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AXHERTMIL AP ERDPH TFH-ELXEAGIETLA-MEEE0) nAmBEEn
FESRBEAL 4 B, 5 B0 2 MRER HARIEEEE (Vesperopsis Bint, 1986) #fT THIT,

X8E Rogi HNEVL--RETEEL MERNEEER %K

MIT R G TR TH, ERAMERES (Berriasian—Early Aptian) BB FEE
PRSI A, R I (B R S s i, RE B R R, RE QIR 8, A BRIAIR L A Ib,
FKAFHERUNGER, EDR FHLEEMIRIEER (Vesperopsis glabra) (SUL%, BIEM
SpiEE (V. granulare) /D&, BN TFEEIRE (dustralisphaera cruciare); 7EERM LB
G /RIBE (Balmula granorugose) K ;BIBRMABR(EKEM) (Pseudoceratium sp.); 1
EEEAVNERUERLIRIESRE (Vesperopsis zhaodongensis) AE, Mt ARSRELITE
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B[] Pyrrhophyta Pascher, 1914
EH3# Dinophyceae Fritsch, 1929
2B 3B Peridiniales Haeckel, 1894
%%l Family Ceratiaceae Lindemann, 1928
BIkE B Genus Australisphaera Davey, 1978

BWRXFh 4. verrucose Davey, 1978

B BRIELX, AABEERLLAL,R—MEFHN (BR2DN) BARFENNR
A, R—RZHLMERA B eHFEE. FERmAERNEL, HOm, B (tA) &, 0%
WHE L, B O EME R, : '

kg AEDEEREXSIT Muderongia Cookson et Eisenack, 1958; [II25i48A0
BEEE—ETWEAGLY)RET Vesperopsis Bint, 1986, _
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+SFEREGH) Australisphaera cruciata sp. nov.
CElkR 1, B 13—15)

HE BEREESEYRY.ZAERTZE, B - WM —EA U8 RE%E, L
HeR AR, T B B JU AR 23 B O R A R4 , RS RA, DANAR K, £
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H,EZEFE, RS RENRRE, RREFRE, RUTEMLTRNUAZE. Kk
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R (pm): BRIK75—90,% 65—713, MK 34.5—36.8, FMAK 20.7—22.0, £/
ik 11—115, Bk 11.1—13.8; EERARK 75, £ 70, THfk 36.8, AMAK 22.0, =M
110, Bk 111,

AR ZIBHARD, HOORIRMRE, BRTER H W aeEE, BN ET IR,

BB BERITEREE, DT

BRiB%EB Genus Balmula Bint, 1986

#XH Balmula tripenta Bint, 1986

BE EAXETER.E2TACE-TROUFAHNEH, ENWARTURZ, AN
ABK,WEALER, RUALSFENTESE K. BHE, BR#E. WINE RGN EREAERN
KiporFE LRI E, NERRERNMOER, MESANZREEIIEE; SMERTEE
& BRRRERR, TR R BN, KR EH B ERmEER. RRMBERZ, HOTR
Ao DS IBH AL AR 7] g o

kb8 AEDINEBRMEKNA, MAMNEERRERNESE, DUREEOREXHT My
derongia Cookson et Eisenack, 1958 F1 Nyktericysta Bint, 1986 %&&,

AHEREHR ZENHATSMNERTAEE, BARAE-ERESH; PERIE
3, R i,

HEE/RBE(EHN) Balmula granorugosa sp. nov.
(AR 11, & 10)
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BAhRA 958, | 42, THAK 33, BAK 26,
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1986, JE ERE FEHo
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ERBECGREMN) Balmula sp.
(BIR 11, & 8)

B BAMRKARE BETERYAKB/NEEE, E—THAMKRE A, TNAmIHE
K, EBREE, HETRK S, TG . WEABRIXA, AEK, HER, Kmeit. MMtk
Fo B, EWNREAR, I IEANTERS T, 54 BRE R H N B R, SN £E
FARIEAR B2 S EE R T BRGSO VB, WIS, RS, HOWR, 0%
FEAr AR AT e e T A o

ER (um). ZEFK 014, 5 34.5, Mk 41.4, B+ 16—27.6,

Eb XA REFIRA QRGBT AL T R2SE K H T Balmula granorugase

SP. nov.e

FHERE SEHRERRE,ERA,

B %R Genus Pseudoceratium Gocht, 1957 emend. Bint, 1986

WX Pseudoceratium pelliferum Gocht, 1957
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o BETLEE R EECH F R BA R F RS, MR R F T ENRE, ARNEENTER
g BEMEZE, ARG OERN AN HRENTRATEEER, HAKN 4, 67, xc,
26", 1p, 17", RBLIEW hZ RARBHHTIER, REBEQBERERZ ., HOTHR, (tA)
A, OB EE

thE: UHIE S Odontochitinag Deflandre 1935 1 Endoceratium Vozzhennikova 1965
WX B F R s o
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BARECGREM) Pseudoceratium sp.
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ER (pm). BAK 805, % 57.5, MAK 23, BAK 138,

R HEMREREZEERE

WIIRIEE B Genus Vesperopsis Bint, 1986 emend.

