites is here
proposed. Base Point (B) of projection is defined
as the beginning of the endexinous thickening

border
Distal

along the projection, which marks the

between projection and body. Similarly,
Point (D) of the endexinous thickening represents
the These

referring points, together with Tip Point (T) of

base of terminal of a projection.

Triprojectacites, Aquilapollenites, classification, Cretaceous, the Songliao Basin

projection and two poles (P), provide the basis for
implementation of the
measurements (Fig. 7), i. e. length (h) and
width (w,) of body. length of distal (h;) and
proximal (h,) body, length (1,) and width (w,) of

an accurate following

projection, terminal width of projection (w,) and
length of endexinous thickening (w,).
Based on these measurements, six mathematical

the
morphology of body and projection. Length-width

indices are designated for evaluating
ratios of body (R,) and projection (R,) can
describe the shape of body and projection. Width
Index of projection (WI=w,/h) and Length Index
of projection (LI=1,/w;) can tell if the projection
is robust or not as compared to body. Reduction
Rate of projection (R,) reveals the narrowing
gradient from the base towards the terminal of a
projection. Polarity Index (PI=h,/h, shows how
much projection is deviated away from the center of
the body. The last index has an advantage in
avoiding the interference of the angle and width of
projection.

With the assistance of the indices above, body
can be divided into different types of shapes as
cylindrical, ellipsoidal, biconical, or diamond-
shaped and projection can be described as slat-like,
lingulate, ear-like, or lanceolate. Also, specimens
preserved at different position, e. g. in polar view
and equatorial view, can be well compared.

These description terms and indices and their
measurement  methodology  will  provide a
significant contribution to the establishment of a
scientific and reasonable classification system for

Triprojectacites.





