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SrivClst,W,l Scnish K 1')')'). DinoC)··.,[ bio,,[ra[igra[lh) of Santonian-r\laas[ricIHian ['orma[ions 01 [he Western Cull Coastal
Plclin. soulhern l ' ni[eu S['lle.,. Paiaeol)()!ciilisl 42(:\) 2'')-5fJ2.

This palynological investigation of Sanlonian-~-laastrichtian10rm,lIions of Texas. L'S..'\. consists of ,Ill exalllination of
82 outcrop ,;am[lles fl'Olll 19 s\I'<ltigra[lhic sections exposed in 9 counties in <l north-south trend from ahou[ Dallas to

Kinney The Austin Ch,llk Fmm<ltion. the T<l\'lor Grou[l. 'lnd Ihe lower N,IV<lrro Group are exalllined for palynoiogicli data.

Ivlost of the samples are rich in dinocy"t assemhlages. In a (olal 'lS.semhl"ge of 1('.3 palyn<lI11orrh srecies in ')') generel. 111
dinocyst srecies of 60 genera. 6 acritarch srecies of ') gener;l, and 4(, spore-rollen srec;e, of 55 gener,t are recognized
and [heir Slraligr;lphic di..;[rihulion doculllented. Sys[emalic desnirtions ami illuslr,nions 0[' all dinocysl ,1m[ ,Icri["rc!, taxa
are gin·n. Srore-[lol\en [,'Ixa occur s[lorcldiccilly in [he studied sections and thus are only lisled. illustrated. and [heir
occurrence.' nOled in tile lexl.

The slraligraphic distrihutlon of dinocyst s[lecies indicating the Sal1loni,ln ,lge can Ix: recognized hy til(' rresence or
Chalallgiella grcllZuli{e1'C/. C I'Uhllsw. C. sJX'cloh/lis. Pbelodilll/./IJI godlla/lIllI and Spillidilliul11 lall/llrlllIl11. The char,lcteris[ic
..;peeies of Call1[lanian ,Issemblage ,1\'(:: CClI1l1ospha(!l'UjJsis h.l'pemccllliho. C II IiJ'lI?J'ls is. Ceraliopsis SlIh'illadm. c.1Jal!al1giella
armata, C. /l'illialllsii. J)ICOIWdillillll/ mar/iCIIII/JJ1. Di1lUp,y11l1l1l11ll denllculalilm. n. ellclaeJlse. n. JlelsulleJl.w Impa,f.:/(lillillm
crislCllllln. /. miCl'UaJ'lJ7I1I1l. NUI/nlls/ia horusSlcCI. 7i'ih!as/llla IIli,lellSls ,1ml Xe1Jasclls f!.ochlii.

The elrpearanee 01' the following dinocy"l s[lecie', viz .. AlidalllsidlCl aciconlllio. Areo/(~era Sell()II(!IlSIS. C(!raliopsis
IIC11'arrialia. G'laphyrocys/a rdiill/ex/a. fe/ell/lecrs/a c!(!corillassCI, I.. hyCililla. 1.//()spbaeridilll11 jC'lIeslreCOI7/IIII.
PalCleocrs/udinillill alls/ralinlll11, Pbeludil/luJ11 /llclIspe ,tnd 'Ibalassiphura hOIl()JlieiISls in til<.' 1\la:Jstrichlian is signifioiH.

Pollen occurrence'.s indicate [hal the land Mea. \yes[ 01' [he Senunian ere'irie sea. W,IS terrigenous source in rllt'
~anIOlll,ln and the Lite' Jvlaas[ricllli,tn whereas Ihe land on Ihe CIS[ of the e[leiric SGl "'as Ihe source in [he Ctnlr'lnian.
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Text-figure I-M~r 01 Tex~s ~ho,,"lI1g , ppcr Crc·l.lcc·uu,' cle-pusi!.,
and sample collection localities.
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the same as described in the field trip guidebook (Powell.
1970).

Localizy D4, Dallas County-Lower and middle
members of the Austin Chalk exposed on the east bank
of Ten Mile Creek, 100-200 yards upstream from the
bridge of Pleasant Run Road, 1 mile north and 1 mile
east of DeSoto, Texas.

CRC 32131-1, lower chalk member, 18 fl above the
base of the section; -2, lower chalk member, 27 fl above
the base of the section; -3, lower chalk member, 30 ft
above the base of the section.

LocaliZY D5. Dallas County-Middle member of the
Austin Chalk exposed on the north hank of Ten Mile
Creek along Belt Line Road, 1/2 mile east of the Interstate
Highway 35E.

CRC 32133-1. middle chalk member, 5 ft above the
base of the section; -2, middle chalk member, 9-1/2 ft
above the base of the section; -3, middle chalk member,
11 ft above the base of the section; -4. middle chalk
member, 31 ft above the base of the section.

Locality D6, Dallas County-Middle member of the
Austin Chalk exposed in an abandoned quarry, 0.15
mile due north of R.]. Langdon home. 0.35 mile north
of the intersection of JJ Lemmons Road & Langdon
Drive, just north of Hutchins, Texas.

CRC 32134-1, base of the exposed section; -2,5 ft
above the base; -3, 14 ft above the base; -4, 20 ft above
the base; -5, 25 ft above the base; -6, 35 ft above the
base; -7, 40 ft above the base; -8, 48 ft above the base;
-9, 55 ft above the base; -10, 60 ft above the base.

Locality WA17, McLennan County-Lower chalk of
the Austin Chalk exposed in various quarries of the

MATERIAL AND METHOD

FREQUENT transgression-regression cycles of the Late
Cretaceous North American epeiric sea deposited marine
sequences in the western interior and the Gulf areas.
Subsidence and tectonism in the area formed
characteristic basins and developed structures for
hydrocarbon traps and reservoirs. Practically all stages
of North American Gulfian Series have produced oil
and gas (Murray, 1961; Stehli et al., 1972; Pratt, 1977)
and thus are important economically. Almosl all Gulfian
stages are exposed in Texas, providing an ideal
opportunity for biostratigraphic studies of the Upper
Cretaceous and an objective potential for regional
correlation of surface or subsurface continental and
offshore strata.

Foraminiferal biostratigraphy of the Gulfian Series
(Cushman, 1946; Pessagno, Jr., 1967, 1969; Longoria,
1984) provides a controlled zonation and determines
unconformities and hiatllses. Planktonic marine
dinoflagellates and other terrestrial or marine
palynomorphs have abundant and varied occurrences
in the sediments, providing a potential of fine zonation
and regional correlations. No comprehensive study of
Gulf Coastal Upper Cretaceous palynomorphs has been
published. Thus, a project for the study of Upper
Cretaceous palynomorphs of the Western Gulf Coastal
Plain was initiated. The palynological study of the
Cenomanian-Coniacian formations exposed in the
Western Gulf Coastal Plain has been completed
(Srivastava, 1991). This investigation consists of the results
of palynological biostratigraphy of the Santonian
Maastrichtian formations exposed in the Western Gulf
Coastal Plain.

Dinocysts dominate the palynomorph assemblages
recovered from these formations which have mainly
marine sediments. Systematic descriptions and
illustrations of all encountered dinocysts and acritarch
taxa are given to facilitate identifications. Spore-pollen
taxa are only listed and illustrated since terrestrial
palynomorphs have rare occurrences in these sediments.

Upper Cretaceous strata outcrop in a north-south
trend from about Dallas to Del Rio in Texas (Text
figure 1). Ninety-seven samples from 19 stratigraphic
sections of Santonian-Maastrichtian age were collected
in nine Texas counties. The relative stratigraphic positions
of the samples studied are shown in Text-figure 2. The
localities and other details of samples collected are
given below. The locality numbers given below are

"Note Locality 0-6 as marred out in the field trip gUidebook
has been destroyed by a freeway. 0-6 has been raken as a substitute,
See mar on p,lge A-35 of (he Guidebook (Powell. 1970). Middle
Austin is about 75 ft above the lOp cif 0-4 locality.
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Text-figure 2-0utcrop sections in Te:xas countie:, showing samrle:, colleete:d and Ilwir relalive stratigraphic posilions. Locality designations
are given in parentheses under sample series numhers. Locality designations are the same as given in the Field Trip Guidebook
(Powell, 1970)
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Atco Cemenl Comrany. located ahout I mile northeast
of Locality WA16

CRC 32145-], hase of the section (Eagle Ford)
(Samples 1-3 limestone pill: -2. 6 ft helow the Austin
and 19 ft ahove the hase of the section (Eagle ford);
-3. basal Austin. 25 ft above the hase of the section
(Austin Chalk. lower member): -4. 15 fl above the hase
of the section (Austin Chalk. lower memher): -5, 44 ft
above the base of the seclion (Austin Chalk. lower
memher): -6. 70 fl above the base of the section (Austin
Chalk, Imver memher) <Samrles 4-6 2nd pitl.

Locality D 11. J:"Ilis COllllty--Upper chaJk member
of the Austin Chalk :lOd the lower Taylor Clay exposed
just downstream from the spillway of Lake Waxahachie.
about 4 miles southeast of\X/:lxahachie, Texas. on Farm
Road H77

CEC:32139-1. base of the section (the Austin Chalk,
uprer member); -2.15 fl ahove hase of the section (the
Austin Chalk. upper member): -3. 26 ft ahove the hase
of the section (the Austin Chalk. uprer member): -4,
36 ft ahove the base of the section (the Austin Chalk.
upper member): -5. in the Taylor Group (slump block l;

-6. 4 ft ahove the IXlse of' the Taylor
I.ocality WA19, Trot'IS CO/l71ly--The upper Austin

Chalk and the lowermost Tay/o!" Clay exposed along
the west side of Little Walnut Creek. 200-300 yards
urstream from the US. Highway 290 bridge. east edge
of Austin, Texas.

CRC 32173-1. 10 ft above the base (the Dessau):
-2. 20 ft above the hase of the section (6 ft above the
Dessau in the l3urditt); -3. 26 ft above the base of the
section (12 ft above the Dessau in the l3urditt): -4. 46
ft above the base of the section (.3] ft ahove the Dessau
in the l3urditt); -5. 32 ft :lbove the base of the section
(18 ft ahove the Dessau in the 13urditt): -6. 59 ft ahove
the base of the section (1 ft above the hase of the
Taylor).

LocalityA25. Trouls COlll7ty--Uppermost Austin and
the lower T:lylor Clay exrosed in sharp bend of Little
\'{/alnul Creek, downstream from the bridge on Old
Manor Road, in east-central Austin. jusl west of the
U.S. 183 By-Pass.

CRC 32127-1, just below rhe section in Austin (2 ft
below the top); -2, hase of the T:lylor; -3, hase of the
Taylor (farther clownqream. les.s weathered); A. 3 ft
from the base of the lower Taylor Clay

Loutfily D7, Dallas Coul1ty--Upper memher of the
Austin Chalk and the lower Taylor Clay exposed in the
hed of Cottonwood Creek. \vestern edge of \X/ilmer,
Texas. Exrosure is :lhout 200 yards east of the old u.s.
Highway 75 bridge over Cottonwood Creek.

CRC 32135-1, 8 ft below the Taylor (the Austin):
-2, 3 ft below the Taylor (the Austin); -3, hase of the
Taylor: -4, 3 fl :Lhove the hase of the Taylor; -5. 3 flor
at the mOSl 4 ft ahove the hase of thl' Taylor (-5 is a

clarker hand at the same level as 4 J: -6, 6 fr above the
base of the Taylor.

Locality D8, Ellis COllllty--Parts of the Wolfe City
and the Pecan Gap formations exposed in road ditch
along east side of Andrews Road. approximately 800
feet south of its intersection with Slate Rock Road. 1.7
miles east of Bristol. Texas.

CRC 32136-1. 3 ft above the base of the Pecan
Gap: -2. hase of the Pecan Gap-jusl ahove the phosphatic
zone: -3, 9 ft ahove the hase of the section (1 ft below
the Pecan Gap); -4, 7 fl ahove the hase of the section
(3 ft helow the Pecan Gap).

Locality D9. tJlis CO/ll1tJ'--Part of the Upper
Taylor Clay exposed in the east-nowing gullies jusl
east of Andrews Road. about 2 miles south of Locality
D-H.

CRC 32137-1. 2 ft above the hase of the section:
-2, <) ft above the base of the section: -3, 16 ft above
the base of the section, -4. 26 ft ahove the base of the
section.

Locality D J0. Ellis CO/lnty--Part of the [m.ver Taylor
Clay exposed in an active quarry of the Barron Brick
Pit. located in the northern pan of Palmer, Texas.

CRC 32138-1. 22 ft ahove the hase of the section:
-2, 22 ft ahove the hase of the section; -3, 40 ft above
the hase of the section (top of the Cam pan ia n according
lO Pessagno. 1969J.

Locolily DW74, lvIcLemwn County-The Pecan Gap
Chalk exposed in the hed of l3ig Creek 0.5 mile
downstream from the hridge over the same creek. jusr
weSl of Marl. Texas.

CRC 32142-1. I ft just ahove the phosphatic zone:
-2, 2 ft above the hase: -3. '" ft above the base: -4, 5 ft
ahove the base.

Locality DW15. McLen non Countl'--The lower
Taylor Clay exposed along 80 feel high northwesl-facing
bank of Tradinghouse Creek, 1.6 airline miles east of
its confluence with Tehu:lcana Creek. and 1.2 airline
miles NNW of Harrison. Texas. which is east of \'{/aco
along the State Highway 6.

CRC 32143-1. 2 ft above the hase; -2, 27 ft above
the hase: -3, 51 ft above the base: -4. 64 ft ahove the
base.

I.ocalily A26, Trauis County--The Pecan Gap en
chalky shale exposed in the road cuts along rhe Old
Manor Road. I mile west of its junction \vith U.S. Highway
290. east of AUSlin.

CRC 3212H-1. I ft ahove the hase; -2. 3 ft above
the base; -3. 4-1/2 ft above the hase; Late Campanian
or Early tVlaastrichtian (probahly Early MaastrichtianJ.

Locolity DR28, Kinney Count,)'--The Upson CJay
exposed on south side of the F::lrm Road 1572 in the
curve of the road near Lindsey Creek crossing al1d
about 1.5 miles east of Spofford, Texas.

CRC 32175-1. 5 fl ahove the hase



SRIVASTAVA-OiNOCYST I:3IOSTRATIGRAPHY OF SANTONIAN-MAASTRICHTIAN FORMATIONS 253

PALYNOLOGIC BIOSTRATIGRAPHY AND
PALEOECOLOGY
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among similar forms Each ideOlifiecJ taxon inclucJing
acritarchs, spores, and pollen is illustrated hy at least
one example Distribution ranges of individual dinocyst
taxa are plotted hy their appearance, their dis:~ppcarancc,

and in alphabetical order of their names Spore-pollen
occurrences are notecJ under incJividual taxon listed
following dinocyst and acritarch descriptions.