WA/ Vesperopsis mayi Bint, 1986 - .
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S B frakone IR B FTEHH U A AT, /R EE B MR B e R, Rk Z o HHTAR, 1
EEAMBEYEAREREESTE, EH &R AR-Z Fk,

Wit URRBITRXY TEERZ —WARNLR, Vesperopsis IFEERFT Muderon-
gia Cookson et Eisenack, 1958 F1 Nykzericysza Bint 1986, [ERT Muderongia E.UFESHL
i 025, Australisphaera Davey 1978 BB Oz=EME B E B4, Pseudoceratium Go-
cht 1957 (RE—MA—EB A, LBIRBITIRE Vesperopsis FBRINARZ—MELR
TREHI &KL,  Contrangularia Wan et Zhang 1990 RI§EHRA Vesperopsis HIHMEH F
X %o

HMBEHR L% ERZRTEAILER, R AT,

K EHIRER(HF) Vesperopsis glabra sp. nov.
(B 1, A 1—9; B 111, B/ 1—12)
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I 21.5, .
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FHBER BETEHEER, D T4

KEHRERIER(EH) Vesperopsis granulata sp. nov.
(BRI, B 10—12)
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b8 LAl A KEEE, BREBRA —E%KXF T Vesperopsis glabra sp.
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BEEWIRIER(HFh) Vesperopsis zhaodongensis sp. nov.
(Eig U, ®1-7)
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EARLY CRETACEOUS FRESHWATER DINOFLAGELLATES
FROM SONGLIAO BASIN, NE CHINA

Qiao Xiu-yun*, He Cheng-quan** and Gao Rui-qi*
y q

Key words: Songliao Basin, Berriasian—Aptian, ceratioid dinocysts, freshwater.

Summary

The Early Cretaceous dinoflagellate cysts recovered from the Shahezi to Yingcheng Formation
(Berriasian—Barremian) and the Denglouku Formation (Aptian) in the Songliao Basin arc abun-
dant.in quantity but low in diversity, containing five new species and two unnamed species referable
to the genera Australisphacra, Balmula, Pscudoceratium and Vesperopsis. The dinoflagellate assem-
blages from the Shahezi Formation and Member 4 of the Denglouku Formation are dominated by
Vesperopsis glabre sp. nov. and V. zkaodongensis sp. nov. respectively, and that from the Ying-
cheng Formation is characterized by Balmula granorugosa sp. nov. The Present ceratioid dinocysts
are somewhat similar to those of the Lower Cretaceous Fuxin and Damoguaihe Formations, EN
China, and are considered as originating from a freshwater lake under the ‘moist climatic environ-
ment. Also described are some other new species, including Australisphaera cruciata sp. nov. and
Vesperopsis granulata sp. nov., with an emended diagnosis of Vesperopsis Bint, 1986.

Description of New Species
Australisphaera cruciata sp, nov.
(PL I, figs. 13—I15)

Description: Cyst proximate, dorsoventrally compressed, cruciate in outline, with one apical,
two lateral and one antapical horns. Apical horn broadly blunt-conical, bigger than other horns;
two lateral horns of unequal size, conical to subconical, with the right one bigger than the left; ant-
apical horn located at the center of antapical edge and on the same straight line with apical horn,
subconical, terminally rounded. Wall single-layered, very thin, with surface smooth and bearing
some secondary linear folds. Paracingulum ahsent, probably located between two lateral horns. Para-
tabulation indicated by archeopyle only. Archeopyle apical, with principal archeopyle suture zig-
zag dorsally; operculum in place and possibly adnate ventrally.

Dimensions: Cyst 75—90um long and 65—71.3ym wide; apical horn 34.5—36.8um long;
right lateral horn 20.7—22um long, and left lateral horn 11—I11.5um long, antapical horn 11.1—13.8
um long. Holotype with cyst 75um long and 70um wide; apical horn 36.8um long; -right lateral
horn 22um loag and left lateral horn 1lpm long; antapical horn 11.lum long.

