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Late Cretaceous - Early Tertiary Dinoflagellates 

and Acritarchs from the Kashi Area, 

Tarim Basin, Xinjiang Province, China 

Abstract 

The Upper Cretaceous Yingjiesha Group and the Lower Tertiary Kashi Group comprise 

transgressive and regressive sequences and outcrop in the piedmont of the western 

Kunlun Mountains and Tianshan Mountains (approx. 39°N, 76°E) on the western 

margin of the intracratonic Tarim Basin. They have yielded dinoflagellate and acritarch 

assemblages comprising 176 species distributed amongst 82 genera. 

Six Oppel zones are distinguished and correlated: Cyclonephelium brevispinatum 

Zone (Zone A; Cenomanian to Turonian), A/terbidinium emulatum Zone (Zone B; 

Turonian to Coniacian or Santonian), Canningia reticulata Zone (Zone C; post- 

Coniacian), Phelodinium anisos Zone (Zone D; late Paleocene), Turbiosphaera filosa 

Zone (Zone E; late Eocene), Deflandrea intrasphaerula Zone (Zone F; early Oligocene). 

The assemblages resemble those from coeval strata in Australia, North America, and 

Europe but also contain apparently endemic elements. 

Nearshore dinoflagellate assemblages tend to be dominated by proximate cysts or 

those with short processes, whereas offshore assemblages are characterized by 

numerous and diverse skolochorate cysts. The lower part of the Yingjiesha Group is a 

fine-grained clastic and shelly facies and represents a shift from nearshore conditions 

from Cenomanian to Coniacian. A widespread regression occurs in the latest Cre- 

taceous, marked by gypsiferous mudstones and massive evaporites containing only 

sparse dinoflagellate assemblages. The lower part of the Tertiary Kashi Group also 

exhibits gypsiferous sediments and sparse but distinctive dinoflagellate floras. A major 

transgression is recorded in the middle to upper Paleocene Qimugen Formation and 

another in the upper Eocene Wulagen Formation, with diverse and abundant sko- 

lochorate dinocysts accompanying calcareous perforate foraminifera in grey and green 

mudstones, marls, and shelly limestones. The intervening regressive intervals are 

generally characterized by gypsiferous mudstones, massive gypsum, dolostones, reddish 

mudstones with calcareous perforate and sparse agglutinating foraminifera, and a few 

poorly preserved dinocysts, acritarchs, and terrestrial angiosperm pollen. The following 

new taxa are described: A/terbidinium emulatum sp. nov., Batiacasphaera hystrieosa sp. 

nov., Ceratiopsis speciosa subsp. elongata subsp. nov., Canningia kukebaiensis sp. nov., 

Cerbia formosa sp. nov., Cleistosphaeridium radiculopsis sp. nov., Deflandrea intra- 

sphaerula sp. nov., D. musculopsis sp. nov., Eurydinium tempestivum sp. nov., 

Florentinia laciniata subsp. propria nov., Kisselovia fusiformis sp. nov., K. wulagenensis 

sp. nov., Millioudodinium (?) aequum sp. nov., M. (?) venulosum sp. nov., Palaeohystri- 

chophora granulata sp. nov., Phelodinium anisos sp. nov., Pseudoalterbia concinna sp. 

nov., Sentusidinium stipulatum sp. nov., Talimudinium scissurum gen. et sp. nov., 

Trithyrodinium sabulum sp. nov., Wetzeliella crassa sp. nov., Xuidinium laevigatum 

gen. et sp. nov., and one new combination, Coronifera minor (Yu and Zhang). 



Introduction 

Fossil dinoflagellates were first observed by Ehrenberg 

(1836, 1837) in upper Cretaceous sediments of Germany 

and have been studied intensively for the past two 

decades in North America, Australia, and Europe (Sar- 

jeant, 1974). Little attention had been given to them in 

China until Sung et al. (1978) described Paleogene 

dinoflagellates and acritarchs from the coastal region of 

Bohai, China. More than 100 new taxa were described in 

that paper; however, the majority of those may be 

acritarchs rather than dinoflagellates. Since then a few 

publications have appeared in China dealing with 

dinoflagellates and acritarchs. Because of poor communi- 
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cations between Chinese palynologists and palynologists 

outside China, compounded by the paucity of literature 

available in China, some of the taxonomy and terminol- 

ogy used in those papers are unfortunately either incor- 

rect or out of date. 

The purpose of the present paper is to investigate the 

palynostratigraphy, taxonomy, and palaeoecology of 

dinoflagellate and acritarch assemblages from the Upper 

Cretaceous to Lower Tertiary strata of the Tarim Basin 

(Text-Fig. 1). 

Abundant dinoflagellate cysts have been found in the 

Upper Cretaceous and Lower Tertiary of the western 
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margin of the Tarim Basin by the present authors (Mao 

and Norris, 1984) and by Yu and Zhang (1980). Previous 

micropalaeontological work in the basin includes one 

paper on upper Cretaceous dinoflagellates (Yu and 

Zhang, 1980), two papers on pollen and spores of the 

upper Cretaceous (Yu, 1981) and the lower Tertiary 

(Zhao, Sun, and Wang, 1981) respectively, and three 

papers on upper Cretaceous and Tertiary foraminifera 

(Hao and Zeng, 1980, 1981; Hao, Zeng, and Li, 1982). 

The samples studied were collected from three sections 

in the Tarim Basin, these being the Wuluokegiate, 

Qimugen, and Simuhana sections, located in the pied- 

mont of the Tianshan and western Kunlun mountains in 

the Kashi region of Xinjiang Province, China (Text-Fig. 

1). The Simuhana section is a reference section, where 

samples were collected only from the uppermost Kukebai 

Formation to the lowermost Kalatar Formation. 

In this paper, we adopt the romanized orthography for 

the “Tarim” Basin most commonly used in western 

geological literature and in the most recent comprehen- 

sive review in English of the geology of China (Yang, 

Cheng, and Wang, 1986). The alternative spelling used in 

some Chinese literature is “Talimu.” 

Stratigraphy 

GENERAL REMARKS 

The Tarim Basin is an intracratonic basin bounded on the 

north and south by Paleozoic fold belts. The basin 

subsided during the late Cretaceous and early Cenozoic. 

Mesozoic and Cenozoic strata unconformably overlie 

Paleozoic strata. 

The Tarim Basin is developed over the Archean Tarim 

Craton of the Cathaysian Palaeoplate, which became 

sutured to the Angaraian Palaeoplate in the late Permian 

(Zhang, Liou, and Coleman, 1984). The basin is flanked 

to the north by the Tianshan Mountains and to the south 

by the western Kunlun Mountains (Text-Fig. 1). The 

northern mountain chain is part of the Tianshan-Tumen 

accretionary fold belt, which had a lengthy and complex 

Paleozoic history, recording subduction of the oceanic 

crust and accretion of volcanic chains from the Ordovi- 

cian to the Permian, culminating in collision of the 

Angaraian and Tarim cratons in the late Permian along 

the Junggar-Hegen suture. 

The western Kunlun Mountains to the south of the 

Tarim Basin are part of the Kunlun-Qinling accretionary 

fold belt, which also had a lengthy history of Paleozoic 

subduction and accretion of microcontinents. The west- 

ern end of that belt is not well known but does record 

continuing deformation until the Triassic (Zhang, Liou, 

and Coleman, 1984). 

By the end of the Triassic, the Chinese portion of the 

Eurasian Plate was considerably enlarged but continued 

to undergo deformation and accretion on the southwest- 

ern margin during the Jurassic and Cretaceous (early and 

late Yanshanian orogenies respectively). The Tarim 

Basin to the north of those orogenic belts was developed 

intracratonically and records several marine transgres- 

sions from the western Tethys from the mid-Cretaceous 

to the Oligocene (see Text-Figs. 6, 7). These transgres- 

sions were terminated in the Neogene by the spreading of 

the Miocene to Pliocene syntectonic molasse 1400 km 

northwards from the region of the Yarlung Zangbo- 

Indus suture resulting from the collision between the 

Indian and Eurasian plates and the early development of 

the Himalayas. 

Thus it would seem that the fold belts immediately 

north and south of the Tarim Basin were largely tectoni- 

cally inactive during the Cretaceous and the Tertiary but 

probably had positive relief, to judge from stratigraphic 

and sedimentological evidence (in the next two sections). 

It is possible, however, that, with the introduction of a 

different stress field in western China, resulting from the 

strong collision between the Indian and Eurasian plates 

in the early Cenozoic, some rejuvenation and reactiva- 

tion of earlier fold belts may have taken place (Zhang, 

Liou, and Coleman, 1984). The detailed biostratigraphic 

work reported herein may help to provide precision in the 

timing of these events. 

Extensive transgressions occurred in the Tarim Basin 

during late Cretaceous to early Tertiary times (Yang, 

Cheng, and Wang, 1986) with the deposition of normal 

marine, nearshore, and lagoonal facies of the Upper 

Cretaceous Yingjiesha and Lower Tertiary Kashi groups 

(Text-Fig. 2). In contrast, the Lower Cretaceous Kezilesu 

Group is terrestrial, and the Upper Tertiary Wugia 

Group represents transitional marine and nonmarine 

strata. 

The information in this stratigraphic section is derived 

mostly from Hao, Zeng, and Li (1982). Verification of the 

data as well as further details of stratigraphy may be 

found in that work. 

YINGJIESHA GROUP (LATE CRETACEOUS) 
The Yingjiesha Group is well exposed in the Tarim Basin 

and can be divided into four formations in ascending 

order as follows (Text-Figs. 2, 3). 

Kukebai Formation (Kk) 

Exposed discontinuously along the piedmont of the 

western Kunlun and Tianshan mountains, the Kukebai 

3 



Formation is mainly composed of greyish green, brown- abundant bivalves, gastropods, ammonites, echino- 

ish grey, and dark brown mudstones, intercalated with derms, foraminifera, and ostracods, as well as dinoflagel- 

shell beds and shelly marls. Its base, however, embodies lates. It lies conformably on the Lower Cretaceous 

variegated dominantly brownish red mudstones. The Kezilesu Group. 

formation is about 100 to 210 m thick and contains In the Wuluokegiate section, the Kukebai Formation 
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is 210 m thick; its lower part comprises brown mudstone 

and muddy sandstone intercalated with siltstone, but its 

bottom consists of yellowish grey and greyish green 

feldspathic-quartz fine-grained sandstones. The middle 

part of the formation consists of yellowish green, greyish 

green, and dark brown mudstones with intercalations of 

yellowish brown limestones, greyish yellow shell beds, 

and shelly marls. The upper part comprises greyish green 

and greyish yellow marls, mudstones, bioclastic lime- 

stones, and calcareous mudstones; horizontal stratifica- 

tion may be seen in the upper part. The total thickness of 

this section of the formation is about 200 m. 

In the Qimugen section, the Kukebai Formation 

comprises coarser clastics than in the Wuluokegiate area; 

in the former it consists of medium- to fine-grained 

sandstones and muddy siltstones intercalated with mud- 

stone and limestone and lacks shell beds in the upper part. 

It is reduced in thickness in this section to only 76 m. 

Of 19 samples macerated from the Kukebai Forma- 

tion, 7 contain rich dinoflagellate and acritarch assem- 

blages (Table 1). 

Wuryitake Formation (K,w) 

The Wuyitake Formation overlies the Kukebai Forma- 

tion and outcrops discontinuously along the piedmont of 

both the western Kunlun and the Tianshan mountains. 

In the piedmont of the western Kunlun Mountains, it is 

80 to 120 m thick and can be divided into three parts. The 

lower part consists of variegated gypsiferous mudstones 

interbedded with massive gypsum beds. The middle part 

comprises greyish green mudstones intercalated with 

limestones. The upper part is brownish red mudstone and 

gypsiferous mudstone intercalated with gypsum beds. In 

the piedmont of the Tianshan Mountains, the Wuyitake 

Formation is 133 to 200 m thick and comprises interbed- 

dings of variegated mudstones, silty and gypsiferous 

mudstones, and muddy gypsum rocks, with intercala- 

tions of gypsum beds. In general this formation contains 

fewer fossils than does the Kukebai Formation; it does, 

however, contain bivalves, foraminifera, ostracods, and 

dinoflagellates. 

In the Wuluokegiate section, the Wuyitake Formation 

is 53 m thick and consists of brownish red and greyish 

Section 

Simuhana (SM) Wuluokeqiate (WG) Qimugen (QF) 

Formation NT NA&S NB&I NT NA&S N B&l NT NA&S NB&l 

Keziloyi 

(Nik) 0 0 0 11 0 1] 0 0 0 

Bashibulake 

(E3b) 0 0 0 16 5 1] 8 l 7 

Zhuoyouleiganzu 

(Ez) 0 0 0 0 0 0 0 0 0 

Wulagen 

(Ew) 0 0 0 3 l 2 4 3 l 

Kalatar 

(Esk) l 0 l 5 0 5 3 0 3 

Gaijietage 

(Erg) 6 0 6 l 0 l 3 0 3 

Qimugen 

(Eyg) 5 | 4 5) 0 5 8 5 3 

Altashi 

(E;a) 3 0 3 4 0 4 l 0 l 

Tuyiluoke 

(Kot) 7 0 7 5 0 5 0 0 0 

Yigeziya 

(Ky) 6 2 4 0 0 0 1 0 l 

Wuyitake 

(K2w) 4 0 4 5 l 4 0 0 0 

Kukebai 

(Kk) 2 0 Z 14 7 1 3 0 3 

TABLE |. Numbers of samples and fossil abundance in different formations and sections. 

NT, Total number of samples macerated. N A&S, Number of samples that contain fossils abundant or 

sufficient to establish assemblages. N B&/, Number of samples that contain almost no fossils or a few fossils 

insufficient to establish assemblages. 



green mudstones; silty mudstone intercalated with grey- 

ish white, greyish green, and light brown massive muddy 

gypsum beds; gypsiferous sandstones; and shales. No 

foraminifera have been found in these rocks. 

In the Qimugen section, this formation is 16 m thick 

and comprises interbedded brownish red, greyish purple, 

and greyish brown gypsiferous mudstones and greyish 

green fine-grained sandstones, as well as muddy massive 

gypsum beds. As in the Wuluokeqiate section, no 

foraminifera have been found in the Qimugen section. 

Nine samples were macerated from the Wuyitake 

Formation; of these, only one yielded abundant palyno- 

morphs (Table 1). 

Yigeziya Formation (Ky) 

In the piedmont of the western Kunlun Mountains, the 

Yigeziya Formation lies conformably on the Wuyitake 

Formation and is less extensive than the subjacent strata. 

It consists mainly of brownish red and grey limestones, 

shelly marl, and gypsiferous mudstones. Fossils are 

sparse in these sediments but include oysters, pectens, 

and rudistids, the last occasionally forming bioherms. 

The Yigeziya Formation reaches a maximum thickness 

of 120 to 130 m; it becomes thinner in the piedmont of 

the Tianshan Mountains and is absent in the Wuluokegi- 

ate area. In the Simuhana section the 35-m-thick 

Yigeziya Formation comprises dark grey and greyish 

green mudstones and brownish red gypsiferous siltstone. 

In the Qimugen section, this formation is about 30 m 

thick and is composed of greyish white thin- to medium- 

bedded marls intercalated with brown silty mudstones 

and limestones. Gastropods and debris of other fossils 

occur at the top of this formation. 

Seven samples were macerated from the Yigeziya 

Formation; two of these yielded abundant dinoflagellate 

cysts (Table 1). 

Tuyiluoke Formation (Kt) 

The Tuyiluoke Formation has approximately the same 

distribution as the Yigeziya Formation along the pied- 

mont of the Tianshan Mountains. Where present, it is 

conformable with underlying strata; it is absent, how- 

ever, in the Qimugen area. It comprises brownish red 

mudstone and gypsiferous mudstone intercalated with 

gypsum or thin-bedded limestones. The formation is 40 

to 60 m thick, containing no foraminifera. 

Twelve samples were macerated; of these, four contain 

Sparse, poorly preserved dinoflagellates, and all the 

others are barren (Table 1). 

KASHI GROUP (EARLY TERTIARY) 

The early Tertiary represents the best development of 

Mesozoic to Cenozoic marine deposition in the Tarim 

Basin. During this time the depressions became a unified 

basin, in which the lithofacies of the Kashi Group are 

rather uniform, being chiefly composed of littoral 

lagoonal facies and shallow marine and tidal flat facies. 

The littoral lagoonal facies comprises gypsum beds and 

gypsiferous mudstones, whereas the other two are rhyth- 

mic units of limestones, shelly limestones, mudstones, 

and sandstones. The thickness of the Kashi Group may 

reach 1000 m but can be as little as 500 m in the piedmont 

of the western Kunlun Mountains. 

The Kashi Group can be divided into seven forma- 

tions, in ascending order as follows (Text-Figs. 2, 4). 

Altashi Formation (Ea) 

The Altashi Formation is dominated by massive gypsum 

beds intercalated with gypsiferous mudstones and dolo- 

mitic limestones, containing poorly preserved small 

bivalves, gastropods, a few foraminifera, and dino- 

flagellates. 

Lying disconformably on different parts of the under- 

lying Upper Cretaceous, the Altashi Formation varies 

dramatically in thickness from 21 to 438 m: in the 

Simuhana section it is 171 m thick; in the Wuluokeqiate 

section, 110 m thick; and in the Qimugen section, 158 m 

thick. 

In the Wuluokegiate section, the formation consists of 

grey to greyish white massive gypsum beds intercalated 

with light grey and greyish yellow thin-bedded dolomitic 

limestones, with intercalations of brown gypsiferous 

mudstone at the base. 

In the Qimugen area, the Altashi Formation is com- 

posed of greyish white massive gypsum beds with dark 

green gypsum stringers. The middle part of the formation 

here is intercalated with dark grey silty mudstone and 

thin-bedded dolostones. 

Eight samples from the Altashi Formation were 

macerated; of these, three yielded few poorly preserved 

dinoflagellate and other palynomorphs. 

Qimugen Formation (E;q) 

The Qimugen Formation conformably overlies the 

Altashi Formation. It is composed mainly of greyish 

green mudstone intercalated with thin-bedded shelly 

limestone. At its bottom a bed of grey limestone about 5 

m thick is developed uniformly over the whole area. At 

the top a bed of grey and reddish grey massive limestones, 

5 to 10 m thick, forms one of the marker beds in the area. 

The Qimugen Formation is usually about 100 m thick 

and contains abundant fossils of bivalves, gastropods, 

ostracods, foraminifera, dinoflagellates, and acritarchs. 

In the Wuluokegiate section, the Qimugen Formation 

is 92 m thick; its lower part consists of greenish yellow 

and yellowish grey thick-bedded feldspathic-quartz sand- 

stone. The middle part comprises brownish grey thick- 
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TEXT-FIG. 4. Lower Tertiary lithostratigraphic correlations for the three sections sampled in the present 

study. Alphanumeric designations for the formations are the same as those in Text-Fig. 2. 



bedded shelly marl and dark brown and greyish green 

mudstone, and the upper part comprises greyish white 

massive limestones. Abundant foraminifera including 

both calcareous perforate and agglutinating forms have 

been found here; however, almost no dinoflagellates have 

been obtained yet. 

In the Qimugen section, the lower and middle parts of 

the Qimugen Formation are composed of dark grey 

mudstone, with intercalations of shelly and sandy mud- 

stone, with yellowish grey shelly and sandy limestone at 

the bottom of the lower part. The upper part consists of 

dark grey marl interbedded with purplish grey, yellowish 

green, and variegated mudstones. The section is 16 m 

thick. No pelagic foraminifera have been found, and 

dinoflagellates are present. Of 18 samples, only 6 contain 

abundant dinoflagellates (Table 1). 

Gaijietage Formation (Eg) 
The Gaijietage Formation conformably overlies the 

Qimugen Formation and is usually 30 to 50 m thick. It 

comprises brown gypsiferous mudstones and muddy 

massive gypsum beds intercalated with yellowish green 

mudstone. This unit, which used to be the upper member 

of original Qimugen Formation, is lithologically distinct 

from the lower member of that formation. Hao, Zeng, 

and Li (1982) restricted the Qimugen Formation to 

include only that part previously referred to as the lower 

member of the original Qimugen Formation; they named 

a new unit, the Gaijietage Formation, to encompass 

those strata previously referred to as the upper member 

of the original Qimugen Formation, because they noted 

that the characteristics and diagnostic elements of the 

Lower Nonion-Cibicides assemblage found in Kuzigonsu 

section (Text-Fig. 1) from the newly named Gaijietage 

Formation and overlying Kalatar Formation are more 

closely related to those of the Nonion-Anomalinoides- 

Cibicides assemblage (Eocene) from the Wulagen Forma- 

tion than to those of the G/lobigerina-Globorotalia 
assemblage (Paleocene) from the Qimugen Formation 

sensu stricto. Neither foraminifera nor dinoflagellates 

have yet been found in the Gaijietage Formation in any 

of the three sections. 

Kalatar Formation (E2k) 

In the piedmont of the Tianshan Mountains, the lower 

part of the Kalatar Formation comprises interbeds of 

grey thick-bedded to massive limestones, marls, and 

greyish green mudstones, intercalated with shelly lime- 

stones, oolitic limestones, and thin-bedded gypsum. The 

upper part of the formation consists of grey limestones, 

Shelly limestones, and shelly beds. The thickness of this 

formation varies greatly from 36 m in some areas west of 

Shachen (Text-Fig. 1), to 176 m in the Wuluokegiate 

section. 

The Kalatar Formation in the Wuluokegiate area is 

lithologically almost the same as in the piedmont of the 

Tianshan Mountains; however, the upper shelly lime- 

stone contains sand and fine pebbles, and its top has 

yellowish grey massive calcareous coarse pebbly sand- 

stones. The rocks of this formation here are very hard 

and contain only a few foraminifera (mainly Nonion, 

Cibicides ) and poorly preserved dinoflagellates. 

The lithology of the Kalatar Formation in the Qimu- 

gen area is similar to that in the Wuluokediate area, but 

the thickness of the formation decreases to 80 m. 

Quinqueloqulina is the only genus of foraminifera found 

in this area. 

Nine samples macerated from the Kalatar Formation 

either are barren or contain a few poorly preserved 

dinoflagellates (Table 1). 

Wulagen Formation (E,w) 

The Wulagen Formation conformably overlies the 

Kalatar Formation and is composed of green mudstone, 

usually intercalated with grey thin-bedded shelly beds, 

shelly limestones, and shelly marls. There are interbeds of 

red mudstone and gypsum beds in its upper part. The 

formation varies in thickness from a few to some tens of 

metres but is occasionally up to 128 m thick. It contains 

abundant and diverse fossil assemblages, including 

bivalves, gastropods, echinoderms, ostracods, foramin- 

ifera, and dinoflagellates. 

The Wulagen Formation in the Wuluokeqiate area 

comprises greyish green, greyish brown, and grey mud- 

stones intercalated with greyish white thin-bedded 

mudstones, calcareous mudstones, and coarse pebbly 

sandstones, but shelly, pebbly limestones occur at the 

bottom. The Wulagen Formation is more clastic in this 

area than elsewhere in the basin and is only 20 m thick. 

In the Qimugen area, the formation consists mainly of 

dark grey mudstones, intercalated with dark grey and 

yellowish green muddy siltstone and shelly limestones; it 

reaches a thickness of 119 m. 

Of seven samples processed from the Wulagen Forma- 

tion, four contain abundant dinoflagellate assemblages 

(Table 1). 

Zhuoyouleigansu Formation (E,z) 

The Zhuoyouleigansu Formation conformably overlies 

subjacent strata. It comprises massive white gypsum beds 

at its base with brownish red mudstone intercalated with 

siltstones, fine-grained sandstones, and thin- to medium- 

bedded gypsum in the lower part. Its upper part consists 

of brownish red massive fine-grained sandstone and dark 

brownish red mudstone. It ranges in thickness from 0 to 

125 m. 



The formation is that part previously referred to as the 

lower member of the original Bashibulake Formation 

prior to Hao, Zeng, and Li’s (1982) separating it from the 

overlying Bashibulake Formation — which is that part 

previously referred to as the upper member of the original 

Bashibulake Formation —on the basis of its foramin- 

iferal content, although the formation is lithologically 

distinctive. The diagnostic elements of the foraminifera 

assemblages (Nonion laevis, N. rolshanseni, and Cibi- 

cides artemi) are shared by the Zhuoyouleigansu Forma- 

tion and the underlying Kalatar and Wulagen forma- 

tions. In contrast, the diverse foraminiferal assemblages 

of the overlying Bashibulake Formation (sense herein) 

are dominated by foraminifera of Oligocene age. No 

dinoflagellates have been found in the Zhouyouleigansu 

Formation. 

Bashibulake Formation (E3b) 

The Bashibulake Formation conformably overlies subja- 

cent strata but has been eroded to varying degrees in 

different places, being absent in some areas but fully 

exposed in the Wuluokeqiate area, where it ranges in 

thickness from 210 to 280 m. 

Brown mudstone intercalated with greyish green mud- 

stone, muddy siltstone, and sandy shell beds constitutes 

the lower part of this formation. Interbeds of brown 

mudstone, sandy mudstone, fine-grained sandstone, and 

pebbly sandstone form its upper part. 

Many sedimentary structures such as undulose-bed- 

ding, ripple marks, and cross-bedding have been found in 

the upper part of Bashibulake Formation. Fossils are 

concentrated mostly in the lower mudstones; they com- 

prise oysters and other bivalves, gastropods, echino- 

derms, ostracods, and foraminifera. From the present 

investigation, moderately diverse dinoflagellate floras 

have been found in the lower mudstones in both the 

Wuluokegiate and Qimugen sections but are absent in 

the upper part of the formation, where only poorly 

preserved pollen grains dominated by Ephedripites and 

Chenopodipollis have been recorded. 

Of 24 samples processed from the Bashibulake Forma- 

tion, 6 yielded abundant dinoflagellates (Table 1). 

WUGIA GROUP (MIOCENE) 

The Wugia Group lies disconformably on different parts 

of the lower Tertiary Kashi Group. It is composed mainly 

of continental clastic sediments. 

Eleven samples were macerated from the Wuluokegi- 

ate section of the Keziloyi Formation, Wugia Group; 

nine of them are barren, but two contain pollen assem- 

blages dominated by Chenopodiaceae. 

Dinoflagellate and Acritarch Zonation and Age Determination of the 
Yingjiesha and Kashi Groups 

PREVIOUS DINOFLAGELLATE STUDIES 

Late Cretaceous dinoflagellates and acritarchs of the 

Yingjiesha Group from the Kashi area (Text-Fig. 1) were 

first studied by Yu and Zhang (1980), who divided them 

in ascending order into three assemblage zones: (1) 

Cyclonephelium vannophorum-Canningia asper Assem- 

blage Zone, encompassing the lower part of the Wuyi- 

take-Kukebai Formation (see next paragraph for expla- 

nation of this “joint” formation) —Cenomanian to early 

Turonian in age; (2) Palaeohystrichophora infusorioides- 

Spiniferites ramosus var. ramosus Assemblage Zone, 

from the upper part of the Wuyitake-Kukebai Forma- 

tion — late Turonian to Santonian in age; (3) Deflandrea 

microgranulata—Operculodinium baculatum Assem- 

blage Zone, from the Yigeziya Formation — Campanian 

or Campanian to early Maastrichtian in age. No dinoflag- 

ellates and acritarchs were recorded from the Tuyiluoke 

Formation by Yu and Zhang (1980). 

The stratigraphic division in Yu and Zhang (1980), 

based on the data offered by Li yu-wen of the Institute of 

Geology, Chinese Academy of Geological Science (pers. 

iQ 

comm., 1982), is different from that of Hao, Zeng, and Li 

(1982), the latter being adopted in this paper. The late 

Cretaceous Yingjiesha Group in the Wuluokegiate area 

was divided into three formations by Yu and Zhang 

(1980), in ascending order: the Wuyitake-Kukebai For- 

mation, the Yigeziya Formation, and the Tuyiluoke 

Formation. The Kukebai Formation and the Wuyitake 

Formation were not distinguished as two distinct units, 

and the Yigeziya Formation was supposed to exist in the 

Wuluokediate area. 

Paleogene dinoflagellates of the Kashi area have not 

been studied to date. 