The formations :-;tudied are correlated with European
st:lges and standard North American stages in Text
figure 3 indicating foraminiferal as:-;emblage zones and
:-;uhzones (Pessagno. 1969), and hiozones (Longoria.
1984). Santonian-Maastrichtian outcrops in Texas have
several missing stratigraphic intervals of various time
spans. Locally. the Coniacian is not repre::;eOled in
Waco-Dallas Counties (Pessagno, 1969). Similar hiatuses
occur at Santonian-Campanian and Maastrichtian
Danian boundaries. Another hiatus has been identified
in the upper part of Pessagno's (1969) Rup,o/rlmcCll7a
rCIO/)oLrunccma) su/)circul11l1odi/er suhzone (Text
figure .~)

LocaliLy DW12. Ncwarro COllnt)~The Corsicana
Cby of the Navarro Group exposed in an active quarry
of Corsicana Brick Company. 1 mile south of Corsicana.
Texas. along Farm Road 709.

CRC 32140-1, 12 ft ahove the base of the section:
-2, 12 ft above the hase of the section: -3. 20 ft ahove
the base of the section (ferruginous): -4. 19 ft ahove
the base of the section

LocalitV DW13, LimesLonc COllnLv--The Kemp Clay
of the Navarro Group exposed in drainage ditch ~l[ the
intersection of Farm Roads 27 and 73. 2.5 miles east of
Coolidge. Texas

CRC 32]41-1, 3 ft ahove the base: -2, 7 ft ahove
the base: -3, 10-l/2 ft above the base: -4, 3 ft ahove
the base (deeper in the hole than sample no. 1).

LOCClllLy DR27, Medina COllnt)~The Escondido
Formation exposed along the west Bank of Seco Creek
on the Rowe Ranch. 3 miles north of D'Hanis, and
west of Farm Road 1796

CRC 32174-1. 5 ft above the hase: -2, 10-112 fr
ahove the base; -3. 15 h above the base: -4, 19 ft above
the base.

LocalifV WA 18, Fa/ls County-The uppermost Kemp
Clay and the lowest Kincaid Formation exposed above
water level along the ,,-'est bank of the Br~lZOS River.
50-600 yards dmvnstream from Farm l~oad 413 hridge.
located about 8 miles southwest of Reagan. Texas.

CRC 32146-1. 25 ft below the contact (the Kemp
CLly, east bank): -2. 4-112 fr above the base of the
section (the Kemp Clay) and 1-1/2 ft belmv the contac\:
-3, 7 ft above the base of the section (the Kincaid
Formation-Danian ).

Palynomorphs were concentrated by convention:iI
processing techniques to eliminate carbonates, silicates.
and superfluous organic mauer from the samples by
dissolving them in dilute hydrochloric acid, hydrofluoric
acid, anc.I nitric acid successively. The residue sample.s
were washed after each acid treatment. Palynomorph.s
were cleaned by a weak solution (5%) of Calgon
detergent a nd further concentrated by pan ning the
residue and discarding superfluous organic maller The
residue was sieved through 20 11m nylon mesh and
severa I slides were prepared from the> 20 11m and <2()
11m residues.

For this study, at least 2 to 3 slides of each fraction
of a sample were examined to document palynomorph.~

present in a sample. In certain cases, several slick''''
were prepared and examined. The slides were :-;canne<l
with a Leitz Onhoplan microscope with Smith T
interference stage and 35 mm camera attachment. Certain
large specimens were photomicrographecl by Aristopl1l)1
on 4 x 5 inch neg,ttives.

Systematic descriptions of each identified dinocy.~l

taxon are given in this report. Diagnostic generic
characteristics are noted for easy reference to distingu ish
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The lithological boundary between the Austin Chalk
and the Taylor Clay formations has recently been
considered as time transgressive and vvithout hiatus at
certain localities (Marks & Stam, 1983). However,
Coniacian-Santonian fauna found in the lower Taylor
Clay may be reworked older fauna. particularly as
suspected in the Taylor Clay exposed at the Tradinghouse
Creek in McLennan County (Marks & Stam, 1983).
Frequent transgressions and regressions of the North
American inland sea created several hiatuses of various
time-srans and introduced shorr-interval re'working of
the older fauna or flora on younger derosits and have
created confusion in determining correct ages (Evitt.
1973)

The appearance and disarpearance levels of
individual taxon are considered significant for
determining their ranges in this report. Taxa occurring
above and belm:v hiatuses are assumed to occur during
the time of the missing interval. Taxa recognized and
documented in this report are listed below.

LIST OF PALYNOMORPH TAXA DOCUMENTED
IN THIS STUDY

Dinoflagellate Cysts

Acbomospbaera belE'roslylis (Heisecke) SlOver &. Evill 1978
Aclilalospbaeridium multispinO.'ulII William~ &. DOIvnie in DJ"cy el

al. 19()()
Aiora /el1es/rala (Dellandre &. Cooboo) Co"bon &. Eisenack 1960
Alclo/j/a dej7ane/rei (Clarke &. Verelier) Slover &. Evill 1978
A l1c1alusiella aciconw/a S.K. Sriva~l~va. O. sr.
A reoligem wrona/a (0. Welzel) Lejeune-CarrenliC'r 19:~B

A. sel10llellsis Lejeune-Carrenlier 1938
Baliacaspbaera scrobicula/a (Delbndre &. Cookson) Rurger 1980
Cal/godinillln amicllium Drugg 1970
Cellll1ill.gia colliueri Cookson'" Eisenack 1960a
C ret/cl.Ilella Cookson ex Eisenack 1960a
C sellol1ica Clarke", Verdier 1967
Cal1.l1.osphaeropsis hyperacClIl/ba Coobon ex Eisenack 1960h
C ut/llel1.sis 0 Wetzel 1933h
Cassiculospbaeridia ret/clltalCl Davey 1969a
Cera/iopsis l1.avarrial7a S. K. SrivaSla\'a. n. sr.
C sthaltl (Drugg) Lenlin &. Williams 1977

C suhquadra Comldini 1<)73
Cba/ell1giella annala (Cookson &. Eiscnack) Lenlin '" Williarll:> 1<)76
C grclI1L1/i/em (Manum) Len!in ex Willi<lms 1<)7)
C. roblls/a (Benson) SIO\·er ex Evil! 1978
C speclabihs C/\lbeni) Lenlin &. Williams 1976
C. vic/(mellsis (Cookson &. M~num) Lenlin &. William, 1976
C williamsii Yun 1981
Cleis/ospbaeridium aciwle/1'l! Davey 1969a
C. gigal'l/eum (Caro) SlOver &. Evill 1978
C. medi/errar/eum Corradini 1973
CorciospbartricliulI7 jfbro.,pinoslIl/7 Da\'ey &. William, in D,lvCy ci at.

1966
Coroni/em oceanica Cook'on &. Eisenack 1<))8
Craspedodini/.IIII indis/inc/II'11 Cooksun ex Eisenack 1974
Crihroperie/illillm edwards,i (Cuokson '" f'isenack) Daw)' 196%
Cvclonepbeli/ll/1 cas/C'lcCtSiC'/1sr? Corr:ldini 1973
C dislil1c/um Detlandrt' '" Cookson 19)5
Diconoclinium ma,-/ielnlllJl S. K. SriVaSlaVa, n. sp.

DinogVll7l1iuln aClln'tina/Lint Evitt. Clarke &. Verdier 1967
D. alber/Ii Clarke &. Verdier 1967
D. cemicltluIn Cookson &. Eisenack 1970
D. curm/um (Vozzllennikova) Leniin &. 'Williams 1973
D. del1/iCIIla/ull1 (Alberti) Evil'l. Clarkt' & Verdier 1967
D. digi//I/II (Delhndre) Evilt. Clarke &. Verdier J967
D. eiol1ga/ul11 !'vl<ly 1977
D. ellclael1se Cookson ex Eisenack 1970
D. iJe/erocos/a/ll/1/ (Detlaodrel Evill. Clarke &. VerJier 1967
D. kasachs/cmiclIl11 (Vol.7.llennikovCl 1 Lenlin &. Williams 1973
D. lemceolmum M'l)' 1977
D. /1/icro,QremliloSllIl1 Clarke &. Verdier 1967
D. Ileisollense <Cookson) E\'ill, CI'lrke &. Verdier 1967
[) rigaucliae l30llenllagen 197 7

() sihiricllll/ tVonllennikovJ) Lenlin &. Willi,lms 1973
D . .;IJhaerocephalulI/ (Voallennikov;tl Lenlin &. Williams 197.'\
ExociJospiJaericliwl'l hificllllll (Clarke &. Verdier) Davey 1969h
E. l11uelleri Yun 1901
/;'. pbragmiles Davey e/ al. in D:lve)' e/ al. ICl66
Flore1'l/inia ClcllII;Qera (DeJlandrcl D,lvey &. Verdier 197.'\
P. coo/~.\()/'Iiele (c. Singll) Duxhllr'Y 1980
F lactnialCl Da\'ey IX Verclier 1973
F mall/ellii (D,l\ey &. Williams) Davey &. Verdier 1973
F. resex Dave)' &. Verdier 1976
F. .)lel/a/a (MClier) [klo\\' 1982:1
Fromea alJlphura Cookson &. Eisenack 1958
F. apiculet/a (Cookson & Eisenack) SlOVer & f'vill 1978
Ctaphyrocys/a re/iill/c'x/a (Cookson) SlOVer &. Evitt 1978
f-/.1's/ricboclillilll1l jJlllchnl1l' Dellandre 19.'\)
Impagidinillm cris/a/lI1'11 (I'vlay) Leniin &. Williams 1981
Isabelidillillll1 miUfjamllll/1 (Mclnl)'re) Lenlio &. \\(Iilliam.' 1977h
KIr?ilhn'a.,phaeridiulI7 Io./Ji·ense D,lvey ex Verdier 197(,
Lal/(erJ/osphaeridillm lallosul1l ~'lorgel1l'o!1l 1966
LeiC'lIl'1ecys/CI c/C'coriI1C1S.'C7 S. K. Sriv~srava. n. sp.
L. byalilla (Gerlacll) Anmer &. Dbrllhfer 1978
U/uspbaeridillm .lenes/recol1l1/ll (M:lY) Lucas-Clark 1984
Li/os/Jhae/'idillm .'p. senslI Siein 198.~
1'v(al1ullliefla lalCl (Cookson &. Eisenack) BUjak &. Davies 1903
,l4emhrallilanlClcia Ot'alis Cooksoo &. Eisenack 1974
OdOIl/Uchi/il1a cosla/a Alheni emeoJ. Clarke &. Verclier 1967
O. opercula/a (0 Welzel) Deilandre in Dcilclndre &. Cookson 19))

(nOI illuStraled)
Oligo."phaeridium complexlIl11 (Wilite) Davey &. Willi~ms in Davey

el at 1966
OI,go.,phaeridiltll1 putcbe/'ril11l1l11 (D"ilandre &. Cookson) Davey &.

Williallls in Dave)1 e/ al. 1966
Operculodiniul/1 1I1C1ior J,lin & DUlia in Dutra", Jain 1980
PalaeocyslOdinium ('lu.>lralil1l117/ (Cookson) Lenlin & Williallls 1976
Palaeob.1's/ricbopbora il1jil..,orioicles Deilandre 1935
Palaeoperidiniurn creltlceum Pocock eX Dave)' 1970
Pbelodinium gadilCi1'll1m <Riegel) Hiegel & Sarjeanl 1982
P. IIwgl/ljicLlIl1 (Stanky) Slover &. Evitt 1978
P penwgolwlC' (Corradini) Slover &. Evill 1978
fJ. //'icwpe (0. Wetzel) SlOver &. Evil! 1978
Renidil1illm L'i/ilare (Cookson) Sluver &. Evill 1978
NOl/neslia homssica (Eisenack) Cookson &. Eisenc1ck 1961
Sel101/iaspbaera pro/rusa Clarke & Verdier 1967
Silicispbaera /C'/'()x (DeilanJre) Dav~y 8< Verdier 1976
Spinidinium densispilla/um St,lnley 1965
S. ecbi/loideum (Coobon &. I-:isenack) Lenlin &. \Xlilliallls 1976
S. lantenn/ll? Cookson &. Eisenack 1970
S. con//Xlc/U.' Cookson", Eisenack 197-1
S. rCII??OSU.' .<;uh~p. gracilis (Davey &. Williams) Lentin &. Williams 1973
S ramoslts suhsp. gral10membremaceus cD,lve)' '" Willi;.tms) Lenlin

&. Willi:lIns 1973
S. ramos/Is sllh.<;r. mlll/i17re"i.' (Davey &. \X1illiams) Lentin '" Williams

1973
S. re/lIlOS/IS (Ellrenhergl IVlantel1 11»4. suhsp. ramosus
S slIpparLis (Drllgg) Sarjeant 1970
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SP0l1g0dlllilllJ1 delllielise (Ehrenberg) Detlclndre 1936
Suhliltspbuera c'bell lklo'" 19K 1
SurClllmpbaeridllllJ1 IOl1gijllrUIIlllJ1 iFmionJ Davey 1'1 al in Davey

el al 1966
Tanyospbaendiul1/ regulare Davey IX William, in DJvcy el al 19(1(,

Thahls,ipbora hOl/omell"i, Corradlfli 1975
fnhlasluhl ulil1el1SI.' 0 \X! ew:, I 1935
Tnchodtrllllm caSlanell111 I Dctlandre) Clarke & Verdiel 1967
ji-lgollopv:ndia [jllwlla (Cookson & E,senJck) MJnulTI & Cookson

1964
Tnlhyrudllllul1I drU[;gll Stone 1973
T e/Jiltil Drugg 1977
\'(/al/odlrtlum IU1111111 (Cookson IX Eisenack) Lentin & Wilklll1S 197,5
Xel1ascus cemllOldes (Deflandre) Lentin & WilliJlf1s 1<)73
X f!.ocblJl I CorradJl1i) :--to\,el 8. EVilt 1<)78

Acritarchs

Ballispbaeridlum crame" C. Singh 1<)7 [
B in(ulalum Wall 196~

f-!orologiliel/a exlrema Cookson & Eisenack [962
iV1JcrhyslridiulrI exi/i1l111 Wall 196')
PalamfJages morulosa 0 Wetzel 1<)61
Plerospermel/a anSioielesii (Ioannldes el al ) S, K, Snvasrava 1984

Spores

AC'qlltlnradlies spl71ulosus(Cookson IX DetrmJnnJ Cookson & Denmann
1961

Appendlci,pu1'iles bilalemlts C Singh 1964
A. pOlomacensls Brenncl 196.)
Appemlic/spontes sp.
Call1arUZOl/OSpOnies CUnCIl1171" S, K. Snvastava 1<)72a
Cicatncoslsporites sp
C halld Dekouf1 & Sprumonl 19~'i

Echll1atlspuris le"idemls (Ball11eJ S. K :--nvastav,l 1972a
Cahul1lspunS bacancunwlus S. K. SrivastaVa 1972a
CIJosblSpora scul/ardnlna S. K S,.,vastava 1966
f-!amulallspons rugula/us (Couper) S K Srivastava 1972,1
Kuyltsponles sculatus Newlll,ln 196~

Pllus/spunles /nchopaptllusl/s (Thlergan) Delcoun & Sprumont 19~~

Retitrile"'s saxalilis S K Srivastava 1972a
Trilete spore
Uuaesponles sp.