Remarks: The specimens of this species are less in number, with archeopyle operculum in

place and possibly adnate ventrally. They are classified into the genus until more materials are avai-

* Research Institute of Exploration and Development, Daging Petroleum Administrative Bureau, Daqing 163712,
Heilongjiang
** Nanjing Institute of Geology and Palaeontology, Academia Sinica, Nanjing 210008
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lable.
Occurrence: Shahezi Formation, Taikang, Heilongjiang, NE China.

Balmula granorugosa sp. nov.
(PL I, fig. 10)

Description: Cyst proximate, elongate-ceratioid, elliptic dorsoventrally and subcircular later-
ally in body ambitus, with one developed apical horn and two antapical horns, conical, terminally
solid or baculate. Apical horn usually strongly elongate, longer and bigger than antapical horns;
two antapical horns of subequal size; lateral horn absent. Wall thin, consisting of two layers closely
adpressed and separated from each other only at the distal portion of horns, resulting in the distal
portion of each horn with only endophragm and lacking periphragm. Periphragm surface ornamented
with short rugae and few grains; endophragm surface smooth. Paracingulum absent of faintly present
in some specimens. Archeopyle apical, formed by the rupture of apical area; operculum in place and
probably adnate ventrally.

Dimensions: Cyst 84—105.8um long and 42—55.2um wide; apical horn 20.7—4lum long;
antapical horns 18.4—34.5um long. Holotype with cyst 95.8um long and 42um wide; apical horn
33um long; antapical horn 26um long.

Comparison: This species differs from Balmula tripenta Bint, 1986, in having smaller cyst
individuals and rugose and granulate periphragm surface, instead of the smooth surface in the lat-
ter.

Occurrence: Yingcheng Formation, Nong’an County, Jilin, NE China.

Genus Vesperopsis Bint, 1986, emend.

Type species: Vesperopsis mayi Bint, 1986

Emended diagnosis: Cyst proximate, compressed dorsoventrally, ceratioid to pentagonal in
outline, with one apical, one or two lateral and two antapical horns. Two lateral horns variable,
with the left one possibly being a precingular extension and the right one possibly absent. Other
features the same as those described by Bint, 1986.

Remarks: The diagnosis of genus Vesperopsis is here emended to include the forms lacking a
lateral horn. ‘

Geological age and geographic distribution: Late Aptian to Albian, North America
and England; Early Cretaceous, Songliao Basin, NE China.

Vesperopsis glabra sp. nov.
(PL 1, figs. 1—9; PL III, figs. 1—12)

Description: Cyst proximate, dorsoventrally compressed; body lateral elliptical in outline,
with one apical, one lateral and two antapical horns. All horns conical. Apical horn rounded, usu-
ally much larger than other horns, formed by prolongation of epicyst, indistinctly delimited from
the body. Left lateral horn well-developed, extending ahead or levelly and mainly arising from
precingular area, with variable and usually almost the same size as two antapical horns, termirally
blunt or pointed. Right lateral horn absent or only expressed by the swelling cingular regioh. Two
antapical horns blunt or pointed, nearly equal in size, well-developed, strongly diverged from each
other, and generally connected together at the base except in a few specimens. Autophragm thin,
membranous; surface smooth, with folds, light-colored. Paracingulum absent or rarely indicated weak-
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ly. Paratabulation indicated by archeopyle only. Archeopyle apical, generally clearer, formed by
the rupture of apical area, with principal archeopyle suture weakly angular dorsally. Operculum
genefallir in place and adnate ventrally. i

Dimensions: Cyst 74—87.5um long 2nd 40—52.5um wide (excluding lateral horn); apical
horn 22—38.7um long; lateral horn 10—21.5um long; antapical horns 20—27.5um long. Holotype
with cyst 81.3um long and 50um wide (ezcluding lateral horn); apical horn 27um long; lateral
horn 21.5um long; antapical horn 25um long.

Comparison: This species differs from other described species of the genus in the smooth sur-
face and the only left precingular horn.

Occurrence: Shahezi Formation, Taikang County, Heilongjiang, NE China.

Vesperopsis granulata sp. nov.
(PL 1, figs. 10—12)

Description: Cyst proximate. docsoventrally compressed, subcircular in body ambitus, with
one apical, one lateral and two antapical horns, all conical. Apical horn broadly roundly conical,
larger than other horns. Left lateral horn blunt or pointed, very obvious, mainly arising obliquely
upward from left precingular area, with variable size, and the larger one almost in the same size as
two antapical horns; right lateral horn absent. Two antapical horns nearly equal in size, strongly
diverged, and connected with each other at the base. Autophragm very thin, light-colored; surface
rarely finely granulate to weakly marked by short rugae, with irregular folds. Paracingulum absent.
Paratabulation indicated by archeopyle only. Archeopyle apical, formed by the rupture of apical
region, with principal archeopyle suture weakly angular dorsally; operculum in place and adnate
ventrally.