DEFINITION OF ZONES 
The six Oppel zones defined herein for Upper Cretaceous 

to Lower Tertiary strata in the Kashi area are discussed 

here in ascending order; the first three (Zones A—-C) are 

late Cretaceous, and the remainder (Zones D-F) are early 

Tertiary (Tables 2, 3). Full citation and authorship of taxa 

mentioned below may be found in the systematic section. 
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Polaeohystrichophora infusorioides 
Diphyes cretaceum 
Odontochitinopsis molesta 

Woallodinium anglicum 

Odontochitina operculata 

Oligosphaeridium complex 

Oligosphaeridium pulcherrimum 

Bacchidinium polypes subsp. clavu/um 
Canningia colliveri 
Millioudodinium|?) venulosum 

Eurydinium eyrense 
Canningia kukebaiensis 
Eurydinium ingramii 

Eurydinium raijae 
Eurydinium tempestivum 

Isobelidium korojonensis 
Pseudoalterbia concinna 
Canningia(?) minor 

Alterbia emulata 
Eucladinium gamboangense 

Cleistosphaeridium perforoconum 

Cyclonephelium distinctum 
Litosphaoeridium siphoniphorum 

Protoellipsodinium clavulum 
Prerospermella harti 

/saobelidinium acuminatum 

Canningia reticulata 

Cyclonephelium(?) hystrix 
Florentinia mantellii 

Bellatudinium fusum 

TABLE 2. Range chart of dinoflagellate cysts from the upper Cretaceous of the Tarim Basin. The three 

zones are defined in the present paper. Ranges indicated are composites from the three sections studied. 
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Cyclonephelium brevispinatum Oppel Zone (Zone A) 

TYPE SECTION 
The middle part of the Kukebai Formation in the 

Wuluokegiate section (Text-Fig. 2) from sample WG-13 

to WG-17. 

DEFINITION 
Cyclonephelium brevispinatum and Palaeohystricho- 

phora infusorioides dominate this zone. Coronifera 

minor, Millioudodinium(?) aequum, M.(?) venulosum, 

Oligosphaeridium pulcherrimum, Palaeohystrichophora 

granulata, Subtilisphaera pirnaensis, S. scabrata, S. sene- 

galensis, Trithyrodinium evittii, T: sabulum, and the 
acritarchs Leiosphaeridia hyalina and Granodiscus gran- 

ulatus are common. In addition, Bacchidinium polypes 

subsp. clavulum, Canningia colliveri, Cyclonephelium 
vannophorum, Diconodinium multispinum, Diphyes 

cretaceum, Odontochitina operculata, Odontochitinop- 

sis molesta, Oligosphaeridium complex, Pterodinium 

cingulatum, Spiniferites katatonos, Wallodinium angli- 

cum, W. lunum, and the acritarch Pterospermella aus- 

traliensis also occur; among these, Diconodinium multi- 

spinum, Diphyes cretaceum, Odontochitina operculata, 

Odontochitinopsis molesta, Spiniferites katatonos, Wal- 

lodinium anglicum , and W. lunum do not extend above 

the top of Zone A. 

DISCUSSION 

Cyclonephelium brevispinatum has its first record in the 

upper Hauterivian to the lower Aptian in France (Mil- 

lioud, 1969) and ranges from the Aptian to the Cenoma- 

nian in Australia (Cookson and Eisenack, 1974; Wise- 

man and Williams, 1974), from the Hauterivian to the 

Cenomanian in Morocco (Below, 1981), from the Aptian 

to the Albian in Canada (Singh, 1971; Williams, 1975), 

France 

France 

England 

France & 
England 

Australia 

Australia 

Canada 
Canada 

a RD Sac a Tae 

Geol. age | CENOM! TURON.| CONIAC.| SANTON! CAMP. | MAASTRICH. 
Source of Data 

and from the Aptian in South West Africa (Davey, 1978). 

In the present work, this species was found in each zone 

of the upper Cretaceous; it is most abundant, however, in 

Zone A. Palaeohystrichophora infusorioides has its 

reliable records ranging from the Cenomanian to the 

Maastrichtian in Europe, Australia, North America, and 

the USSR (Table 4), concurrent in the Cenomanian. 

Subtilisphaera pirnaensis ranges from the Hauterivian to 

the Aptian and the lower Turonian to the Coniacian in 

Europe, and from the upper Albian to the Cenomanian 

and the Campanian to the Maastrichtian in North 

America (Harker and Sarjeant, 1975; Harland, 1977). 

Bacchidinium polypes subsp. clavulum has been 

recorded from the upper Albian to the Cenomanian of 

England (Cookson and Hughes, 1964; Davey, 1969). 

Odontochitina operculata has a total range of Hauteriv- 

ian to Maastrichtian but has not been found yet in the 

sediments earlier than the Cenomanian in Denmark 

(Wilson, 1971), Italy (Corradini, 1973), the offshore 

North Atlantic (Habib, 1972), Poland (Alberti, 1961; 

Gorka, 1963), and parts of England, France, Germany, 

Australia, and North America (Wetzel, 1933a, 1933b; 

Singh, 1964; Clarke and Verdier, 1967; Davey, 1970; 

Davey and Verdier, 1973; Norvick and Burger, 1976; 

Ioannides and Colin, 1977; Harland, 1977). Spiniferites 

katatonos is found in the upper Cretaceous in Italy 

(Corradini, 1973). Wallodinium anglicum has been 

reported from the Barremian to the Cenomanian in 

Europe (Cookson and Hughes, 1964; Davey, 1970, 1974; 

Davey and Verdier, 1974) and from the Cenomanian and 

Campanian in Canada (McIntyre, 1974). W. unum has 

been widely reported from the Hauterivian to the upper 

Cretaceous elsewhere (Cookson and Eisenack, 1960a, 

1962; Manum and Cookson, 1964; Davey and Verdier, 

1974; Davey, 1974; Norvick and Burger, 1976; Duxbury, 

Deflandre, 1935 
Foucher, 1972, 1974 

Alberti, 1961 
Clarke & Verdier, 1967 
Cookson & Hughes , 1964 

Davey, 1970 

Cookson & Eisenack, 1958 

Cookson & Eisenack, 1974 
Manum & Cookson, 1964 

Williams & Brideaux,1975 

Vozzhennikova, 1967 

TABLE 4. Reported geological range of Palaeohystrichophora infusorioides. 



1977; Morgan, 1980). It can be seen from the above data 

that most species in Zone A are very common in the late 

Early Cretaceous to the early Late Cretaceous except 

Palaeohystrichophora infusorioides, which has its earli- 

est occurrence in the Cenomanian. 

Zone A is similar to the Cyclonephelium vannopho- 

rum-Canningia asper Assemblage Zone of Yu and 

Zhang (1980), which they thought to be Cenomanian to 

early Turonian in age. That assemblage and Zone A are 

not diverse assemblages; they share five species in 

common: Canningia colliveri, Coronifera minor, Cyclo- 
nephelium vannophorum, Diphyes cretaceum, and Pa- 

laeohystrichophora infusorioides. 
Zone A is also closely comparable to the Hystricho- 

sphaeridium (now Litosphaeridium) siphoniphorum 

Concurrent Range Zone in southern England of Clarke 

and Verdier (1967), which is dated as Cenomanian to 

(?)Turonian in age. Seven species, Canningia colliveri, 

Odontochitina costata, O. operculata, Oligosphaeridium 

complex, O. pulcherrimum, Palaeohystrichophora infu- 

sorioides, and Pterodinium cingulatum, occur in both 
zones. The Cleistosphaeridium (now Bacchidinium) 

polypes Zone of Williams (1975), later refined by Bujak 

and Williams (1978), in offshore eastern Canada, which 

was postulated as Cenomanian, is possibly coeval with 

Zone A. Thus, it is most likely that Zone A is Cenoma- 

nian to Turonian in age. 

Alterbidinium emulatum Oppel Zone (Zone B) 
TYPE SECTION 

The portion of the Wuluokegiate section from sample 

WG-18 to WG-24, spanning the upper part of the 

Kukebai Formation (Text-Fig. 2). 

DEFINITION 

Zone B is characterized by a highly diverse assemblage 

dominated by both deflandreacean forms, such as A/ter- 

bidinium and Eurydinium, and skolochorate and 

spiniferate cysts. The quantitatively dominant species in 

the assemblage are as follows: Alterbidinium emulatum, 

Coronifera minor, Cyclonephelium distinctum, Eucla- 

dinium gambangense, Eurydinium eyrense, E. ingramii, 

E. raijae, E. tempestivum, Oligosphaeridium complex, 

O. pulcherrimum, Palaeohystrichophora infusorioides, 

Pseudoalterbia concinna, Pterodinium cingulatum, Spin- 

iferites ramosus subsp. multibrevis, Trithyrodinium evit- 

tii, T: sabulum, and the acritarchs Leiosphaeridia hyalina 

and Granodiscus granulatus. Thirty genera and 43 
species occur in Zone B, of which the following are 

restricted to it: Canningia kukebaiensis, C.(?) minor, 
Cleistosphaeridium perforoconum, Cyclonephelium dis- 

tinctum, Eurydinium eyrense, E. raijae, E. tempestivum, 

Isabelidinium acuminatum, Litosphaeridium  siphoni- 

phorum, Protoellipsodinium clavulum, and the acritarch 

Pterospermella harti. 

DISCUSSION 

Isabelidinium acuminatum ranges from the Cenomanian 

to the lower Turonian in Australia (Cookson and Eise- 

nack, 1958) and from the Cenomanian to the Maas- 

trichtian in North America (McIntyre, 1975) but is 

restricted to the late Santonian in Europe (Harker and 

Sarjeant, 1975). The eponymous new species of Zone B, 

Alterbidinium emulatum, bears a resemblance to /. 

acuminatum. Of the three species of Eurydinium, E. 

eyrense is Albian to Cenomanian in western Australia 

(Cookson and Eisenack, 1971), E. ingramii occurs from 

the Albian to the Senonian in western Australia (Cook- 

son and Eisenack, 1970), and E. raijae is recorded only in 

the middle Maastrichtian in Sweden (Kjellstrom, 1973). 

Oligosphaeridium complex and O. pulcherrimum have a 

cosmopolitan occurrence of Valanginian to Maastricht- 

ian and Kimmeridgian to Maastrichtian respectively 

(Yun, 1981; Below, 1981). Eucladinium gambangense 

occurs in the Senonian in western Australia (Cookson 

and Eisenack, 1970), whereas Litosphaeridium siphon- 

iphorum has previously been recorded from the Albian to 

the Cenomanian elsewhere. 

Zone B is closely comparable to the Palaeohystri- 

chophora infusorioides—Spiniferites ramosus var. ramo- 

sus Assemblage Zone of Yu and Zhang (1980), which 

they thought to be of late Turonian to Santonian age, 

partly on the basis of Turonian pelecypods and 

ammonites (e.g. Rhynohotreon suborbieulatum, Ostrea, 

Thomasites, Placenticeras placenta). Both Zone B and 

Yu and Zhang’s (1980) second assemblage zone represent 

that part of the Wuluokegiate section with the most 

diverse Cretaceous dinoflagellate assemblages. They 

share eleven taxa in common: Canningia colliveri, 

C. reticulata, Coronifera minor, Cyclonephelium distinc- 

tum, C. vannophorum, Florentinia mantellii, Oligo- 
sphaeridium complex, O. pulcherrimum, Palaeohystri- 

chophora infusorioides, Pterodinium cingulatum, and 
Spiniferites ramosus subsp. multibrevis. The eponymous 

species of the Oligosphaeridium pulcherrimum Assem- 

blage Zone of offshore southeastern Canada (Williams, 

1975; Bujak and Williams, 1978) is abundant in Zone B: 

the O. pulcherrimum zone was considered by Bujak and 

Williams (1978) to be of Coniacian age; therefore, the 

probable age determination for Zone B is Turonian to 

Coniacian or Turonian to Santonian. 

Canningia reticulata Oppel Zone (Zone C) 

TYPE SECTION 

The middle part of the Wuyitake Formation in the 

Wuluokegiate section from WG-31 (Text-Fig. 2). 



OTHER LOCALITY 

The Wuyitake to Yigeziya formations in the Simuhana 

section from sample SM-51 to SM-64. 

DEFINITION 

Canningia reticulata sp. nov. predominates in quantity in 

Zone C. Apart from Cleistosphaeridium radiculopsis sp. 

nov., Kiokansium unituberculatum, and Bellatudinium 

fusum, no taxa that are absent from the underlying 

Zones B and A enter the record in Zone C. In addition to 

the abundant species Canningia reticulata, the following 

species are common in Zone C: Cleistosphaeridium 

radiculopsis, Coronifera minor, Florentinia cooksoniae, 

Kiokansium unituberculatum, Millioudodinium (?) ae- 

quum, M. (?) venulosum, Palaeohystrichophora infusori- 
oides, Subtilisphaera pirnaensis, S. senegalinium, and 

Talimudinium scissurum. Most of these species that are 

common in Zone A and/or Zone B have their youngest 

occurrence in Zone C. 

DISCUSSION 

Canningia reticulata, first recorded from the Tithonian in 
Australia (Cookson and Eisenack, 1960b), ranges from 

the Tithonian to the Santonian in Australia, Europe, 

North America, and Africa (Davey and Verdier, 1974; 

Williams and Brideaux, 1975; Below, 1981). Bellatu- 

dinium fusum was reported from the latest Cretaceous 
Dalanshan Formation of Guangdong Province, China 

(Yu et al., 1981), whereas Florentinia cooksoniae has a 

previous record of Barremian to late Albian date. There 

are no index fossils in Zone C to indicate the detailed age 

for Zone C; however, none of the species in this zone 

range into the Tertiary. Zone C is, therefore, believed to 

be late Cretaceous, that is, Coniacian or post-Coniacian 

in age. 

Phelodinium anisos Oppel Zone (Zone D) 

TYPE SECTION 

The portion of the Qimugen section from samples QF-43 

to QF-51, spanning more than the lower half of the 

Qimugen Formation (Text-Fig. 2). 

OTHER LOCALITY 

The Simuhana section of samples SM-77 to SM-78, from 

the Qimugen Formation. 

DEFINITION 

A dramatic change occurs between Zone C and Zone D, 

which are separated, however, by a barren interval. Most 

of the species occurring in Zones A to C do not range into 

Zone D, but many new elements appear in Zone D. The 

most abundant taxa in this zone are Achomosphaera 

crassipellis, A. ramulifera, Ceratiopsis speciosa, C. spe- 

ciosa subsp. elongata, C. speciosa subsp. glabra, 

Cleistosphaeridium — diversispinosum, Glaphyrocysta 

exuberans, Lejeunecysta hyalina, Phelodinium anisos, 

Spiniferites ramosus subsp. granomembranaceus, S. 

ramosus subsp. granosus, Xuidinium laevigatum, and a 

small acritarch here identified as Micrhystridium sp. cf. 

M. castanium. In addition, the following species also 

occur in Zone D: Araneosphaera araneosa, Ceratiopsis 

leptoderma, Deflandrea andromiensis, D. oebisfeldensis, 

Exochosphaeridium muelleri, E. phragmites, Hystricho- 

sphaeridium tubiferum, H. tubiferum subsp. brevi- 

spinum, Lentinia serrata, Spiniferites cornutus subsp. 

normalis, and Thalassiphora bononiensis. 

DISCUSSION 

Many species or subspecies in Zone D have been reported 

from the Paleocene to the Oligocene in different areas. 

For example, Ceratiopsis speciosa ranges from the 

Campanian to the lower Eocene in North America 

(Stanley, 1965; Drugg, 1967; May, 1980) and the USSR 

(Vozzehnnikova, 1967) and from the upper Paleocene to 

the lower Eocene of Germany (Alberti, 1959; Gocht, 

1969). Ceratiopsis speciosa subsp. glabra is recorded from 

the upper Paleocene of Germany (Gocht, 1969), and 

Ceratiopsis leptoderma occurs in the Paleocene of West 

Siberia (Vozzehnnikova, 1965, 1967). Cleistosphaerid- 

ium diversispinosum occurs in the Eocene of England 

(Davey et al., 1966). Glaphyrocysta exuberans ranges 

from the lower Eocene to the upper Oligocene of 

Australia (Deflandre and Cookson, 1955), Germany 

(Brosius, 1963), England, and Belgium (Davey et al., 

1966). Lejeunecysta hyalina has its lower Eocene to 

lower Oligocene record from Germany (Gerlach, 1961; 

Gocht, 1969). Deflandrea andromiensis is found from the 

Eocene to the Oligocene in West Siberia (Vozzehnnikova, 

1967), D. oebisfeldensis ranges from the Paleocene to the 

Late Oligocene in Germany and the USSR (Alberti, 

1959: Vozzehnnikova, 1967; Benedek, 1972), and Acho- 

mosphaera crassipellis is found from the lower Eocene of 

Australia, Germany, and Belgium (Deflandre and Cook- 

son, 1955; Morgenroth, 1966). Spiniferites cornutus 
subsp. normalis occurs in the Paleocene of Australia 

(Cookson and Eisenack, 1974). S. ramosus subsp. gra- 

nosus has a long range of Hauterivian to Oligocene in 

Europe (Yun, 1981) and a short range of Campanian to 

Maastrichtian in the United States (May, 1980). The 

specimens of small size (20-25 ym) of the acritarch 
Micrhystridium sp. cf. M. castanium found in Zone D are 

similar to those found in the Lower Paleocene of 

Argentina (Heisecke, 1970). In addition, few taxa such as 

Exochosphaeridium muelleri and E. phragmites have 

only been found previously from the Albian to the 

Senonian in Europe. 

Summarizing the above, it can be postulated that the 

most acceptable date for Zone D is late Paleocene to early 



Eocene in age. That Late Paleocene dinoflagellate assem- 

blage from West Germany described by Gocht (1969) 

dominated by Areoligera senonensis is closely compara- 

ble to Zone D. This A. senonensis assemblage contains 

eight taxa, two of which, Ceratiopsis speciosa subsp. 

glabra and Spiniferites ramosus, are shared with Zone D. 
Thus Zone D is probably late Paleocene, which partly 

coincides with the conclusion that Zone D is middle to 

late Paleocene, based on foraminifera. The absence of 

Wetzeliellaceae also favours a late Paleocene age. 

Turbiosphaera filosa Oppel Zone (Zone E) 
TYPE SECTION 
The Wulagen Formation in Qimugen section from 

samples QF-79 to QF-86 (Text-Fig. 2). 

OTHER LOCALITY 
The Wulagen Formation in the Wuluokegiate section 

from samples WG-63 to WG-65. 

DEFINITION 

More than 50 taxa that are absent in the underlying 

Zones A to D have their earliest occurence in Zone E, 

such as Achilleodinium biformoides, A. latispinosum, 

Adnatosphaeridium multispinosum, A. williamsii, Areo- 

sphaeridium diktyoplokum, A. fenestratum, A. multicor- 

nutum, Cordosphaeridium  exilimurum, Deflandrea 

phosphoritica, Diphyes colligerum, Distatodinium ellip- 

ticum, Glaphyrocysta intricata, G. laciniiformis, Homo- 
tryblium abbreviatum, H. pallidum, H. tenuispinosum, 

Hystrichokolpoma rigaudiae, H. salacium, Kisselovia 

coleothrypta, Melitasphaeridium asterium, M. pseudore- 

curvatum, Palaeocystodinium golzowense, Rhombodi- 

nium draco, R. longimanum, Thalassiphora pelagica, 

Turbiosphaera filosa, and Wetzeliella articulata. The taxa 
most frequently found in Zone E are Achomosphaera 

ramulifera, Cerbia formosa, Cleistosphaeridium diver- 
sispinosum, Cordosphaeridium exilimurum, Deflandrea 

musculopsis, Homotryblium pallidum, H._ tenuispi- 

nosum, Melitasphaeridium asterium, M. pseudorecurva- 

tum, Membranophoridium aspinatum, Rhombodinium 

draco, and Spiniferites ramosus subsp. multibrevis. 

The following taxa are restricted to Zone E: Achilleo- 

dinium latispinosum, Adnatosphaeridium multispino- 

sum, A. vittatum, Areosphaeridium arcuatum, A. 

diktyoplokum, A. fenestratum, A. multicornutum, Batia- 

casphaera hystrieosa, Ceratiopsis albertii, Cordosphae- 

ridium inodes subsp. longipes, Diphyes colligerum, 

Distatodinium ellipticum, Glaphyrocysta intricata, Poly- 

sphaeridium subtile, Spiniferites cornutus, Sumatra- 

dinium hispidum, Tanyosphaeridium salpinx, Thalas- 

siphora flammea, T: pelagica, Turbiosphaera _filosa, 
Wetzeliella wulagenensis, and W. sp. cf. W. symmetrica. 

DISCUSSION 

This zone, with 85 taxa of 40 genera, is the most diverse 

and abundant amongst the 6 zones recognized. As can be 

seen from Table 5, it is most likely that Zone E is Eocene 

in age. Eocene dinoflagellate biostratigraphy of southern 

England has been studied intensively by Davey et al. 

(1966), Costa and Downie (1976), Eaton (1976), Harland 

(1979), and Bujak et al. (1980a). Bujak et al. (1980a) 

defined 13 assemblage zones in the lower Eocene to 

upper Eocene strata (London Clay to Barton Beds) of 

southern England. It is impossible to compare in detail 

their zonation with Zone E, because the latter comprises 

a mere 5 samples. However, 53 of the 85 taxa from Zone 

E can be found in various Eocene assemblage zones of 

Bujak et al. (1980a) from southern England. Among 

these species, Membranophoridium aspinatum, Areo- 

sphaeridium fenestratum, Rhombodinium draco, and R. 

longimanum have their earliest occurrences in the upper 

Eocene elsewhere in the world from the previous records. 

Therefore, Zone E is probably late Eocene. However, 

since the late Eocene age assigned to the Barton Beds in 

southern England is still controversial (Bujak, 1979) and 

they may include some middle Eocene, Zone E may 

contain part of the middle Eocene too. Recently, 

Berggren et al. (1985) have placed the Bartonian in the 

upper part of the middle Eocene. If that placement is 

followed, it will affect these age assignments. The 

Diphyes colligerum Assemblage Zone of Williams in 

Canada (1975), which was provisionally assigned a late 

Eocene age, contains Areosphaeridium diktyoplokum, 

Glaphyrocysta intricata, Diphyes colligerum, and Rhom- 

bodinium draco, which are common to Zone E. 

Deflandrea intrasphaerula Oppel Zone (Zone F) 

TYPE SECTION 

The portion of the Wuluokegiate section from samples 

WG-70 to WG-77, spanning more than the lower part of 

the Bashibulake Formation (see Text-Fig. 2). 

OTHER LOCALITY 
The Qimugen section, sample QF-94, lower part of the 

Bashibulake Formation. 

DEFINITION 

The following have their last occurrence in Zone F: 

Apectodinium paniculatum, Ceratiopsis leptoderma, 

Cordosphaeridium exilimurum, Deflandrea phosphor- 

itica, Glaphyrocysta exuberans, G. laciniiformis, Homo- 

tryblium abbreviatum, Kisselovia coleothrypta, Lejeune- 

cysta hyalina, Lentinia serrata, Melitasphaeridium 

asterium, M. pseudorecurvatum, Palaeocystodinium gol- 

zowense, Phelodinium pumilum, Rhombodinium draco, 

R. longimanum, and Wetzeliella articulata. The follow- 
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Achilleodinium latispinosum 

Adnatosphaeridium mul/tispinosum 
Areosphaeridium diktyoplokum 
Areosphaeridium fenestratum 
Areosphaeridium mu/ticornutum 

Cordosphaeridium exi/imurum 

Cordosphaeridium inodes subsp. /ongipes 
Detlandrea phosphoritica 

Diphyes colligerum 
Distatodinium ellipticum 

Glaphyrocysta laciniiformis 
Glaphyrocysta intricata 
Homotryblium abbreviatum 
Homotryblium pallidum 
Homotryblium tenuispinosum 
Hystrichokolpoma rigaudiae 
Hystrichokolpoma salacium 

Kisselovia coleothrypta 
Melitasphaeridium asterium 
Melitasphaeridium pseudorecurvatum 

Membranophoridium aspinatum 
Polaeocystodinium golzowense 
Rhombodinium draco 

Rhombodinium longimanum 
Thalassiphora pelagica 
Thalassiphora patula 
Turbiosphaera ftilosa 

Wertzliella articulata 

Ren Early Middle Late Early | Middle | Late 
9€ |Paleocene | Paleocene | Paleocene | Eocene| Eocene | Eocene | Oligocene 

TABLE 5. The total range of selected species in Zone E. Sources of data are mainly from the following: 

Gerlach, 1961; Davey et al., 1966; Eisenack, 1967; Cookson and Eisenack, 1967; Vozzhennikova, 1967; 

Gocht, 1969; Benedek, 1972; Corradini, 1973; Harker and Sarjeant, 1975; Williams and Brideaux, 1975; 

Bujak, 1976; Costa and Downie, 1976; Eaton, 1971, 1976; Harland, 1979; Bujak, 1979; Bujak et al., 1980a; 

Liengjarern, Costa, and Downie, 1980; Islam, 1983. 

ing are restricted to Zone F: Cordosphaeridium funicula- 
tum, Deflandrea sp. cf. D. arcuata, D. granulata, D. 
intrasphaerula, D. robusta, Fromea staveia, Kisselovia 

fusiformis, Phelodinium pachyceras, Samlandia chlamy- 

dophora, Spiniferites ramosus subsp. multiplicatus, Tur- 

biosphaera galatea, and Wetzeliella gochtii. 

DISCUSSION 

The dinoflagellate assemblages of Zone F are less diverse 

than those of the underlying Turbiosphaera filosa Zone, 

although both of them share several species that range 

from the Eocene to the Oligocene. Those species are 

Deflandrea phosphoritica, Glaphyrocysta laciniiformis, 

Homotryblium abbreviatum, Kisselovia coleothrypta, 

Melitasphaeridium pseudorecurvatum, Palaeocystodin- 

ium golzowense, Rhombodinium draco, R. longimanum, 

and Wetzeliella articulata. Among the species restricted 

to Zone F, Cordosphaeridium funiculatum was found 

from lower Eocene strata in northern Germany and 

Belgium (Morgenroth, 1966) and has its latest occurrence 

in the lower Oligocene of Canada (Williams, 1975). 

Deflandrea arcuata was recorded from the upper Eocene 
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to lower Oligocene in the USSR (Vozzhennikova, 1967), 

and D. granulata was reported from the Eocene to lower 
Oligocene in Argentina (Menendez, 1965). Phelodinium 

pachyceras has been reported from the upper Eocene to 

lower Oligocene of southern England (Liengjarern, 

Costa, and Downie, 1980), and Wetzeliella gochtii was 

recorded from the middle Oligocene in southern England 

(Costa and Downie, 1976). 

Zone F can be compared with the lower Oligocene 

dinoflagellate assemblages of southern England (Lieng- 

jarern, Costa, and Downie, 1980). Both the southern 

England assemblages and Zone F are less diverse and 

share six species: Deflandrea phosphoritica, Homo- 

tryblium abbreviatum, H. pallidum, Kisselovia coleo- 

thrypta, Phelodinium pachyceras, and Wetzeliella 

gochtii. Zone F is also comparable to the Deflandrea 

heterophlycta Assemblage Zone of Williams (1975) in 

offshore eastern Canada, which was provisionally dated 

as early Oligocene. 

Taking all these facts into account, perhaps the most 

reasonable date for Zone F is early Oligocene rather than 

late Eocene. That conclusion coincides with the age 



determination based on foraminifera by Hao, Zeng, and 

Li (1982), who concluded that the entire Bashibulake 

Formation was Oligocene. 

AGE DETERMINATION OF THE FORMATIONS 

(Table 6) 

Kukebai Formation 

No dinoflagellate cysts occur in the lower part of the 

Kukebai Formation, which is dated as Cenomanian on 

the basis of its content of foraminifera. Zones A and B 

occur in the middle and upper parts of the Kukebai 

Formation respectively. Zone A is Cenomanian to 

Turonian in age, and Zone B is Turonian to Coniacian or 

Santonian in age. Consequently, the whole Kukebai 

Formation is probably Cenomanian to Coniacian or 

Santonian in age. 

Wuyitake and Yigeziya Formations 

Zone C is Coniacian to post-Coniacian or post-Coniacian 

and is confined to these two formations. 

Tuyiluoke Formation 

The samples from the Tuyiluoke Formation are mainly 

brownish red mudstone and gypsiferous mudstone and 

contain poorly preserved A/terbidinium sp., Kiokansium 

sp., Eucladinium gambangense, Palaeohystrichophora 

infusorioides, Trithyrodinium sp., Diconodinium sp., and 

pollen grains of Classopollis and Chenopodipollis (Text- 

Fig. 5.1,2). In addition, an organic form incerta sedis with 

an elongate outline and a smooth, nonstructured wall 

occurs in two samples (Text-Fig. 5.3,4). Sample WG-39 

contains abundant Pediastrum sp. (Text-Fig. 5.5). The 

last appearance of Palaeohystrichophora infusorioides in 

England is thought to be Maastrichtian (Clarke and 

Verdier, 1967:84), and in North America this species 

ranges up to the Lower Maastrichtian (Harker and 

Sarjeant, 1975). In the present area, P. infusorioides 

never appears above the Tuyiluoke Formation. Thus, 

presumably, the Tuyiluoke Formation may represent any 

time between the Santonian and the Maastrichtian. 