Gymnosperm Pollen

Classopol/zs classunles Pflug [9').)

Eucommiidites sp.
Ruguhiuesiculiles I'eductus Pierce 1961

Angiosperm Pollen

Albempollemtes sp.
Aquilapollenites amplu; Stanley 1961a
A deltcatus Val' cullans Tschudy & Leopold 1971
Bolcbou/tmaepol/em/es I11miverrucalus Kedve., & Dlniz 1981
ComplexlOpollzs exzgua Chnstophcr 1979
EXlralriporopol/eniles fussulolrudens l'llug 19')3
Extremlpoll1s uersatil1s R Tschudy 197')
Margocolporiles cnhella/Us S K. SnvaSIJva 1972b
Margocolponle.\ sp, I
Margocolpomes sp 2
lv!morpollzs mll1nnus K.-urzsch 19')9
Pl7capollzs mczsa Chnstopher 1979
P retusus R Tschud)' 197')

I' rusltcus g. Tschudy 197')
PolvjJonnCl cnhraria S K. Srivastava 1969
Fro/eCicidUe., rei usus Anderson 1960
F thCllmunmi Anderson 1960
Nhoipile., cryfJ/Oj)Or1lS S. K S,.,vastJva 1972b
Santalaclle.' "mwr Chrisropher 1979
.l'lrla/opolll., 'p
Tncolj)f/es btam St;Jnley 196~

T micrumunus (Groot & Pcnny) C Singh 1971
T mwahil1s Leffingwell 1971
Tncolj)upolleniles cumpaclus Norton In Norton & Hall 1%9
Trieulp01'opollenites ajjluens (Stanley) SlOne 1973
Wudehollseicz spl11ata Stanley 1961b
Pollcn tetrad mcerlCie sedis

All formations studied here have marine sediments
with abundant dinoflagellate cysts, Spore-pollen
occurrences are sporadic. but their distribution indicates
terrigenous sources. North American Senonian epeiric
sea (Text-figure 4) extended from north to south.
separating Jand areas completely on its eastern and
western borders (Williams & Stelck, 197'), The terrestrial
flora on either side of the Senonian epeiric sea of North
America had discrete flora different from each other.
The western flora belonged to the Normapolles
phytogeoprovince and the eastern flora to the
Aquitapotlenites phyrogeoprovince (Tschudy, 1971:
Srivastava, 197R). The regression of the epeiric sea in
the Late Maastrichtian opened land areas connecting

Text-figure 4-~'lap of Nonh America shOWing 1.lnd and 'ea
distribution in the Middle Campanian (urter Wilhams & Srelck,

197'i)
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eastern and \vestern land areas of central North America.
The nora of the two phyrogeoprovinces intermingled
and the provincialism disintegrated (Srivastava. 1981)
at the end of the Cretaceous.

A single specimen of Aquilapolleniles amp/us was
found in the middle Austin Chalk Formation exposed
in Dallas County, indicating western land as the source
of terrigenous material in the Early Santonian. The
Campanian Taylor Clay Formation studied here yielded
spores-pollen of Normapolles province. The emergence
of Ozarks land in North Americll1 mid-Campanian
seaways (Text-figure 4) may have become a main
terrigenous source redepositing older microfossils such
as those of the Coniacian-Santonian in the Taylor Clay
(Marks & Stam. 1983) Late Maastrichtian pollen indicate
that the source of deposition was again from the
westward land of the Aquilapolleniles province. The
presence of Wodebollseia spi71ata in the Kemp Clay
indicates that sedimentation represents a Lancian age.

The dinocysts dominating the assemblages are Liseful
for biostratigraphy and zonation. Their distribution is
plotted by their first appearance (Text-figure 5), their
last appearance (Text-figure 6), and alpklbetically (Text
figure n. The specimens of Cassiculosphaeridia
reliculata, CraspedodiniuJ11 indistillctllln, Spinijeriles
compaetus, Subtilispbaera cbeil and V(l a/lodini1l11lIuI"IU111
appear to be re\vorked examples from the older strata
as their ranges do not extend in the Senonian.

CbalCllzgiella grcmlllzj"era, C robusla. C "pectabilis.
Di nogymn ill m kasachsla n iCt! 111, Phelodin ill 111
gaditanum and Spimdinillm lanternum indicate a
Santonian age. CIJatangiella granullfera. C victoriensis,
c.xoclJosphaeridilll1l bilidum and PalaeobystriclJophora
infusorioides are common in Santonian assemblages
studied here and those of northeastern Texas (Heine
in Thom pson el a/., 1991).

Ca n nosplJaeropsis IJyperaca ntha, C u Iinensis.
Cercztiopsis suhquadra, CIJatanp)ella armata, C
williams ii, Diconodinium martianum, Dinogymnium
denticulatum, D. sphaerocephalu11l, fmpagidinium
cristalum, l. microarmum. Membrcl11ilarnacia oualis,
Rottneslia borussica, Tnhlas/ula ll/inensis and Xenascus
gochtii indicate a Campanian age in this study.

The dinoflagellate flora intermixed 'vvorldwide during
the Campanian <lnd Early Maastrichtian due to
interconnected highstand seas. North American inland
sea (Text-figure 4) extended longitudinally joining the
Arctic Ocean in the north and the Gulf of Mexico in
the south. oIts eastward arm flooded the land south of
the Hudson Bay joining the Atlantic Ocean. The
palynomorph assemblage of this study has 30
dinoflagellate species common with the assemblages
recorded from northeast Texas (Zaitzeff & Cross, 197];
Heine in Thompson el al., 1991) and New Jersey, U.S.A.
(M<lY, 1980). Dinogymnium elongatu711 and D.

lanceolalum are reponed from Campanian-Early
Maastrichtian sediments of New Jersey (May. 1980) and
in this study. Their restricted occurrence in the t\Vo far
removed localities of the United States is rather difficult
to explain except that probably they have not been
recognized in other contemporaneous deposits of the
Senonian Il1land sea.

Canningia senonica. CarulOspbaeropsis utinensis,
ChalaJlgiella spectabilis. Cleislo"pbaeridiul11 aciculare,
Dinogvmnium spbaerocf!phalum, Phelodinium
magni/icllm, Phelodinium tricuspe and Spinidinium
echinoideum are common among Campanian-Early
Maastrichtian assemblages from nonhern and southern
areas of North American inland sea (Harland. 1973.
1977; Mclntyre, 1974; Harker el al., 1990: this study).

Aldor/ia deflandrei. Corclosphaeridium
ji"brospinosum. Coronifera oceanica, Cyclonephelium
dislinc/f./l1/. Dinogymnium acuminatllm. D. alIJerlii.
D. denliculatum. D. cligilum, D. euclaense, D.
beterocostatum, Florentinia resex, F. slella/a, Fromea
amphora. Clapbyrocysla reliintexta. Hystrichodinillm
pulchrum, Odonlocbilina costata, O. apercu lata.
Ollgospbaeridium complexlll11, 0 pulcberrimul11,
Palaeocyslodin iu 111 Clllsiralinum, PalaeohystricboplJora
infusorioides, Pa/aeop(!riclinium cre/acellm,
Senonia"phaera prolrusa. Spinidiniu11l echinoidf!um,
various Spiniferiles spp., Spongodinium delitie/lse.
Surculospbaeridium longiJurcatum. Tanyospbaeridium
regu/are, Trihlas/ula utinensis and Xenascus ceratio/des
occur commonly in Campani<ln-Early Maastrichtian
sediments of North American and Eura-African regions
(lVIillioud (>t aI, 1975; Jain & Millepiecl. 1975;
Boltenhagen. 1977: Davey. 1978; Ibuscher & Doubinger,
1982)

Areoligera coronata. A senonensis. Canningia
reticulala. C. senonica, Cannosphaeropsis ulinensis,
Cbatangiella granuliJera, C. spectabilis, C. vicloriensis,
CleistosplJaeridium aciculare, Dinogymnium alberlii,
D. curuatum, D. digitum, t:xochosplJaeridiu111
phragmites. [-fySlricbodinium pulclJrum, Impagidinill1n
cristalum, Isahelidinium microannum, Odontochitina
operculata, Oligosphaeridium complexum, O.
pulcherrimum, Spinidinium lanternum, Spiniferites
ramosus, Trichodinium caslCl1leum and Xenascus
ceratioides of the studied assemblages here also occur
in the Senonian assemblages from the southern Indian
Ocean at about latitude 60° South (Mao & Mohr, 1992).

Chalcmgiella uic/oriensis, Dinogymnill1n euclaense,
D. nelsonense. LxoclJosphaeridium phragmiles,
IsaIJelidiniul11 microarmum, Jl1anumiella lata,
Odontochitina costata, 0 operculata, Oligosphaeridiul1l
complexum, 0 pulchenimum, Palaeohystrichophora
inft lSOriO ides. Pbelodinium magni:ji"cum, SenoniasplJaera
prolmsa. Spinidimum echinoideum, S. lanternum,
Spini/erites ramosus, TricIJodinium castcmewn and
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iii ;::- iii ;::-

23 111

57 63 39 FLORENTINIA MANTELLII
58 10 10 FLORENTINIA RESEX
59 92 50 FLORENTINIA STELLATA
60 11 11 FROMEA AMPHORA
61 12 12 FROMEA APICULATA
62 46 104 GLAPHYROCYSTA RETIINTEXTA
63 13 13 HYSTRICHODINIUM PULCHRUM
64 84 98 IMPAGIDINIUM CRISTATUM
65 99 86 ISABELIDINIUM MICROARMUM
66 37 71 KLEITHRIASPHAERIDIUM LOFFRENSE
67 38 72 LANTERNOSPHAERIDIUM LANOSUM
68 47 105 LEJEUNECYSTA DECORINASSA
69 48 106 LEJEUNECYSTA HYALINA
70 49 107 LITOSPHAERIDIUM FENESTRECONUM
71 54 92 LITOSPHAERIDIUM SP. SENSU STEIN, 1983
72 100 87 MANUMIELLA LATA
73 101 88 MEMBRANI LARNAC I A OVALI S
74 14 14 ODONTOCHITINA COSTATA
75 15 15 ODONTOCHITINA OPERCULATA
76 16 16 OLIGOSPHAERIDIUM COMPLEXUM
77 17 17 OLIGOSPHAERIDIUM PULCHERRIMUM
78 93 51 OPERCULODINIUM MAJOR
79 50 108 PALAEOCYSTODINIUM AUSTRALINUM
80 18 18 PALAEOHYSTRICHOPHORA INFUSORIOIDES
81 19 19 PALAEOPERIDINIUM CRETACEUM
82 34 62 PHELODINIUM GADITANUM
83 35 63 PHELODINIUM MAGNIF~CUM

84 39 73 PHELODINIUM PENTAGONALE
85 51 109 PHELODINIUM TRICUSPE
86 64 40 RENIDINIUM VITILARE
87 85 99 ROTTNESTIA BORUSSICA
88 65 41 SENONIASPHAERA PROTRUSA
89 104 54 SILICISPHAERA FEROX
90 106 68 SPINIDINIUM OENSISPINATUM
91 66 42 SPINIDINIUM ECHINOIDEUM
92 107 69 SPINIDINIUM LANTERNUM
93 76 80 SPINIFERITES COMPACTUS *
94 20 20 SPINIFERITES RAMOSUS SUBSP. GRACILIS
95 21 21 SPINIFERITES RAMOSUS SUBSP. GRANOMEMBRANACEUS
96 22 22 SPINIFERITES RAMOSUS SUBSP. MULTIBREVIS
97 23 23 SPINIFERiTES RAMOSUS SUBSP. RAMOSUS
98 24 24 SPINIFERITES SUPPARUS
99 67 43 SPONGODINIUM DELITIENSE

100 77 81 SUBTILISPHAERA CHEIT
101 25 25 SURCULOSPHAE~IDIUMLONGIFURCATUM
102 26 26 TANYOSPHAERIDIUM REGULARE
103 52 110 THALASSIPHORA BONONIENSIS
104 78 ,82 TRIBLASTULA UTINENSIS
105 27 '27 TRICHODINIUM CASTANEUM
106 28 '28 TRIGONOPYXIDIA GINELLA
107 68 44 TRITHYRODINIUM DRUGGII
108 29 29 TRITHYRODINIUM EVITTII
109 53 111 WALLODINIUM LUNUM *
110 30 30 XENASCUS CERATIOIDES
III 86 100 XENASCUS GOCHTII

32

56

82

73

72

31

62

31 ACHOMOSPHAERA HETEROSTYLIS
45 ADNATOSPHAERIDIUM MULTISPINOSUM
59 AIORA FENESTRATA
32 ALDORFIA DEFLANDRE I

43 101 ANDALUSIELLA ACICORNUTA
1 AREOLIGERA CORONATA

102 AREOLIGERA SENONENSIS
83 BATIACASPHAERA SCROBICULAtA
33 CALIGODINIUM AMICULUM
55 CANNINGIA COLLIVERI

2 CANNINGIA RETICULATA
34 CANNINGIA SENONICA
84 CANNOSPHAEROPSIS HYPERCANTHA
74 CANNOSPHAEROPSIS UTINENSIS
52 CASSICULOSPHAERIDIA RETICULATA *

103 CERATIOPSIS NAVARRIANA
70 CERATIOPSIS STRIATA
75 CERATIOPSIS SUBQUADRA
76 CHATTANGIELLA ARMATA
56 CHATTANGIELLA GRANULIFERA
57 CHATTANGIELLA ROBUST~

60 CHATTANGIELLA SPECTABILIS
58 CHATTANGIELLA VICTORIENSIS
77 CHATTANGIELLA WILLIAMSII

3 CLEISTOSPHAERIDIUM ACICULARE
4 CLEISTOSPHAERIDIUM GIGANTEUM

46 CLEISTOSPHAERIDIUM MEDITERRANEUM
5 CORDOSPHAERIDIUM FIBROSPINOSUM

47 CORONIFERA OCEANICA
6 CRASPEDODINIUM INDISTINCTUM *
7 CRIBROPERIDINIUM EDWARDSII

89 CYCLONEPHELIUM CASTELCASIENSE
48 CYCLONEPHELIUM DISTINCTUM
93 DICONODINIUM MARTIANUM

8 DINOGYMNIUM ACUMINATUM
35 DINOGYMNIUM ALBERTII
36 DINGGYMNIUM CERVICULUM
37 DINOGYMNIUM CURVATUM
94 DINOGYMNIUM DENTICULATUM
61 DINOGYMNIUM DIGITUM
90 DINOGYMNIUM ELONGATUM
85 DINOGYMNIUM EUCLAENSE
64 DINOGYMNIUM HETEROCOSTATUM .
67 DINOGYMNIUM KASACHSTANICUM
91 DINOGYMNIUM LANCEOLATUM
65 DINOGYMNIUM MICROGRANULOSUM
78 DINOGYMNIUM NELSONENSE
95 DINOGYMNIUM RIGAUDIAE
38 DINOGYMNIUM SIBIRICUM
96 DINOGYMNIUM SPHAEROCEPHALUM

9 EXOCHOSPHAERIDIUM BIFIDUM
97 EXOCHOSPHAERIDIUM MUELLERI

53 EXOCHOSPHAERIDIUM PHRAGONITES
79 FLORENTINIA CLAVIGERA
66 FLORENTINIA COOKSONIAE
49 FLORENTINIA LACINIATA

55
87

3
4

88
5

89
6

7

40
90
79

8

59
60
61
80
33
41
98
69

105
42
94
74
81

9

83
103

75
95
91

109

110

3

1

2

33

22

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49

50
51
52
53
54
55
56

26
27
28
29
30

4
5
6 1

7 44
8 96
9 57

10 108
11 2

12 58
13 97
14 70
15 102
16 45
17 36
18 71
19
20
21

24
25

31
32

Text-figure 5-i\lph,t1ll'lll,tl I"'llllg o! diIlOl)''1 laX,l dOUlIlll'llll'd ill SailloIlJan-,v!aa,'lrichliall sc:dimc:nl.' of Tc:xa" "Ilmving lorresrondillg
serial numhers from Ihe "Firsr-Appearance" and "LaSI Occurrence" r,lllgl' chans for cros~ reference, T~xa marked \villl an ",(erisk (')
are considered here as re\'\'orked from olcler heds,

Xenascus ceratioides are common in the Campanian
assemblages studied here and those of the James Ross

Isbnd area. Antarctic Peninsula (Keating, 1992; Summer,
1992; Dolding, 1992: Wood & Askin, 1992; Smith, 1992),
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The following taxa appear in the Maastrichtian
sediments of the studied formations of Texas:
A ndalusieLLa acicornuta, A reoligera senonensis,
Ceratiopsis navarriana, Claphyrocysta retiintexla,
Lejeunecysta decorinassa, 1. hyaLina, Litosphaeridium
jenestreconum_ Palaeocystodinium austraLinum,
Phelodinium tricuspe and Thalassiphora hononensis.