Dimensions: Cyst 58.1—75um long and 40—4l.4uym wide (excluding lateral horn); apical
horn 20—26um long; lateral horn 11.2—25um long; antapical horn 13.5—25um long. Holotype
with cyst 75um and 40um wide (excluding lateral horn); apical horn 22um long; lateral horn 22um
long; antapical 20—22um long.

Comparison: This species differs from Vesperopsis glabra sp. nov. in the subcircular cyst
body and the wall surface which is finely granulate to weakly marked by short rugae.

Occurrence: Shahezi Formation, Taikanz County, Heilongjiang, NE China.

Vesperopsis zhaodongensis sp. nov.
(PL. 11, figs. 1—7)

Description: Cyst intermediate to large, acavate, dorsoventrally compressed, with one api-
cal, two antapical and two lateral horns. Apical horn long and strong, subcircular to broadly co-
nical, with closed and blunt tip. Two antapical horns approximately equal in size, distally solid
and terminally pointed, with antapical margin arcuate or U-shaped- Two broad and blunt lateral
horns nearly equal in size, or with the left one larger than the right, with longer and pointed
postcingular extension, and blunt and less prominent precingular extension. Cyst wall thin, single-
layered; surface granulate or marked by short rugae in local creas. Paracingulum indicated by inden-
tation of the lateral horns and weakly transverse ridges. Parasulcus absent, except for U-shaped
area in its corresponding position ventrally. Paratabulation indicated by paracingulum and archeo-
pyle. Archeopyle apical, with zigzag or weakly angular principal archeopyle suture; operculum
in place and adnate ventrally.

Dimensions: Cyst 76.8—84um long and 62.4—69um wide; apical horn 16.8—24um long, la-
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teral horn 7.4—9.6um long; antapical horns 19.2—21.6um long. Holotype with cyst 76.8um long
and 62.4um wide; apical horn 24um long; lateral horn about 7.4um long; antapical horn 19.4um
long.

- Comparison: This species differs from Vesperopsis granulata sp. nov. in having two broad
and blunt Iateral horns; and from Nykeericyste puyangensis Wan et Qiao (in press) in haviny single-
layered wall and granulate rather than variably rugose surface.

Occurrence: Member 4 of the Denglouku Formation, Zhaodong City, - Heilongjiang, NE

China.

B OE B
R TFHEREOERILFHFNGREIRET AR EREERSFEF AVARMARERE.

B m !

1—9. Vesperopsis glabra sp. nov.
1— 6. AR A BAIE: 477,459,464,460,482 431 (Paratype); 7—9. Wdl, FRAJBIS: 466, 455,522 (Ho-
lotype); %6005 BEGIREE: #f 13541510—1520.18m; BMETHFREE,WHTH,

10—12, Vesperopsis granulata sp. nov.
10,11, BEHLFRARME S 601,602; 12. Holotype, B, fRARMS: 4685 X600, RAKERA, HHEM
=l : ‘

13—15, Austzralisphaera cruciata $p. nov.

13. Holotype, THAME%ER,—RABREHANARNAREK, FARMES: 519; 14155055085 445,476;
X 6003 #ALEERFLFHBRARF Lo

B I

1—7. Vesperopsis zhaodongensis sp. nov,
1,2. Holotype, $rAMRIES: 708, LLWETHHEARZ B4 BoRBREBAIRG M, X10005 2.X8005 3,4,7.
ARG 727, 719, 705, X800; 5, 6. RARMAHS: 707, 5B THRAZ —H, BREEBRIRL M
X1000, 6.%8005 BEEIRE: F 2 1954.43m, BETEERT, BREANME,

8. Balmula sp.
ARG 422,X600, #LEE: &K 101 3 2021.6m, EWMEREZRERA. -

9. Pseudoceratium sp.
FRATES: 408,600, BEIRE: /& 101 2015.87m, FHIRAA L,
10. Balmula granorugosa sp. nov,

Holotype, {RAMRIIS: 423,X800, FESEE: K 101 2021.6m, HEHRERZE, EHRE.

B O I

3HERBARE 0pm KLERTHE 112,
1—12, Vesperopsis glabra sp. nov.
AR 2340,2353,2350,2386,2342,2336,2326,2382 ,2381,2355,2321,2383, FREELZEES: A 133 1510—

1520.18m, BRITEREE UHE T4,
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