Altashi Formation 

The Altashi Formation outcrops in three sections and is 

composed chiefly of massive gypsum beds, gypsiferous 

mudstone, and dolomitic limestone, in which fossils are 

absent or scarce. Prolonged search, however, has yielded 

many poorly preserved dinoflagellate cysts and a few 

pollen grains. Cyclonephelium brevispinatum, Palaeope- 

ridinium sp., Leiosphaeridia hyalina, and pollen grains of 

Monoporopollenites (Text-Fig. 5.6) occur in samples 

Lithostratigraphic 

Ber age oes Age 

Bashibulake Formation 

Zhuoyouleigansu Formation 

Deflandrea intrasphaeru/a |F) Early Oligocene 

Turbiosphaera tilosa(E) (Middle-) Late Eocene 

Altashi Formation 

Tuyiluoke Formation 

Kukebai Formation 

Yigeziya Formation Post -Coniacian- ? Maastrichtian 
Canningia reticulata (C) 

Wuyitake Formation 

Alterbidinium emulatum (B) Turonian - Coniacian (or Santonian) 

Cyclonephelium brevispinatum (A) 

TABLE 6. Distribution and age of dinoflagellate zones in upper Cretaceous and lower Tertiary formations 
of the Tarim Basin. 

? Early - Middle Paleocene 

a TY 
Te o_o Early - Middle Eocene Seiceae SESE 
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Phelodinium anisos (D) ( Middle -) Late Paleocene 
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TEXT-FIG. 5. Various terrestrial and marine palynomorphs from Xinjiang Province. See text for 

explanation. All figures x 500 unless otherwise stated. /, Classopollis sp., Tuyiluoke Formation (Kot), 

SM-68; Ao; 35.2/102.9 ( x 1000). 2, Chenopodipollis sp., Tuyiluoke Formation (Kat), SM-68; Aq; 22.5/95.3 

(x 1000). 3, Acritarch incertae sedis Form A, Altashi Formation (E\a), WG-42; A3; 47.3/107.6. 4, 

Acritarch incertae sedis Form B, Tuyiluoke Formation (Kat), SM-68; A3; 32.2/100.8. 5, Pediastrum sp.., 

Tuyiluoke Formation (Kt), WG-39; 43.8/104.0. 6, Monoporopollenites sp., Altashi: Formation (E,a), 

WG-42; A3; 42.2/99.0 ( x 1000). 7, 8, Dinoflagellate incertae sedis Forms A and B, respectively; specimens 

showing poor preservation; Altashi Formation (Ea). 7, QF-41; Ag; 55.4/107.5. 8, QF-41; Az; 58.2/104.6. 9, 

Ephedripites sp., Bashibulake Formation (E3b), WG-87; A1; 40.3/104.5. 

WG-42 and SM-75 of the Altashi Formation. An 

assemblage of very poorly preserved dinoflagellate cysts 

and Pediastrum sp. was encountered in sample QF-41. 

These dinoflagellates uniformly have an irregular reticu- 

late wall, which is almost certainly a preservational 

feature. Many of these are large (Text-Fig. 5.7,8), some 

with a peridinioid shape and an apical horn and two equal 

antapical horns and some with a pentagonal to rhombic 

Wetzeliella-shape and a few remaining processes. The 

former may be a genus such as Lejeunecysta or Deflan- 

drea, the latter is presumably Apectodinium or Wetze- 

liella. Thus, the age of the Altashi Formation is more 

likely Tertiary than late Cretaceous, probably early 

Paleocene or early to middle Paleocene. However, if the 

identification of Wetzeliella is confirmed in this for- 

mation, an Eocene age would be indicated. Further work 

is necessary to elucidate geochronological relationships. 

Qimugen Formation 

The samples from the upper part of the Qimugen 

Formation are devoid of dinoflagellate cysts. Zone D, 

which is late or middle to late Paleocene in age, occurs in 

the lower part of the Qimugen Formation. Considering 

that the overlying Gaijietage Formation, which also 

lacks distinguishable dinoflagellate cysts, is early Eocene 
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in age, based on foraminiferal evidence (Hao, Zeng, and 

Li, 1982), the Qimugen Formation as a whole is most 

likely late Paleocene or middle to late Paleocene in age. 

Gaijietage Formation 

This formation is early Eocene in age based on foramin- 

iferal evidence (Hao, Zeng, and Li, 1982), as mentioned 

in the section on stratigraphy. 

Kalatar Formation 
The Kalatar Formation, immediately above the Gaiji- 

etage Formation, contains sparse pollen grains assigned 

to Chenopodiapollis, Monoporopollenites, Tricolpopol- 

lenites, Betulaepollenites, and Quercoidites, and very 

poorly preserved dinoflagellate cysts — Thalassiphora 

bononiensis and Thalassiphora petila Corradini. The 

latter two species indicate that the Kalatar Formation is 

early to middle Eocene in age, this being in accord with 

the dating of the underlying and overlying formations. 

Wulagen Formation 

Zone E and hence the Wulagen Formation are probably 

late Eocene or possibly middle to late Eocene in age. 



Zhuoyouleigansu Formation 

This formation is late Eocene in age, based on foramin- 

iferal evidence (Hao, Zeng, and Li, 1982), as stated in the 

stratigraphy section. 

Bashibulake Formation 

Zone F and hence the lower part of the Bashibulake 

Formation are early Oligocene in age. The samples in 

Zone F (from WG-79 to WG-84) contain only a few 

angiosperm pollen grains (e.g., Ephedripites sp., Text-Fig. 

5.9) and very few broken and poorly preserved dinoflagel- 

late cysts, which provided little evidence on age for the 

upper part of the Bashibulake Formation. However, the 

whole Bashibulake Formation contains Cibicidoides 

fauna represented by Cibicidoides pseudoungerianus 

(Cushman) Hao and Zeng, C. ovaliformis Hao and Zeng, 
1982, Baggina trapezoida Hao and Zeng, Spiroplectam- 

mina phoxa Hao and Zeng, and Cibicides borislavensis 

Aisenstat, which Hao, Zeng, and Li (1982) dated as 

Oligocene. As a result the upper part of the Bashibulake 

Formation is likely to be middle to late Oligocene in age. 

Wugia Group 

The samples from WG-87 to WG-100 contain only 

sparse pollen and spores. The Miocene age of the Wugia 

Group is based on foraminiferal evidence (Hao, Zeng, 

and Li, 1982). 

Palaeoecology and Palaeogeography 

Palaeoecologic and palaeogeographic reconstructions 

depend on data from various disciplines. Several attempts 

have been made during the past two decades by palynolo- 

gists to use dinoflagellates and acritrachs as palaeoenvi- 

ronmental indicators and to relate different kinds of 

dinoflagellate assemblages to different palaeoenviron- 

ments. However, it is our intention in this section to draw 

upon sedimentological and general palaeontological, as 

well as palynological, data to interpret late Cretaceous 

and early Tertiary palaeoenvironments in the Kashi area, 

western Tarim Basin. 

Staplin (1961) recognized three different acritarch 

distribution patterns with regard to Devonian reefs. 

Simple spherical forms are widespread, from beds 

interfingering with reef carbonate into off-reef areas. 

Thin-spined species are also widespread but are seldom 

found within 1.6 km of the reefs. Thick-spined and 

polyhedral forms occur in off-reef strata but seldom near 

reefs. Vozzhennikova (1965) suggested that thick two- 

layered dinoflagellate cysts were associated with unstable 

conditions, and thick-walled cysts were concentrated in 

the littoral zone, and thin-walled forms with delicate 

processes were largely restricted to open-marine environ- 

ments. In their studies of the Oligocene Vicksburg 

Formation of the United States, Scull et al. (1966) 

proposed that thin-spined cysts represented shallow- 

water conditions, and cysts that bore larger, more 

complex processes usually represented deeper-water 

environments. Downie, Hussain, and Williams (1971) 

described four Eocene associations from southeastern 

England, which they interpreted as being controlled by 

changing environmental circumstances. Two of these 

associations, respectively dominated by the genera 

Spiniferites and Areoligera, may represent open-marine 

conditions. Another association, dominated by the 

acritarch genera Micrhystridium and Comasphaeridium, 

indicated the initial and closing stages of marine trans- 

gressions, and the remaining association, dominated by 

the cavate cyst Wetzeliella, may have represented estu- 

arine conditions. Harland (1973) defined the gonyaula- 

cacean ratio as the number of gonyaulacacean cyst 

species divided by the total number of peridiniacean cyst 

species. He found that the gonyaulacacean ratio was 

higher in more open-marine late Cretaceous environ- 

ments and also noted that the gonyaulacacean ratio in 

deep-sea cores from the Caribbean studied by Wall (1967) 

was 18.0, whereas for a nearshore population at Woods 

Hole, Massachusetts (Wall and Dale, 1968), the 

gonyaulacacean ratio was only 0.44. 

Goodman (1979), in a study of dinoflagellates from the 

lower Eocene of Maryland, recognized six dinoflagellate 

cyst communities. From his study, he concluded that 

environments did control the dinoflagellate assemblages. 

The shallow-water deposition is indicated by the rela- 

tively common occurrence of Lingulodinium machaero- 
phorum, which is usually found in brackish-water envi- 

ronments in recent and Quaternary assemblages. High 

abundance of some members of the Wetzeliella complex 

(and other peridiniaceans) also indicates in broad terms a 

shallow-water, marine to estuarine environment. Good- 

man suggested that the distribution patterns mainly 

reflected an inshore-offshore trend rather than a latitudi- 

nal-climatic trend. Chateauneuf (1980), in a study of 

dinoflagellates from the lower Oligocene of the Paris 

Basin, noted that Gerdiocysta conopea was abundant in 

normal marine environments that also contained more 

species (24-30), whereas Wetzeliella gochtii predomi- 

nated in brackish-water or lower-salinity environments, 

where the species diversity was low. 

Some palynologists have studied modern dinoflagel- 
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late cyst distribution patterns and arrived at similar 

conclusions. For example, Miller (1959) reported in his 

investigation of the recent Orinoco Delta and shelf 

sediments that specimens of “Hystrix” (i.e., probably 

chorate dinoflagellate cysts) were absent in the littoral 

zone opposite the Orinoco Delta and were concentrated 

mainly in the eastern Gulf of Paria, close to the Trinidad 

shore, where Miller assumed that optimal conditions for 

the development of “Hystrix” prevailed, that is, the 

presence of clear water with a salinity of 18 to 22 per cent 

and a temperature up to 29°C. Miller also pointed out 

that the “Hystrix” specimens from this part of the gulf 

were larger and better developed than those from the 

outer shelf, and additionally that foraminifera flourished 

there. Davey and Rogers (1975) studied the palynomorph 

distributions in recent sediments from the continental 

shelf and slope off South West Africa and found that 

Spiniferites ramosus was associated with cold upwelling 

water, and Operculodinium centrocarpum was associ- 

ated with warmer water masses. 

Dale (1983) concluded that recent cyst distributions 

suggested no general trend in functional morphology, 

that is, they do not support the view that chorate cysts 

reflect the need for greater flotation, in that they become 

well developed under warm-water conditions. Thus he 

concluded that recent cyst morphology seemed not to be 

a good indicator of palaeoenvironment. However, the use 

of various palaeontological and sedimentological criteria 

may yield reliable palaeoenvironmental interpretations. 

We suggest that the six Oppel zones defined here have 

not only stratigraphical significance but also palaeoeco- 

logical meaning; evolution is related to the environment. 

The late Cretaceous to early Tertiary western Tarim 

Basin was a gulf at the eastern end of the northern branch 

of the Tethys (Text-Fig. 6). The first transgression of this 

area began in Cenomanian times and resulted in the 

nearshore, shallow-water deposition of brown and red, 

mostly arenaceous mudstones in the lower part of the 

Kukebai Formation (Text-Fig. 7). Foraminiferal assem- 

blages are dominated by arenaceous forms, notably 
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TEXT-FIG. 6. Late Cretaceous palaeogeographical map of Eurasia (from Smith and Briden, 1977; Wang 

et al., 1980). 



Migrous sp., with smaller numbers of perforate cal- 
careous forms such as Hedbergella cretacea (Hao, Zeng, 
and Li, 1982:29). Other invertebrate fossils are very rare. 

Dinoflagellates have not been recovered from this part of 

the Kukebai Formation; their apparent absence is pre- 

sumably due to turbulence and turbidity and salinity 

changes, which precluded their growth or accumulation 

in the generally coarse-grained sediments. In Cenoma- 
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nian to Turonian times, monotonous argillaceous sedi- 

ments of the middle part of the Kukebai Formation were 

deposited in a stable shelf environment. In these sedi- 

ments, dinoflagellate assemblages are dominated by 

proximochorate cysts, such as Cyclonephelium bre- 

vispinatum and Palaeohystrichophora_ infusorioides , 

which are thin-spined forms, indicating presumably the 

early stage of marine transgression or shallow-water 

TEXT-FIG. 7. Schematic diagram indicating presumed transgressions and regressions in the study area 

during the late Cretaceous to early Tertiary, based on the information from sediments and foraminifera and 

dinoflagellates contained therein. 



conditions. At the same time, foraminifera became 

abundant and were dominated by arenaceous forms, 

such as Ammobaculites sp. and Migros sp. (Hao, Zeng, 

and Li, 1982:29). Therefore, it is possible that shallow 

marine conditions prevailed at that time. 

Afterwards, during the deposition of the upper part of 

the Kukebai Formation (Turonian—Coniacian or Turo- 

nian-Santonian), the most abundant and diverse 
dinoflagellate assemblages occurred in Zone B in the 

Upper Cretaceous, which is represented by skolochorate 

and spiniferate cysts (e.g., Oliogosphaeridium pulcherri- 

mum, O. complex, Spiniferites ramosus) together with a 

variety of cavate deflandreoid cysts, such as Al/terbi- 

dinium, Eurydinium, and Isabelidinium. Arenaceous 

foraminifera were replaced at that time by calcareous 

perforate forms, such as Nonion, Nonionella, and Cibi- 

cides. All these observations indicate that the upper part 

of the Kukebai Formation appears to represent the peak 

of the late Cretaceous transgression (Text-Fig. 7). 

The post-Coniacian or post-Santonian regression was 

accompanied by increasing aridity. Restricted lagoons 

developed in which massive gypsum and gypsiferous 

‘sandstone and mudstone were deposited as the Wuyitake 

and Yigeziya formations. Foraminifera became sparse, 

with only Ammobaculites sp. cf. A. subplanatus and 

Haplophragmium planulum occurring. Dinoflagellate 

assemblages, in which Canningia reticulata dominate, 

became less diverse and abundant. All this information 

indicates that the Wuyitake and Yigeziya formations 

represent a regressive deposit. 

Regression continued to the end of Cretaceous times 

and the beginning of the Paleocene, resulting in the 

numerous lacunae in the Yigeziya Formation and the 

deposition of the hypersaline sediments of the Tuyiluoke 

Formation. The latter formation contains no inverte- 

brate fossils and only a few poorly preserved dinoflagel- 

late cysts, such as Alterbidinium sp., Diconodinium sp., 

Eucladinium sp., Palaeohystrichophora infusorioides, 

Palaeoperidinium sp., and Trithyrodinium sp., in the 

lower part. In its upper part, one sample from the 

Tuyiluoke Formation contains Pediastrum sp. (probably 

lacustrine) and rare pollen grains of Chenopodipollis sp. 

and Ephedripites sp., which together with the lithology of 

the Tuyiluoke Formation and its lack of fossils suggests 

an arid and oxidizing palaeoenvironment. Thus the latest 

Cretaceous regression in the Tarim Basin parallels the 

major regressions in the Maastrichtian to early Paleocene 

elsewhere in Europe and North America. The early or 

early to middle Paleocene is represented by the massive 

gypsum, gypsiferous mudstones, and dolomitic lime- 

stones of the Altashi Formation. These were deposited in 

highly restricted lagoons under arid conditions. Only a 

few poorly preserved dinoflagellates occur in this inter- 

val, accompanied by a few pollen grains of Chenopodi- 
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pollis and Ephedripites. 

The Qimugen Formation (late Paleocene or middle to 

late Paleocene) represents the second major transgression 

from the Tethys in the interval studied (Text-Fig. 7). The 

foraminiferal assemblages are dominated by Spiroplec- 

tammina and Textularia, the latter indicating (if compari- 

sons with modern assemblages are valid) relatively quiet 

marine waters of 31 to 32 parts per thousand salinity and 

depths ranging from subtidal to 20 to 50 m (Hao, Zeng, 

and Li, 1982:41). The rich dinoflagellate assemblages are 

characterized by abundant skolochorate and spiniferate 

cysts, such as Achomosphaera ramulifera, Spiniferites 

ramosus subsp. multibrevis, S. ramosus subsp. granosus, 

Araneosphaera araneosa, and abundant Ceratiopsis spe- 

ciosa, indicating optimal offshore conditions for both 

dinoflagellates and foraminifera. 

The late Paleocene transgression might be of restricted 

geographical extent. This is evidenced by the fact that in 

its type section at Qimugen, the Qimugen Formation 

contains a diversity and abundance of dinoflagellates, 

whereas at Simuhana the abundance and diversity are 

considerably reduced and at Wuluokegiate dinoflagel- 

lates are absent. 

The overlying lower Eocene Gaijietage Formation, a 

lagoonal gypsiferous mudstone unit, may represent 

another regression. It contains no dinoflagellates or 

acritarchs, but foraminifera are represented by a few 

species, such as Nonion laevis and Cibicides lobatulus, 

which are restricted to the Kuzigonsu area (Text-Fig. 1) 

but are absent elsewhere in the study area. 

The middle Eocene Kalatar Formation is mainly 

composed of hard and thick-bedded to massive arena- 

ceous and rudaceous limestones and contains oysters and 

other pelecypods, marine ostracods, and foraminifera. 

The foraminifera are neither abundant nor diverse, being 

chiefly Nonion and Cibicides. Dinoflagellate assemblages 

comprise a small number of poorly preserved cysts of 

Apectodinium sp., Deflandrea sp., Kisselovia sp., Thalas- 

siphora sp., and Wetzeliella sp. The preceding observa- 

tions suggest nearshore marine or estuarine conditions. 

Therefore the next transgression probably started in the 

middle Eocene. 

During the middle to late Eocene, the argillaceous 

sediments and carbonates of the Wulagen Formation 

were mainly deposited; they contained oysters, marine 

ostracods, and foraminifera. The foraminifera are ben- 

thonic calcareous perforate forms dominated by Nonion, 

Anomalinioides, and Cibicides (Hao, Zeng, and Li, 

1982:35), which, according to Hao, Zeng, and Li 

(1982:42), indicate that this area was in the upper subtidal 

zone. The dinoflagellate assemblages are abundant and 

diverse (85 species and subspecies encountered), domi- 

nated in both diversity and quantity by skolochorate 

cysts, such as Areosphaeridium and Homotryblium; 



spiniferate cysts, such as Spiniferites and Achomo- 

sphaera; and trabeculate cysts, such as Adnatosphaerid- 

ium and some species of Glaphyrocysta. It is likely that 

marine circulation and connections were good at this 

time, given that more than half of the species encoun- 

tered are also known in coeval assemblages from Europe 

and Australia. The circumstances in the late Eocene were 

optimal for abundant foraminifera, dinoflagellates, and 

some other invertebrates. 

The latest Eocene Zhuoyouleigansu Formation repre- 

sents lithologically more restricted lagoonal conditions. 

Dinoflagellates are unknown, foraminifera are restricted 

to one section, and other invertebrate fossils are absent in 

this interval. 

During the early Oligocene there was a rise in sea level 

so that the restricted lagoonal environment became open, 

normal marine again, with oysters, Pecten, and other 

bivalves, gastropods, worms, ostracods, and foraminifera 

(Hao, Zeng, and Li, 1982:42). Abundant foraminifera 

dominated by benthonic calcareous perforate forms such 

as Cibicidoides, Spiroplectammina, Baggina, Cibicides, 

and Heterolepa, indicate a warm, quiet, and stable 

marine environment (Hao, Zeng, and Li, 1982:42). 

However, the early Oligocene dinoflagellate assemblages, 

which are less diverse and less abundant than those of the 

late Eocene and are dominated by thick-walled cavate 

and chorocavate cysts, such as Deflandrea, Wetzeliella, 

and Kisse/lovia, seem to suggest that the water mass was 

shallower and less stable than that of the middle to late 

Eocene (Text-Fig. 7). 

Later in the middle to late Oligocene the deposits in the 

western Tarim Basin became more arenaceous. Many 

sedimentary structures such as undulose-bedding, ripple 

marks, and cross-bedding occur in the upper part of the 

Bashibulake Formation, and those invertebrate fossils 

discovered in the lower part of the Bashibulake Forma- 

tion disappear. Foraminifera become sharply reduced in 

both diversity and abundance. This suggests that the 

present area changed from the outer zone to the inner 

zone of the inner neritic environment from the early 

Oligocene to late Oligocene. 

Thus, in summary, there were three major transgres- 

sions (see Text-Fig. 7) in late Cretaceous and Paleogene 

times in the Tarim Basin; these occurred in (1) Cenoma- 

nian to Turonian to Santonian (the upper part of the 

Kukebai Formation), (2) late or middle to late Paleocene 

(the Qimugen Formation), and (3) late or middle to late 

Eocene times (the Wulagen Formation). 

During each transgression, when less arenaceous and 

gypsiferous sediments were deposited, the dinoflagellate 

assemblages were diverse and abundant. Among these 

assemblages skolochorate, spiniferate, and trabeculate 

cysts usually dominated. Simultaneously, the foramin- 

ifera were dominated by calcareous perforate forms. In 

contrast, during each regression, when the deposits were 

more arenaceous and gypsiferous, the dinoflagellate 

assemblages were less diverse and abundant; skolochor- 

ate, spiniferate, and trabeculate cysts became dramati- 

cally reduced in numbers. The calcareous perforate 

foraminifera were either replaced by the arenaceous 

forms or became reduced in size and diversity. In 

restricted lagoonal facies characterized by massive gyp- 

sum or hypersaline sediments, both foraminifera and 

dinoflagellates were sparse or completely absent. Thus, 

the gross characteristics of the dinoflagellate assemblages 

appear to be environmentally controlled. 

The final marine regression in the Tarim Basin began 

in the late Oligocene and culminated in the Miocene 

uplift of the Himalayan orogeny. The Tarim Basin was 

finally cut off from the Tethys in Neogene times. 

Systematics 

LIST OF DINOFLAGELLATE AND ACRITARCH TAXA ENCOUNTERED 

Division Pyrrhophyta Pascher, 1914 

Class Dinophyceae Fritsch, 1929 

Order Peridiniales Haeckel, 1894 

Suborder Rhaetogonyaulacineae Norris, 1978 

Family Pseudoceratiaceae Eisenack, emend. 

Dorhofer and Davies, 1980 

Canningia colliveri Cookson and Eisenack, 1960b (PI. 1, 
fig. 1) 

Canningia (?) minor Cookson and Hughes, 1964 (PI. 1, 

fig. 2) 

Canningia reticulata Cookson and Eisenack, 1960b; 

emend. Below, 1981 (PI. 1, figs. 3-5) 

Canningia kukebaiensis sp. nov. (Pl. 1, figs. 6-8) 

Cerbia formosa sp. nov. (PI. 1, figs. 9,10) 

Heterosphaeridium sp. 

Odontochitina costata Alberti, 1961 (PI. 1, fig. 11) 

Odontochitina operculata (O. Wetzel, 1933a) Deflandre 
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and Cookson, 1955 (PI. 1, figs. 12,13) 

Odontochitina porifera Cookson, 1956 (PI. 1, fig. 14) 

Odontochitinopsis molesta (Deflandre, 1937) Eisenack, 

1961 (PI. 1, fig. 15) 

Family Areoligeraceae Evitt, emend. Sarjeant and 

Downie, 1966 

Cyclonephelium brevispinatum (Millioud, 1969) Below, 

1981 (PI. 1, figs. 16-18) 
Cyclonephelium compactum Deflandre and Cookson, 

1955 (Pl. 1, fig. 19) 

Cyclonephelium distinctum Deflandre and Cookson, 

1955 (PI. 1, fig. 20) 

Cyclonephelium (?) hystrix (Eisenack, 1958) Davey, 1978 

(PIM etissn 21,22) 

Cyclonephelium paucispinum Davey, 1969 (PI. 1, fig. 23) 

Cyclonephelium vannophorum Davey, 1969 (PI. 2, fig. 1) 

Glaphyrocysta exuberans (Deflandre and Cookson, 

1955) Stover and Evitt, 1978 (PI. 2, figs. 2,3) 

Glaphyrocysta intricata (Eaton, 1971) Stover and Evitt, 

1978 (PI. 2, fig. 4) 

Glaphyrocysta laciniiformis (Gerlach, 1961) Stover and 

Evitt, 1978 (Pl. 2, fig. 5) 

Glaphyrocysta ordinata (Williams and Downie, 1966a) 

Stover and Evitt, 1978 (PI. 2, fig. 6) 

Glaphyrocysta pastielsii (Deflandre and Cookson, 1955) 

Stover and Evitt, 1978 (PI. 2, figs. 7,8) 

Membranophoridium aspinatum Gerlach, 1961 (Pl. 2, 

figs. 9-13) 

Suborder Gonyaulacystineae Norris, 1978 

Family Gonyaulacystaceae Sarjeant and Downie, 

emend. Sarjeant and Downie, 1966 

Gonyaulacysta sp. (PI. 2, figs. 14-16) 

Millioudodinium (?) aequum sp. nov. (PI. 2, figs. 17-19) 

Millioudodinium (?) venulosum sp. nov. (PI. 3, figs. 1,2) 

Millioudodinium sp. (P1. 3, fig. 3) 

Pterodinium cingulatum (O. Wetzel, 1933b) Below, 1981 

(Pl. 3, fig. 4) 

Family Apteodiniaceae Eisenack, emend. Sarjeant and 

Downie, 1974 

Apteodinium conjunctum Eisenack and Cookson, 1960 

(Pl. 3, fig. 5) 

Apteodinium maculatum Eisenack and Cookson, 1960 

(Pl. 3, fig. 6) 
Chytroeisphaeridia sp. (P\. 3, fig. 7) 

Kenleyia sp. (PI. 3, fig. 8) 

Tectadodinium sp. cf. T: pellitum Wall, 1967 (PI. 3, fig. 9) 

Family Spiniferitaceae Sarjeant and Downie, emend. 

Sarjeant and Downie, emend. Norris, 1978 

Achomosphaera crassipellis (Deflandre and Cookson, 

1955) Stover and Evitt, 1978 (PI. 3, fig. 10) 

Achomosphaera mariannae (Philippot, 1949) Stover and 

Evitt, 1978 (PI. 3, fig. 11) 
Achomosphaera ramulifera (Deflandre, 1937) Evitt, 

1963 (PI. 3, figs. 12,13) 
Spiniferites supparus (Drugg, 1967) Sarjeant, 1970 (PI. 3, 

fig. 14) 
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Spiniferites cornutus (Gerlach, 1961) Sarjeant, 1970 (PI. 

3, figs. 15,16) 

Spiniferites cornutus subsp. normalis (Cookson and 

Eisenack, 1974) Lentin and Williams, 1977 (Pl. 3, 

fig. 17) 

Spiniferites katatonos Corradini, 1973 (PI. 3, fig. 18) 

Spiniferites ramosus subsp. ramosus (Ehrenberg, 1838) 

Loeblich and Loeblich, 1966 (PI. 3, fig. 19) 

Spiniferites ramosus subsp. granomembranaceus (Davey 

and Williams, 1966a) Lentin and Williams, 1973 

Spiniferites ramosus subsp. granosus (Davey and 
Williams, 1966a) Lentin and Williams, 1973 (PI. 3, 

fig. 20) 

Spiniferites ramosus subsp. multibrevis (Davey and 

Williams, 1966a) Lentin and Williams, 1973 (PI. 3, figs. 

21-26) 

Spiniferites ramosus subsp. multiplicatus (Rossignol, 

1964) Lentin and Williams, 1973 (PI. 3, fig. 27) 

Family Endoscriniaceae Vozzhennikova, emend. 

Sarjeant and Downie, 1974 

Scriniodinium sp. 

Samlandia chlamydophora Eisenack, 1954 (PI. 3, figs. 28, 

29) 

Family Cordosphaeridiaceae Sarjeant and Downie, 

emend. Norris, 1978 

Achilleodinium biformoides (Eisenack, 1954) Eaton, 

1976 (PI. 4, figs. 1,2) 



Achilleodinium latispinosum (Davey and Williams, 

1966b) Bujak et al., 1980b (PI. 4, figs. 3,4) 

Amphorosphaeridium sp. 