Cordosphaeridium jihrospinosum, Dinogymnill1n
acuminatian, Odontochitina costata, o. operculata,
Palaeohystrichophora injusorioides, Phelodinium
tricuspe, Spinijerites ramosus, Trigonopyxidia gineLLa
and Xenascus ceratioides are common in Maastrichtian
assemblages studied here and those from northeast Texas
(Heine in Thompson el al., 1991). Early Maastrichtian
sediments of northeast Texas studied by Heine (in

Thompson et al., 1991) are not represented in the
sections studied here.

AreoLigera senonensis, Hystrichodinium pulchntm,
Odontochitina openulata, Palaeocystodinium
austraLinul11 ~lOd Trigonopyxidia gineUa are common
in the Maastrichtian assemblages studied here and those
of Europe (Wilson, 1971). Only three species of
Maastrichtian ~Issemblages studied here, viz., AreoLigera
coronata, A. senonensis and Cordosphaeridium
jihrospinosum occur in the Late Maastrichtia n assemblage
of Salzburg, Austria (Kuhn & Kirsch, 1992). Common
taxa with Maastrichtian assemblages studied here, those
from southern Sweden (Kjellstrbm, 1973) are: AreoLigera
senonensis, Cordosphaeridiul11 jibrospinosum,
Hystrichodinium pulchrum, Odontochitina operculata,
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asterisk l·) ;Ire considered here d~ reworked from older beds.

Oligospbaeridium complexum, Spiniferites ramosus and
Tanyospbaeridium regulare; and those from Denmark
(Hansen, 1977) are: Areoligera senonensis, Spiniferites
ramosus subsp. gracilis, S. l'amosus subsp.
granomembranaceus and S. supparus.

Brinkhuis and Zachariasse (988) studied dinocyst
assemblages across the Cretaceous-Tertiary boundary
at E[ Haria, northwest Tunisia and documented the
following taxa in the Maastrichtian sediments which
also Occur in Texan Maastrichtian assemblages studied
here : Areoligera senonensis, Ceratiopsis striata,
Cordospbaeridium jibrospinosum, Cyclonepbelium
castelcasiense, Dinogymnium acuminatum, Lejeunecysta
byalina, Palaeocystodinium australinum and
Pbelodinium magnificum. [t is interesting to note that

Dinogynmium spp. have not been reported in Late
Maastrichtian assemblages of northern high latitudes.

[n conclusion, the Santonian-Maastrichtian
dinoflagellate assemblages have a significant potential
for correlation and age determination of marine
sediments inter-regionally at long distances.

All the specimen slides are in the Palynology
Laboratory, Chevron Oil Field Research Company,
LaHabra, California, U.S.A.

SYSTEMATIC DESCRIPTION

Dinoflagellate cysts

Genus-A.chomosphaera Evitt 1963

1963 Acbomospbaera Evitt, p. 163.
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Type species-Achomosphaera ramulifera
(Deflandre) Evitt 1963 = Hystrlchosphaeridium
ramulijerum Deflandre 1937 (original
designation)

Remark~Achomosphaeraincludes proximochorate
to skolochorate cysts having a spherical body possessing
discrete processes with trifurcate and/or bifurcate tips
without distal interconnections. The outer wall surface
between thle processes is smooth to variously ornamented
with low relief features. It has a precingliJar archeopyle
and an obscurely discernible gonyalilacacean
para tabulation. Hafniasphaera may be congeneric to
Achomosphaera. Achomosphaera differs from Spinijerites
in lacking definite paraslltural features between the
bases of the processes.

Achomosphaera beterostylis (Heisecke) Stover &
Evitt 1978

PI. 1, figs 1, 2

1970 Hystrichosphaera heterostylis Heisecke, p. 238,
pI. 5, figs 1-4; pl. 6, figs 4-5.

1973 Spinijerites heterostylis (Heisecke) Lentin &

Williams, p. 129.
1978 Achomosphaera heterostylis (Heisecke) Stover &

Evitt, p. 138
Size measurements--Total length x breadth 61 x

54 ~m, body 35.5 x 34 ~m, proceSs length 14 ~m

(Heisecke, 1970); range of total length x breadth 55-74
x 55-65 ~m, body 35-44 x 32-33 ~m, processes 10-20
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.,slnisk l') are cOlbidered here .IS re"'or"ed I rom "Ilk:r heds.

llm long, and antapical process ]5-20 x 10-]2 llm
(Srivastava, ]99]),

Remark.'i--Achomosphaera heteros(ylis differs from
A. ramuli/era and A sagena in having a distinctly larger
antapical process than its other processes.

Previous records-Danian, Argentina (Heisecke, ]970);
Cenomanian-Coniacian, Texas, U.S,A. (Srivastava, 1991).

Genus--A.dnatosphaeridium Williams & Downie in Davey
et aL 1966

1966 Adnatosphaen'dium Williams & Downie in Davey
et al., p. 2]5.
Type species-Adnatosphaeridium vittatum

Williams & Downie in Davey ef al. 1966 (original
designation).

Remarks-Adnatosphaeridium consists of
skolochorate cysts having subspherical body with an
apical archeopyle and solid or hollow, tubular to funnel
fonn, intratabular processes connected distally by ribbon
like to fenestrate trabeculae. Adnatosphaeridium differs
from Glaphyrocysta in having a spherical body and
lacking the process-free areas.

Adnatosphaen'dium multispinosum Williams &
Downie in Davey et al. ]966

PI. 1, figs 3-5

] 966 Adnatosphaeridium multispinosum Williams &

Downie in Devey et at., p. 216, pI. 24, fig. 5; text
fig. 57
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Size measurements--Diameter of central body 44
71 ~m. process length up to 23 ~m (Williams & Downie
in Davey et al., 1966); overall diameter 75-101 ~m, body
49-75 ~m, process length 16-21 ~m in four specimens
of this study.

Previous records--Paleocene-Eocene, Europe and
Turkey (Williams & Downie in Davey et aI., 1966; Caro,
1973; de Coninck, 1975a; Jan du Chene et aI., 1975; Eaton,
1976; Bujak et aI., 1980; Erkmen & Sadek. 1981;
Herngreen. 1984).

Genus--Aiora Cookson & Eisenack 1960b

1960b Aiora Cookson & Eisenack, p. 9.
non-1978 Aiora Cookson & Eisenack ex Davey,

p.892.

Type species-A iora fenestrata (Deflandre &

Cookson) Cookson & Eisenack 1960b
Cannosphaeropsisfenestrata Deflandre & Cookson 1955
(original designation)

Remarks-As represented by the type species, the
genus Aiora has an ellipsoidal body with a thin smooth
membrane and several processes that are united distally
by thin, flattened and perforated trabeculae. Its
archeopyle position and paratabulation is uncertain
(Stover & Evitt, 1978)

Aiora fenestrata (Deflandre & Cookson) Cookson &
Eisenack 1960

Pl. 1, figs 6, 7
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1955 Cannosphaeropsisjenesll"ala Deflandre & Cookson,
p. 283, pl. 3, fig. 2.

1960 Atora jeneslrala (Defla ndre & Cookson) Cookson
& Eisenack, p. 9 (non pl. 2, figs 17, 18).
Stze measuremenls-Shell 64 x 64 11m, overall

diameter ca 128 11m (Deflandre & Cookson, 1955); over
all 70 x 57 11m in one specimen of this study.

Previous records-Senonian-Eocene. Senonian,
Australia (Deflandre & Cookson, 1955); Santonian
Early Maastrichtian, off southwestern Africa (Davey,
1978); Lower Tertiary, McMurdo Sound, Antarctica
(Wilson, 1967); Middle Eocene, DSDP Leg 29, off
Southeastern Australia and western New Zealand
(Haskell & Wilson, 1975); Eocene, Argentina
(Archangelsky, 1969).

Genus--Aldorjia Stover & Evitt 1978

1978 Ald01jia Stover & Evitt, p.140.
Type species-Aldorjia ctldoJjensis (Gocht) Srovl:r

& Evitt 1978 =Conyaulacysla aldOljensis Gocht 1970
(origina I designation).

Remarks-Aldorfia includes subspherical cysts
haVing an apical projection, precingular archeopyle,
faint paratabu lation and ectocoel fiUed with continuous
sculpture. It differs from Apleodinium in having an
ecrocoel fiUed with various sculptures.

AldOljia deflandrei (Clarke & Verdier)
Stover & Evitt 1978

PI. I, figs 8, 9: Pl. 2, figs 1-7
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1967 Gardodinium deflandreiClarke & Verdier, p. 26,
pI. 3, figs 10-12, text-fig. 10.

1978 Aldorfia deflandrei (Clarke & Verdier) Stover &
Evitt, p. 140.
Size measurements-Overall dimensions 52-56 x

40-48 f..l.m; length of apical horn 8-10 f..l.m (Clarke &
Verdier, 1967); overall 50-57 x 38-44 f..l.m; apical horn
length 8-10 f..l.m (Foucher, 1972); overall 44 x 35-44; apical
horn length 6-8 f..l.m (Foucher, 1974); overall 60-66 x
46-54 f..l.m (Yun, 1981), overall 43-86 x 40-75 f..l.m
(Srivastava, 1991); 60-68 x 49-62 f..l.m in four specimens
of this study.

Previous records-Albian-Campanian. Late Albian
Coniacian, France (Foucher, 1972, 1974; Fauconnier,
1979); Late Albian-Cenomanian, offshore western Atlantic
Ocean (Hochuli & Kelts, 1980); Santonian. England
(Clarke & Verdier, 1967) and Germany (Yun, 1981);
Campanian, Scotian Shelf, Canada (Millioud et aI., 1975;
Williams, 1975); Campanian-Maastrichtian, Senegal, W.
Africa (Jain & Millepied, 1975); Cenomanian-Coniacian,
Texas, U.S.A. (Srivastava, 1991).

Genus----Andalusiella Riegel emend. Riegel &
Sarjeant 1982

1974 Andalusiella Riegel, p. 357.
1982 Andalusiella Riegel emend. Riegel & Sarjeant, p.

284.
Type species-Andalusiella mauthei Riegel 1974

(original designation).
Remark.!r-Andalusiella has proximate, cornucavate

to acrocavate, rhomboidal to spindle-shaped cysts
with an intercalary archeopyle, an apical and two
unequal antapical horns. The term "acrocavate" was
proposed by Riegel and Sarjeant (982) to describe a
condition on which periphragm and endophragm
extends up to or form half-length of the horn but only
periphragm forms the apices of the horns. It differs
from Phelodinium in having rhomboidal to spindle
shaped outline and closely spaced antapical horns. It
is distinct from Palaeocystodinium in Jacking discrete
endocyst.

Andalusiella acicornuta S.K. Srivastava, n. sp.

PI. 3, figs 1-6

Description-Cyst compressed ellipsoidal with a
prominent apical horn and two unequal short antapical
horns; antapical horns close together near longitudinal
axis having a common base and appearing as bifurcated
single horn, left antapical horn very shol1 and poorly
developed, bases of all other horns closed by thickened
plugs, endophragm extending to the tips of the horns;
walls proximate, acrocavate, periphragm thinner than
endophragm; parasutural features absent, periphragm
wrinkled; paracingulum shallow. bordered by faint low
folds; paratabulation indicated by archeopyle and a
faint paracingulum, no other paratabulation present;
archeopyle intercalary, operculum free.

Holotype-PI. 3, figs, 1, 2; photomicrograph reference
no. 85036/13, 14; objective x 40; microscope Jocation
horizontal 37.0/vertical 102.0; size-total length x breadth
182 x 57 f..l.m, body length 113 f..l.m, apical horn length
51 f..l.m, antapical horns length 39 f..l.m and 8 f..l.m; sample
no. CRC 32146-1/Slide 6; locality WA18, the Navarro
Group, the uppermost Kemp CJay, Falls County, Texas;
Late Maastrichtian.

Paratype-Pl. 3, figs 3-4; photomicrography
reference no. 85035/24, 25; objective x 40; microscope
location-horizontal 40.0/vertical 106.7; size-total length
x breadth 143 x 44 f..l.m, body length 91 f..l.m, apical horn
Jength 27 f..l.m, antapical horns length 27 f..l.m and 8 f..l.m;
sample no. CRC 32146-1/Slide 1; locality WA18, the
Navarro Group, the uppermost Kemp Clay, Falls County.
Texas; Late Maastrichtian.

Paratype-PI. 3, fjgs 5, 6; photomicrograph reference
no. 85036/18, 19; objective x 40; microscope Jocation
horizontal 45.4/vertical 109.0; size-total length x breadth
161 x 47 f..l.m, body length 89 f..l.m, apical horn length 35
f..l.m, antapicaJ horns length 37 f..l.m and 8 f..l.m; sample
no. CRC 32146-1/Slide 7; locality WA18, the Navarro
Group, the uppermost Kemp Clay, Falls County, Texas;
Late Maastrichtian.

Remarks-Andalusiella acicornuta is distinct from

PLATE 1 -+

In figure captions of the follOWing Plates. reference data for
each specimen is given after the name of figure numbers in the
folJowmg setjuence : X objective used in photomicrography; sample
number, locality designation. name of the formation, county; and
age. Photomicrographs taken with 40 x objective are iIJustrated at
magnification x 700 and those with 100 x objective at magnification
x 1200
1-2. Achomosphaera heterostylis (Heisecke) Stover & Evitt 1978: x

40, CRC 32135-1, D7, [he Austin Chalk, upper Chalk member,
Dallas County; Santonian.