Araneosphaera araneosa Eaton, 1976 (PI. 4, fig. 5) 

Bacchidinium polypes subsp. clavulum (Davey, 1969) 

Lentin and Williams, 1981 (PI. 4, fig. 6) 

Cordosphaeridium biarmatum Morgenroth, 1966 (PI. 4, 

fig. 7) 

Cordosphaeridium exilimurum Davey and Williams, 

1966b (PI. 4, figs. 8,9) 

Cordosphaeridium funiculatum Morgenroth, 1966 (PI. 4, 

fig. 10) 
Cordosphaeridium inodes subsp. longipes Hansen, 1977 

(Pl. 4, figs. 11,12) 
Melitasphaeridium asterium (Eaton, 1976) Bujak et al., 

1980b (PI. 4, figs. 13-15) 

Melitasphaeridium pseudorecurvatum (Morgenroth, 

1966) Bujak et al., 1980b 

Turbiosphaera filosa (Wilson, 1967a) Archangelsky, 

1969a (PI. 4, fig. 16) 
Turbiosphaera galatea Eaton, 1976 (PI. 4, fig. 17) 

Family Lingulodiniaceae Sarjeant and Downie, 1974 

Coronifera minor (Yu and Zhang, 1980) comb. nov. (PI. 

4, figs. 18-22) 

Coronifera striolata (Deflandre, 1937) Stover and Evitt, 

1978 (PI. 4, fig. 23) 

Coronifera sp., (Pl. 4, fig. 24) 

Exochosphaeridium muelleri Yun, 1981 (PI. 5, fig. 1) 

Exochosphaeridium sp. cf. E. muelleri Yun, 1981 (PI. 5, 

figs. 2,3) 
Exochosphaeridium phragmites Davey et al., 1966 

Lingulodinium pugiatum (Drugg, 1970b) Wall and Dale, 

1973 (PI. 5, fig. 4) 
Kiokansium unituberculatum (Tasch, 1964) Stover and 

Evitt, 1978 (PI. 5, figs. 5-7) 

Operculodinium bergmannii (Archangelsky, 1969a) Sto- 

ver and Evitt, 1978 (PI. 5, fig. 8) 

Operculodinium sp. (PI. 5, fig. 9) 

Protoellipsodinium sp. (P1. 5, fig. 10) 

Protoellipsodinium clavulum Davey and Verdier, 1974 

(Piesaig. 11) 

Suborder Hystrichosphaeridiineae Norris, 1978 

Family Hystrichosphaeridiaceae Evitt, emend. Sarjeant 

and Downie, emend. Norris, 1978 

Adnatosphaeridium multispinosum Williams and 

Downie, |966a (PI. 5, figs. 12,13) 

Adnatosphaeridium vittatum Williams and Downie, 

1966a (PI. 5, fig. 14) 

Adnatosphaeridium williamsii Islam, 1983 (PI. 5, figs. 15, 

16) 

Adnatosphaeridium sp. (P1. 5, fig. 17) 

Areosphaeridium (?) actinocoronatum (Benedek, 1972) 

Stover and Evitt, 1978 (PI. 5, fig. 18) 

Areosphaeridium arcuatum Eaton, 1971 (PI. 5, fig. 19) 

Areosphaeridium diktyoplokum (Klumpp, 1953) Eaton, 

1971 (PI. 5, figs. 20-22) 

Areosphaeridium fenestratum Bujak, 1976 (PI. 6, figs. 

|-3) 

Areosphaeridium multicornutum Eaton, 1971 (Pl. 6, 

figs. 4,5) 

Diphyes colligerum (Deflandre and Cookson, 1955) 

Cookson, 1965a (PI. 6, figs. 6,7) 

Diphyes cretaceum Yu and Zhang, 1980 (PI. 6, fig. 8) 

Distatodinium ellipticum (Cookson, 1965a) Eaton, 1976 

(Pl. 6, fig. 9) 

Hystrichokolpoma cinctum Klumpp, 1953 (PI. 6, fig. 10) 

Hystrichokolpoma granulata Eaton, 1976 (PI. 6, figs. 

11,12) 

Hystrichokolpoma rigaudiae Deflandre and Cookson, 

1955 (PI. 6, figs. 13,14) 

Hystrichokolpoma salacium Eaton, 1976 (Pl. 6, fig. 15) 

Hystrichokolpoma sp. cf. H. unispina Williams and 

Downie, 1966b (PI. 6, fig. 16) 

Hystrichosphaeridium salpingophorum Deflandre, 1935, 

emend. Davey and Williams, 1966b (PI. 6, fig. 17) 

Hystrichosphaeridium (?) stellatum Maier, 1959 (Pl. 6, 

figs. 18,19) 

Hystrichosphaeridium tubiferum (Ehrenberg, 1838) De- 

flandre, 1937, emend. Davey and Williams, 1966b (PI. 

6, fig. 20) 

Hystrichosphaeridium tubiferum subsp. brevispinum 

(Davey and Williams, 1966b) Lentin and Williams, 

1973.(P 1. 6, tig. 21) 

Litosphaeridium siphoniphorum (Cookson and Eise- 

nack, 1958) Davey and Williams, 1966b (PI. 6, fig. 22) 

Oligosphaeridium complex (White, 1842) Davey and 

Williams, 1966b (PI. 6, figs. 23,24) 

Oligosphaeridium sp. cf. O. irregulare (Pocock, 1962) 

Davey and Williams, 1969 (PI. 7, fig. 1) 

Oligosphaeridium pulcherrimum (Deflandre and Cook- 

son, 1955) Davey and Williams, 1966b (PI. 7, figs. 2-6) 

Surculosphaeridium sp. (P\. 7, figs. 7,8) 
Systematophora ancyrea Cookson and Eisenack, 1965 

(Pl. 7, figs. 9,10) 

Tanyosphaeridium salpinx Norvick, 1976 (PI. 7, fig. 11) 

Tanyosphaeridium sp. A (PI. 7, figs. 12,13) 

Tanyosphaeridium sp. B (PI. 7, figs. 14,15) 



Family Cleistosphaeridiaceae Sarjeant 

and Downie, 1974 

Cleistosphaeridium diversispinosum Davey et al., 1966 

(Pl. 7, fig. 16) 
Cleistosphaeridium (?) multifurcatum (Deflandre, 1937) 

Davey et al., 1969 (PI. 7, figs. 17,18) 

Cleistosphaeridium (?) multispinosum (Singh, 1964) 

Brideaux, 1971 (PI. 7, fig. 19) 
Cleistosphaeridium perforoconum Yun, 1981 (PI. 7, fig. 

20) 
Cleistosphaeridium radiculopsis sp. nov. (Pl. 7, figs. 

21-23) 

Family Florentiniaceae Harker and Sarjeant, emend. 

Norris, 1978 

Florentinia cooksoniae (Singh, 1971) Duxbury, 1980 (PI. 

7, figs. 24,25) 

Florentinia deanei (Davey and Williams, 1966b) Davey 

and Verdier, 1973 (PI. 8, fig. 1) 

Florentinia laciniata subsp. propria subsp. nov. (PI. 8, 

figs. 2-5) 
Florentinia mantellii (Davey and Williams, 1966b) 

Davey and Verdier, 1973 (PI. 8, figs. 6-8) 

Homotryblium abbreviatum Eaton, 1976 (PI. 8, figs. 

9,10) 
Homotryblium pallidum Davey and Williams, 1966b (PI. 

8, figs. 11,12) 

Homotryblium tenuispinosum Davey and Williams, 

1966b (PI. 8, figs. 13,14) 

Family Lithodiniaceae Norris, 1978 

Alisocysta circumtabulata (Drugg, 1967) Stover and 

Evitt, 1978 (PI. 8, fig. 15) 

Schematophora speciosa Deflandre and Cookson, 1955 

(Pl. 8, fig. 16) 

Family Batiacasphaeraceae Dorhofer and Davies, 1980 

Batiacasphaera hystrieosa sp. nov. (PI. 8, figs. 17-20) 

Sentusidinium stipulatum sp. nov. (PI. 8, figs. 21,22) 

Family Senoniasphaeraceae Norris, 1978 

Polygonifera sp. 

Trigonopyxidia ginella (Cookson and Eisenack, 1960a) 
Downie and Sarjeant, 1964 (PI. 8, fig. 23) 

Wallodinium anglicum (Cookson and Hughes, 1964) 

Lentin and Williams, 1973 (PI. 8, fig. 24) 

Wallodinium lunum (Cookson and Eisenack, 1960a) 

Lentin and Williams, 1973 (PI. 8, fig. 25) 

Family Incerta 

Polysphaeridium subtile Davey and Williams, 1966b (PI. 

8, fig. 26) 

Suborder Peridiniineae Fott, emend. Bujak and Davies, 1983 

Family Deflandreaceae Eisenack, emend. 

Bujak and Davies, 1983 

Subfamily Deflandreoideae Bujak and Davies, 1983 

Alterbidinium emulatum sp. nov. (PI. 9, figs. 1,2) 

Ceratiopsis albertii (Corradini, 1973) Lentin and 

Williams, 1977 (PI. 9, fig. 3) 

Ceratiopsis depressa (Morgenroth, 1966) Lentin and 

Williams, 1977 (PI. 9, figs. 4,5) 

Ceratiopsis diebelii (Alberti, 1959) Vozzhennikova, 1967 

(Pl. 9, fig. 6) 
Ceratiopsis leptoderma Vozzhennikova, 1963 (PI. 9, 

fig. 7) 
Ceratiopsis sibirica (Vozzhennikova, 1963) Lentin and 

Williams, 1977 (PI. 9, fig. 8) 

Ceratiopsis speciosa (Alberti, 1959) Lentin and Williams, 

1977 (PI. 9, fig. 9) 

Ceratiopsis speciosa subsp. elongata subsp. nov. (PI. 9, 

figs. 10-12) 
Ceratiopsis speciosa subsp. glabra (Gocht, 1969) Lentin 

and Williams, 1977 (PI. 9, fig. 13) 
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Ceratiopsis sp. (Pl. 9, fig. 14) 

Chatangiella serratula (Cookson and Eisenack, 1958) 
Lentin and Williams, 1976 (PI. 9, fig. 15) 

Deflandrea andromiensis Vozzhennikova, 1967 (PI. 9, 

fig. 16; Pl. 10, fig. 1) 

Deflandrea sp. cf. D. arcuata Vozzhennikova, 1967 (PI. 

10, fig. 2) 
Deflandrea granulata Menendez, 1965 (PI. 10, fig. 3) 

Deflandrea intrasphaerula sp. nov. (Pl. 10, figs. 4-6) 

Deflandrea musculopsis sp. nov. (P\. 10, figs. 7-10) 

Deflandrea oebisfeldensis Alberti, 1959 (PI. 10, figs. 

Hate) 

Deflandrea phosphoritica Eisenack, 1938 (Pl. 10, fig. 

13-15) 
Deflandrea phosphoritica subsp. australis Cookson and 

Eisenack, 1961 

Deflandrea robusta Deflandre and Cookson, 1955 (PI. 

11, figs. 1,2) 

Diconodinium multispinum (Deflandre and Cookson, 

1955) Eisenack and Cookson, 1960, emend. Morgan, 

1977 (Pl. 11, figs. 3,4) 



Diconodinium pelliferum (Cookson and Eisenack, 1958) 
Eisenack and Cookson, 1960, emend. Morgan, 1977 

(RIS fig <5) 

Eucladinium gambangense (Cookson and Eisenack, 
1970) Stover and Evitt, 1978 (Pl. 11, figs. 6,7) 

Eurydinium eyrense (Cookson and Eisenack, 1971) 

Stover and Evitt, 1978 (PI. 11, figs. 8-10) 

Eurydinium ingramii (Cookson and Eisenack, 1970) 

Stover and Evitt, 1978 (Pl. 11, fig. 11) 

Eurydinium raijae (Kjellstr6m, 1973) Stover and Evitt, 

1978 (Pl. 11, figs. 12-14) 

Eurydinium tempestivum sp. nov. (Pl. 11, figs. 15-17) 

Isabelidinium acuminatum (Cookson and_ Eisenack, 

1958) Stover and Evitt, 1978 (PI. 11, fig. 18) 

Isabelidinium cooksoniae (Alberti, 1959) Lentin and 

Williams, 1977 (PI. 11, fig. 19) 

Isabelidinium korojonensis (Cookson and_ Eisenack, 

1958) Lentin and Williams, 1977 (Pl. 11, fig. 20) 

Isabelidinium magnum (Davey, 1970) Stover and Evitt, 

1978 

Lentinia serrata Bujak, 1980 (PI. 11, figs. 21-24) 

Trithyrodinium evittii Drugg, 1967 (PI. 11, figs. 25,26) 

Trithyrodinium sabulum sp. nov. (Pl. 12, figs. 1-4) 

Subfamily Palaeocystodinioideae 

Bujak and Davies, 1983 

Palaeocystodinium golzowense Alberti, 1961 (Pl. 12, 

figs. 5,6) 

Subfamily Palaeoperidinioideae Vozzhennikova emend. 

Bujak and Davies, 1983 

Bellatudinium fusum Mao and Yu, 1981 (PI. 12, fig. 7) 

Luxadinium sp. (Pl. 12, fig. 8) 

Palaeohystrichophora granulata sp. nov. (Pl. 12, figs. 

9-12) 

Palaeohystrichophora infusorioides Deflandre, 1935 (PI. 

12, figs. 13-16) 

Palaeoperidinium cretaceum Pocock, 1962 (Pl. 12, 

fig. 17) 

Palaeoperidinium sp. A (P\. 12, fig. 18) 

Palaeoperidinium sp. B (PI. 12, fig. 19) 

Subfamily Subtilisphaeroideae Bujak and Davies, 1983 

Subtilisphaera pirnaensis (Alberti, 1959) Jain and 

Millepied, 1973 (PI. 12, figs. 20,21) 

Subtilisphaera scabrata Jain and Millepied, 1973 (PI. 12, 

fig. 22) 

Subtilisphaera senegalensis Jain and Millepied, 1973 

(Pl. 12, figs. 23-25) 

Subfamily Wetzelielloideae Vozzhennikova, emend. 

Bujak and Davies, 1983 

Apectodinium paniculatum (Costa and Downie, 1976) 

Lentin and Williams, 1977 (PI. 12, figs. 26,27) 

Apectodinium quinquelatum (Williams and Downie, 

1966c) Costa and Downie, 1979 

Kisselovia(?) clathrata (Eisenack, 1938) Lentin and 
Williams, 1976 (Pl. 12, fig. 28) 

Kisselovia coleothrypta (Williams and Downie, 1966c) 

Lentin and Williams, 1976 (PI. 13, fig. 1) 

Kisselovia fusiformis sp. nov. (Pl. 13, figs. 2-4) 

Kisselovia wulagenensis sp. nov. (Pl. 13, figs. 5-10) 

Rhombodinium draco Gocht, 1955 (Pl. 13, fig. 11; Pl. 14, 

figs. 1-3) 

Rhombodinium longimanum Vozzhennikova, 1967 (PI. 
14, fig. 4) 

Wetzeliella articulata Eisenack, 1938 (Pl. 14, figs. 5—7) 

Wetzeliella crassa sp. nov. (Pl. 15, figs. 1,2) 

Wetzeliella gochtii Costa and Downie, 1976 (Pl. 15, 

figs. 3,4) 

Wetzeliella hampdenensis Wilson, 1967b (PI. 15, fig. 5) 

Wetzeliella sp. cf. W. symmetrica Weiler, 1956 

Wetzeliella sp. A (PI. 15, figs. 6,7) 

Subfamily Incertae 

Talimudinium scissurum gen. et sp. nov. (Pl. 15, figs. 

8-13) 

Family Protoperidiniaceae Bujak and Davies, 1983 

Subfamily Senegalinioideae Bujak and Davies, 1983 

Phelodinium anisos sp. nov. (PI. 15, figs. 14-16) 

Phelodinium pachyceras Liengjarern, Costa, and 

Downie, 1980 (PI. 15, fig. 17) 
Phelodinium pumilum Liengjarern, Costa, and Downie, 

1980 (PI. 15, figs. 18,19) 

Subfamily Protoperidinioideae Bujak and Davies, 1983 

Lejeunecysta hyalina (Gerlach, 1961, emend. Kjell- 

strom, 1972) Artzner and Dorhofer, 1978 (PI. 15, figs. 

20,21) 
Lejeunecysta sp. (Pl. 16, fig. 1) 

Sumatradinium hispidum (Drugg, 1970a) Lentin and 

Williams, 1976 (Pl. 16, figs. 2,3) 

Subfamily Incertae 

Pseudoalterbia concinna gen. et sp. nov. (Pl. 16, figs. 4-6) 

Xuidinium laevigatum gen. et. sp. nov. (Pl. 16, figs. 7-11) 
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Suborder Incertae 

Family Ceratocoryaceae Stein, 1883 

Thalassiphora bononiensis Corradini, 1973 (Pl. 16, 

fig. 12) 
Thalassiphora delicata Williams and Downie, 1966a, 

emend. Eaton, 1976 (PI. 16, fig. 13) 

Thalassiphora flammea Cookson and Eisenack, 1967 

Thalassiphora patula (Williams and Downie, 1966a) 

Stover and Evitt, 1978 (PI. 16, fig. 14) 

Thalassiphora pelagica (Eisenack, 1954) Eisenack and 

Gocht, 1960 (PI. 16, figs. 15,16) 

Family Incertae 

Fromea Staveia Elsik, 1977 (PI. 16, fig. 17) 

Group Acritarcha Evitt, 1963 

Sphaeromorphitae Downie, Evitt, and Sarjeant, 1963 

Granodiscus granulatus Madler, 1968 (PI. 16, figs. 18,19) 

Leiosphaeridia hyalina (Deflandre, 1941) Downie and 

Sarjeant, 1963 (PI. 16, figs. 20,21) 

Acanthomorphitae Downie, Evitt, and Sarjeant, 1963 

Micrhystridium sp. cf. M. castanium Valensi, 1953 

(P1.16, figs. 22,23) 

Pteromorphitae Downie, Evitt, and Sarjeant, 1963 

Pterospermella harti (Sarjeant, 1960) Eisenack, 1972 (PI. 

16, fig. 24) 

Pterospermella australiensis (Deflandre and Cookson, 

1955) Eisenack, 1972 (Pl. 16, fig. 25) 

GENERAL REMARKS 

Terminology 

The terminology employed in the following descriptions 

follows that of Lentin and Williams (1976), Norris (1978), 

Stover and Evitt (1978), and Sarjeant (1982), unless 

otherwise specified. 

Classification 

The suprageneric classification used here is based largely 

on that of Artzner et al. (1979) and Dorhofer and Davies 

(1980), with modifications of Peridineaceans suggested 

by Bujak and Davies (1983). 

Preservation and Designations of Slides and Specimens 

All slides are stored presently in the Department of 

Geology, University of Toronto, but will be deposited for 

permanent curation in the micropalaeontology collection 

in the Department of Invertebrate Palaeontology of the 

Royal Ontario Museum, Toronto. In referring to individ- 

ual specimens, a designation such as “WG-14; Aj; 

58.0/99.5” is given; the sample number (WG-14) is 

indicated first (WG— Wuluokegiate section, QF — 

Qimugen section, and SM — Simuhana section), the slide 

number (A>) is given next (*A” and “B” represent main 

slides; “G” represents reference slides), and the coordi- 

nates (58.0/99.5) are given last. The coordinates are valid 

for Leitz Dialux microscope no. 553276 in the Palynol- 

ogy Laboratory of the Department of Geology, Univer- 

sity of Toronto. 



Detailed Systematic Descriptions and Remarks 

Family Pseudoceratiaceae 

Genus Canningia Cookson and Eisenack, 1960b 

Canningia kukebaiensis sp. nov. 

Pl. 1, figs. 6-8 

DERIVATION OF NAME 

Named for Kukebai Formation, Upper Cretaceous, 

Tarim Basin, Xinjiang Province, China. 

HOLOTYPE 
WG-20; Ag; 45.1/101.3. Kukebai Formation, Wuluoke- 

qiate section (late Cretaceous). 

PARATYPE 

WG-20; A,; 47.0/99.2. For other details see holotype. 

DIAGNOSIS 

Cyst proximate, in dorsoventral view typically broadly 

ellipsoidal. Apical prominence protruding slightly from 

outline in one end; antapical end rounded or weakly 

diverging into two blunt lobations. Autophragm thin, 

granulate, with numerous short nontabular isolated 

spines. Archeopyle apical, type (tA), or (tA). 

DESCRIPTION 

Cyst subspherical to broadly ellipsoidal. Length and 

breadth of cyst almost equal, or latter slightly longer. 

Apical prominence short (1 to 3 ym), protruding indis- 

tinctly from outline. Antapex rounded or with slight 

concavity between two weak antapical lobations. 

Autophragm thin and readily folded, folds usually trend- 

ing approximately parallel to margin of cyst. Granulate 

wall surface covered with simple solid acuminate spines, 

1 to 5 ym long, | to 2 wm across at their bases, and spaced 

3 to 6 ym apart. Archeopyle suture a zigzag line, with 

accessory sutures indicating six precingular plates. Oper- 

culum typically but not consistently attached. Cingulum 

usually indiscernible. Sulcal notch offset to the left. 

Indication of tabulation, other than archeopyle, absent. 

DIMENSIONS 

Length (including operculum) 46 to 54 ym (holotype 48 

pm), width 45 to 61 ym (holotype 58 yum); 6 specimens 

measured. 

STRATIGRAPHIC RANGE 

Kukebai Formation; common in Zone B of Wuluokegi- 

ate section; Turonian to Coniacian or to Santonian. 

DISCUSSION 

Canningia kukebaiensis differs from some other species 
of Canningia in having a subspherical to broadly ellip- 

soidal cyst with a small indistinct apical prominence and 

in its possession of a granulate autophragm covered with 
short, isolated, solid, and acuminate spines. C. colliveri 

(Cookson and Eisenack, 1960b) has a cyst somewhat 

longer than broad, and its surface is granular or closely to 

sparsely spinate. C. minor (Cookson and Hughes, 1964) 

has a scabrate rather than granulate and spinate surface. 

C. scabrosa (Cookson and Eisenack, 1970) differs from C. 

kukebaiensis in having an irregular outline and some 

very short and narrow hairlike appendages. 

Genus Cerbia Below, 1981 

Cerbia formosa sp. nov. 

Pl. 1, figs. 9,10; Text-Fig. 8 

DERIVATION OF NAME 

From the Latin formosus, beautiful, with reference to the 
beautiful processes that are characteristic of this species. 

HOLOTYPE 

QF-82; Ag; 39.3/104.6. Wulagen Formation, Qimugen 

section (upper Eocene). 

PARATYPE 

QF-82; Aq; 38.2/100.3. For other details see holotype. 

DIAGNOSIS 

Cyst proximate to proximochorate, dorsoventrally com- 

pressed, with an apical prominence. Antapical end either 

rounded or slightly concave. Processes penitabular, slen- 

der, and sinuous, partly connected proximally forming 

arcuate and soleate complexes; mostly acuminate, capi- 

tate, and bifurcate, seldom trifurcate distally. Archeopyle 

apical, type (4A); operculum typically detached but in 

situ. Archeopyle suture zigzag, with accessory sutures 

indicating six precingular plates. Cingulum slightly 

levorotatory, indicated by alignment of processes. Sulcus 

broader towards antapex; sulcal notch offset to left on 

ventral surface. Tabulation indicated by penitabular 

processes, gonyaulacacean; posssible formula of 4’, 6”, 
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DESCRIPTION 

Ambitus rounded pentagonal to rounded biconical, 

prolonged into an obtuse and short tapering apical horn. 
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Hypotract either semicircular or, more commonly, with 

two poorly developed, unequal antapical lobes; left one 

slightly longer than right one. Processes relatively long 

(usually 6 to 8 wm, sometimes up to 10 to 12 wm), narrow 

(usually 0.5 to 1 ym), sinuous, delicate; usually secon- 

darily flattened in random orientation. Plate boundaries 

usually obscured. Cingulum delineated by processes 

about 8 to 10 wm in breadth. 

DIMENSIONS 

Length (including operculum) 65 to 68 yum (holotype 65 

pm), width 41 to 68 wm (holotype 63m); 20 specimens 

measured. 

STRATIGRAPHIC RANGE 

Wulagen Formation to Bashibulake Formation, Zones E 

to F; abundant in Qimugen section, rare in Wuluokegiate 

section; late Eocene to early Oligocene. 

DISCUSSION 

Cerbia formosa is closely comparable to C. tabulata 
(Davey and Verdier, 1974), but the latter differs in having 

short, stout, capitate processes, which are rarely 

branched distally; in C. formosa the processes are long, 

slender, curved, and frequently branched. In adddition, 

the processes of C. formosa are less clearly tabular than 

those of C. tabulata. 
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TEXT-FIG. 8. Morphology and tabulations of the paratype (/, QF-82; Ag; 38.2/100.3) and holotype 

(2, ventral view, QF-82; Ag; 39.3/104.6) of Cerbia formosa sp. nov. 



Family Areoligeraceae 

Genus Cyclonephelium Deflandre and Cookson, 1955 

Cyclonephelium (?) hystrix (Eisenack, 1958) 

Davey, 1978 

PIA, figs. 21,22 

Tenua hystrix Eisenack, 1958:410, pl. 23, figs. 1-4; 

text-fig. 10 

Tenua hystricella Eisenack, 1958:411, pl. 23, figs. 5-7 

Cyclonephelium hystrix (Eisenack) Davey, 1978:894 

DESCRIPTION 

Cyst dorsoventrally flattened, truncated-circular to semi- 

circular in shape with no apical plates, usually more or 

less asymmetrical. Wall surface covered with stout, rigid, 

and densely and uniformly distributed nontabular pro- 

cesses; expanded proximally and slightly expanded or 

capitate distally; usually | to 2 wm (rarely up to 5 ym) 

long, 0.5 to 2 wm wide. Archeopyle apical, type (tA). 

Operculum usually detached; archeopyle suture zigzag 

with accessory sutures indicating six precingular plates. 

DIMENSIONS 
Width 43 to 73 um; 17 specimens measured. 

STRATIGRAPHIC RANGE 

Kukebai Formation to Wuyitake Formation; common in 

Zone B and rare in Zone C of Wuluokegiate section; late 

Cretaceous. 

DISCUSSION 

The present specimens are here attributed questionably 

to Cyclonephelium hystrix (Eisenack) Davey, 1978; they 

are very similar to the type material as illustrated by 

Eisenack (1958, 1971), particularly in the nature of their 

processes. 

Sarjeant and Stover (1978) reviewed Tenua and 

Cyclonephelium and noted that “a typical specimen of 

Tenua hystrix can be described briefly as exhibiting the 

following features: a fairly dense covering of short, solid, 

generally simple processes that may be somewhat more 

widely spaced, as well as somewhat shorter, in the 

middorsal and midventral areas.” As a result a new 

combination Cyclonephelium hystrix (Eisenack) Sar- 

jeant and Stover was proposed then. 

In the original diagnosis of Tenua hystrix, however, 

Eisenack (1958) made no mention of middorsal and 

midventral reduction in ornament, nor is such a reduc- 

tion evident from his illustrations. Some specimens (e.g., 

Eisenack, 1958, pl. 23, figs. 1,4-6) appear to show areas 

of reduced ornament, but it is not clear from the 

illustrations whether those areas are dorsoventrally 

situated; indeed, the areas of apparent ornament reduc- 

tion may actually result from different focus levels on the 

specimen. As we do not have access to the type material 

of this species, it is not deemed appropriate to make 

taxonomic changes resulting from these observations. 

However, we do question the generic assignation pending 

re-examination of the type material. 

Genus Membranophoridium Gerlach, 1961 

Membranophoridium aspinatum Gerlach, 1961 

Pl. 2, figs. 9-13 

Membranophoridium aspinatum Gerlach, 1961:199, pl. 

29, figs. 7,8 
Chiropteridium aspinatum (Gerlach) Brosius, 1963:48, 

pl. 1, fig. 1 

Chiropteridium aspinatum (Gerlach) Gocht, 1969:61, pl. 

5, figs. 1-3 

DESCRIPTION 

Cyst proximate, dorsoventrally compressed, with a short 

obtuse apical horn and two more or less unequal 

antapical lobes or horns—the left one always larger. 

Central body ellipsoidal, with slightly protruding apex. 

Periphragm thin and membranous; its margin generally 

smooth to slightly sinuous, seldom bearing isolated 

bifurcate processes. Middorsally and midventrally ap- 

pressed to endophragm (indicated by line of contact), 
separated elsewhere. Width of pericoel varying from 0 to 

16 ym in one individual. Pericoel usually complete. 
Endophragm smooth to granulate. Archeopyle apical, 

type (tA) or (tA),; archeopyle suture ragged, its accessory 

sutures indicating six precingular plates. Operculum 

more commonly free than attached dorsally. Sulcal notch 

offset to left. 

DIMENSIONS 

Length 71 to 97 ym, width 55 to 75 yum; 47 specimens 

measured. 

STRATIGRAPHIC RANGE 

Wulagen Formation to Bashibulake Formation, Zones E 

to F; abundant in Zone E of Qimugen section, rare in 

Zone F of Qimugen section; late Eocene to early 

Oligocene. 

DISCUSSION 

Brosius (1963) reassigned this species to the genus 

Chiropteridium, a change accepted by Gocht (1969). 

Gerlach noted in its description (1961:199) that Membra- 
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nophoridium aspinatum was always found to have the 

operculum free in 300 specimens examined. There is only 

| specimen with an attached operculum in the illustra- 

tions of Brosius and Gocht. It is noteworthy that among 

47 specimens observed, 36 have the opercula free 

(including 2 with a few isolated processes), and 14 have 

the opercula attached (including | with two lateral 

protrusions). It is suggested that the specimens of Mem- 

branophoridium aspinatum described here are intermedi- 

ate forms between the genera Membranophoridium, 

Chiropteridium, and Senoniasphaera. These three genera 

may be related. 

Family Gonyaulacystaceae 

Genus Millioudodinium Stover and Evitt, 1978 

Millioudodinium (2) venulosum sp. nov. 

Pisses le 2 dext- mie e9 

Millioudodinium sp. A, Mao and Norris, 1984, pl. 1, 

fig. 15 

DERIVATION OF NAME 

From the Latin vena, vein, in reference to the fine, 

veinlike ornament of the autophragm of this species. 

HOLOTYPE 

WG-14; A;; 40.4/105.5. Kukebai Formation, Wuluoke- 

qiate section (late Cretaceous). 

PARATYPE 
WG-31; A>; 42.7/107.5. Wuyitake Formation, Wuluoke- 

qiate section (late Cretaceous). 

DIAGNOSIS 
Cyst proximate, typically of intermediate size, laterally 

flattened, ambitus elliptical to rounded rhombic. Apical 

horn usually short but distinct. Tabulation gonyaula- 

cacean, indicated usually by indistinct low sutural ridges; 

possible formula of 4’, ?la, 6”, XC, 6”, Ip, 1”, if 

determinable; faint, incomplete, slightly sinuous, and 

very low ridges, giving autophragm a reticulate appear- 

ance. Archeopyle precingular type (P)a or P; operculum 

3” attached along part of its two sides with 2” and 4”. 

DESCRIPTION 

Cyst ambitus elliptic to subrhombic with short (typically 

4 to 7 wm high), prominent apical horn. Antapex 

rounded, without horns or prominences. Cingulum 

levorotatory, usually 3 to 4 wm wide, defined by sutural 

ridges of low to medium height. Sutural ridges indistinct, 

obviously gonyaulacacean. Surface between sutural 

ridges covered with faint, discontinuous, slightly sinuous 

low ridges, giving autophragm a_ veinlike-reticulate 

appearance. Omphalos often found ventrally within cyst 

body near boundary where cingulum and sulcus meet. 

DIMENSIONS 

Length 71 to 97 wm (holotype 80 ym), width 55 to 75 wm 
(holotype 62 zm); 11 specimens measured. 

STRATIGRAPHIC RANGE 

Kukebai Formation to Wuyitake Formation, Zones A to 

C; common in Zone A of Wuluokegiate section, rare in 

Zones B and C of Wuluokegiate section, rare in Zone C of 

Simuhana section; late Cretaceous. 

90 
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4& M.(?) aequum 

TEXT-FIG. 9. Dimensions (L., length; W., width) of Milliou- 

dodinium(?) venulosum sp. nov. and M.(?) aequum sp. nov. 

Holotype for each species is indicated by solid circle or triangle. 



DISCUSSION 

This species is characterized by having an elliptic to 

elongate rhombic ambitus, usually laterally flattened; 

very low and indistinct sutural ridges, with which some 

details of tabulation are interpreted with difficulty; and 

an autophragm with a typically imperfect microreticu- 

late appearance between the sutures. It is assigned 

questionably to Méillioudodinium rather than to 

Cribroperidinium because of the lack of some detailed 

information on tabulation and the lack of accessory 

sutures. M.(?) venulosum resembles M. globatum (Git- 
mez and Sarjeant, 1972), which possesses a granulate 

autophragm and generally well developed sutures, indi- 

cating the tabulation formula of 4’, la, 6”, 6c, 6’, ?Ip, 

and 1””. M. (?) venulosum differs from M. (?) aequum sp. 

nov. in having distinctly elongate cysts; the latter has 

spherical to broad spherical cysts (see Text-Fig. 9). 

Text-Figure 9 shows that there are almost no intermedi- 

ate forms between the two species. 

Millioudodinium (2) aequum sp. nov. 

Pl. 2, figs. 17-19; Text-Fig. 9 

Gonyaulacysta aff. episoma (Sarjeant, 1966) Yu and 

Zhang, 1980, pl. 1, figs. 2,3. 

DERIVATION OF NAME 

From the Latin aequum, equal, in reference to the fact 

that this species comprises cysts whose lengths are equal 

to their widths. 

HOLOTYPE 

WG-14; A3; 41.5/101.9. Kukebai Formation, Wuluoke- 

qiate section (upper Cretaceous). 

PARATYPE 

WG-14; A>; 40.3/97.5. Kukebai Formation, Wuluokeai- 

ate section (upper Cretaceous). 

DIAGNOSIS 

Cyst proximate, typically of intermediate size (50 ym), 

spherical with a small prominent apical horn. 

Autophragm thin, readily folding along cyst margin. 

Tabulation gonyaulacacean, indicated by low sutural 

ridges; faint, veinlike low ridges between sutural ridges 

masking some details of tabulation. Archeopyle precin- 

gular, type (P)a, formed by loss of 3”; operculum typically 

attached along part of sides with 2” and/or 4”, sometimes 

indiscernible. Cingulum helicoid. 

DESCRIPTION 

Cyst spherical to broadly spherical. Apical horn small but 

pointed, commonly 2 to 5 wm long. Antapex rounded, 

lacking horns or prominences. Specimens randomly 

oriented because of sphericity, folding readily because of 

thin wall. Cingulum levorotatory, usually 3 to 4 wm wide, 

bounded by ridges less than 0.5 ym high. Sulcus extend- 

ing from cingulum towards antapex. Sutural ridges 

indistinct; possible tabulation formula of 4’, ?1la, 6”, XC, 

6”, Ip, 1””, if determinable. Surface between sutural 

ridges covered with incomplete, faint, slightly sinuous 

low ridges, giving the thin autophragm a veinlike reticu- 

late appearance. Omphalos often darker in colour, spheri- 

cal to subspherical in shape. 

DIMENSIONS 

Length 55 to 75 ym (holotype 70 ym), width 62 to 71 wm 
(holotype 70 zm); 10 specimens measured. 

STRATIGRAPHIC RANGE 

Kukebai Formation to Wuyitake Formation, Zones A to 

C; abundant in Zone A of Wuluokegiate section, rare in 

Zones B and C of Wuluokegiate section and in Zone C of 

Simuhana section; late Cretaceous. 

DISCUSSION 

Millioudodinium(?) aequum closely resembles M. (?) 

venulosum but differs in having a spherical rather than 

an elongate cyst. Text-Figure 9 shows almost no interme- 

diate forms between them. As with M. (?) venulosum, the 

generic assignation is questionable to Millioudodinium 

rather than Cribroperidinium because of the imperfect 

microreticulate low ridges (which are not certainly 

accessory ridges typical of Cribroperidinium) and the 

lack of detailed information on tabulation. 

Family Lingulodianiaceae 

Genus Coronifera Cookson and Eisenack, 

1958 emend. nov. 

Coronifera Cookson and Eisenack, 1958:45 
Coronifera Cookson and Eisenack, emend. Davey, 

1969:161 
Coronifera Cookson and Eisenack, emend. Davey, 

1974:47 
Coronifera Cookson and Eisenack, emend. May, 

1980:48 

TYPE SPECIES 
Coronifera oceanica Cookson and Eisenack, 1958:45, pl. 
12, fig. 6, emend. May, 1980:48-49 



EMENDED DIAGNOSIS 

Cyst skolochorate, midbody subspherical to ellipsoidal, 

bearing numerous simple, slender and acuminate, capi- 

tate or knobbed, bifurcate or trifurcate, solid or hollow 

nontabular processes. Processes typically closed distally 

and occasionally joined proximally by low folds or crests, 

proximally uniform in length and shape except antapical 

process; one large tubular open process at antapex, often 

terminating at a denticulate distal margin. Archeopyle 

precingular or combination of precingular and apical, 

type (P) or (tA + P). Operculum formed variously by loss 

of third precingular plate 3”, of both apical and third 

precingular plates, of apical plate only with third precin- 

gular plate attached along cingulum or two sides of 3” 

with 2” and 4”, or of precingular plate 3” with apical plate 

dislodged. 

DISCUSSION 

Coronifera was originally described from the Cretaceous 
by Cookson and Eisenack (1958:45) as follows: “Shell 

roughly oval in outline, with an often denticulate tubular 

horn at one pole and stiff pointed process at the other; the 

surface provided with simple or bifurcated appendages.” 

No information about the archeopyle was given. In the 

first emendation of this genus by Davey (1969), the 

diagnosis was augmented to include the presence of an 

apical archeopyle and low crests joining the processes 

and the position of the distinctive apical and antapical 

processes. 

Later, Davey (1974) proposed a new emendation of 

Coronifera, emphasizing processes that were closed 

distally and the presence of a precingular archeopyle 

rather than an apical archeopyle. These two features are 

considered by Stover and Evitt (1978:148) as the critical 

points for differentiation of Coronifera from Diphyes, 

the latter having an apical archeopyle and normally 

distally open processes. Wilson and Clowes (1980) also 

drew attention to the presence in Coronifera of closed 

processes (with the exception of the antapical one) on the 

cyst and continued to emphasize the precingular 

archeopyle as distinctive in this taxon. May (1980:48) 

pointed out in his emendation of Coronifera the presence 

of a combination archeopyle type (Aa + P). He assumed 

that the precingular plate 3” “appears to be the main 

excystment aperture, as it is generally missing, while the 

apical plate is generally only dislodged.” 

However, Davey and Verdier (1974) drew attention to 

the very great range of morphological variation in C. 

oceanica, with processes on this species being simple or 

furcate and distally acuminate, capitate, or knobbed, 

with the antapical process also varying considerably in 

shape and size. 

The material examined in the present study confirms 

the great range of morphologic variation in the processes 
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and further indicates that distally open processes may 

occur together with the typically distally closed pro- 

cesses. In addition, the archeopyle of Coronifera in 

specimens observed by the authors is slightly different 

from that of May’s. It may be developed in one of the 

following four ways: (1) only precingular plate 3” 

detached; (2) both apical and precingular 3” plates 

detached; (3) apical plate detached, precingular plate 

partially attached; (4) precingular plate detached, apical 

plate partially attached. In the latter two cases, superfi- 

cial examination may indicate a simple apical or simple 

precingular archeopyle respectively. However, detailed 

examination of some specimens has shown the presence 

of a combination archeopyle when the apical plate is 

detached or the precingular plate is detached. 

Coronifera minor (Yu and Zhang, 1980) comb. nov. 

emend. 

Pl. 4, figs. 18-22; Text-Fig. 10 

Diphyes colligerum Stone, 1973 auct. non (Deflandre 

and Cookson, 1955) Cookson, 1965a:57, pl. 3, figs. 

28,29 
Diphyes minor Yu and Zhang, 1980:111, pl. 4, figs. 4,5 

Diphyes minor Yu and Zhang, 1980; Mao and Norris, 

1984, pl. 1, fig. 3 

EMENDED DIAGNOSIS 

Cyst skolochorate, with two types of processes. Central 

body spherical to subspherical and of small to medium 

size (29 to 44 wm in diameter). Wall thin. Periphragm 

smooth to finely granulate, bearing numerous processes. 

One large tubelike process located at antapex; process 

hollow, lagenate or denticulate distally, and 10 to 15 wm 

long, 7 to 15 ym wide at base. All other processes simple, 

slender, and acuminate; typically solid and closed dis- 

tally; approximately uniform in length (about 10 wm) and 

appearance; expanded and occasionally joined proxi- 

mally by low crests. Those processes 1 to 2 wm wide 

basally, straight or slightly curved, and typically closed 

distally. Cingulum, when discernible, indicated by align- 

ment of processes. Archeopyle variable; type P or 

(tA + P) or tA + (P)a; compound operculum with pre- 

cingular plate or apical plate attached. 

DIMENSIONS 

Central body length 30 to 45 ym, width 28 to 45 um; 
process length 7 to 12.5 wm; 25 specimens measured. 

STRATIGRAPHIC RANGE 
Kukebai Formation to Yigeziya Formation, Zones A to 

C; abundant in Zone B of Wuluokeqiate section, com- 



(tA+P } lias ilersele 
TEXT-FIG. 10. Coronifera minor (Yu and Zhang) showing various archeopyle types. /, Free of 

precingular plate 3”. 2, Free of apical plates, precingular plate remains attached. 3, Free of both apical and 

precingular plates. 4, Free of precingular plate, apical plates remain dislodged. 



mon in Zone A of Wuluokegiate section, rare in Zone C 

of Wuluokeqiate and Simuhana sections; late Cretaceous. 

DISCUSSION 

Among 58 specimens of this species studied here, 26 have 

a free precingular operculum, 17 have a free apical 

operculum, and 15 have a free compound operculum of 

(tA + P). However, all specimens are identical to 

Diphyes minor in other respects. Yu and Zhang (1980) 

did not comment on the archeopyle in their description of 

D. minor. Coronifera minor (Yu and Zhang, 1980) is 

characterized as being smaller in size than previously 

described species of this genus, and as having processes 

that are slender and acuminate, straight or slightly 

sinuous, and approximately uniform in length and 

appearance. 

Genus Kiokansium Stover and Evitt, 1978 

Kiokansium unituberculatum (Tasch, 1964) Stover and 

Evitt, 1978 
Pl. 5, figs. 5-7 

Kiokansium unituberculatum (Tasch, 1964:194, pl. 3, 
fig. 8) Stover and Evitt, 1978:167. 

Kiokansium sp. A Mao and Norris, 1984, pl. 2, fig. 4 

See Stover and Evitt (1978:267) for a complete synonymy 

of Tasch’s (1964) species. 

DIMENSIONS 
Length 32 to 53 um, width 28 to 41 um. 

STRATIGRAPHIC RANGE 

Wuyitake Formation to Tuyiluoke Formation, Zone C; 

common in Wuluokegiate section; late Cretaceous. 

DISCUSSION 

The original description of this species by Tasch (1964) is 

inadequate. However, a full and comprehensive descrip- 

tion was given by Stover and Evitt (1978:267) when they 

erected the genus Kiokansium, selecting Hystrichosphae- 

ridium unituberculatum as the type species of Kiokan- 

sium. All features of specimens assigned to K. unituber- 

culatum fit their description. 

Family Cleistosphaeridiaceae 

Genus Cleistosphaeridium Davey et al., 1966 

Cleistosphaeridium radiculopsis sp. nov. 

Pl. 7, figs. 21-23 

Cleistosphaeridium sp. A, Mao and Norris, 1984, pl. 2, 
fig. 3 

DERIVATION OF NAME 
From the Latin radicula, a little root, in reference to the 

slender and branched processess that characterize this 

species. 

HOLOTYPE 

WG-31; A; 39.8/102.4. Wuyitake Formation, Wuluoke- 

qiate section (upper Cretaceous). 

PARATYPE 

WG-31; A,; 37.5/109.1. For other details see holotype. 

DIAGNOSIS 

Cysts skolochorate. Body spherical to oval, bearing 

numerous slender, sinuous nontabular processes; pro- 

cesses typically branched distally. No indications of 

tabulation other than at apical archeopyle, type (tA); 

operculum typically free. 

2Q 
Xe) 

DESCRIPTION 

Processes relatively long ( 8 to 13 yum), narrow (less than 

0.5 yum across in the middle of the processes), sinuous, 
expanded proximally a short distance from base, slightly 

tapering, hairlike distally. Length of processes varies, 

longest being twice as long as the shortest. Processes 

sometimes unbranched but typically branched into two 

to three smaller ones at middle or one third distal part of 

processes, resembling fibrous roots. Autophragm thin, 

not absorbing stain readily. Apical archeopyle suture 

angular, delimiting precingular plates. 

DIMENSIONS 
Width 29 to 48 um (holotype 33 ym); 17 specimens 
measured. 

STRATIGRAPHIC RANGE 
Wuyitake Formation; common in Zone C of Wuluokeai- 

ate section; late Cretaceous. 

DISCUSSION 
Cleistosphaeridium radiculopsis is distinguished from 

some similar species of Cleistosphaeridium by its unique 

processes. C. (?) aciculare (Davey, 1969) also has numer- 

ous acuminate and slightly flexuous processes, but these, 

however, are simple rather than branched, as are those of 

C. ehrenbergi (Deflandre, 1947), C. polyacanthum (Git- 

mez, 1970), and C. polytrichum (Valensi, 1947). 



Family Florentiniaceae 

Genus Florentinia Davey and Verdier, 1973 

Florentinia laciniata Davey and Verdier, 1973 

Florentinia laciniata subsp. propria subsp. nov. 

Pl. 8, figs. 2-5; Text-Fig.11 

DERIVATION OF NAME 
From the Latin proprius, characteristic, in reference to 

the fact that the features of this species are typical for 

Florentinia. 

HOLOTYPE 

QF-86; As; 56.4/101.8. Wulagen Formation, Qimugen 

section (upper Eocene). 

PARATYPE 
WG-63; A;; 36.4/100.0. Wulagen Formation, Wuluoke- 

qiate section (upper Eocene). 

DIAGNOSIS 

Cyst skolochorate, small in size (less than 45 wm). Central 

body subspherical to ellipsoidal, bearing two kinds of 

intratabular processes: large cylindrical ones short and 

broad, slightly fibrous, restricted to precingular, postcin- 

gular, and antapical zones (antapical one being longest); 

and slender processes located in cingular and sulcal 

zones. Archeopyle combination of apical and precingu- 

lar, type (tA + P); operculum free. 

DESCRIPTION 

Periphragm smooth to finely granulate and thin, forming 

two types of processes. Apical process composed of one 

or two tubules, judging from missing small apical plates. 

Precingular and postcingular processes almost uniformly 

shaped, expanded proximally, reduced in the middle, but 

slightly flared distally with an entire or denticulate 

margin; varying little in length (10 to 15 ym) and width 

(5 to 10 ym), generally short and broad, longest being less 

than radius of body. Antapical process longest among 

large processes, up to 16 wm in length. Cingular and 

sulcal processes slender, about same length as large 

processes but much narrower, only 0.5 to 1.5 ym in 

width; simple or branched, distally acuminate or capitate. 

Reflected tabulation possibly ?1-2’, 6”, ?C, 5”, 1”” 

(Text-Fig. 11). Apical operculum free, always absent. 

TEXT-FIG. 11. Florentinia laciniata subsp. propria subsp. nov., holotype (/, QF-86; As; 56.4/101.8) and 

paratype (2, WG-63; A; 36.4/100.0) from the Wulagen Formation, dorsal view, showing the distribution of 

the processes. 



DIMENSIONS 
Length of body 25 to 44 um (holotype 44 ym), width of 

body 25 to 40 ym (holotype 34 ym), process length 10 to 

15 zm; 15 specimens measured. 

STRATIGRAPHIC RANGE 
Wulagen Formation to Bashibulake Formation; com- 

mon in Zone E and rare in Zone F of both Wuluokegiate 

and Qimugen sections; late Eocene to early Oligocene. 

DISCUSSION 

The present subspecies is similar to Florentinia laciniata, 

the type species of this genus, in general characters except 

for a few details. The type species bears large processes of 

variable shape, which divide medially to give two or more 

tubules or which comprise a number of tubules distally; 

its central body diameter is 36 to 44 yum, and the process 

length is 15 to 30 wm. The present subspecies, however, 

bears almost uniformly shaped large processes, which are 

short and broad with entire or slightly denticulate 

margins distally; its central body diameter is 25 to 40 um, 

and the process length is 10 to 15 wm. 

Genus Batiacasphaera Drugg, 1970b 

Batiacasphaera hystrieosa sp. nov. 

Pl. 8, figs. 17-20 

DERIVATION OF NAME 

From the Greek Aystrieosus, thorny, with reference to 

the thorny ornament of the autophragm. 

HOLOTYPE 

WG-63; Aj; 37.3/109.6. Wulagen Formation, Wuluoke- 

qiate section (upper Eocene). 

PARATYPE 

WG-63; A»; 35.0/107.2. For other details see holotype. 

DIAGNOSIS 

Cyst proximate, subspherical to oval. Autophragm thin, 

granulate-microreticulate, ornamented with sparsely dis- 

tributed spines. Archeopyle apical, type (tA); operculum 

free. Accessory archeopyle sutures indicating six precin- 

gular plates. 

DESCRIPTION 

Autophragm thin (about 0.5 to 1 ym thick), densely 
covered by coarse granules often fused, forming an 

irregular microreticulum with relatively small lumina 

and broad muri. A number of adjacent granules also 

fused proximally, forming typically broadly based thorn- 

like spines, usually about 2 wm high, 2 to 3 um wide at 

their bases, and spaced 4 to 10 wm apart. Cyst ouline 

modified by scattered larger spines, whereas anterior 

outline of precingular plate is delicately spinose between 

larger spines. Delicate spines probably represent muri of 

microreticulum. 

DIMENSIONS 
Width 45 to 85 ym (holotype 58 wm); 15 specimens 
measured. 

STRATIGRAPHIC RANGE 

Wulagen Formation; common in Zone E of Wuluokegi- 

ate section, rare in Zone E of Qimugen section; late 

Eocene. 

DISCUSSION 

Batiacasphaera hystrieosa differs from other species of 

this genus in having a distinctive granulate-microreticu- 

late autophragm ornamented with sparsely distributed 

spines. 

Genus Sentusidinium Sarjeant and Stover, 1978 

Sentusidinium stipulatum sp. nov. 

Pl. 8, figs. 21,22 

DERIVATION OF NAME 

From the Latin stipulae, stubble, with reference to the 

stubbly ornament of the cyst of this species. 

HOLOTYPE 

QF-82; As; 43.7/100.8. Wulagen Formation, Qimugen 

section (upper Eocene). 

PARATYPE 
QF-82; A,; 37.7/93.7. For other details see holotype. 

DIAGNOSIS 

Cyst proximate to proximochorate, subspherical to trans- 

versely ellipsoidal. Apex rounded or slightly protruding; 

antapex typically rounded. Autophragm characterized 

by ornament comprising a mixture of low to medium 

elements: granules, short spines, and short and fine 

processes on individual specimens. Archeopyle apical, 

type (tA). Archeopyle suture zigzag, indicating six precin- 

gular plates; operculum free or dislodged. 

DESCRIPTION 
Autophragm covered by nontabular low- to medium- 

relief granules, spines, and pointed processes. Granules 



fine to coarse, evenly distributed on surface. Spines short 

and pointed, evenly or unevenly located, their proximal 

bases wider than their heights. Processes short and fine, 

usually | to 4 wm long, rarely 10 wm or more, sparsely 

and unevenly distributed, normally delicate and flexible, 

tending to lie down on surface. Process tips usually 

simple and blunt, seldom expanded, bifurcate or trifur- 

cate distally. 

DIMENSIONS 
Width of cysts 49 to 82 um; 20 specimens measured. 

STRATIGRAPHIC RANGE 

Wulagen Formation to Bashibulake Formation, Zones E 

to F; common in Zone E of Qimugen section, rare in 

Zone F of Qimugen section and in Zones E and F of 

Wuluokegiate section; late Eocene to early Oligocene. 

DISCUSSION 

Sentusidinium stipulatum is distinguished from other 

species of Sentusidinium by its spherical to transversely 

ellipsoidal shape and its possession of more than two 

kinds of ornaments on individual specimens. 

Family Deflandreaceae 

Subfamily Deflandreoideae Bujak and Davies, 1983 

Genus Alterbidinium Lentin and Williams, 1985 

Alterbidinium emulatum sp. nov. 

Pl. 9, figs. 1,2; Text-Fig. 12 

Alterbia sp. A, Mao and Norris, 1984, pl. 1, fig. 22 

DERIVATION OF NAME 

From the Latin emulatus, imitating, with reference to the 

fact that the endoblast of this species parallels approxi- 

mately the shape of periblast (see Text-Fig. 12). 

HOLOTYPE 

WG-18; A>; 40.5/98.4. Kukebai Formation, Wuluokeqi- 

ate section (upper Cretaceous). 

PARATYPE 

WG-18; A>; 42.0/99.3. For other details see holotype. 

DIAGNOSIS 

Cyst proximate, circumcavate, elongated pentagonal 

with straight or convex sides. Both apical and left 

antapical horns short with broad bases. Endoblast sub- 

spherical to oval, relatively large, close to periphragm 

laterally, resulting typically in two narrow ambital 

pericoels. Archeopyle intercalary, type (I), attenuated 

hexa 2a. Transverse archeopyle index (AI) 0.35 to 0.47. 

DESCRIPTION 

Cyst laterally assymetrical, ambitus biconical. Apical 

horn short, bluntly pointed, formed by tapering of two 

sides of epitract; a small circular thickening, about 2 to 3 

pm diameter, usually at top. Left antapical horn pointed 

with very broad base; right one either poorly developed 

or, more often, undeveloped. Shape of endoblast approxi- 

mately paralleling that of periblast (see Text-Fig. 12): 

sometimes endoblast protruding to base of apical and left 

antapical horns. Periphragm thin and_ granulate, 

endophragm smooth. Cingulum usually present, 4 to 6 

pm wide, slightly levorotatory, delineated by wavy folds 

or low denticulate ridges. Sulcus restricted to hypotract. 

Archeopyle on periphragm attenuated hexa, with hexag- 

onal 2a, relatively longer anterior lateral sides (H, and 

Hg), and reduced posterior lateral sides (H; and Hs); the 

anterior margin (H;) much shorter than posterior margin 

(H4), giving hexagonal archeopyle a superficially triangu- 

lar shape. Archeopyle on endophragm not clearly dis- 

cernible. 

DIMENSIONS 
Overall: length 61 to 80 wm (holotype 75 um), width 40 to 
50 ym (holotype 46 wm); endoblast: length 36 to 60 wm 
(holotype 50 yum), width 30 to 45 ym (holotype 42 ym); 15 
specimens measured. 

STRATIGRAPHIC RANGE 

Kukebai Formation to Yigeziya Formation, Zones B to 

C; abundant in Zone B of Wuluokegiate section, rare in 

Zone C of Wuluokeqiate and Simuhana sections; late 

Cretaceous. 

DISCUSSION 

Alterbidinium emulatum resembles A. acutulum and 

Isabelidinium acuminatum. It differs from A. acutulum 

in having a cyst that is plump, with two sides of the 

epitract straight or convex, and apical and left antapical 

horns that are much shorter. /. acuminatum differs from 

A. emulatum in possessing (1) an endoblast of smaller 

size, located more centrally in the cyst, and a circular 

ambitus slightly pointed towards the apex and (2) a 

relatively wide pericoel between the endophragm and 

periphragm. A. emulatum also shows some similarity to 

Deflandrea psilata, but the latter is smaller (48 to 50 um) 

4] 
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TEXT-FIG. 12. Dimensions (L., length; W., width) of peri- 

blasts and endoblasts of Alterbidinium emulatum sp. nov. 

Holotype is indicated by solid circle and triangle. 

and has two weakly developed antapical horns; the 

former typically has only the left antapical horn devel- 

oped. A. emulatum is also comparable to A. mon- 

tanaense, but the latter species is much smaller (only 

18.75 to 36.25 ym long, 8.75 to 25 wm wide), has two 
sides of the epitract concave rather than straight or 

convex, and has a long and prominent apical horn. 

Genus Ceratiopsis Vozzhennikova, 1963 

Ceratiopsis speciosa (Alberti, 1959) Lentin and 

Williams, 1977 

Ceratiopsis speciosa subsp. elongata subsp. nov. 

Pl. 9, figs. 10-12 

DERIVATION OF NAME 
From the Greek e/ongatus, elongate, with reference to 

the elongate cysts of this subspecies. 

4? 

HOLOTYPE 

QF-49; Aj; 45.7/104.0. Qimugen Formation, Qimugen 

section (upper Paleocene). 

PARATYPE 

QF-51; Aj; 19.0/106.2. Qimugen Formation, Qimugen 

section (upper Paleocene). 

DIAGNOSIS 

Cyst proximate, circumbicavate. Ambitus elongate, 

length relatively longer than width, epitract distinctly 

bigger than hypotract. Apical horn long, protruding. 