3-5. Adnatosphaeridium multispinosum Williams & Downie in Davey
el al. 1966; x 40, CRC 32143-1. DWI5, the Taylor Group. lower
Taylor Clay, Mclennan County: Campanian.

6-7. Aiora fenestrata (Deflandre & Cookson) Cookson & Eisenack
1960; x 40. CRC 32135-1. D7, the Austin Chalk. uflper Chalk
member. Dallas Count)': Santonian.

8-9. AldorJia de.flandrei (Clarke & Verdier) Stover & Evitt. 1978; x
40. CRC 32135-1, D7, the Austin Chalk. uflfler Chalk member,
Dallas County; Santonian.
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PLATE 1

A. mauthei and A poly117OJpha in having thinner spindle
shaped body, longer horns, and lacking granular wall
surface. It differs from A. rhombohedra (Benson) Stover
& Evitt in horny endophragm extended up to the tips

of the horns. Specimens described as Sualbardella
australina from Gabon, West Africa (Malloy, 1972),
south east Turkey (Erkmen & Sadek, 1981) and
Maastrichtian-Paleocene of Argentina (Gamerro &
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PLATE 2

1-7. Aldorfia deJlandre; (Clarke & Verdier) SLOver & Evin 1978: CRC
32145-5. WA17, the Austin Chalk, lowerChaJk member. McLennan

County: Santonian.
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PLATE 3

7

1-6. Andalusiella acicomula S.K. Srivastava, n sp.; x 40, CRC 32146- 7
1, WA18, the Navarro Group, Kemp Clay, Falls Counry; Late
Maastrichtian; figs 1. 2-holorype.

Areoligera corona/a (0. Wetzel) Lejeune-Carpentier 193H;
x 40, CRC 32135-1,07, [he Austin Chalk, upper Chalk member,
Dallas Counry; Santonian.
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Archangelsky, 1981) are very similar to Andalusietta
aciCOrllllla described here.

Name deriualion-Latin acus = needle. cornlltltS
= hearing horns; aciconnl/a = bearing needle-like horns.

Genu~reoligera Lejeune-Carpentier emend. Williams &

Downie in Davey et al. 1966

1938 Areoll/sera Lejeune-Carpentier, p. 164.
1966 Areoligera Lejeune-CarpentieJ- emend Williams &

Downie in Davey el at.. p. 227.

Type species-Areo/igera senonensis Lejeune
Carpentier 1938 (original design:.Jtion)

Remarks-Areoligera consists of skolochorate
gonyaulacacean cysts having lenticular body with an
apical archeopyle and complexly branched. arcuate
penitahular and rectilinear processes in groups. Mid
ventral and mid-dorsal surfaces of the hody are
consistently free of processes or processes reduced by
size and number Its parasulcal notch is offset.

Areolig,era differs from Claphyrocysta in Jacking
complex networks of trabeculae, ;tlthough some of the
adjacent groups of processes may be joined occasionally
by trabeculae: and from Svslemalophora in being
lenticular and either lacking or having reduced processes
on mid-ventral and mid-dorsal surfaces.

Areotigera corollala CO. Wetze]) LeJeune-Carrentier
1938

PI 3, fig 7: PI 4. figs 1-6
".

1933 Hvstrichosphaera penicit/ata coronala O. Wetzel,
p. 87, pL 4, fig. 17

1938 Areo!z~f!,era coronala CO. Wetzel) Lejeune-Carpentier,
p. 168, text-fig 6.
Size measuremenl-Body length x breadth 53-66

x 57-76 /-lm. process length 10-38 /-lm (Williams & Downie
in Davey el al., 1966); 47-75 x 44-67 /-lm, process length
11-60 /-lm (Morgenroth, 1968): 50-68 x 50-74 /-lm, process
length 10-35 /-l11l (Corradini, 1973); overall length x
breadth 78-104 x 60-104 /-lm, body 42-75 x 42-65 lim,
process length 18-39 lim in nrne specimens of this study.

Preuious records-Senonian-Eocene Senonian
Eocene, Europe (0. Wetzel, 1933b: Lejeune-Carpentier,
1938: Williams & Downie in Davey el at., 1966;
IV!orgenroth. 1968; Caro 1973; Corradini. 197.3: Jan du

Chene el at.. 1975: cle Coninck, 1975a: Eaton, 1976;
Schumacker-LJmbry & Chateauneuf, 1976; Foucher &
Robaszynski, 1977): Paleocene, Morocco (Doubinger,
1979)

Areoligel"a sellol1ensis Lejeune-Carpentier 1938

PI 4, figs 7, 8

1938 A reoligem senonel7sis Lejeune-Carpentier. p. 13164,
texl-figs 1-3.
Size measurement-Bocly dimensions 44-57 x 22

30 lim, process length 14-25 lilll (LeJeu ne-Carpentier,
1938); overall dimensions 138 x 30 /-lm. body 23 x 78
lim, process length 4] !J.m in one specimen of this
stLIdy.

Previous records---Senonian-Miocene. Senonian
Oligocene, Europe (Lejeune-Carpentier, 1938; Gocht,
1969; Wiilson, 1971; Kjellstrom, 1973; Eaton, 1976;
Schumacker-Lambry & Chateauneuf, 1976; Schumacker
Lambry, 1978; Foucher & Robaszynski, 1977); Late
Maastrichtian, Turkey (Erkmen & Sadek, 1981):
Campanian-Middle Eocene. North America CZaitzeff &
Cross, 1971; Millioud et at, 1975; Williams & Bujak. 1977);
Late M·aastrichtian. south India (Jain, 1978); Miocene.
Japan (Matsuoka, 1974)

Genus--Batiacaspbaera Drugg 1970

1970 Batiacasphaera Drugg, p. 813.
Type species-Batiacmphaera compta Drugg 1970

(original designation).
Remarks--Batiacasphaera is distinct from

ChylroeisplJaeridiu in having an apical archeopyle, arid
from Cassicl.llosphaeridia in lacking membranous
reticulate crests.

Batiacasphaera scrohiculata (Deflandre & Cookson)
Burger 1980

PI 5, fig. 1

Synonymy see Srivastava 0984. r 21).
Size measliremenls--Overall diameter 35-55 lim

(Burger, 1980); 36-50 !J.1ll (Srivastava, 1984); 55-57 !J.m
in specimens of this study.

Previous records--CretJceous-Early Tertiary.

PLATE 4 -+

1-6. Areal/gem coroll(lia (0. Wetzell Lcjl'lIrle-Cal'l'X'ntier 1938: 1. 3.
x 40. Cl,C 32HO-l. D\\I12. the N,l\arro Group. rhe Corsicana
Clay. Navarro County. ilLl:Istrichlian: 2. x 40. CRC 32140-2. D\\I12.
the Navarro Group. the Corsicana Clay Navarro Counly.
1\-Ia,btrichti:Jn: 4.5. CRC )2115-5. WA 17. the AU.'1in Chalk. lower
Chalk member. iI-IcLennan County: Santonian: 6. CRC 321411-4.

DW]2. the Navarro Group. the Corsicana Clay. Navarro County.
M:Jasrrichtian.

7-8. Areol1gem Se17Une}'lSIS LeJeune-Carpentier. 1938: x '10. CRC 32140
I. DW]2. the Nav:JITo Group. rhe Corsican:J Clay. Navarro County.
M:LIslrichlian.
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Genus--Caligodinium Drugg 1970

1970 Caligoclinium Drugg, p. 8]4.

Type species-Calip,ocliniwl1 amiculul11 Drugg 1970
(origina I designation).

Remarks-Caligodilliul11 includes proximate cysts
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with an apical archeopyle and having subspherical to
ellipsoidal body with flocculent material and without
any elevated features. Operculum of Caligodinium has
three paraplates. Caligodinium is distinct from
Leberidocysta in having an apical archeopyle with an
operculum composed of three paraplates.

Caligodinium amiculum Drugg 1970

PI. 5, figs 2, 3

1970 Caligodinium amiculum Drugg, p. 815, figs 8A
B, 9A-E
Size measurements-Body length x breadth 56-90

x 46-71 !-un (Drugg, 1970); overall dimensions 64-101
x 48-83 !-lm, body 42-57 x 33-60 !-lm in ten specimens
of this study.

Previous recol·ds-Paleocene. Paleocene, U.S.A.
(Drugg, 1970; Edwards et al" 1984); Selandian (Middle
Paleocene), Denmark (Thomsen & Heilmann-Clausen
1985).

GenuS--<:atmillgia Cookson & Eisenack 1960a

1960a Canningia Cookson & Eisenack, p. 251.
1961 Circulodinium Alberti, p. 28.

Type species-Canningia reticulata Cookson &
Eisenack 1960a (original designation).

Remarks-Canningia consists of proximate
lenticular cysts with an apical archeopyle, an apical
prominence, and two antapical lobes. It differs from
Cyclonephelium in having uniformly distributed surface
ornamentation, and from Canninginopsis in lacking
tabulation.

Canningia colliveri Cookson & Eisenack 1960a

PI. 5, fjg. 4

1960a Canningia colliveri Cookson & Eisenack, p. 251,
pI. 38, figs 3-5.
Size measurements-Length x breadth, 106-107 x

90-100 !-lm (Cookson & Eisenack, 1960a); 102-127 x
68-114 !-lm (Singh, 1964, 1971); 40-78 x 35-74 !-lm

(Srivastava, 19IH); 44-52 x 44-50!-lm (Srivastava, 1991);
45 x 44 !-ll11 in one specimen of this study.

Previous records-Barremian-Santonian, Barremian
Albian, Canada (Pocock, 1976; Singh, 1964, 1971);
Barremian, France (Srivastava, ] 984); Aptian, Australia
and New Guinea (Cookson & Eisenack, 1960a), Canada
(Williams, 1975); Cenomanian-Santonian, France (Clarke
& Verdier. 1967); Cenomanian-Coniacian, Texas, U.S.A
(Srivastava, 1991)

Canningia rettC&llclta Cookson & Eisenack 1960a

PI. 5, figs 5-6

1960a Canningia reticulata Cookson & Eisenack, p.
251, pI. 38, figs 1, 2.
Size measurements- Dimensions 94-108 x 74-98

/lm (Cookson & Eisenack, 1960a); 70-90 x 69-84 !-lm
(Below, 1981a); 50-100 x 45-88 !-lm (Srivastava, 1984);
overall 78-109 x 62-96 !-lm, process length 5-13 !-lm in
nine specimens of this study.

PreviOUS records-Late Jurassic-Santonian. Tithonian
Aptian, Australia (Cookson & Eisenack, 1960a; Burger,
1982); Late Jurassic, Tethys Himalaya, India (Jain et al,
1984); Neocomian-Albian, Libya (ThLIS\.! &: van cler Eem,
1985); Barremian·Alblan, Morocco (Below, 1981<1);
Barremian, France (Srivastava, 1984); Cenomanian, Isle
of Wight, England (Cl;uke & Verdier, 1967); Santonian
Grand Banks, Canada (MilJioud et al., 1975).

Canningia senonica Clarke & Verdier 1967

PI. 5, figs 7-9

1967 Canningia senonica Clarke & Verdier, p. 20, pI.
1. figs 12-14, text-fig. 7.
Size measurements-Overall length x breadth

60-85 x 50-70 ~tm, maximum process length 6-12 !-lm
(Clarke & Verdier, 1967); 36-67 x 40-63 !-lm, process
length 2-8!-lm (Harland, 1973); overall length x breadth
60-68 x 50-62 !-lm, body 45-50 x 37-45 !-lm, process
length 7-13 !-lm (Srivastava, 1991); overall 40-94 x 49
83 !-lm, process length 5 !-lm in three specimens of this
study.

PLATE 5 --+

1. Baliacasphaera scrobicu/ala (Deflandre & Cookson) Burger 1980;
x 40, CRC 32127-4, A25, the Taylor Group, lower Taylor Clay,
Travis County; Campanian. .

2-3. Caligodinium amicu/um Drugg 1970; 2. x 40, CRC 32127-4. A25,
the Taylor Group, lower Taylor Clay, Travis County; Campanian;
3 x 40. CRC :32143-3, DWI5, the Taylor Group, lower Taylor
Clay, McLennan County; Campanian.

4. Canningia colliveri Cookson & Eisenack 1960a; x 40, CRC 32134
6, D6, the Austin Chalk, middle Chalk memher. Dallas

County; Santonian.
5-6 Canningia relicldala Cookson & Eiscnack 1960a; 5. x 40.

CRC 32143-3. DWI5, the Taylor Group, lower Taylor Clay,
lvlcLennan County; Campanian; 6. x 40. CRC 32134-1, D6, the
Austin Chalk, middle Chalk memher. Dallas County;
Santonian.

7-9 Canningia senonica Clarke & Verdier 1967: x 40. CRC 32143
3, DWI5. the T;lylor Group, lower Taylor Clay, McLennan County;
Campanian.
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Remarks--Canningia senonica is distinct from C.
reticulata in having a larger reticulum supporting 3-5
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reticulum, otherwise appears similar to Canningia
senonica.

Previous records-Cenoma nian-Campania n.
Senonian, Isle of Wight. England (Clarke & Verdier,
1967); Upper Campanian, southern Alberta, Canada
(Harland, 1973); Santonian-Campanian. France (Foucher.
1976): Cenomanian-Coniacian, Texas. USA. (Srivastava,
1991)

Genu~a1l1lOsphaeropsisO. Wetzel emend. Williams &

Downie in Daveyet aL 1966

19330 Cannosphaeropsis O. Wetzel, p. 52.
1966 Cannmpbaeropsis o. \Xietzel emend. Williams &

Dmvnie in Davey et cd, p. 222.
Type species-Cannosphaeropsis utinensis 0..

\'\ietzel 1933b (monotypic).
Remarks--Canno.,pbaeropsis consists of chorate cysts

having subspherical body with varying number of
processes supporting a network, gonal triradiate
accessory trabeculae branches, inrergonally two short
branches, a gonyaulacacean paratabulation, and a
precingular archeopyle type P camwsphaeropsis differs
from Nematospbaeropsis in haVing inrergonally single
parasutural trabeculae.

Ccmnospbaeropsis byperacantha Cookson &
Eisenack 1960b

PL 6, figs ], 2

1960b Cannospbaeropsis hyperacantba Cookson &
Eisenack, p 9, pi 2, figs 14, 15
Size measurements-Overall diameter 62-100 J..lm

(Cookson & Eisenack, 1960b); overall dimensions 65 x
52 J..lm, process length 13 J..lm in one specimen of this
?tudy.

Previous records---Senonian (probably Campanian),
Australia (Cookson & Eisenack, 1960b).