Antapical horns two, typically equal, divergent, with 

broad bases and pointed distal ends. Periphragm orna- 

mented with coarse granules, tubercules, and cones, 

giving rise to denticulate lineation of cyst. Endophragm 

smooth. Endoblast subspherical, its length greater than 

its width, filling in middle part of pericoel. Cingulum 

slightly levorotatory, shallow. Archeopyle intercalary, 

type (I) formed by loss of 2a, broad hexa style. 

DESCRIPTION 

Epitract shaped like an equilateral triangle plus an 

attenuated apical horn; apical horn long, sinuous, usually 

30 to 40 wm long and 8 to 12 wm wide at the base. 
Hypotract trapezoid with two divergent clawlike antapi- 

cal horns wider at bases (24 to 36 ym), 20 to 38 ym long, 
pointed distally. Endoblast subspherical, occupying mid- 

dle part of pericoel, giving rise to 0-to-6-wm-wide narrow 

ambital pericoels and well-developed apipericoel and 

antapipericoels. Periphragm covered with coarse gran- 

ules, irregularly shaped, sometimes faintly intratabular, 

and with tubercules and cones. Tubercules and cones 

sometimes fused proximally, forming low ridges. Cingu- 

lum marked laterally by ridges and dorsoventrally by 

aligned granules and tubercules. 

DIMENSIONS 
Length 148 to 160 ym (holotype 160 ym), width 68 to 80 
pm (holotype 80 zm); 20 specimens measured. 

STRATIGRAPHIC RANGE 

Qimugen Formation; abundant in Zone D of Qimugen 

section, rare in Zone D of Simuhana section; late 

Paleocene. 

DISCUSSION 
This new subspecies is closely comparable to Ceratiopsis 

speciosa subsp. glabra. The overall shape of the new 

subspecies is more elongate than that of the latter, and 

the periphragm is ornamented with features of low relief 

rather than being typically smooth. 
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TEXT-FiG. 13. Dimensions (L., length; W., width) of Deflan- 

drea intrasphaerula sp. nov. Holotype is indicated by a circle. 

Genus Deflandrea Eisenack, 1938 

Deflandrea intrasphaerula sp. nov. 

Pl. 10, figs. 4-6; Text-Fig. 13 

Deflandrea sp. A, Mao and Norris, 1984, pl. 3, fig. 9 

DERIVATION OF NAME 

From the Latin intra, within, and sphaera, globe, in 

reference to the large endoblast, which lies just inside the 
periphragm. 

HOLOTYPE 

WG-74; A>; 44.8/108.0. Bashibulake Formation, Wulu- 

okeqiate section (lower Oligocene). 

PARATYPE 

WG-70; Ajo; 41.4/104.4. For other details see holotype. 

DIAGNOSIS 

Cyst proximate, circumbicavate, two lateral sides 

strongly convex. On one apical and two antapical sides, 

horns pointed and moderately developed. Ambital peri- 

coel almost absent or very narrow because of relatively 

large and spherical endoblast filling most of pericoel. 

Archeopyle intercalary, type (I), broad hexa 2a; trans- 

verse AI 0.74 to 0.80 (holotype 0.75); operculum usually 

free: 

DESCRIPTION 

Cyst appearing plump, owing to large spherical endoblast 

occupying most of pericoel. Ambital pericoel very nar- 

row (less than 4 wm wide) or completely absent. Apical 

horn bluntly pointed with broad base; two divergent 

antapical horns typically equal or slightly unequal, 

triangular in shape. Asymmetric appearance of two 

antapical horns resulting from specimens not being 

mounted in dorsoventral direction. Periphragm thin, 

smooth or finely granulate. Endophragm finely granu- 

late to granulate. Cingulum, where present, indicated by 

faint low ridges. Sulcus broad, almost reaching the 

antapex. 

DIMENSIONS 

Length 85 to 120 ym (holotype 117 um), width 35 to 78 
pm (holotype 76 ym); 25 specimens measured. 

STRATIGRAPHIC RANGE 

Bashibulake Formation, abundant in Zone F of Wulu- 

okeqiate section; early Oligocene. 

DISCUSSION 

This species is characterized by a relatively large spheri- 

cal endoblast that fills most of the pericoel. As a result, 

the cysts look plump, the ambital pericoels are very 

narrow (less than 4 wm wide) or even absent, and the 
antapical pericoel is also reduced. In these features, 

therefore, Deflandrea intrasphaerula sp. nov. differs 

from D. phosphoritica and D. oebisfeldensis. 

Deflandrea musculopsis sp. nov. 

Pl. 10, figs. 7-10; Text-Fig. 14 

Deflandrea sp. B, Mao and Norris, 1984, pl. 3, fig. 11 

DERIVATION OF NAME 

From the Latin musculus, a mouse, in reference to the 

small size of the cysts of this species. 

HOLOTYPE 

QF-86; A>; 52.1/97.1. Wulagen Formation, Qimugen 

section (upper Eocene). 

PARATYPE 

SM-77; A»; 34.0/107.4. For other details see holotype. 

DIAGNOSIS 

Cyst proximate, circumcavate to cornucavate, small in 

size (less than 70 wm). Ambitus rounded, pentagonal, 

with apical horn and two small antapical horns. 

Endoblast spherical to subspherical, relatively large, 

occupying major portion of pericoel. Wall thin and 
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smooth. Archeopyle intercalary, type (I), broad hexa 2a; 

transverse AI 0.6 to 0.7 (holotype 0.63). Operculum free. 

DESCRIPTION 

Cyst small, length usually less than 60 wm. Apical horn 

blunt or rounded, usually with broad base, 6 to 11 wm 
long, 6 to 18 wm wide at base. Two antapical horns small 

(2 to 5 pm long, 3 to 6 wm wide at their bases), equal or 

slightly unequal, with left one bigger. Periphragm 

smooth or finely granulate; endophragm smooth, thin, 

with many longitudinal folds. Ambital pericoel very 

narrow (0 to 2.5 wm wide) because of relatively large 

spherical to subspherical endoblast filling large portion of 

pericoel. Cingulum 4 to 6 wm wide, delimited by folds or 

low ridges, planar or slightly levorotatory. Indications of 

tabulation other than archeopyle and cingulum absent. 

Omphalos often found near junction of cingulum and 

sulcus, spherical to subspherical in shape, readily stained, 

darker colour than adjacent wall. 

DIMENSIONS 

Length 45 to 67.5 um (holotype 57 ym), width 31 to 54 

pm (holotype 41 ym); 45 specimens measured (see 

Text-Fig. 14). 

STRATIGRAPHIC RANGE 

Qimugen Formation to Bashibulake Formation, Zones 

D to F; rare in Zone D of Simuhana section, abundant in 

Zone E of Qimugen section, rare in Zone E of Wuluoke- 

qiate section and rare in Zone F of Qimugen and 

Wuluokegiate sections; late Paleocene to early 

Oligocene. 
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TEXT-FIG. 14. Dimensions (L., length; W., width) of Deflan- 

drea musculopsis sp. nov. Holotype is indicated by a circle. 

DISCUSSION 

On the basis of its small size (usually less than 60 wm) and 
its thin and almost smooth wall, this species can be 

distinguished from all other species of Deflandrea, with 

the exception of D. psilata, which has a circumcavate 

cyst with oval endoblast and broad ambital pericoel, and 

a standard hexa (I) archeopyle. D. musculopsis is closely 

comparable to Senegalinium microgranulatum and Sub- 

tilisphaera ventriosa. It differs from Senegalinium micro- 
granulatum in the combination of the following features: 

(1) the wall is smooth rather than granulate; (2) the 

ambital pericoel is always weakly developed instead of 

absent; (3) the archeopyle is broad hexa style rather than 

standard hexa style. Subtilisphaera ventriosa has no 

indication of an archeopyle. D. musculopsis is also similar 

to Phelodinium pumilum; however, the latter species has 

a very thin and transparent periphragm and an inter- 

calary archeopyle 2a typically with the antapical margin 

close to the cingulum. 

Genus Eurydinium Stover and Evitt, 1978 

Eurydinium tempestivum sp. nov. 

Plo ties: [S=172 Text-Fig. 15 

Isabelidinium sp. B, Mao and Norris, 1984, pl. 1, fig. 25 

DERIVATION OF NAME 

From the Latin tempestivus, ripe or mature, in reference 

to the well-rounded appearance of the cyst. 

HOLOTYPE 

WG-18; A>; 47.6/102.3. Kukebai Formation, Wuluoke- 

qiate section (upper Cretaceous). 

PARATYPE 
WG-18; A>; 43.0/94.2. For other details see holotype. 

DIAGNOSIS 
Cyst proximate, circumcavate, subspherical, with strong 

convex sides. Apical horn small, prominent; either only 

left antapical horn or two antapical horns of unequal 

length developed; in either case, horn or horns typically 

small, pointed. Endoblast large, spherical, length com- 

monly slightly greater than width and rarely equal with 

it. Wall thin, smooth to granulate. Cingulum expressed 

by folds or low ridges, not making an equatorial bulge in 

ambital view. Archeopyle intercalary, type (I), standard 

hexa 2a, transverse AI 0.41 to 0.5 (holotype 0.49 um). 

DESCRIPTION 
Epitract triangular, two sides being more or less convex. 

Apical horn short (2.5 to 4 jum high), bluntly pointed. 
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TEXT-FIG. 15. Dimensions (L., length; W., width) of cysts of 

Eurydinium tempestivum sp. nov. Holotype is indicated by a 

circle. 

Hypotract subtriangular to semicircular with one left 

antapical horn or trapezoid with two antapical horns, 

two sides typically straight or slightly convex, antapical 

margin straight or slightly concave. Antapical horn or 

horns small (2 to 4 wm long), pointed, protruding from 

general outline; if two horns developed, left longer than 

right. Endoblast spherical to subellipsoidal, length 

slightly greater than width, occupying large portion of 

the pericoel, leaving 2-to-6-~m-wide ambital and antapi- 

cal pericoels. Cingulum planar or slightly levorotatory, 

delimited by wavy folds or low ridges, 4 to 6 wm wide. 

Archeopyle standard hexa or superficially triangular 

because of lateral sides H, and Hg being relatively longer 

than sides H3 and Hs, and anterior margin H, being 

considerably shorter than posterior margin Hy. Sulcus 

not always discernible, restricted to hypotract. 

DIMENSIONS 

Overall: length 55 to 84 wm (holotype 60 um), width 46 to 

62.5 um (holotype 48 zm); endoblast: length 40 to 60 um 
(holotype 40 zm), width 38 to 53 wm (holotype 38 zm); 30 

specimens measured (see Text-Fig. 15). 

STRATIGRAPHIC RANGE 

Kukebai Formation; abundant in Zone B of Wuluokeqi- 

ate section; Turonian to Coniacian or to Santonian. 

DISCUSSION 

Eurydinium tempestivum is characterized by its sub- 

spherical pericyst with a large spherical to broadly 

ellipsoidal endoblast, one short apical horn, and one or 

two small pointed antapical horns. It is closely compara- 

ble to E. ingramii, which has an elongate cyst with two 

sides less convex than the cyst of this species. Its ratio of 

length to width is 0.72 to 0.74, whereas that of E. 

tempestivum is 0.75 to 0.89. In addition, the antapical 

horn or horns of E. ingramii, when developed, are always 

distinct and pointed, no matter how small. E. tempes- 

tivum resembles Subtilisphaera foliacea but is readily 

differentiated from that species by its possession of a 

distinct intercalary archeopyle and a prominent apical 

horn. E. tempestivum is also similar to Deflandrea 

tribulosa, but the latter Tertiary species has two equally 

developed antapical horns. 

Genus Trithyrodinium Drugg, 1967, emend. Lentin and 

Williams, 1976 

Trithyrodinium sabulum sp. nov. 

Pl. 12, figs. 1-4; Text-Figs. 16,17 

Trithyrodinium sp. A, Mao and Norris, 1984, pl. 1, fig. 1 

DERIVATION OF NAME 

From the Latin sabulum, sand, with reference to the 

granulate ornament of the endophragm in this species. 

HOLOTYPE 

WG-13; Bo; 39.1/107.2. Kukebai Formation, Wuluokedi- 

ate section (upper Cretaceous). 

PARATYPE 

WG-13; A,; 29.8/105.8. For other details see holotype. 

DIAGNOSIS 

Cyst proximate, cornucavate, subspherical to elliptical 

with an apical horn, and with or without two poorly 

developed, unequal antapical horns appearing as angular 

bulges, the left one usually being longer. Wall layers thin 

(less than | ym), folded. Periphragm transparent and 

delicate, smooth or with scattered granules; endophragm 

granulate, thicker than periphragm. Archeopyle inter- 

calary, more clearly indicated in endoblast than in 

periblast, type 31/31. Operculum compound, typically 

dislodged or la and 3a detached and 2a attached 

posteriorly. 

DESCRIPTION 

Cyst transversely to longitudinally broad, elliptical in 

ambital view. Apical horn present, small, bluntly pointed 
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or nipplelike, 4 to 7 wm long, formed usually by 

periphragm. Antapex rounded or stretched out to two 

angular bulges. Periphragm very thin, easily folded, 

transparent, lightly coloured or not easily stained. 

Periphragm sometimes lost, leaving endoblast free. 

Endophragm thin, thicker than periphragm, typically 

densely granulate; diameter of granules varying, com- 

monly less than 1 ym. Intercalary 31 archeopyle com- 

pound and linteloid. When the archeopyle not fully 

developed and the periphragm not removed, plates | to 

3a recognizable by slightly open sutures; in that case (18 

of 38 specimens observed) the posterior suture of 2a 

absent (Text-Fig. 16). When periphragm completely lost 

(18 of 38 specimens), plates la and 3a detached, plate 2a 

remaining attached along its posterior margin (Text-Fig. 

17); rarely (2 of 38 specimens observed), three opercular 

pieces totally free. Therefore, plate 2a may have stronger 

connection with endoblast than plates la and 3a, because 

it is removed after the other two. Plate 2a standard hexa, 

plates la and 3a pentagonal in shape. Indications of 

tabulation, other than archeopyle, absent. 

DIMENSIONS 

Length 45 to 65 yum (holotype 54 ym), width 35 to 53 um 
(holotype 44 jum); 38 specimens measured. 

STRATIGRAPHIC RANGE 

Kukebai Formation to Yigeziya Formation, Zones A to 

C; abundant in Zones A and B of Wuluokegiate section, 

rare in Zone C of both Wuluokegiate and Simuhana 

sections; late Cretaceous. 

DISCUSSION 

This species differs from 7rithyrodinium evittii in that (1) 

its three opercular plates do not function as a unit, (2) the 

cingulum is typically not indicated, and (3) the endo- 

phragm is granulate rather than psilate. It differs from 7: 

suspectum (Manum and Cookson, 1964) in having 

thinner wall layers; the wall layers of 7: suspectum are 

composed of rod-shaped elements of unequal length, 

such structures being completely absent in 7! sabulum. 

TEXT-FIG. 16. Trithyrodinium sabulum sp. nov., a specimen 

showing 3I attached, WG-13; Bo; 39.1/107.2. 

TEXT-FIG. 17. Trithyrodinium sabulum sp. nov., a specimen 

showing 2a attached, la and 3a detached, WG-13; Aj; 

29.8/105.8. 



Subfamily Palaeoperidiniodeae Vozzhennikova, emend. Bujak and Davies, 1983 

Genus Palaeohystrichophora Deflandre, 1935 

Palaeohystrichophora granulata sp. nov. 

Pl. 12, figs. 9 -12 

DERIVATION OF NAME 
From the Latin grana, granule, in reference to the 
granulate ornamentation of this species. 

HOLOTYPE 

WG-13; B,; 37.9/104.5. Kukebai Formation, Wuluokegi- 

ate section (upper Cretaceous). 

PARATYPE 

WG-13; B,; 47.5/104.0. For other details see holotype. 

DIAGNOSIS 

Cyst proximate, typically bicavate, with distinct apical 

horn and two unequally or weakly developed antapical 

horns. Wall thin; periphragm finely granulate, bearing a 

few sporadically distributed hairlike processes; endo- 

phragm smooth to sparsely granulate. Endoblast sub- 

spherical to rhombic, width equal to or typically slightly 

greater than length. Cingulum always present, bounded 

by folds or low ridges. Archeopyle usually indiscernible; 

if indicated, combination of intercalary and precingular, 

type (313P). Operculum attached posteriorly like a flap. 

DESCRIPTION 

Cyst compressed peridinioid, rounded pentagonal. Taper- 

ing apical horn triangular in shape, 7 to 12.5 yum high, 

base broader than height. Two antapical horns either 

weakly and equally developed as a pair of bulges (3 to 4 

pm high) or unequally developed, left one being high (5 to 

10 wm) and more pointed than right. Two-layered wall 

less than | ym thick; periphragm transparent, not ac- 

cepting stain readily, finely granulate, typically bearing 

several (usually less than 10) sporadic hairlike spines. 

Subspherical endoblast protruding more into epitract 

than hypotract, with breadth (44 to 54 ym) slightly 

greater than length (40 to 50 wm), occupying most of 

pericoel, leaving small apical and antapical pericoels and 

very narrow (1 to 3 wm) ambital pericoel. Cingulum well 

defined, planar, 4 to 6 wm wide. Most of observed 
specimens showing no indication of archeopyle. Rarely, 

simple flaplike operculum remaining attached posteri- 

orly, indicating archeopyle probably composed of three 

intercalary and three precingular plates (1 to 3a, 3 to 5”). 

DIMENSIONS 

Length 58 to 70 um (holotype 64 ym), width 44 to 56 wm 

(holotype 55 zm); 12 specimens measured. 

STRATIGRAPHIC RANGE 

Kukebai Formation to Yigeziya Formation, Zones A to 

C; common in Zone A of Wuluokegiate section, rare in 

Zones B and C of Wuluokegiate section and Zone C of 

Simuhana section; late Cretaceous. 

DISCUSSION 

The present new species shows similarity to Palaeohystri- 

chophora infusorioides but differs in having granules and 

only a few sporadic hairlike processes on its periphragm, 

whereas the latter bears numerous and evenly distributed 

hairlike processes. P. granulata differs from Talimu- 
dinium scissurum sp. nov. in possessing the following 

combination of features: (1) the periphragm usually bears 

a few sporadic hairlike processes; (2) the width of the 

endoblast is equal to or, typically, slightly greater than the 

length of it; (3) the archeopyle is a combination of (313P) 
rather than a combination of (A3I2P). 

Subfamily Incertae 

Genus Jalimudinium gen. nov. 

DERIVATION OF NAME 

Named for the Tarim (Talimu) Basin, Xinjiang Province, 

China. 

TYPE SPECIES 

Talimudinium scissurum sp. nov., late Cretaceous. 

DIAGNOSIS 
Cyst proximate, typically bicavate to cornucavate, peri- 

dinioid, with an apical and two antapical horns, the last 

two being well to weakly developed and unequal in size, 

with the left one usually longer than the right. Periph- 

ragm thin, smooth or sparsely granulate; endophragm 

also thin, smooth or with scattered granules. Cingulum 

distinct, delineated by folds or ridges of low to medium 

height. Tabulation indistinct, weakly indicated by imper- 

fect low sutural ridges; when discernible, peridiniacean, 

4’, 3a, 7”, 6-7C, 5”, 2””. Archeopyle transapical, type 

(tA3I2P). The archeopyle suture dividing epitract into 

unequal parts, the large part being composed of apical, 

intercalary, and two (1”, 2”) precingular plates. 
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DISCUSSION Talimudinium scissurum sp. nov. 

Talimudinium is morphologically similar in some Pl. 15, figs. 8-13; Text-Fig. 18 

respects to Palaeoperidinium Deflandre, 1935; Subtil- 
isphaera Jain and Millepied, 1973; and Palaeohystri- DERIVATION OF NAME 

chophora Deflandre, 1935; but differs in having a From the Latin scissura, a splitting, with reference to the 
transapical archeopyle, type (A3I2P). Additionally, its type of archeopyle suture found in this species. 

lack of hairlike processes further distinguishes it from 

Palaeohystrichophora. Ovoidinium Davey, 1970, differs HOLOTYPE 

from TJalimudinium in having an archeopyle interpreted SM-60; Aq; 40.8/102.5. Yigeziya Formation, Simuhana 

as type (tAtl). section (upper Cretaceous). 

Operculum 

TEXT-FIG. 18. The tabulation and archeopyle of 7Jalimudinium scissurum sp. nov. 1, Dorsal view, 

operculum free, SM-60; Aq; 40.7/102.7. 2, Ventral view, operculum free, SM-60; A4; 39.5/100.8. 3, Lateral 

view, operculum attached, SM-60; Ag; 40.9/106.1. 4-6, Diagrams of the tabulation and archeopyle of 

Talimudinium scissurum: 4, dorsal view; 5, ventral view; 6, apical view. 



PARATYPE 

SM-60; Ay; 39.9/109.5. For other details see holotype. 

DIAGNOSIS 

Cyst proximate and cavate, typically bicavate with apical 

horn and two unequally developed antapical horns. Wall 

thin; periphragm smooth or with scattered granules, 

delicate and transparent; endophragm sparsely granu- 

late. Endoblast large, subspherical. Low sutural ridges 

imperfectly developed or absent. Archeopyle transapical, 

type (tA3I2P), formed by the loss of apical intercalary 

and two precingular (1”, 2”) plates. Archeopyle suture 

zigzag. Cingulum always present, marked by ridges of 

low to medium height. 

DESCRIPTION 

Cyst peridinioid, subspherical in ambital view. Apical 

horn usually well developed, bluntly pointed, 6 to 10 zm 

high. Two antapical horns weakly to moderately devel- 

oped, left one always longer and more distinct and 

pointed than right. Wall thin, less than | ym thick. 

Periphragm colourless or very light, not staining readily. 

Endophragm thicker than periphragm, sparsely granu- 

late; granules usually less than 1 wm across. Subspherical 

endoblast filling major space of pericoel, resulting in 

ambital pericoel being narrow (about 2 to 3 wm) or even 

completely absent. Cingulum planar, 4 to 6 wm wide, 

distinctly bounded by low- to medium-height ridges, 

indenting outline laterally. Sulcus sometimes discernible, 

restricted to hypotract, defined by low ridges. Tabulation 

not always indicated; when discernible marked by low 

and imperfect sutural ridges; probably 4’, 3a, 7”, (6-7)C, 

Sion dext-Fig. 18); 

DIMENSIONS 

Length 50 to 80 ym (holotype 66 yum), width 32 to 50 wm 
(holotype 56 zm); 20 specimens measured. 

STRATIGRAPHIC RANGE 

Kukebai Formation to Yigeziya Formation, Zones A to 

C; rare in Zones A to C of Wuluokegiate section, 

abundant in Zone C of Simuhana section; late Creta- 

ceous. 

DISCUSSION 

Talimudinium scissurum resembles Palaeoperidinium 

cretaceum but differs in having a distinct spherical to 

subspherical endoblast and a transapical combination 

archeopyle of (tA3I2P). P. cretaceum has a transpical 

combination archeopyle of (tAtI3P) and usually lacks a 

distinct endoblast. 

Subfamily Wetzelielloideae Vozzhennikova, emend. Bujak and Davies, 1983 

Genus Kisselovia Vozzhennikova, 1967 

Kisselovia fusiformis sp. nov. 

Pl. 13, figs. 2-4 

DERIVATION OF NAME 

From the Latin fusus, a spindle, in reference to the 
spindlelike shape of cysts of this species. 

HOLOTYPE 

WG-77; A,; 28.6/97.6. Bashibulake Formation, Wulu- 

okeqiate section (lower Oligocene). 

PARATYPE 

WG-77; A,; 48.0/95.3. For other details see holotype. 

DIAGNOSIS 

Cyst proximochorate, typically cornucavate, rhombic to 

fusiform at ambitus; with an indistinct apical, one 

antapical, and two cingular horns. Epitract commonly 

shorter than hypotract. Periphragm bearing the intratab- 

ular processes arranged in simulate complexes and also 

distributed haphazardly within complexes. Neighbour- 

ing processes may be connected distally by trabeculae. 

Process complexes masked by very thin perforate mem- 

branes from three directions. Endoblast asymmetrically 

rhombic, protruding more into the hypotract than the 

epitract. Archeopyle intercalary, type (I)a, quadra 2a 

style; operculum seldom free. 

DESCRIPTION 

Epitract triangular, with a triangular apical horn merging 

into the two sides imperceptibly. Hypotract also triangu- 

lar, with a triangular antapical horn commonly sharper 

than the apical horn; sometimes the antapical horn 

divided distally into two small subsidiary, closely adja- 

cent horns, the left being longer and more pointed than 

the right. The two cingular horns variable in length 

(usually 8 to 12.5 um, up to 17 wm) and shape (from 
domelike to nipplelike), commonly with broad bases and 

rounded ends. Both periphragm and endophragm 

smooth, the cornucavate pericoels connected by very 

narrow ambital pericoels or none at all. Processes mainly 

simple and isolated, typically capitate, rarely bifurcate 

and aculeate distally, expanded proximally, in rare cases 

the two neighbouring processes connected proximally. 
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They are usually 0.5 to | wm in width and 8 to 10 wm in 
length. Masked by very thin and perforate membranes, 

the simulate process complexes assume the outline of 

underlying plates. However, the precise tabulation for- 

mula cannot be deciphered from them because of the 

long and randomly oriented processes just within the 

plate boundary. Cingulum faintly indicated by alignment 

of processes along the borders and a lack of processes 

within the cingulum. Archeopyle only occasionally dis- 

cernible; the operculum commonly attached anteriorly 

and slightly open posteriorly, the sutures often obscured 

by the long processes. 

DIMENSIONS 
Length 117 to 162.5 ym (holotype 120 um), width 90 to 

125 ym (holotype 95 wm); 15 specimens measured. 

STRATIGRAPHIC RANGE 

Bashibulake Formation, Zone F; common in Zone F of 

Wuluokedgiate section; early Oligocene. 

DISCUSSION 

Kisselovia fusiformis is distinguished by its elongate 

rhombic pericyst with epitract shorter than the hypotract 

and by its either indistinct or distally rounded horns. K. 

variabilis Bujak, 1980, also has a rhombic pericyst with a 

longer hypotract than the epitract; however, it is broader 

than long and has more complicated process complexes. 

Kisselovia wulagenensis sp. nov. 

Pl. 13, figs. 5-10 

Kisselovia sp. B, Mao and Norris, 1984, pl. 3, fig. 14 

DERIVATION OF NAME 

Named for the Wulagen Formation (upper Eocene), 

Tarim Basin, Xinjiang Province, China. 

HOLOTYPE 

WG-63; A>; 35.5/101.5. Wulagen Formation, Wuluoke- 

qiate section (upper Eocene). 

PARATYPE 

WG-63; As; 30.5/101.5. For other details see holotype. 

DIAGNOSIS 

Cyst proximochorate, circumcavate. Ambitus rounded- 

rhombic to rounded-pentagonal, with slightly prominent 

apex and two poorly developed antapical horns. Peri- 

phragm bearing penitabular processes connected distally 

by trabeculae and encircled penitabularly by thin mem- 

branes to form simulate complexes. Endoblast large, 

almost filling the whole pericoel. Tabulation typically 

peridinioid, indicated by the penitabular process com- 

plex; 4’, 3a, 7”, XC, 5”, 2””. Archeopyle intercalary, type 

(I)a, quadra 2a style; operculum attached anteriorly. 

DESCRIPTION 

Epitract triangular, almost equal to the triangular-trape- 

zoid hypotract. Antapical horns reduced to shallow lobes 

or small triangles. Periphragm smooth; endophragm 

smooth to granulate. Processes simple and solid, capitate 

or bifurcate distally, 3 to 7 wm long and 0.5 to | wm 
across, arranged penitabularly in one row in each 

complex, connected distally by trabeculae, encircled and 

connected by very thin membranes to form complete 

complexes simulating the plate. Sporadic intratabular 

processes also possibly occurring. Solid trabeculae possi- 

bly transforming gradually and proximally into thin and 

transparent membranes seen on the profile. Not clear 

whether the membranes covering or not covering the top 

of the fenced areas. The small apical and antapical 

pericoels are connected by 1|-to-2-~m-wide ambital peri- 

coel related to the large subspherical to rounded-rhombic 

endoblast. Sulcus restricted to the hypotract. 

DIMENSIONS 
Length 85 to 105 um (holotype 90 wm), width 67 to 103 

pm (holotype 76 um); 15 specimens measured. 

STRATIGRAPHIC RANGE 

Wulagen Formation, Zone E; abundant in Zone E of 

Wuluokegiate section; late Eocene. 

DISCUSSION 

Kisselovia wulagenensis differs from K.(?) clathrata 
(Eisenack, 1938) and K. coleothrypta (Williams and 

Downie, 1966c), in having one row of penitabular 

processes united distally by trabeculae and encircled by 

membranes; the other two species have numerous 

intratabular processes connected distally by a perforate 

membrane. 

Genus Wetzeliella Eisenack, 1938 

Wetzeliella crassa sp. nov. 

PIP Ss figsele2 

DERIVATION OF NAME 

From the Latin crassus, thick, dense, with reference to 

the long and densely distributed processes that character- 

ize this species. 

HOLOTYPE 
QF-79; A,; 45.0/101.7. Wulagen Formation, Qimugen 

section (upper Eocene). 



PARATYPE 
QF-79; A,; 40.4/99.3. For other details see holotype. 

DIAGNOSIS 

Cyst proximochorate, typically cornucavate, trans- 

versely rhombic in ambitus, and large in size (more than 

100 ym in width). Apical horn obtusely triangular, two 

cingular horns and one antapical horn variably devel- 

oped. Periphragm bearing isolated, densely distributed, 

mainly simple nontabular processes. Endophragm sepa- 

rated from the periphragm only at the bases of the horns. 

Archeopyle intercalary, type ([)a, quadra style. Opercu- 

lum usually attached. 

DESCRIPTION 
Cyst transversely rhombic to spindlelike, symmetrical, 

width greater than length. One antapical horn located in 

the central line, nipplelike, up to 18 to 20 wm long. Two 

cingular horns possibly developed as short prominences 

or else long (up to 20 wm) and nipplelike. The periphragm 

bearing numerous nontabular processes possibly acumi- 

nate, capitate or (rarely) bifurcate distally, expanded 

proximally. Processes usually 8 to 12 wm long (up to a 

maximum of 18 ym), hollow or solid, more densely 

distributed near the horns than elsewhere. Pericoels 

developed only in very small areas beneath the horns. 

Archeopyle hardly discernible, partly because of the ran- 

domly distributed dense processes. Operculum attached 

anteriorly, leaving the posterior suture slightly open. 

DIMENSIONS 

Length 60 to 102 wm (holotype 70 zm), width 105 to 165 

pm (holotype 117 ym); 9 specimens measured (many 

other distorted specimens examined). 

STRATIGRAPHIC RANGE 
Wulagen Formation; rare in Zone E of Qimugen section; 

late Eocene. 

DISCUSSION 

Wetzeliella crassa sp. nov. is distinguished by its spindle- 

like shape and long densely distributed processes. It is 

similar to W. symmetrica Weiler, 1956, but differs in 

having a pericyst with its width greater than its length 

and in having a periphragm bearing denser and longer 

processes. 

Wetzeliella sp. A 

Plas stigs..6.7 

DESCRIPTION 

Cyst circumcavate to cornucavate, with a pentagonal 

ambitus. Apical horn distinct, about 10 wm long. The two 

antapical horns equal or slightly unequal, with left one 

longer. The two lateral horns usually truncated and 

almost the same length as the other three horns, but 

wider at their bases. Endoblast spherical, occupying the 

major portion of the pericoel and leaving a 0-to-5-ym- 

wide ambital pericoel between the two layers. Periph- 

ragm smooth to granulate, bearing simple, isolated, and 

bluntly pointed nontabular processes. Processes long (8 

to 10 ym) and thin (0.5 to 1 wm across) but wider at their 

bases (2 to 2.5 wm), tapering rapidly from 2 to 2.5 ym at 

the bases to 0.5 to 1 wm wide within a | to 2 wm distance. 
As a result, in almost all the specimens observed (which 

are not well preserved), most of the processes are 

artificially short, these being, in fact, the basal part of the 

processes, with the main parts broken off. Archeopyle 

intercalary, type I, quadra 2a soleiform; operculum 

attached anteriorly (along side Q)) or free. Indications of 

tabulation, other than archeopyle, absent. 

DIMENSIONS 
Length 91 to 125 ym, width 69 to 110 wm; 9 specimens 
measured. 

STRATIGRAPHIC RANGE 
Wulagen Formation, Zone E; common in Zone E of 

Wuluokeqiate and Qimugen sections; late Eocene. 

DISCUSSION 

This species is characterized by a pentagonal pericyst 

with five moderately developed horns, a large spherical 

endoblast, a periphragm bearing long and thin nontabu- 

lar processes, and a quadra-2a-scleiform archeopyle. 

Wetzeliella sp. A is a distinct species but has not been 

formally named at present because of the lack of well- 

preserved specimens. 

Family Protoperidiniaceae 

Subfamily Senegalinioideae Bujak and Davies, 1983 

Genus Phelodinium Stover and Evitt, 1978, 

emend. nov. 

Phelodinium Stover and Evitt, 1978:118 

TYPE SPECIES 

Phelodinium pentagonale (Corradini, 1973) Stover and 

Evitt, 1978; upper Cretaceous (Senonian), northern 

Apennines, Italy. 



EMENDED DIAGNOSIS 

Cyst proximate, typically cornucavate, compressed peri- 

dinioid, subrhomboidal to pentagonal in ambital view. 

One apical and one or two antapical horns always present 

and usually pointed. Periphragm and endophragm 

smooth or with features of low relief; the former thinner 

than the latter. Endoblast slightly to strongly prominent 

at the bases of the three horns. Pericoels typically small 

and narrow. Cingulum always discernible, its margins 

being indicated by low ridges or folds. Archeopyle 

intercalary, type (I), standard hexa 2a, typically with 

antapical margin close to the cingulum; AI 0.3 to 0.6. 

Indications of tabulation, other than archeopyle and 

cingulum, absent. 

DISCUSSION 

The above-emended diagnosis of Phelodinium augments 

the information pertaining to the archeopyle. The arche- 

opyle index of Phelodinium according to Stover and 

Evitt (1978:117) is 0.3 to 0.4. In the present study, 30 

specimens of Phelodinium were observed; these have the 

typical morphological features for Phelodinium but have 

an archeopyle index greater than 0.4 (usually 0.4 to 0.5, 

occasionally up to 0.6), the archeopyle being essentially 

of standard hexa style. Thus, the generic diagnosis is here 

extended to encompass such forms. 

Phelodinium anisos sp. nov. 

Pl. 15, figs. 14-16 

Phelodinium sp. A, Mao and Norris, 1984, pl. 2, fig. 6 

DERIVATION OF NAME 

From the Greek anisos, unbalanced, in reference to the 

asymmetrical appearance of the cysts of this species. 

HOLOTYPE 

QF-49; A3; 43.0/107.7. Qimugen Formation, Qimugen 

section (upper Paleocene). 

PARATYPE 

QF-47; A>; 26.8/96.5. Qimugen Formation, Qimugen 

section (upper Paleocene). 

DIAGNOSIS 

Cyst proximate, cornucavate, with a subrhombic to 

pentagonal ambitus. Apical horn and left antapical horn 

well developed and pointed; right antapical horn reduced 

or absent. Periphragm very thin, smooth, and transpar- 

ent; separated from the endophragm only at the bases of 

the horns, appressed elsewhere. Endoblast rhombic to 

pentagonal, with four angles at apical, two lateral, and 

left antapical regions. Archeopyle intercalary, type (I), 

standard hexa 2a, with transverse AI 0.5 to 0.6; opercu- 

lum free or attached posteriorly. 

DESCRIPTION 

Cyst subrhombic, squarish and subpentagonal in ambital 

view, length greater than width. Epitract triangular, with 

straight or slightly convex sides; hypotract with a 

subtriangular to trapezoidal ambitus. Ambitus asymmet- 

rical laterally, with only the left antapical horn well 

developed; the right antapical horn reduced to a small 

size or completely absent. Apical and left antapical horns 

(which are up to 10 and 7 ym long respectively) distinct 

and pointed. Periphragm separated from the endo- 

phragm only at the bases of either all the horns or one or 

two of the horns; very thin, smooth, transparent, and 

delicate in appearance. Endophragm also smooth and 

thin but thicker than periphragm. Endoblast typically 

with blunted or rounded horns, whereas periphragm 

usually drawn out and separated from the endophragm 

to produce pointed horns. Cingulum planar to slightly 

helicoid, marked by folds. 

DIMENSIONS 
Length (including horns) 63 to 80 ym (holotype 75 ym), 

width 40 to 53 yum (holotype 48 wm); 30 specimens 
measured. 

STRATIGRAPHIC RANGE 

Qimugen Formation to Wulagen Formation, Zones D to 

E; abundant in Zone D of Qimugen section, common in 

Zone D of Simuhana section, and rare in Zone E of 

Qimugen section; late Paleocene to late Eocene. 

DISCUSSION 

Phelodinium anisos sp. nov. differs from P. pumilum 

Liengjarern, Costa, and Downie, 1980, in having a very 

thin and delicate periphragm, pointed apical and anatapi- 

cal horns, and an endoblast also bearing horns. 



Subfamily Incerta 

Genus Pseudoalterbia gen. nov. 

DERIVATION OF NAME 
From the Latin pseudo, false, in reference to the fact that 

cysts in this genus resemble those of A/terbidinium but 

are not cavate. 

TYPE SPECIES 

Pseudoalterbia concinna sp. nov., late Cretaceous. 

DIAGNOSIS 

Cyst proximate, pentagonal, with slightly protruding 

apical and left antapical horns; apical horn usually 

bluntly pointed, left antapical horn commonly pointed, 

and right antapical horn greatly reduced or absent. 

Epitract triangular in ambital view, with two sides 

convex; hypotract more or less trapezoidal and asymetri- 

cal about the longitudinal axis; the two parts almost equal 

in size. Autophragm smooth or with scattered, normally 

isolated features of low relief. Cingulum well defined by 

medium-height ridges, planar to slightly helical. Arche- 

opyle intercalary, type I, standard to attenuate hexa 2a 

style, transverse AI less than 0.5; operculum detached or 

attached along its posterior margin. 

DISCUSSION 

Pseudoalterbia differs from Lejeunecysta (Gerlach, 1961) 

and Xuidinium gen. nov. in having an asymetrical sub- 

pentagonal ambitus with only one distinct and pointed 

left antapical horn and a well-defined cingulum. It differs 

from Alterbidinium Lentin and Williams, 1985, in 

having an autophragm rather than a separated peri- 

phragm and endophragm. The endoblasts of cavate cysts, 

such as A/terbidinium or Phelodinium, are not known to 

bear apical horns as pointed as those found in Pseudoal- 

terbia, which, therefore, is certainly a valid genus rather 

than a free endoblast of some cavate cyst. 

Pseudoalterbia concinna sp. nov. 

Pl. 16, figs. 4-6 

Alterbia acuminata Morgan, 1980 auct. non (Cookson 

and Eisenack) Lentin and Williams, 1976, pl. 32, fig. 1 

DERIVATION OF NAME 

From the Latin concinnus, beautiful, in reference to the 

appearance of the cysts of this species. 

HOLOTYPE 

WG-18; A>; 46.0/97.2. Kukebai Formation, Wuluokegqi- 

ate section (upper Cretaceous). 

PARATYPE 

WG-18; As; 43.7/95.5. For details see holotype. 

DIAGNOSIS 

A species of Pseudoalterbia having a pentagonal or 

subrhomboidal cyst with an apical horn and a left 

antapical horn. 

DESCRIPTION 
Cyst proximate, pentagonal in ambital view. Epitract 

having a triangular ambitus, with a short rounded apical 

horn and slightly convex sides. Hypotract approximally 

triangular or irregularly trapezoidal in ambital view with 

only a pointed left antapical horn; right antapical horn 

never developed. Structures posterior to apical horn 

similar to the subapical thickening and quasi-tabular 

ridges observed by Norris and Hedlund (1972:50-52) in 

their Palaeoperidinium from the Albian of Oklahoma. 

Autophragm thin, smooth or finely granulate; com- 

monly folded, most folds being short and parallel to the 

long axis of the cyst. Cingulum clearly defined by ridges; 

planar or slightly helical and dividing the cyst into two 

almost equal parts. Archeopyle intercalary, type (1), hexa 

style, AI 0.37 to 0.47 (holotype 0.44); operculum de- 

tached or attached posteriorly. 

DIMENSIONS 

Length 56 to 83 um (holotype 62 wm), width 36 to 63 wm 
(holotype 45 wm); 13 specimens measured. 

STRATIGRAPHIC RANGE 

Kukebai Formation, Zone B; abundant in Zone B of 

Wuluokegiate section; Turonian to Coniacian or to 

Santonian. 

DISCUSSION 

The shape of this species is very similar to that of the 

genus A/terbidinium, but it has a proximate rather than a 

cavate cyst. 

Genus Xuidinium gen. nov. 

DERIVATION OF NAME 

Named in honour of Dr. R. Xu, Institute of Botany, 

Academia Sinica, Beijing, the pioneer of palynology in 

China. We have chosen the standard Pinyin romaniza- 

tion of this name, which in other systems, however, is 

sometimes rendered Hsu, J. 

TYPE SPECIES 
Xuidinium laevigatum sp. nov., late Paleocene. 

WN Ww 



DIAGNOSIS 

Cyst proximate; ambitus rounded biconical with an 

apical and an antapical prominence, right antapical part 

either without horn or slightly bulging. Autophragm 

smooth or uniformly ornamented with features of low 

relief. Tabulation indicated by archeopyle only or by 

archeopyle and cingulum together. Archeopyle inter- 

calary, type I, hexa 2a. 

DISCUSSION 

Xuidinium is characterized by a biconical autocyst and a 

hexa-2a intercalary archeopyle. It differs from Pyxidiella 

in having both apical and antapical prominences rather 

than two broad rounded ends. Pseudoalterbia gen. nov. 

also has an autocyst with an apical and a left antapical 

horn. In Pseudoalterbia, however, the cingulum is much 

more distinct than in Xuidinium, and the left antapical 

horn is more prominent and pointed and more divergent 

from the longitudinal axis, whereas in Xuidinium, the 

shape of the autocyst is almost symmetrical about its 

longitudinal axis, and the cingulum is weakly indicated or 

not present. 

Xuidinium laevigatum sp. nov. 

Pl. 16, figs. 7-11 

DERIVATION OF NAME 
From the Latin /aevigata, smooth, with reference to the 

smooth wall surface. 

HOLOTYPE 

SM-77; Ay; 39.7/101.8. Qimugen Formation, Simuhana 

section (upper Paleocene). 

PARATYPE 

QF-43; A>; 43.6/98.7. Qimugen Formation, Qimugen 

section (upper Paleocene). 

DIAGNOSIS 

Cyst proximate, ambitus rounded-biconical to ovoidal 

with an apical prominence and a small left antapical 

prominence. Autophragm smooth and thin. Archeopyle 

intercalary, type I, standard hexa-2a style. 

DESCRIPTION 

Epitract triangular with two sides convex, into which the 

apical prominence merges imperceptibly. Hypotract 

equal in size to epitract, semielliptical to rounded-triangu- 

lar with a small left antapical prominence near the 

longitudinal axis. Autophragm slightly bulging at the 

presumed position of the right antapical horn. Auto- 

phragm thin and smooth, readily folded, slightly distort- 

ing the ambitus. Tabulation indicated by archeopyle only 

or by both archeopyle and cingulum. The latter, when 

discernible, defined by folds. Archeopyle standard hexa 

style; transverse AI 0.4 to 0.6. In one specimen the open 

sutures indicate a 3I archeopyle, which may be an 

archeopyle variation of this species. 

DIMENSIONS 

Length 51 to 64 um (holotype 56 ym), width 37 to 52 wm 
(holotype 43 zm); 15 specimens measured. 

STRATIGRAPHIC RANGE 

Qimugen Formation, Zone D; common in Zone D of 

both Qimugen and Simuhana sections; late Paleocene. 
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PLATE 1, figs. 1-23. 

All figures x 500. 

1. Canningia colliveri Cookson and Eisenack, Kukebai Formation (K2k). Specimen showing operculum 

attached. WG-14; A3; 39.4/99.7. 

2. Canningia(?) minor Cookson and Hughes, Kukebai Formation (K2k), WG-18; Ao; 38.4/101.4. 

Figs. 3-5. Canningia reticulata Cookson and Eisenack. 

3. Specimen showing operculum attached. Wuyitake Formation (K2w), WG-31; Aj; 48.9/111.3. 

4. Specimen showing cingulum and detached operculum. Kukebai Formation (K2k), WG-20; Ag; 

451110225. 

5. Specimen showing operculum detached. Wuyitake Formation (K2w), WG-31; A); 43.2/107.8. 

Figs. 6-8. Canningia kukebaiensis sp. nov., Kukebai Formation (Kok). 

6. Paratype, WG-20; Ai; 47.0/99.2. 

7. Holotype, WG-20; Aq; 45.1/101.3. 

8. WG-20; Aj; 49.7/96.7. Apical view. 

Figs. 9,10. Cerbia formosa sp. nov., Wulagen Formation (E2w). 

9. Holotype, QF-82; Ag; 39.3/104.6. Ventral view, sulcus delineated by lack of processes. 

10. Paratype, QF-82; Ag; 38.2/100.3. Dorsal view, cingulum indicated faintly by the alignment of 

processes. 

11. Odontochitina costata Alberti, Kukebai Formation (K2k), WG-14; Ay; 41.4/105.3. 

Figs. 12,13. Odontochitina operculata (O. Wetzel) Deflandre and Cookson, Kukebai Formation (Kk). 

12. Operculum, WG-16; Ao; 28.2/111.2. 

13. Specimen with detached operculum, WG-16; Ag; 44.1/103.4. 

14. Odontochitina porifera Cookson, Kukebai Formation (K2k), WG-20; Aq; 41.2/103.2. 

15. Odontochitinopsis molesta (Deflandre) Eisenack, Kukebai Formation (K2k), WG-14; A3; 39.5/105.5. 

Specimen showing the attached operculum. 

Figs. 16-18. Cyclonephelium brevispinatum (Millioud) Below, Kukebai Formation (Kok). 

16. WG-13; A3; 55.8/107.2. 

17. WG-14; Ay; 30.8/100.2. 

18. WG-13; Ag; 23.9/108.7. 

19. Cyclonephelium compactum Deflandre and Cookson, Wulagen Formation (E2w), WG-63; Ao; 

38.8/102.4. 

20. Cyclonephelium distinctum Deflandre and Cookson, Kukebai Formation (K2k), WG-20; Aj; 

37.3/109.2 

Figs. 21,22. Cyclonephelium (?) hystrix (Eisenack) Davey. 

21. Wuyitake Formation (K2w), WG-31; Ao; 51.5/98.5. 

22. Kukebai Formation (K2k), WG-20; Aq; 50.8/98.8. 

23. Cyclonephelium paucispinum Davey, Wulagen Formation (E2w), QF-86; As; 44.1/100.5. 





PLATE 2, figs. 1-19. 

All figures x S00. 

1. Cyclonephelium vannophorum Davey, Kukebai Formation (K2k), WG-20; Ag; 46.2/97.6. 

Figs. 2,3. Glaphyrocysta exuberans (Deflandre and Cookson), Stover and Evitt, Qimugen Formation 

(Eiq). 
2. QF-43; Az; 40.3/96.0. 

3. QF-43; Aq; 34.6/101.0. 

4. Glaphyrocysta intricata (Eaton) Stover and Evitt, Wulagen Formation, (Exw), WG-63; A3; 37.4/99.3. 

5. Glaphyrocysta laciniiformis (Gerlach) Stover and Evitt, Wulagen Formation (E2w), QF-82; A4; 

51.0/102.3. 

6. Glaphyrocysta ordinata (Williams and Downie) Stover and Evitt, Wulagen Formation (Ew), QF-82: 

Ag; 45.4/99.8. 

Figs. 7,8 Glaphyrocysta pastielsii (Deflandre and Cookson) Stover and Evitt, Wulagen Formation (E2w). 

7. QF-86; Ay; 47.3/104.7. 

8. QF-86; As; 43.7/106.7. 

Figs. 9-13. Membranophoridium aspinatum Gerlach, Wulagen Formation (Ew). 

9. QF-86; Ao; 50.2/111.5. 

10. QF-86; Aj; 42.3/98.5. 
11. QF-86; Ao; 43.9/100.0. Specimen bearing a few isolated processes. 

12. QF-86; As; 50.3/97.5. 

13. QF-86; Ag; 42.6/108.0. 

Figs. 14-16. Gonyaulacysta sp., Wulagen Formation (E2w). 

14. QF-82; Aj; 52.6/100.0. 

15,16. QF-86; Ag; 39.2/99.3. High focus (dorsal) and low focus (ventral) respectively. 

Figs. 17-19. Millioudodinium(?) aequum sp. nov., Kukebai Formation (Kok). 

17. Holotype, WG-14; A3; 41.5/101.9. Dorsal view. 

18. WG-14; Aj; 44.3/100.0. Dorsal view. 

19. Paratype, WG-14; Ao; 41.1/98.3. Attached operculum (plate 3”) in lateral position. 





PLATE 3, figs. 1-29. 

All figures x 500. 

Figs. 1,2. Millioudodinium(?) venulosum sp. nov., Kukebai Formation (Kok). 

1. Holotype, WG-14; Aj; 40.4/105.5. Specimen in lateral view showing operculum (plate 3”) attached. 

2. WG-14; Aj; 40.5/101.8. 

. Millioudodinium sp., Wuyitake Formation (K2w), WG-31; Ajo; 44.5/95.3. 

. Pterodinium cingulatum (O. Wetzel) Below, Kukebai Formation (K2k), WG-20; Ag; 41.2/99.0. 

. Apteodinium conjunctum Eisenack and Cookson, Wuyitake Formation (K2w), WG-31; Ao; 

23.0/101.5. 

6. Apteodinium maculatum Eisenack and Cookson, Wuyitake Formation (K2w), WG-31; Ao; 41.3/97.9. 

7. Chytroeisphaeridiea sp., Kukebai Formation (K2k), WG-18; Ao; 48.3/104.2. Specimen showing 

microreticulate autophragm and precingular archeopyle. 

8. Kenleyia sp., Wulagen Formation (E2w), QF-86; As; 46.2/108.4. 

9. Tectatodinium sp. cf. T: pellitum Wall, Wulagen Formation (E2w), QF-82; Aj; 49.4/95.9. 

10. Achomosphaera crassipellis (Deflandre and Cookson) Stover and Evitt, Qimugen Formation (E\q), 

QF-43; Ao; 45.4/106.0. 

11. Achomosphaera mariannae Philippot, Qimugen Formation (Eq), QF-43; A; 40.8/109.3. 

Nn & WwW 

Figs. 12,13. Achomosphaera ramulifera (Deflandre) Evitt. 

12. Qimugen Formation (E;q), QF-43; Az; 42.1/102.3. 

13. Wulagen Formation (E2w), QF-86; As; 48.6/103.0. 

14. Spiniferites supparus (Drugg) Sarjeant, Wulagen Formation (E2w), WG-63; A); 28.5/103.6. 

Figs. 15,16. Spiniferites cornutus (Gerlach) Sarjeant, Wulagen Formation (E2w). 

15. WG-63; Ay; 35.8/101.6. 

16. QF-86; As; 48.9/97.7. 

17. Spiniferites cornutus subsp. normalis (Cookson and Eisenack) Lentin and Williams, Qimugen 

Formation (Eq), QF-43; A3; 49.7/99.6. 

18. Spiniferites katatonos Corradini, Kukebai Formation (K2k), WG-13; Aj; 36.7/99.0. 
19. Spiniferites ramosus subsp. ramosus (Ehrenberg) Loeblich and Loeblich, Kukebai Formation (Kok), 

WG-20; Ag; 47.8/100.8. 

20. Spiniferites ramosus subsp. granosus (Davey and Williams) Lentin and Williams, Qimugen 

Formation (E;q), QF-43; A2; 40.5/103.2. 

Figs. 21-26. Spiniferites ramosus subsp. multibrevis (Davey and Williams) Lentin and Williams. 

21. Wulagen Formation (E2w), QF-86; As; 45.5/96.5. 

22. Wulagen Formation (E2w), QF-86; As; 50.3/90.8. 

23. Bashibulake Formation (E3b), WG-70; A7; 35.2/98.2. 

24. Kukebai Formation (K2k), WG-20; Aq; 49.7/96.7. 

25. Qimugen Formation (E;q), QF-43; Aq; 16.8/110.1. 

26. Kukebai Formation (Kok), WG-20; Aq; 49.7/96.7. 

27. Spiniferites ramosus subsp. multiplicatus (Rossignol) Lentin and Williams, Bashibulake Formation 

(E3b), QF-94; Ay; 51.9/100.2. 

Figs. 28,29. Samlandia chlamydophora Eisenack, Bashibulake Formation (E3b). 

28. QF-94; Ay; 47.4/110.2. 

29. Different focus of the same specimen. 





PLATE 4, figs. 1-24. 

All figures x 500 unless otherwise stated. 

Figs. 1,2. Achilleodinium biformoides (Eisenack) Eaton, Wulagen Formation (E2w). 

1. QF-86; Ao; 49.4/105.2. 

2. WG-63; Ao; 33.7/102.5. 

Figs. 3,4. Achilleodinium latispinosum (Davey and Williams) Bujak et al., Wulagen Formation (E2w). 

3. QF-86; As; 54.1/104.8. 

4. Different focus of the same specimen. 

5. Araneosphaera araneosa Eaton, Qimugen Formation (E\q), QF-43; Az; 46.3/98.7. 

6. Bacchidinium polypes subsp. clavulum (Davey) Lentin and Williams, Kukebai Formation (Kok), 

WG-20; Aq; 44.3/104.6 ( x 700). 

7. Cordosphaeridium biarmatum Morgenroth, Wulagen Formation (E2w), WG-63; As; 38.9/106.5. 

Figs. 8,9. Cordosphaeridium exilimurum Davey and Williams, Wulagen Formation (E2w). 

8. QF-86; As; 50.5/97.9. 
9. WG-63; Ao; 41.3/104.2. 

10. Cordosphaeridium funiculatum Morgenroth, Bashibulake Formation (E3b), WG-72; Ao; 31.0/100.0. 

Cyst fragment showing the distinct surface and two processes. 

Figs. 11,12. Cordosphaeridium inodes subsp. longipes Hansen, Wulagen Formation (E2w). 

11. QF-86; Ao; 40.0/108.8. 

12. QF-86; Ao; 41.9/103.7. 

Figs. 13-15. Melitasphaeridium asterium (Eaton) Bujak et al., Wulagen Formation (E2w). 

13. QF-82; Aq; 40.0/104.3. 

14. QF-86; A3; 53.5/110.6. 

15. QF-82; Aj; 42.6/103.1. 

16. Turbiosphaera filosa (Wilson) Archangelsky, Wulagen Formation (E2w), WG-63; As; 39.9/95.3. 

17. Turbiosphaera galatea Eaton, Bashibulake Formation (E3b), WG-72; Ao; 36.2/102.3. 

Figs. 18-22. Coronifera minor (Yu and Zhang) comb. nov., Kukebai Formation (Kok). 

18. WG-20; Ag; 39.9/101.0. Specimen showing the combination archeopyle formed by the loss of plate 

tA + P(3”). 

19. WG-18; Ao; 49.0/96.8. Specimen showing the precingular archeopyle formed by the loss of the 

plate 3”. 

20. WG-20; Aq; 41.7/99.9. Specimen showing the combination archeopyle formed by the loss of plate 3” 

and dislodged apical plates. 

21. WG-20; Ag; 47.6/105.7. 

22. WG-20; Aq; 42.0/104.5. Two specimens showing the combination archeopyle formed by the loss of 

apical plates, and the attached precingular plate 3”. 

23. Coronifera striolata (Deflandre) Stover and Evitt, Bashibulake Formation (E3b), WG-70; Ao; 

50.0/110.0. Specimen showing the combination archeopyle formed by the dislodged apical plates (tA) and 

free of precingular plate (3”). 

24. Coronifera sp., Qimugen Formation (E)q), QF-43; Ao; 39.8/104.1. 
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PLATE S, figs. 1-22. 

All figures x 500. 

|. Exochosphaeridium muelleri Yun, Kukebai Formation (K2k), WG-20; Ag; 43.6/101.7. 

Figs. 2,3. Exochosphaeridium sp. cf. E. muelleri Yun, Qimugen Formation (Eq). 

2. QF-43; Ag; 46.1/107.5. 

3. QF-43; A3; 50.4/103.8. 

4. Lingulodinium pugiatum (Drugg) Wall and Dale, Wulagen Formation (Ew), QF-86; As; 37.6/101.4. 

Figs. 5-7. Kiokansium unituberculatum (Tasch) Stover and Evitt, Wuyitake Formation (K2w). 

5. WG-31; Ao; 44.9/102.5. 

6. WG-31; Ao; 44.1/104.6. 

7. WG-31; Ais; 48.8/103.2. 

8. Operculodinium bergmannii (Archangelsky) Stover and Evitt, Qimugen Formation (E;q), QF-43; Aq: 

50.2/100.8. 
9. Operculodinium sp., Qimugen Formation (E;q), QF-43; A4; 42.3/100.3. Specimen showing the 

precingular archeopyle 3” and short processes. 