Cannosphaeropsis utinensis O. Wetzel 1933b

PL 6, figs 3-6

1933b Cannosphaeropsis utinensis O. Wetzel, p. 52,
pL 3, figs 9-17: text-fig 12.
Size measurements--Overall diameter 61 J..lm, body

25-30 J..lm (Alberti, 1961); length x breadth-overall 75-

145 x 70-108 J..lm, body 34-68 x 30-55 J..llll (Corradini,
1973) Overall diameter 90-98 J..llll, body length x breadth
48-50 x 43-45 J..lm (May, 1980); length x breadth: overall
70-117 x 70-104 J..llll, body 42-65 x 29-60 J..llll, process
length from the body 13-31 J..lm in seven specimens of
this study.

Previous records--Senonian. Senonian, Europe (0.

WetzeL 1932, 1933b, 1961; Denandre. 1935, 1937, ]947;
Alberti, 1961: Wilson, 1971: Corradini. 1973; Kjellstr6m,
1973: Foucher & Robaszynsh 1977; Foucher, 1983);
Campanian-Maastrichtian, Scotian Shelf, Canada
(Millioud el al.. 1975: Williams, 1975); near Campanian
Maastrichtian boundary, New Jersey, USA (May,
1980); rare occurrence in a sample from the upper
Taylor Marl (Campanian) of Texas. U.S.A. (Harker et af.,
1990>

Genu~assicutosphaerldia Davey 1969a

1969a Cassiculosphaeridia Davey, p. 141.
Type species-Cassiculo_,phaeridia reticulata Davey

1969a (original designation).
Remarks--Cassiculo::,phaeridia is distinct from

Dictyopyxidia and Ellzpsodiniwn in lacking indications
of para cingulum or any other paratabulation.

Cassiculo::,phaeridia reticulata Da vey 1969a

PL 6, figs 7, 8

1969a Cassiculosphaeridia reliculata Davey, p. ]42,
pL 3, fig. 7; pL 4, fig. 3.
Size measurements-Shell diameter 33-55 J..lm and

crest height 3-] 1 J..lm (Davey, 1969a); 33-55 J..llll and 3
11 J..lm (Foucher, 1974); shell length x breadth 40-45 x
37-40 J..lm and crest height about 2 J..lm (Srivastava, 1984);
overall diameter 52-65 J.lm, body 44-52 J.lm, muri height
5-8 J..lm in specimens of this study.

Previous records-Valangin ian-Turonian,
Valanginian-Hauterivian, offshore Denmark (Davey,
1982b); Valanginian and Upper Barremian-Upper Aptian,
northern Germany (Below, 1981b, 1982b); Barremian
Turonian, Europe (Davey, 1969, 1974, 19793; Davey &
Verdier, 1971, 1974; Foucher. 1974); Barremian stratotype,
France (de Reneville & Raynaud, 1981; Srivastava, 1984);
Cenomanian. Australia (Norvick & Burger, 1976); Late
Aptian-Turonian, DSDP Leg 40 off southwestern Africa
(Davey. 1978); middle-late Aptian, Mazagan Plateau,

PLATE 6 ......
1-2. Cam70sphaeropsis hyperacCll1/ha Cookson & Eisenack 1960: x

40. CRC 32143-3. OWlS. the Taylor Group. lower Taylor Clay.
Mclennan County; CampJniJn.

3-6 Cannosphaeropsis II linen.' is O. Welzel 1933b: 3, 4. x 40, CRC
32127-4. A25, the T,lylor Group. lower Taylor ClJy. TraviS County:

CampJnian; 5.6 CH.C 32142-'1, 0\\;114, the Taylor Group, Ihe
{'c«ln Gap Chalk, McLcnnJn County; CampaniJn.

7-8. Cas"iculusphaeridia reticulala Davey, 1969a: x 40. CRC 321.34
3, 06. the AUSIin Chalk. middle Clwlk member. Dallas County:
S:Jnronian.
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Lea Park Formation (Campanian) of Saskatchewan,
Canada (Harker et aI., 1990).
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off northwest Africa (Below, 1984); Early Albian, India
Qain, 1977); a single specimen in a sample from the
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Genu~eratiopsis Vozzhennikova emend. Bujak et aL
1980

1963 Cemtiopsis Vozzhennikova, p. 181.
1980 Ceratiopsis Vozzhennikova emend. Bujak et aI.,

p. 27.
Type species-Ceratiopsis leptoderma

Vozzhennikova 1963 (original designation).
Remarks-Lentin and Williams (1976) and Stover

and Evitt (1978) considered Cemtiopsis as a junior
synonym of Deflandrea Eisenack 1938. Lentin and
Williams 0977a) accepted Cemtiopsis as a distinctly
separate genus from Deflandrea in having the hexa 2a
archeopyle. Bujak et al. (980) emended Ceratiopsis
accordingly.

Ceratiopsis navarriana S.K. Srivastava, n. sp.

PI. 7, figs 1-3

Description-Cysts compressed peridinioid,
pentagonal to roundly pentagonal with a single long
apical and t'VVo equal divergent tapering antapical horns,
sides straight to slightly convex; cornucavate, rarely
slightly bicavate, endocyst pentagonal to roundly
pentagonal filling the main body; periphragm smooth
with a few wrinkles aligned longitudinally, sometimes
anastomosing in certain areas; endophragm smooth;
paratabulation indicated by an archeopyle and a low
irregular paracingulum; archeopyle intercalary, 2a type,
operculum free; paracingulum low transverse parallel
ridges, ridges sometimes granular.

Size measurements--Totallength x breadth range
104-169 x 49-99 ~m in eight specimens.

Holotype--Pl. 7, fig. 2; photomicrograph reference
no. 85029/11; objective x 40; microscope location
horizontal 19.0/ vertical 113.0; size-total length x breadth
122 x 73 ~m, endocyst 70 x 70 ~m; sample no. CRC
32140-1/slide 1; locality DW12, the Navarro Group, the
Corsicana Clay, Navarro County, Texas; Maastrichtian.

Paratype--PI. 7, figs 1, 3; photomicrograph reference
no. 85030/34; objective x 40; microscope location
horizontal 18.0/ vertical 102.0; size-total length x breadth
133 x 81 ~m, sample no. CRC 32140-1/Slide 7; locality
DW12, the Navarro Group, the Corsicana Clay, Navarro
County, Texas; Maastrichtian.

Paratype--Pl. 7, fig. 3; photomicrograph reference
no. 85030/6; objective x 40; microscope location-

horizontal 20.5/vertical 113.0; size-total length x breadth
169 x 99 ~m; sample no. CRC 32140-1/Slide 4; locality
DW12, the Navarro Group, the Corsicana Clay, Navarro
County, Texas; Maastrichtian.

Remarks-C navarriana is distinct from C albertii
(Corradini), C striata (Drugg), and C subquadra
(Corradini) in being cornucavate; from C cordifera (May)
and C leptoderma Vozzhennikova in having pentagonal
endocyst; from C crassisthata (Jain et at.) and C
granulostriata (Jain & Millepied) in having smooth
endocyst and from C pannucea (Stanley) in lacking
well-developed paracingulum.

Name derivation-After Navarro Group from
Navarro County, Texas.

CeratiopsiS striata (Drugg) Lentin & Williams 1977

PI. 7, figs 4, 5

1967 Deflandrea striata Drugg, p. 18, pI. 2, figs 13, 14.
1977a Ceratiopsis striata (Drugg) Lentin & Williams, p.

21.
Size measurements--Length x breadth 138-168 x

79-97 ~m (Drugg, 1967); 130-143 x 70 ~m in three
specimens of this study.

PreVious records-Campanian-Paleocene,
Campanian-Maastrichtian, Gabon, West Africa
(Boltenhagen, 1977); Campanian-Danian, U.S.A. (Drugg,
1967; May, 1980; Helenes, 1984); Maastrichtian-Thanetian,
Morocco (Doubinger, 1979); Danian, Scotian Shelf,
Canada (Millioud et aI., 1975); Early Paleocene, France
(du Chene et al., 1975); Paleocene, Denmark (Heilmann
Clausen, 1985).

CeratiopsiS subquadra Corradini 1973

PI. 7, fig. 6

1973 Deflandrea subquadra Corradini, p. 175, pI. 28,
fig. 1.

1977a Ceratiopsis subquadra (Corradinj) Lentin &
Williams, p. 22.
Size measurements--Length x breadth, pericyst 115

143 x 72-75 ~m, endocyst 55-60 x 60-65 ~m (Corradini,
1973); pericyst 108-161 x 86 ~m, endocyst 40-65 x 52
80 ~m in eight specimens of this study.

Previous records--Senonian, Italy (Corradini, 1973).

PLATE 7

1-3. Ceratiop,is nauarriana S.K. Srivastava, n. sp.: x 40, CRC
32140-1, DW12, the Navarro Group. the Corsicana Clay,
Navarro County, Maastrichtian; holotype-fig. 2, pararypes-figs 1 6.
and 3

4-5. Ceraliop,is striata (Drugg) Lentin & Williams 1977; x40, CRC

.......

32146-1, WA18, the Navarro Group, Kemp Clay, Falls County;
Late Maastrichtian.
Ceraliopsis subquadra Corradini 1973; x 40, CRC 32143-1, OWlS,
the Taylor Group. lower Taylor Clay, McLennan County;
Campanian.
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Genus--CIJatangiefla Vozzhennikova emend. Lentin &
Williams 1976

1967 Chatangiella Vozzhennikova, p. 128.
1967 Australiella Vozzhennikova, p. 129.
1967 Cooksoniella Vozzhennikova. p. 182.
1976 Chatangiella Vozzhennikova emend. Lenrin &

Williams, p. 51
Type species-Chalangiella niiga Vozzhennikova

1967 (original designation)
Remarks-Chatangiella consists of proximate,

commonly bicavate, rarely circumcavate, compressed
longitudinally elongate cysts with subrectangular outline,
a short broad-based apical horn. poorly developed
antapical horns, an intercalary archeorll Ie. and
peridiniacean paratahuJation. Chalangiella is distinct
from Isabelidinium in having a more rectangular outline
and a broad-based apical horn.

Chatangiella armata (Cookson & Eisenack) Lenrin
& Williams 1976

PI. 8, figs 1-6

]970 Deflandrea armata Cookson & Eisenack. p. 142,
pI. 13, fjg. 9

1976 Chalangiella armata (Cookson & Eisenack) Lentin
& Williams, p. 53
Size measllremenls-Length x breadth 67-80 x 48

57 j..lm (Cookson & Eisenack, 1970); 52 x 40 j..lnl in one
specimen of this study.

Previous records-Senonian, Western Australia
(Cookson & Eisenack, 1970).

Chatangiella granullj'era (Manum) Lentin &
Williams 1975

PI 8, figs 7-9

1963 Deflandrea granulifera Manum, p. 61, pI. 3, figs
5-9.

1975 Chatangiella granlll{(era (Manum) Lentin &

Williams. p. 54
Size measurements-Length x breadth-pericyst 95

124 x 60-84 j..lm (Manum. 1963); pericyst 81-104 x 49
62 j..lm, endocyst 46-49 x 49-55 j..lm in three specimens
of this study.

Previous records'-----Senonian. Senonian. Graham

Island, Arctic Canada (Manum. 1963); Campanian.
Saskatchewan and Manitoba. Canada (Harker el at.,
1990)

Chatangiella robusta (Benson) Stover & Evitt 1978

PI. 9. fig. 1

1976 Trithyrodinium robustum Benson, p. 198, pI. 11,
figs 9-12; pI. 12, fig. 1

1978 ?Chatangiella robusta (Benson) Stover & Evitt, p.
99.
Size measurements-Overall length x breadth 101

153 x 53-82 j..lm. endocyst 44-79 x 46-75 j..lm (Benson,
1976); overall ]24-151 x 60-69j..lm (May. 1980); overall
99 x 55 j..lm. endocyst 55 x 52 j..lm in one specimen of
this study.

Previous records-Campanian-Maastrichtia n,
lvlaryland and New Jersey. U.S.A. (Benson, 1976; May.
1980; Whitney, 1984); Maastrichtian, Morocco (Rauscher
& Doubinger. 1982).

Chatangiella :,pecLahilis (Alberti) Lentin & Williams
1976

PI. 9. figs 2-6

1959 Dejlandrea :,pectabilis Alberti, p. 99. pI. 9, figs 7,
8.

1976 Chatangiella spectahilis (Alberti) Lentin & Williams.
p 55. pI. 6, fig. 83.
Size measurementS'-----Length x breadth 86-110 x 52

68 j..lm (Alberti, 1959); 58-87 x 32-50 j..lm (Harland, 1973);
67 x 56 j..lm (Srivastava. 1991); pericyst 63-130 x 41-85
j..lnl. endocyst 36-68 x 39-65 j..l01 in six specimens of
this study.

Previous recordS'-----Senonian. Germany (Alberti 1959);
Santonian-Campanian, western Canada (Harland, 1973;
McIntyre, ]974, 1975; Wall & Singh. 1975); Campanian,
western interior of North America (Harker et at., 1990).

Chatangiella victoriensis (Cookson & Manum)
Lentin & Williams 1976

Pl. 10. figs 1-6

1964 Deflandrea victoriensis Cookson & Manum, p. 522,
pI. 76, figs 3-8

PlATE 8 ......
1-6. Challan8i1"lla amICI/a lCook:;on &. Eisenack) lentin & William~

1976; 1-.3 x 100. CRC 521.37-2. D9. the Taylor Group. upper
Taylor Clay. Ellis County: Campanian; 4-6. CRC .32142-4. DW14.
the Taylor Group, Ihe P"C;\Il Gap Chalk. Mclennan Count)':
Campani'ln.

7-9 Ch(/l(/n~Ie"a gral1ulifera (Manum) Lentin & Williams 1975;
7 x 40. CRC .321.34-1. 06. the Austin Chalk, middle Chalk
member Dallas COUnly: SanlOnian: 8.9. CRC 32142-4, DW14.
lh<: Taylor Group. the Pecan Gap Chalk. McLennan Coum)';
Camp'lnian.
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1976 Chatangielta vietoriensis (Cookson & Manum)
Lentin & Willliams, p, 55. pI. 6, fig 78.

Size measurements-Overall length x breadth 76
116 x 49-73 11m (Cookson & Manum, 1964); 75-99 x

PLATE 8
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Chatanp,iella mbus/a (1'\eIl.'()I1) SlOver & Evil[ 1978: x 40, CRC
32134-'1. 06. rhe Austin Chalk. middle Chalk member Dalla~

County: S~II1[()nial1.

2-6. C!JalClng/ella speClC/hills (Alhcni) Lel1lil1 & Williams 197(): 2. 3.

43-53 ~m (Foucher, 1972): 89-93 x 48-60 ~m (Yun, 1981);
75 x 4] ~m (Sriv;Jstava, 1991l; pericysllength x breadth

x 'iO. CRC 32143-3, OW I~. the TJylor Grou[1. lower TaylOl"
CI~y. i\kLcnn'll1 County: Campani'ln: Q-6. CRC 3214~-5. WAll.
the Austill Ch'llk. 10'"\''o'r Ch,llk memher, ,\IcLcl1nan County:
S~l1loni~n.