10. Protoellipsodinium sp., Kukebai Formation (K2k), WG-14; Ao; 38.3/107.6. 

11. Protoellipsodinium clavulum Davey and Verdier, Kukebai Formation (K2k), WG-20; Aq; 41.0/100.8. 

Figs. 12,13. Adnatosphaeridium multispinosum Williams and Downie, Wulagen Formation (E2w). 

12. QF-86; Aj; 38.8/98.2. 

13. QF-86; Aj; 49.7/104.0. 

14. Adnatosphaeridium vittatum Williams and Downie, Wulagen Formation (E2w), WG-63; Ao; 

38.8/102.4. 

Figs. 15,16. Adnatosphaeridium williamsii Islam, Wulagen Formation (E2w). 

15. QF-86; Az; 40.6/109.3. 

16. QF-86; As; 45.3/108.8. 

17. Adnatosphaeridium sp., Wulagen Formation (E2w), QF-86; Az; 47.5/104.8. 

18. Areosphaeridium(?) actinocoronatum (Benedek) Stover and Evitt, Wulagen Formation (E2w), 

QF-86; As; 47.5/97.7. 
19. Areosphaeridium arcuatum Eaton, Wulagen Formation (E2w), QF-86; Aj; 41.2/106.5. 

Figs. 20-22. Areosphaeridium diktyoplokum (Klumpp) Eaton, Wulagen Formation (E2w). 

20. QF-86; A3; 51.4/96.5. 
21. QF-86; As; 47.3/109.4. 

22. QF-86; Ao; 39.4/109.5. 





PLATE 6, figs. 1-24. 

All figures x 500. 

Figs. 1-3. Areosphaeridium fenestratum Bujak, Wulagen Formation (E2w). 

1. QF-86; Aq; 52.3/98.1. 

2. QF-86; A3; 51.4/96.6. 

3. QF-86; G3; 35.8/95.0. 

Figs. 4,5. Areosphaeridium multicornutum Eaton, Wulagen Formation (E2w). 

4. QF-86; Ag; 49.3/98.2. 

5. QF-86; A3; 46.3/99.7. 

Figs. 6,7. Diphyes colligerum (Deflandre and Cookson) Cookson, Wulagen Formation (E2w). 

6. QF-86; Az; 47.5/107.8. 

7. QF-86; Go; 32.8/113.6. 

8. Diphyes cretaceum Yu and Zhang, Kukebai Formation (K2k), WG-14; A»; 39.5/104.6. 

9. Distatodinium ellipticum (Cookson) Eaton, Wulagen Formation (Exw), WG-63; As; 27.8/97.8. 

10. Hystrichokolpoma cinctum Klumpp, Bashibulake Formation (E3b), QF-94; Aj; 40.8/102.8. 

Figs. 11,12. Hystrichokolpoma granulata Eaton, Wulagen Formation (E2w). 

11. QF-86; As; 51.0/104.4. 

12. QF-82; Aq; 43.4/107.9. 

Figs. 13,14. Hystrichokolpoma rigaudiae Deflandre and Cookson, Wulagen Formation (Ew). 

13. QF-86; A»; 50.8/97.6. 

14. QF-86; As; 55.3/95.8. 

15. Hystrichokolpoma salacium Eaton, Wulagen Formation (E2w), QF-86; G3; 30.0/108.1. 

16. Hystrichokolpoma sp. cf. H. unispina Williams and Downie, Wuyitake Formation (K2w), WG-31; 

Ag; 46.6/99.8. 

17. Hystrichosphaeridium salpingophorum Deflandre, emend. Davey and Williams, Wulagen Forma- 

tion (E2w), QF-86; As; 49.6/95.0. 

Figs. 18,19. Hystrichosphaeridium (?) stellatum Maier, Kukebai Formation (Kok). 

18. WG-20; Aq; 39.0/104.1. 

19. WG-20; Aq; 47.8/100.8. 

20. Hystrichosphaeridium tubiferum (Ehrenberg) Deflandre, Wulagen Formation (E2w), QF-82; Aj; 

50.2/101.4. 

21. Hystrichosphaeridium tubiferum subsp. brevispinum (Davey and Williams) Lentin and Williams, 

Qimugen Formation (E;q), QF-43; Az; 32.7/108.9. 

22. Litosphaeridium siphoniphorum (Cookson and Eisenack) Davey and Williams, Kukebai Formation 

(Kok), WG-20; Aq; 44.0/107.4. 

Figs. 23,24. Oligosphaeridium complex (White) Davey and Williams, Kukebai Formation (Kok). 

23. WG-16; Ag; 28.9/109.5. 
24. WG-20; Aq; 37.0/99.6. 





PLATE 7, figs. 1-25. 

Allfigures x 500. 

1. Oligosphaeridium sp. cf. O. irregulare (Pocock) Davey and Williams, Wulagen Formation (E2w), 

QF-82; Aj; 39.4/93.7. 

Figs. 2-6. Oligosphaeridium pulcherrimum (Deflandre and Cookson) Davey and Williams, Kukebai 

Formation (Kok). 

WG-10; Ag; 47.0/110.2. 
WG-20; Aq; 42.0/105.0. 

WG-20; Aj; 40.3/108.4. 
WG-20; Aj; 40.6/106.4. 
WG-20; Ag; 40.3/101.1. Din bw 

Figs. 7,8. Surculosphaeridium sp., Wulagen Formation (E2w). 

7. QF-86; As; 45.5/109.8. 
8. QF-86; Aq; 46.7/97.6. 

Figs. 9,10. Systematophora ancyrea Cookson and Eisenack, Wulagen Formation (E2w). 

9. QF-82; Ai; 50.5/105.4. 

10. QF-82; Ag; 43.4/104.2. 

11. Tanyosphaeridium salpinx Norvick, Wulagen Formation (E2w), QF-86; As; 49.9/101.2. 

Figs. 12,13. Tanyosphaeridium sp. A, Wulagen Formation (E2w). 

12. QF-86; As; 47.2/101.4. 

13. QF-86; Ag; 40.4/100.5. 

Figs. 14,15. Tanyosphaeridium sp. B, Wulagen Formation (Ew). 

14. QF-86; Ag; 40.4/100.5. 

15. QF-86; As; 53.0/102.8. Specimen showing the hinged operculum of apical plate. 

16. Cleistosphaeridium diversispinosum Davey et al., Bashibulake Formation (E3b), WG-70; Aq; 

49.5/103.7. 

Figs. 17,18. Cleistosphaeridium (?) multifurcatum (Deflandre) Davey et al., Wulagen Formation (Ew). 

17. QF-86; A4; 47.0/100.7. 

18. QF-86; Aq; 48.5/101.0. 

19. Cleistosphaeridium(?) multispinosum (Singh) Brideaux, Kukebai Formation (K2k), WG-14; Ao; 

40.6/104.9. 
20. Cleistosphaeridium perforoconum Yun, Kukebai Formation (K2k), WG-20; A4; 42.5/98.6. 

Figs. 21-23. Cleistosphaeridium radiculopsis sp. nov., Wuyitake Formation (K2w). 

21. Holotype, WG-31; Ay; 39.8/102.4. Specimen showing operculum detached. 

D2 WG-3 AG: 53.7/95.2- 

23. Paratype. WG-31; Aj; 37.5/109.1. 

Figs. 24,25. Florentinia cooksoniae (Singh) Duxbury, Wuyitake Formation (K2w). 

24. WG-31; Aj; 51.3/102.6. 
25. WG-31; Az; 37.8/98.1. 
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PLATE 8, figs. 1-26. 

All figures x S00. 

|. Florentinia deanei (Davey and Williams) Davey and Verdier, Wuyitake Formation (K2w), WG-31; A>; 

45.2/100.5. 

Figs. 2-5. Florentinia laciniata subsp. propria subsp. nov., Wulagen Formation (E2w). 

2. Holotype, QF-86; As; 56.4/101.8. 
3. QF-86; A; 39.0/105.0. 

4. Paratype, WG-63; A; 36.4/100.0. Three specimens showing the combination archeopyle formed by 

the loss of apical and precingular 3” plates. 

5. QF-86; Az; 47.6/108.0. Specimen showing the apical plates detached and the precingular 3” attached. 

Figs. 6-8. Florentinia mantellii (Davey and Williams) Davey and Verdier, Kukebai Formation (Kok). 

6. WG-20; Aj; 44.0/99.3. 
7. WG-20; Aq; 48.0/109.2. 
8. WG-20; A; 40.5/105.7. 

Figs. 9,10. Homotryblium abbreviatum Eaton, Wulagen Formation (E2w). 

9. QF-86; As; 45.0/97.3. 

10. QF-86; Aq; 52.3/98.5. 

Figs. 11,12. Homotryblium pallidum Davey and Williams, Wulagen Formation (E2w). 

11. QF-82; Aq; 43.5/104.3. 

12. QF-86; Aq; 49.3/101.3. 

Figs. 13,14. Homotryblium tenuispinosum Davey and Williams, Wulagen Formation (E2w). 

13. QF-86; As; 46.6/98.7. 

14. QF-86; As; 51.6/103.1. 

15. Alisocysta circumtabulata (Drugg) Stover and Evitt, Qimugen Formation (E;q), QF-43; Aq; 

36.9/102.2. 
16. Schematophora speciosa Deflandre and Cookson, Wulagen Formation (E2w), WG-63; Ao; 29.7/97.5. 

Figs. 17-20. Batiacasphaera hystrieosa sp. nov., Wulagen Formation (E2w). 

17. WG-63; A3; 34.4/110.2. 

18. Holotype, WG-63; Aj; 37.3/109.6. 

19. Paratype, WG-63; A»; 35.0/107.2. 

20. WG-63; As; 27.3/97.3. Apical view. 

Figs. 21,22. Sentusidinium stipulatum sp. nov., Wulagen Formation (E2w). 

21. QF-82; Ay; 52.6/93.2. 

22. Holotype, QF-82; As; 43.7/100.8. Specimen showing the operculum (apical plates) attached. 

23. Trigonopyxidia ginella (Cookson and Eisenack) Downie and Sarjeant, Qimugen Formation (Eq), 

QF-43; Aq; 52.4/98.7. 

24. Wallodinium anglicum (Cookson and Hughes) Lentin and Williams, Kukebai Formation (Kok), 
WG-14; Aq; 43.0/97.9. 

25. Wallodinium lunum (Cookson and Eisenack) Lentin and Williams, Kukebai Formation (Kok), 

WG-13; Az; 47.5/105.3. 
26. Polysphaeridium subtile Davey and Williams, Wulagen Formation (E2w), QF-86; As; 44.1/92.3. 
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PLATE 9, figs. 1-16. 

All figures x 500 unless otherwise stated. 

Figs. 1,2. Alterbidinium emulatum sp. nov., Kukebai Formation (Kok). 

1. Holotype, WG-18; Ao; 40.5/98.4. 

2. Paratype, WG-18; Az; 42.0/99.3. 

3. Ceratiopsis albertii (Corradini) Lentin and Williams, Wulagen Formation (E2w), WG-63; As; 

36.2/99.5. 

Figs. 4,5. Ceratiopsis depressa (Morgenroth) Lentin and Williams. 

4. Bashibulake Formation (E3b), WG-72; Aj; 20.5/101.3 ( x 730). 

. Wulagen Formation (E2w), QF-86; As; 48.6/111.6. 

. Ceratiopsis leptoderma Vozzhennikova, Bashibulake Formation (E3b), WG-70; Ag; 47.4/103.8. 

. Ceratiopsis sibirica (Vozzhennikova) Lentin and Williams, Qimugen Formation (E2q), QF-45; Gi; 

49.2/104.0. 
9. Ceratiopsis speciosa (Alberti) Lentin and Williams, Qimugen Formation (Eq), QF-49; Ao; 42.0/98.2. 

5 

6. Ceratiopsis diebelii (Alberti) Vozzhennikova, Wulagen Formation (E2w), WG-63; Aq; 27.0/108.4. 
7 

8 

Figs. 10-12. Ceratiopsis speciosa subsp. elongata subsp. nov., Qimugen Formation (E)q). 

10. Holotype, QF-49; Ay; 45.7/104.0. 

11. Paratype, QF-51; Ai; 19.0/106.2. 

12. QF-43; Ao; 43.5/93.3. 

13. Ceratiopsis speciosa subsp. glabra (Gocht) Lentin and Williams, Qimugen Formation (E;q), QF-51; 

Ai; 20.0/105.3. 

14. Ceratiopsis sp., Bashibulake Formation (E3b), WG-72; Aj; 31.9/103.0. 

15. Chatangiella serratula (Cookson and Eisenack) Lentin and Williams, Kukebai Formation (Kok), 

WG-18; Az; 45.6/96.4. 

16. An operculum (both perioperculum and endo-operculum) of Deflandrea (possibly comparable with 

D. andromiensis Vozzhennikova), Qimugen Formation (E\q), QF-51; Aj; 25.2/104.8, showing the broad 

hexagonal intercalary 2a plate and its granulate wall surface. 
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PLATE 10, figs. 1-15. 

Allfigures x 500. 

1. Deflandrea andromiensis Vozzhennikova, Qimugen Formation (Eq), QF-49; A3; 45.0/107.2. 

2. Deflandrea sp. cf. D. arcuata Vozzhennikova, Bashibulake Formation (E3b), WG-70; A3; 46.0/103.1. 

3. Deflandrea granulata Menendez, Bashibulake Formation (E3b), WG-72; Ao; 28.1/98.7. 

Figs. 4-6. Deflandrea intrasphaerula sp. nov., Bashibulake Formation (E3b). 

4. Holotype, WG-74; Ao; 44.8/108.0. 

5. Paratype, WG-70; Ajo; 41.4/104.4. 

6. WG-74; Ag; 40.5/100.4. 

Figs. 7-10. Deflandrea musculopsis sp. nov. 

7. Wulagen Formation (E2w), QF-86; A; 52.8/100.0. 

8. Holotype, Wulagen Formation (E2w), QF-86; As; 52.1/97.1. 

9. Wulagen Formation (E2w), QF-86; As; 53.7/99.5. 

10. Paratype, Qimugen Formation (E)q), SM-77; Ao; 34.0/107.4. 

Figs. 11,12. Deflandrea oebisfeldensis Alberti, Qimugen Formation (E)q). 

11. QF-49; Aj; 45.0/109.3. 
12. QF-49; Aj; 50.5/98.8. 

Figs. 13-15. Deflandrea phosphoritica subsp. phosphoritica Eisenack. 

13. Wulagen Formation (E2w), WG-63; Aj; 43.0/111.1. 

14. Bashibulake Formation (E3b), WG-72; A; 43.0/104.1. 

15. Bashibulake Formation (E3b), WG-74; Ay; 47.1/101.9. 
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PLATE 11, figs. 1-26. 

All figures x 500 unless otherwise stated. 

Figs. 1,2. Deflandrea robusta Deflandre and Cookson, Bashibulake Formation (E3b). 

1. WG-72; A3; 46.3/102.8. 

2. WG-77; Aj; 45.2/104.6. 

Figs. 3,4. Diconodinium multispinum (Deflandre and Cookson) Eisenack and Cookson, emend. Morgan, 

Kukebai Formation (Kk). 

3. WG-13; Bi; 44.4/99.7. 
4. WG-13; Bo; 11.8/100.0. 

5. Diconodinium pelliferum (Cookson and Eisenack) Eisenack and Cookson, emend. Morgan, Kukebai 

Formation (K2k), WG-13; By; 45.2/104.6. 

Figs. 6,7. Eucladinium gambangense (Cookson and Eisenack) Stover and Evitt, Kukebai Formation 

(Kok). 

6. WG-24; Ao; 48.5/100.2. 
7. WG-18; Ao; 41.5/99.3. 

Figs. 8-10. Eurydinium eyrense (Cookson and Eisenack) Stover and Evitt, Kukebai Formation (Kok). 

8. WG-18; A3; 46.0/103.8. 

9. WG-18; Ao; 45.5/100.6. 

10. WG-18; Ao; 47.5/103.8. 

11. Eurydinium ingramii (Cookson and Eisenack) Stover and Evitt, Kukebai Formation (K2k), WG-18; 

A3; 47.2/104.2. 

Figs. 12-14. Eurydinium raijae (Kjellstrom) Stover and Evitt, Kukebai Formation (Kok). 

12. WG-18; A3; 45.4/105.1. 

13. WG-18; Ao; 37.2/99.8. 

14. Holotype, WG-18; Az; 40.3/99.2. Specimen showing the hinged operculum. 

Figs. 15-17. Eurydinium tempestivum sp. nov., Kukebai Formation (Kk). 

15. WG-18; Aj; 45.0/106.2. 

16. Paratype, WG-18; Az; 43.0/94.2. Specimen showing the hinged operculum. 

17. Holotype, WG-18; Az; 47.6/102.3. 

18. Isabelidinium acuminatum (Cookson and Eisenack) Stover and Evitt, Kukebai Formation (Kok), 

WG-20; Ag; 49.7/109.6. 

19. Isabelidinium cooksoniae (Alberti) Lentin and Williams, Kukebai Formation (K2k), WG-24; Aj; 

42.3/111.5. 

20. Isabelidinium korojonense (Cookson and Eisenack) Lentin and Williams, Kukebai Formation (Kk), 

WG-18; Ao; 43.6/100.0. 

Figs. 21-23. Lentinia serrata Bujak, Bashibulake Formation (E3b). 

21. WG-75; Aj; 48.3/104.0. 
22. WG-72; Ao; 29.5/102.1 ( x 700). 
23. WG-72; Az; 40.0/98.6. 

24. Lentinia serrata Bujak, Qimugen Formation (E;q), SM-77; Ag; 23.5/103.7. 

Figs. 25,26. Trithyrodinium evittii Drugg, Kukebai Formation (Kok). 

25. WG-18; Az; 43.5/101.7. Specimen showing the 3I endopyle formed by loss of three intercalary plates. 

26. WG-13; Ac6; 50.0/100.2. Specimen showing the periphragm attached to endophragm and the 

attached opercula of 3I plates. 





PLATE 12, figs. 1-28. 

All figures x 500 unless otherwise stated. 

Figs. 1-4. Trithyrodinium sabulum sp. nov., Kukebai Formation (Kok). 

1. WG-13; Bi; 48.9/100.0. Specimen showing the opercula (plates | to 3a) remaining attached ( x 700). 

2. Paratype, WG-13; Aj; 29.8/105.8. Specimen showing the 31 archeopyle with la and 3a free, 2a 

remaining attached. 

3. WG-18; Az; 43.5/101.2. 

4. Holotype, WG-13; Bo; 39.1/107.2. Specimen showing the opercular plates | to 3a remaining attached 

( x 700). 

Figs. 5,6. Palaeocystodinium golzowense Alberti. 

5. Bashibulake Formation (E3b), WG-77; Ag; 27.6/98.8. 

6. Wulagen Formation (E2w), QF-86; Aj; 45.0/100.4. 

7. Bellatudinium fusum Mao and Yu, Wuyitake Formation (K2w), WG-31; Az; 39.2/99.1. 

8. Luxadinium sp., Kukebai Formation (K2k), WG-24; Ao; 40.8/114.8. 

Figs. 9-12. Palaeohystrichophora granulata sp. nov., Kukebai Formation (Kok). 

9. Paratype, WG-13; Bi; 47.5/104.0. 

10. WG-13; By; 38.8/104.8. 

11. Holotype, WG-13; By; 37.9/104.5. 

12. Wuyitake Formation (K2w), SM-60; A3; 44.4/99.6. 

Figs. 13-16. Palaeohystrichophora infusorioides Deflandre, Kukebai Formation (Kok). 

13. WG-13; By; 43.2/99.3. 

14. WG-13; Az; 28.9/94.2. 

15. WG-18; Ao; 46.8/96.2. Specimen showing the archeopyle of (313P). 

16. WG-18; As; 41.1/112.3. 

17. Palaeoperidinium cretaceum Pocock, Wuyitake Formation (K2w), SM-60; Az; 43.4/106.5. 

18. Palaeoperidinium sp. A, Qimugen Formation (E;q), QF-43; Ao; 45.8/97.5. 

19. Palaeoperidinium sp. B, Bashibulake Formation (E3b), WG-74; A3; 37.2/108.3. 

Figs. 20,21. Subtilisphaera pirnaensis (Alberti) Jain and Millepied. 

20. Yigeziya Formation (K2y), SM-60; Aj; 41.4/98.2. 

21. Kukebai Formation (K2k), WG-13; B); 41.7/110.3. 

22. Subtilisphaera scabrata Jain and Millepied, Kukebai Formation (K2k), WG-13; Bz; 48.2/112.8. 

Figs. 23-25. Subtilisphaera senegalensis Jain and Millepied. 

23. Kukebai Formation (Kok), WG-14; A); 41.1/106.3. 

24. Yigeziya Formation (K2y), SM-60; Ao; 44.2/111.3. 

25. Kukebai Formation (K2k), WG-13; By; 50.3/101.8. 

Figs. 26,27. Apectodinium paniculatum (Costa and Downie) Lentin and Williams, Wulagen Formation 

(Eow). 

26. QF-79; Aj; 9.5/106.2. 

27. QF-79; Aj; 26.4/100.4. 

28. Kisselovia(?) clathrata (Eisenack) Lentin and Williams, Bashibulake Formation (E3b), WG-72; Ao; 

25.0/103.7. 





PLATE 13, figs. 1-11. 

All figures x 500. 

1. Kisselovia coleothrypta (Williams and Downie) Lentin and Williams, Bashibulake Formation (E3b), 

WG-72; Ao; 25.0/103.7. 

Figs. 2-4. Kisselovia fusiformis sp. nov., Bashibulake Formation (E3b). 

2. Paratype, WG-77; Aj; 48.0/95.3. 

3. Holotype, WG-77; Aj; 28.6/97.6. 

4. WG-77; Ao; 50.5/102.2. 

Figs. 5-10. Kisselovia wulagenensis sp. nov., Wulagen Formation (E2w). 

5. Paratype, WG-63; Aj; 29.4/94.5. 

6. Holotype, WG-63; Ao; 35.3/101.6. 

7. Paratype, WG-63; As; 30.5/101.5. 

8. WG-63; As; 43.5/94.3. 

9 
l 

. WG-63; Gi; 28.0/93.8. 
0. WG-63; G3; 41.2/103.3 

11. Rhombodinium draco Gocht, Wulagen Formation (E2w), QF-86; Aq; 7.5/102.4. 
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PLATE 14, figs. 1-7. 

All figures x 500. 

Figs. 1-3. Rhombodinium draco Gocht. 

1. Bashibulake Formation (E3b), QF-94; Aj; 47.2/98.9. 

2. Wulagen Formation (E2w), QF-86; A3; 43.5/103.2. 

3. Bashibulake Formation (E3b), WG-72; Ay; 19.7/102.5. 

4 . Rhombodinium longimanum Vozzhennikova, Bashibulake Formation (E3b), WG-72; Az; 47.9/99.5. 

Figs. 5,6. Wetzeliella articulata Eisenack, Bashibulake Formation (E3b). 

5. WG-72; Ag; 49.0/93.0. 

6. WG-74; A3; 36.6/101.8. 

7. Wetzeliella articulata Eisenack, Wulagen Formation (E2w), WG-63; G2; 26.8/98.4. 
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PLATE 15, figs. 1-21. 

All figures x 500. 

Figs. 1,2. Wetzeliella crassa sp. nov., Wulagen Formation (E2w). 

1. Holotype, QF-79; Aj; 45.0/101.7. 

2. Paratype, QF-79; Aj; 40.4/99.3. 

Figs. 3,4. Wetzeliella gochtii Costa and Downie, Bashibulake Formation (E3b). 

3.. WG-72; Ag; 52.5/100.6. 
4. WG-72; Aj; 45.6/100.1. 

5. Wetzeliella hampdenensis Wilson, Bashibulake Formation (E3b), WG-72; Az; 51.1/100.6. 

Figs. 6,7. Wetzeliella sp. A, Wulagen Formation (E2w). 

6. WG-63; Ag; 35.4/102.4. 

7. WG-63; Aj; 27.6/100.3. 

Figs. 8-13. Talimudinium scissurum sp. nov. 

8. Wuyitake Formation (K2w), SM-60; Ao; 46.5/106.8. Specimen with the operculum detached. 

9. Yigeziya Formation (K2y), SM-60; Aq; 42.5/108.8. 

10. Yigeziya Formation (Ky), paratype, SM-60; Ag; 39.9/109.5. 

11. The same specimen as fig. 10, showing the low sutural ridges. 

12. Yigeziya Formation (K2y), holotype, SM-60; A4; 40.8/102.5. Specimen with operculum free. 

13. Kukebai Formation (K2k), WG-13; B,; 48.4/110.9. 

Figs. 14-16. Phelodinium anisos sp. nov., Qimugen Formation (E;q). 

14. Paratype, QF-47; Ao; 26.8/96.5. Specimen with the operculum attached. 

15. QF-49; Aj; 44.9/104.1. 

16. Holotype, QF-49; A3; 43.0/107.7. 

17. Phelodinium pachyceras Liengjarern, Costa, and Downie, Bashibulake Formation (E3b), WG-77; 

At; 46.3/96.5. 

Figs. 18,19. Phelodinium pumilum Liengjarern, Costa, and Downie. 

18. Bashibulake Formation (E3b), WG-75; 48.4/106.9. 

19. Wulagen Formation (E3w), QF-86; A3; 47.4/103.0. 

Figs. 20,21. Lejeunecysta hyalina (Gerlach, emend. K jellstrom) Artzner and Dorhofer. 

20. Wulagen Formation (E2w), WG-63; Aj; 32.2/97.9. 

21. Qimugen Formation (Eiq), QF-49; A3; 40.6/105.8. 





PLATE 16, figs. 1-25. 

All figures x 500. 

1. Lejeunecysta sp., Qimugen Formation (E;q), QF-43; Az; 43.0/106.3. 

Figs. 2,3. Sumatradinium hispidum (Drugg) Lentin and Williams, Wulagen Formation (E2w). 

2. WG-63; Ao; 39.7/97.6. 

3. WG-63; Ao; 40.2/101.0. 

Figs. 4-6. Pseudoalterbia concinna sp. nov., Kukebai Formation (Kk). 

4. Holotype, WG-18; Az; 46.0/97.2. Ventral view. 

5. Paratype, WG-18; As; 43.7/95.5. Ventral view. 

6. WG-18; Ao; 49.2/106.8. Ventral view, specimen with operculum hinged. 

Figs. 7-11. Xuidinium laevigatum sp. nov., Qimugen Formation (Eq). 

7. Paratype, QF-43; A4; 18.3/102.8. Specimen showing the operculum falling inside the cyst cavity. 

8. SM-77; Ao; 38.0/96.7. Specimen with opercular plates | to 3a attached. 

9. QF-43; Ag; 40.3/104.6. Specimen with operculum (2a) attached. 

10. Holotype, SM-77; Aj; 39.7/101.8. 

11. Paratype, QF-43; Az; 43.6/98.7. Two specimens showing the operculum inside the cyst cavities. 

12. Thalassiphora bononiensis Corradini, Wulagen Formation (E2w), WG-63; A); 34.9/101.0. 

13. Thalassiphora delicata Williams and Downie, Wulagen Formation (E2w), QF-86; A3; 53.2/111.7. 

14. Thalassiphora patula (Williams and Downie) Stover and Evitt, Bashibulake Formation (E3b), QF-94; 

Az; 52.1/109.0. 

Figs. 15,16. Thalassiphora pelagica (Eisenack) Eisenack and Gocht, Wulagen Formation (E2w). 

15. WG-63; Ao; 26.1/98.5. 

16. WG-63; Ao; 38.5/100.8. 

17. Fromea staveia Elsik, Bashibulake Formation (E3b), WG-70; Ao; 39.0/106.7. 

Figs. 18,19. Granodiscus granulatus Madler. 

18. Bashibulake Formation (E3b), WG-70; Ag; 47.3/104.0. 

19. Wuyitake Formation (K2w), WG-31; Ao; 40.4/97.7. 

Figs. 20,21. Leiosphaeridia hyalina (Deflandre) Downie. 

20. Kukebai Formation (K2k), WG-20; Aq; 45.5/96.4. 

21. Bashibulake Formation (E3b), WG-77; A3; 46.5/109.0. 

Figs. 22,23. Micrhystridium sp. cf. M. castanium Valensi, Qimugen Formation (E;q). 

22. QF-43; Ao; 39.8/108.5. 

23. QF-43; Ao; 51.4/104.6. 

24. Pterospermella harti (Sarjeant) Eisenack, Kukebai Formation (K2k), WG-20; Aq; 42.5/104.5. 

25. Pterospermella australiensis (Deflandre and Cookson) Eisenack, Kukebai Formation (K2k), WG-13; 

Aj; 32.3/99.0. 
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