96-104 x 49-62 ~m. endocysl 46-52 x 49-62 ~m in three
specimens of this stud)'.
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PLATE 10

Previous records-Coniacian-Maaslrichljan.
Coniacian, France (Foucher, 1972); Santonian, Germany

(Yun, 1981); Sanlonian, Isle of Wighl (Clarke & Verdier,
1967); Coniacian-Maaslrichlian, North America (Wall &
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Singh, 1975; Aurisano & Habib 1977; Srivasrava, 1990:
Campanian, w'esrern interior of North America (Harker
e/ aI, 1990); Senonian, Ausrralia (Cookson & Manum
1964; Cookson & Eisenack, 1982); ?Paleocene, Belgium
(Schumacker-Lambry, 1978).

Chatangiella williamsii Yun 1981

Pl. 10, figs 7-.10

1981 Chatangiella williamsii Yun, p. 66, pI. 13, figs 8.
12, 14.
Size measurements--Lengrh x breadrh-pericysr 66

78 x 50-54 ~m, endocysr 48-51 x 27-30 ~m (Yun, 1981);
pericysl64-101 x 40-57 ~m, endocysr 23-52 x 35-57 ~m
in six specimens of rhis study

Previous records--Santonian, England (Clarke &
Verdier, 1967), Germany (Yun, 1981)

Genus--Cleistosphaeridium Davey et at. in
Davey et aL 1966

1966 Cleistosphaeridium Davey et al. in Davey et al.,
p. 166.
Type species-CleislosphaeridiunJ diversi.~pinosllm

Davey et al. in Davey et aI, 1966 (original designarion).
Remarks-Cleistosphaeridium differs from

Operculodinium and Bacchidinium in having an apical
archeopyte, from Polysphaeridium in having disrally
closed processes, and from Sureulosphaeridium in
lacking branched processes.

Cleistosphaeridium aeieulare Davey 1969a

PI. 11, figs 1-3

1969a Cleistosphaeridium acieulare Davey, p 158, pI.
6, figs 6. 11, 12.
Size measurements-Body diamerer 32-54 ~lm,

process lengrh 8-21 ~m (Davey, 1969a); body 30-35

~m, process lengrh up [Q 20 ~m, (Brideaux, 1977):
body 31-57 ~m, process lengrh 13-21 ~m (Srivasrava,
1984): body 49 ~m, process lengrh 21-23 ~m in specimens
of rhis swdy.

Previous records-Barremian-Campanian, Canada
(Davey, 1969a; l3rideaux & McIntyre, 1975: Brideaux,
1977; Mclnryre, 1974); Barremian. France (Srivastava.
1984): Middle Aprian-Early Albian, Australia (Burger,
1980); Campanian, wesrern interior of North America
(Harker et aI, 1990)

Cleistospbaeridium giganteum (Caro) SLOver & Evin
1978

Pl. 11. figs 4-6

1973 Po/jlsphaeridium giganteum Caro, p. 360, pI. 2,
fig 12.

1978 Cleistosphaeridium gigameum (Caro) SLOver & Evirr,
p. 31
Size measurements-l3ody diamerer 79-110 ~m,

process lengrh 35-37 ~m (Caro. 1973); body 62-68 ~m,

process lengrh 21-29 ~lm in rhree specimens of rhis
srudy.

Previous records--Upper Paleocene, Spain (Caro,
1973)

Cleistosphaeridium mediterraneum Corradini 1973

PIlI, figs 7-9

1973 Cleistosphaeridium mediterraneum Corradini p.
137, pI. 19, figs Sa, 5b; rexr-fig. 4.
Size measurements-Body dimension 40-50 x 48

52 ~m, process lengrh 12-24 ~m (Corradini. 1973); body
diamerer 62-65 ~m, process lengrh 18-23 ~m in specimens
of rhis srudy.

PreviOUS records-Senonian. Iraly (Corradini,
1973)

~ PLATE 10

1-6. Chatanp,iella uiclOriensis(Cookson & Manum) Lentin & Williams
1976: 1- x 40. CRC 32134-1. 06. the Austin Chalk. middle Chalk
member. Dallas Coumy; Samonian: 2. 3 x 40, CRC 32'134-2.
06. the Ausrin Chalk. middle Chalk member. Dallas Counly:
Samonian; 4-6 CRC 32142-4, DW14. rhe Taylor Group, the Pecan

Gap Chalk, !,vlcLennan County: Campanian.
7-10. Cbctlcmgie//a wi/liamsiiYun 1981: 7.8 x 40; CRC 32142-4,0\\114.

the Taylor Group. the Pecan Gap Chalk. McLennan County:
Campanian. 9. 10. CRC 32142-4. 0\,\/14. the Taylor Group, the
Pecan Gap Chalk, McLcnn~n Counl)'; Campanian.

PLATE 11 -+

1-3. CleistosphaeridiuJ1l acicu/are Davey 1969a; I x '10. CRC 32173
2. WA19. the Austin Group. Burdill Formation, Travis Counly:
Santonian: 2..3 CRC 32145-5. WA17, the AUSlin Chalk. lower
Chalk member. McLennan Count)': Sanlonian.

4-6. Cteislosphaeridiul1I l',igantellJ1l (Caro) Slover & Evill 1978: 4. x
40. CRC 32135-1,07, lhe AUSlin Chalk. upper Chalk member.

Dalla, County: Santonian: 5. 6. x 40. CRC 3217.3. the Auslin Group.
Burditt Formation. Travis County: Santonian.

7-9. Cleisto,phaeridiuJ1l medilerrCmellJ1l Corradini 1973; 7 x 40. CRC
32134-3. 06. lhe Austin Chalk. middle Chalk member, Dallas
Count)': Santonian. R, 9 CRC 32173-1. WA19. lhe Auslin Group,
l3urdill Formation. Travis County: Santonian.
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Genus--Cordosphaeridium Eisenack emend. Davey 1969

1963 Cordosphaeridium Eisenack, p. 261.
1969b Cordosphaeridium Eisenack emend. Davey, p.

.35.
Type species-Cordosphaeridium inodes (Klumpp)

Eisenack 1963 = Hystrichosphaeridium inodes Klumpp
1953 (original designation).

Remarks-Cordosphaeridium consists of
skolochorate cysts having subspherical body with fibrous,
solid or hollow. mostly intratabular processes indicating
a gonyaulacacean paratabulation and a precingular
archeopyle.

Cordosphaeridium is distinct from
Kleithriasphaeridium in having fibrous processes; from
Amphorosphaeridium and Kenleyia in having mostly
intra tabular processes; from Fibrocysta in having
subspherical body and a larger number of paracinguIar
processes; and from Turbiosphaera in being subspherical
and having longer processes.

Cordosphaeridium fibrospinosum Davey & Williams
in Davey et aI, 1966

PI. 12, figs 1-3

1966 Cordosphaeridiumfibrospinosum Davey & Williams
in Davey et al., p. 86, pI. 5, fig. 5.
Size measurements--Body dimensions 59-72 11m.

process length up to 39 11m, width up to 26 11m (Davey
& Williams in Davey et al., 1966); 49-63 11m, process
length 14-20 11m (Davey, 1969b); 52-72 11m, process
length 15-38 11m (Corradini, 1973); 58-80 11m, process
length up to 30 11m, width up to 36 11m (Benson, 1976);
40-70 11m, process 15 x 26 11m (Eaton, 1976); 61-90 x
54-83 11m, process length 17-32 11m (May, 1980); 65-77
x 62-75 11m process length 10-30 x 20-35 11m (Saxena
& Rao, 1984); 65-88 x 57-65 11m, process length 25-26
x 21-25 11m in three specimens of this study.

Previous records-Albian-Cenomanian, Australia
(Cookson & Eisenack, 1982); Upper Cretaceous, South
Africa (Davey, 1969b); Senonian-Oligocene, Europe
(Davey & Williams in Davey et al., 1966: Gocht, 1969;
Benedek, 1972; Caro, 1973; Corradini. 1973; Kjellstrom,
1973; Eaton, 1976; Bujak et al., 1980; Antonescu &
Alexandrescu, 1982); Campanian-Paleocene, U.S.A.

(Zaitzeff & Cross, 1971: Stone, 1973: Benson, 1976;
May, 1980); Late Maastrichtian, south India (Jain. 1978);
Oligocene-Lower Miocene, eastern India (Saxena & Rao,
1984) .

Genus--Coror'ifera Cookson & Eisenack emend. Davey
1974

1958 Coronifera Cookson & Eisenack. p. 45.
1969a Coronifera Cookson & Eisenack emend. Davey.

p. 161.
1974 Coronifera Cookson & Eisenack emend. Davey.

p.47.
Type species-Coronifera oceanica Cookson &

Eisenack 1958 (original designation).
Remarks--Coronifera is distinct from Diphyes in

having a precingular archeopyle

Coronifera oceanicCi Cookson & Eisenack 1958

PI. 12, figs 4-5

1958 Coronifera oceanica Cookson & Eisenack, p. 45,
pI. 12, fig. 6.
Size measurements--Range of overall dimensions

60-95 x 44-94 11m. shell dimensions 33-58 x 29-65 11m,
length of apical horn 6-24 11m, width of apical horn 6
18 11m, dimensions of processes 5-22 x 1-3 IlID (Srivastava,
1984); overall 60-70 x 50-65 IlID, shell dimensions 37
50 x 33-50 11m, antapical horn length x width 13-20 x
10-15 11m, process length x breadth 13-20 x I-311m
(Srivastava, 1991); overall 68-91 x 68-81 11m, body 55
57 x 49-57 11m; process length 16-18 11m; anrapical
process 18 x 8 11m in two specimens of this study.

Previous records-Hauterivian-Paleocene (see
Srivastava, 1984).

Genus--Craspedodinium Cookson & Eisenack 1974

1974 Craspedodinium Cookson & Eisenack, p. 75.
Type species-Craspedodinium indistinctum

Cookson & Eisenack 1974 (original designation).
Remarks-Craspedodinium has an apical archeopyle

and consists of cavate, subspherical to ovoidal cysts
having an endocyst enveloped by a loose pericyst.
Craspedodinium differs from Leberidocysta in having
thicker periphragm.

PLATE 12 -+

1-3. Cordosphaeridium /ibrospinosum Davey & Williams in Davey
el at. 1966: 1. 2. x 40. CHC 32134-1, D6, the Austin Chalk. middle
Chalk member. Dallas County; Santonian. 3. x 40, CHC 32140
1, DWI2, the Navarro Group. the Corsicana Clay. Navarro County.
Maastrichtian.

4-5 Coroni/era oceanica Cookson & Eisenack 1958: x 40. CRC 32127-

4, A25, the Taylor Group. lower Taylor Clay. Travis County:
Campanian.

6-7. Craspedodinium indislinCllln1 Cookson & Eisenack 1974: 6. x
40, CHC 32140-1. DW 12, the Navarro Group, the Corsicana
Clay. Navarro Coumy; Maastrichtian, 7 x 40. CHC 32] 27-2. A25.
the Taylor Group. lower Taylor Clay. Travis County: Campanian.
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CraspedodiniuJll indistinctu111 Cookson &
Eisenack 1974

PI. 12. figs 6-7

1974 Craspedodiniwn indistinctum Cookson & Eisenack.
p. 76, pI. 25. figs 6-8
Size measurements-Length x hreadth 86-104 x 66

96 ~m (Cookson & Eisenack, 1976); 94-130 x 78-11 7 ~m.

endocyst 62- ±05 ~m in seven specimens of this study.
Previous record.~Aptian-Alhian.Australia (Cookson

& Eisenack, 1974)

Genus---CribrojJeridinillNl Neale & Sarjeant 1962

1962 Crihroperidinium Neale & Sarjeant, p. 443
Type species-Crihroperidinium sejJimentum Neale

& Sarjeant 1962 (original designation).
Remarks-Crihroperidinium is distinct from

Gonyaulacysta and J1.Iillioudodinium in having accessory
ridges in between parasutural ridges.

Crihroperidinium edwardsii (Cookson & Eisenack)
Davey 1969

PI. 13, figs 1-2

1958 Gonyaulax edwardSi Cookson & Eisenack. p. 32,
pl. 3, figs 5-6; text-fig. 7 (err orth. pro edwardsiO
[effective publication date. March 1958].

1958 Gonyaulax orthoceras Eisenack, p. 388, pI. 21.
figs 3-11; pI. 24, fig. 1, text-figs 2-3 [effective
publication date, August 1958].

1966 Gonyaulacysta orthoceras (Eisenack) Sarjeant in
Davey et at., p. 121, pI. 14, figs 5-6; text-fig 29

1966 Gonyaulacysta edwardsi (Cookson & Eisenack)
Sarjeant in Davey et at. p. 130 (basionymo non
cit.; err. orth pro edwardsii)

1969a Crihroperidinium edwardsi (Cookson & Eisenack)
Sarjeant in Davey el at.. p. 128 (err. orth. pro
edwardsii).

1969a Cl'ihroperidiniwn orthoceras (Eisenack) Davey,
p. 128, figs 13A-B.
Size measul'ements--Overall dimensions 143 x 125

~m (Cookson & Eisenack, 1958); 70-105 ~m (Eisenack,
1958); 80-115 ~m (Sarjeant in Davey et at., 1966\ 90-

130 x 66-100 ~m <Below. 1981a); 60-114 x 50-88 ~m

(Srivastava, 1984); 83-117 x 60-86 ~m in nine specimens
of this study.

Remarks-Davey and Verdier (971). Stover and
Evitt (978) and Lentin and Williams (981) considered
Crihroperidinium edwardsii and C orthoceras
consrecific. Sarjeant (1985a) restudied and re-illustrated
the holotype and paratypes of C orthoceras. but did
not consider it conspecific of C edwcm:lsii until the later
species is also restudied in detail.

Previous records--Tithonian-Camranian (see Davey
& Verdier. 1971, p. 17; and the synonymy listed in
Below, 1981a). Valanginian, Urper Barremian and Upper
Aptian, Germany <Below, 1981b. 1982b): Valanginian
Hauterivian. Sritsbergen (Bjaerke, 1978); Barremian
stratotyre. France (de Reneville & Raynaud, 1981;
Srivastava. 1984); Hauterivian. otl'ihore Denmark (Davey.
1982b); Aptian-Early Albian, Isle of Wight, England
(Duxbury, 1983); and Early Alhi~lIl. India (Jain, 1977)

Genus---Cyclollephelillm Deflandre & Cookson emend.
Stover & Evin 1978

1955 Cyclonephelium Deflandre & Cookson, p. 285.
1958 Tenua Eisenack, p. 410.
1961 Circulodinium Alberti, p. 28.
1978 Cyclonepbelium Deflandre & Cookson emend.

Stover & Evitt. p. 35.
Type species-Cyclonephelium compactum

Deflandre & Cookson 1955 (original designation).
Remarks-See Srivastava (991) for discussion on

the synonymy of CyclonepbeliU111. Cyclonepbeliu71l is
distinct from Canningia in lacking a uniform sculpture
in mid-dorsal and mid-ventral areas. It differs from
Glaphyrocvsta in lacking long processes connected
distally

Cyclonepbelium castelcasiense Corradini 1973

PI. 13, figs 3-5

1973 Cyclonephelium castelcasiense Corradini, p. 161.
pI. 24, figs 2, 5a, 5b; pI. 35, figs 1, 2.
Size measurements-Body length x breadth 54-62

x '56-70 ~m, process length 8-20 ~m (Corradini, 1973);
overall dimensions 83-101 x 78-91 ~m, body '57-65 x

PLATE 13 -+

1-2. Crihroperidinium edlwrdsii(Cookson & Eisen;lCkl Davey 1969a:
1 x 40. CRC 32140-4. DWI2, tile Na\arro Grour, the CorsicanJ
Clay. Navarro County; Maastrichtian: 2. C]{C 32142-4. DWI4.
the Taylor Grour. the Pecan Gar Chalk. McLennan Count)':
Campanian.

3-5. C)!clol1eplJe/ium cas/elmsiellse Corradini 197 3: 3. 4. x 40. C]{C
32146-1. WAI8. the Navarro Grour. Kcmr Clay. Falls County;

latc Maastrichtian: 5. x 40. CRC 32146-2. WAH,. the Navarro
Grour. Kemr Ctay. Falls Counly: loue Ma;lstrichtian.

6-8. CvcloneplJe/ium dis/illClliIn Dd1andrc & Cookson 1955: 6. 7 x
40, CRC 32J43-1. DWI5. thc Taylor Grour. lower Taylor
Clay. Mclennan County: CamraniJn: 8 x ~O. CRC 32134-5. D6.
the Austin Chalk, middle Chalk memher. Dallas County:
Santonian.
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55-60 11m; process length 1,3-23 11m in five specimens
of this study,

Previous records--Late Maastrichtian, Italy (Corradini,
1973),
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Cvclol1epbelium distillctum Detlandre &. Cookson
1955

PI. 13, figs 6-8

1955 Cvclonepheliwn distinclum Detlandre &. Cookson,
p. 285, pI. 2, fig. 14, text-figs 47-48

1961 CirCllIodiniu111 dejlandrei Alberti. p. 29, pI. 4,
figs 7-13
Size measurements-Cyst diameter 64-97 /-lm

(Deflandre &. Cookson, 1955): length x breadth 128 x
124 /-lm (Cookson &. Eisenack, 197]); 60-84 x 50-78 /-l01
(Singh, 1971); 37-84 x 39-87 /-lm (Harland 1973); 67 x
60 /-l01 (Foucher &. Taugourdeau, 197'»: 55-110 x 46
106 /-lm) Ioannides, Stavrinos &. Downie, 1977); 65-105
x 57-99 /-lm (Duxbury, 1977); 66-98 x 53-88 /-lm
(Srivastava, 1984): 73-86 x 49-60 /-l01 in the specimens
of this study.

Previous records-Kim meridgian-Dania n.
Kimmeridgian-Campanian, Europe (Ioannides, Stavrinos
& Downie, 1977; Duxbury, 1977, 1983; Davey, 1969a,
1974; Clarke &. Verdier, 1967; [Vlillioud. 1969; Davey &.

Verdier, 1971; Foucher &. Taugourdeau, 1975; de
Reneville & Raynaud, 1981; Srivastava, 1984: Below,
1981b; Bjaerke, 1978; Baltes, 1967a); Aptian-Albian, Israel
(Brenner, 1974) and India (Jain & Taugourdeau-Lantz,
1973; Jain, 1977): Aptian-Dani,ln, North America
(Brideaux &. McIntyre 1975: Singh, 1971: Davey, 1969a,
Harland, 1973; McIntyre, 1974: Doerenkamp, Jardine
&. Moreau, 1976; Benson, 1976; Drugg, 1967; Harland,
1977; Harker et aI., 1990; Srivastava, 199]); Campanian
Maastrichtian, Senegal (Jain &. lVlillepiecl. 1975); Albian
Maastrichtian, Australia (Verdier, 1970; Cookson &
Eisenack, 1971; Playford, Haig&. Dettmann, 1975: Norvick
& Burger, 1976; Deflandre &. Cookson, 1955).

Genus---Dico1lodi1lium Eisenack & Cookson emend,
Morgan 1977

1960 Dlcollodinlum Eisenack & Cookson, p ..3.
1977 Diconodinlum Eisenack &. Cookson emend.

Morgan, p 124.
Type species-Dlconodl111um mulilsplnum

(Deflandre & Cookson) Eisenack & Cookson 1960 =

Pa/aeohystrlchophora multispina Dd1andre & Cookson
1955 (original designation).

Remar/?'s--Dlcollodllliwn consists of proximate to
proximochorate, generally acavate, biconical cysts 'vvith
single apical and antapical horns, smooth or variously
ornamented autophragm and an intercalary archeopyle.
It has peridinianean paratabulation, if indicated. usually
by paracingulum only, otherwise autophragm or
ornamentation is non-tabular or occasionally intratabular.

Diconodiniu1J1 is distinguished from Ka(yptea in
having an archeopyle with attached operculum and an
indication of a paracingulum.

Diconodi1llum martianul11 S.K. Srivast,lva, n. sp.

PI. 14, figs 1-10

Descnpliol1-J3ody shape fusiform to rhomboidal
with single apical ~Ind antapical horns of almost equal
size and shape; autophragm thin. surface smooth, non
tabular except that paracingulum indicated; paracingulum
slightly raised, smooth ridges about 6-8 /-lm apan,
paracingulum groove smooth, parasulcus also smooth;
archeopyle generally not indicated, intercalary when
present.

Size measurements--Total length x breadth range
84-110 x 26-44 /-lm in nine specimens of this study.

Hololype- PI. 14, figs 1, 2; photomicrograph
reference no. 85032124, 25: objective x 40; microscope
location-horiwntal 400/vertical 103.0: size-total length
x breadth 94 x 52 /-lm; sample no. eRC 32142-3/Slide
I; locality OW 14, the Taylor Group, the Pecan Gap
ChaJk, McLennan County. Texas; Late Maastrichtian.

Paratype-PI. 14, fig. 3: SEM photomicrograph
reference no. P91l0/N25255; x 800: sample no. CRC
,32142-4; locality DWI4. the Taylor Group, the Pecan
Gap Chalk. McLennan County, Texas; Late Maastrichtian.

Remark,:r.-Dlcollodinium martial1um is distinct from
D. psilatum, D glabrum. and D rhombiforme in having
longer apical and ant8pical horns.

Name derivation -After Mart, Texas.

Genus--Dirtogyrrmium Evitt, Clarke & Verdier 1967

1967 Dinogymllium Evitt, Clarke &. Verdier. p. 4.
Type species-Dinogymnium acumillatum Evitt,

Clarke & Verdier 1967 (original designation).
RemarR,:r.-Oinogvmnium has biconical to ellipsoidal

shape with varying numbers of longitudinal ribs, usually
discernible equatorial to subequatorial paracingulum,
and a small apical archeopyle.

The original generic diagnosis defined Dinogymniun1
as 'Tests of variable size and shape, commonly exhibiting
a strong superficial similarity of motile cells of the modern
genus Cymllodllllum Stein; without indications of
tabulation anc! without an inner body" (Evitt, Clarke &
Verdier, 1967) The characteristics of cingulum, apical
archeopyle and wall canals were emphasized in the
original diagnosis. However, Stover and Evitt (] 978)
modified the generic description of the shape of the
test as biconical to ellipsoidal. Lentin and Vozzhennikova
(990) restricted the genus Dinogymnium to those
species that have distinct biconical to roundly biconical
shape with a cingulum index between 40 and 60, and
thus proposed genera Alisogymnium. Amphigynwium
and Yo/kinigvmniu111 for species that deviated from their
restricted diagnosis of Dinogymnium. Due to the
uncertainty of the usefulness of the above restriction
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PlATE 14

1-10. Dicunodinium Inar/tanwn S.K. Srivastava, n. sp.; 1. 2. hoIOl)'pe,
x 40, eHC 32142-3, DW14, the Taylor Group. the Pecan Gar
Chalk, McLennan Count)'; Camranian: 3-10, rara1ypes, CRC

32142-4, DW14, the Taylor Grour, the Pecan Gap Chalk,
McLennan County: Camr;lnian,
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and the creation of new genera, the original concept
of the genus Dinogymnium is followed here.

Dinogymnium acwninatum Evitt, Clarke &

Verdier 1967

PI. 15. figs 1-8: PI 16, figs 1-9

1967 Dinogvmnium acuminatum EVltt, Clarke & Verdier.
p. 8. pI. 1, figs 1-24; pI. 2. figs 1-22: pI. 3, figs 1
8, 10, 12, 20; text-figs 11-23.

1967 Gymnodinium sp. ] Evitt, pL 1, fig. A,B,F,G, S
U. text-fig. lA, J-K.
Size measurements--Length x vvidth 48-127 x 27

86 11m (Evitt, Clarke & Verdier, 1967); 60-88 x 37-57 11m
in 12 Coniacian specimens (Srivastava. 1991); 35-72 x
21-52 11m in 15 specimens of this study.

Remarkr-SEM photomicrogra phs of Dinogymllium
acuminatum show that canal openings on the exterior
surface are distributed on the crest of ridges and at
granule tops in between ridges (PI 16, figs 2, 3, 5, 6).
Extreme apical and antapical areas do not have granules.
Blind ended canals (Evitt et al., 1967) should be under
closed granules.

Previous records-Coniacia n-Maastrichtia n.
Santonian-Maastrichtian, North America (Evitt, 1967, 1973;
Evitt et aI, 1967: Drugg, 1967; Wall & Singh, 1975;
May, 1980: Martinez-Hernandez et al., 1980; Helenes,
1984); Senonian, Brazil (Herngreen, 1975); Senonian,
Africa (Jain & Millepied, 1975: Boltenhagen, 1977;
Doubinger, 1979; Rauscher & Doubinger, 1982);
Senonian, India (Jain, Sah & Singh, 1975; Sah & Singh,
1977; Jain, 1978): Late Maastrichtian, Turkey (Erkmen
& Sadek, (981); Late Coniacian-Senonian, southwestern
Atlantic Ocean (Ioannides & Colin, 1977). Specimens
reported from the Early Paleocene, Belgium
(Schumacker-Lambry, 1978) may be the reworked
examples from older strata.

Dinogymnium alherlii Clarke & Verdier 1967

PL 17, figs 1-8

1967 Dinogymnium alherth Clarke & Verdier, p. 33,
pL 17, figs 3,4; text-fig. 13.
Size measurements-Length x breadth 60-70 x 40

50 11m (Clarke & Verdier, 1967); 52 x 30 11m (Yun, 1981);
46-75 x 31'-49 11m in nine specimens of this study.

PreviOUS records--Senonian. Santonian, Belgium
(Schumacker-Lambry, 1978), Germany (Yun, 1981);
Santonian, Isle of Wight, England (Clarke & Verdier,
1967); Campanian. Wyoming and Texas, U.S.A. (Harker
et al., 1990); Maastrichtian, Assam, India (Jain, Sah &
Singh, 1975)

Dinogynmium eervieulum Cookson & Eisenack 1970

PL 17. figs 9-10

1970 Dinogymnium eervieulum Cookson & Eisenack,
p. 138, pL 10, fig. 6.
Size measurements--Length x breadth 33-40 x 27

11m (Cookson & Eisenack, 1970); 55-56 x 30-32 11m in
two specimens of this study.

Previous records--Senonian. Australia (Cookson &
Eisenack, 1970); Maastrichtian, Baja California, Mexico
(Helenes, 1984)

Dinogymnium curvatum (Vozzhennikova) Lentin &
WiJliams 1973

PL 18. figs 1-10

1967 Gvmnodinium eurvatum Vozzhennikova, p. 43,
pL 1, figs 10-12; pI. 4, figs 2, 3

1973 Dinogymnium eurvatum (Vozzhennikova) Lentin
& Williams, p 48.
Size measurements--Length x breadth 70-91.3 x

25-37.5 11m (Vozzhennikova, 1967); 71-143 x 27-57 11m
in three specimens of this study.

Previous records-Senonian, Western Siberia,
USSR. (Vozzhennikova, 1967).

Dinogymnium dentieulatum (Alberti) Evitt, Clarke &
Verdier 1967

PI 19, figs 1-3

1961 Gymnodinium denticularum Alberti, p. 5, pI 3,
figs 2, 3

1967 Dinogymnium denticulatum (Alberti) Evitt, Clarke
& Verdier, p. 18.
Size measurements-Length x breadth 55 x 45 11m

(Alberti, 1961); 55-68 x 28-45 11m in three specimens
of this study.

Previous records-Senonian, Germany (Alberti,
1961); Santonian, Isle of Wight, England (Clarke &
Verdier. 1967); Campanian, Saskatchewan, Canada
(Harker et af, 1990); Campanian-Maastrichtian. Senegal,
West Africa (Jain & MiJlepied. 1975); Maastrichtian,
j\llahadek Formation, Assam, India (Jain, Sah & Singh,
1975). Lower Landenian (Upper Paleocene) records from
Belgium (Schumacker-Lambry, 1978) are doubtfuL

Dinogymnium digitum (Deflandre) Evitt, Clarke &
Verdier 1967

PL ] 9. figs 4-9

1935 Gymnodinium digitus Deflandre, p. 225, figs 7,
8 (holotype non cit.: err. orth. pro digitum).
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PLATE 15

1-8 Dmogymn/llll1 ucumilla/lll?) Evil!. Clarke & Verdlcr 1967. 1.2
x 100. CRC32H2-4. DW1!.1. lhe T:J)'lol Grour. thc PeCln G3r
Chalk. McLennan Counry. Campanian 3-H CHC 32142-"1. OWl'!.

lhe T:J)'lor Grour. lhe l'eun Gar Chalk. ivl<:Lennan Counl)'
Camran,an
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PLATE 16

1-9. DlIw!i.vmmum aCI.lrt1l11all.lm Evltl. Clarke & Verdier 1967. CRC
32142-4. DWJti [he Taylol Graul'. lilt" Pec~n Gap Chalk.

McLennan County. Campanian.
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PLATE 17

1-15 Dmogymnzul11 a/henil Clarke & Verd'er 1967. 1-.3 x ~O, CRC
:321:34-4, D6, the Austin Chalk. m,ddle Ch<llk member Dallas
County. SantonIan, 'I, x 40. CRC :3214.3-1. DW1S. the Taylor
Group, lower Taylor Clay, McLennan County: Campanian, -S
8 CRC :32142-4, D\V14. the Taylor Group. rhe Pecan Gap Chalk.

McLennan Counry, CampanJan.
9-10 Dinogym111um cervlCu/um Cookson & Eisenack 1970: x 100.

CRC .321:34-6, D6. the Austin Chalk, middle Chalk member,
Dallas County: SantonIan
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PLATE 18

1-10 LJIIW,f.{I'17I11111171 lllrn{/{/111 ,\ o/,Zlwnl1lkma) Len[(n & \'\111"1111';
1973. 1-.3 x -Ill CRC 321 12-1 [)\\ j·f. till' Tc"l"r GI'OU[). tile

Pecan G,l[) Chodk. ilkLc'nn'lll COUIl!\'; Campanian. ',-10 CRC

.)21'-12-·", DWI'-1 the T'lylor Grou[). the ['ecan Gap Chalk.

illcLennan Cmlntv Cam[)Clntan
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PLATE 19
1-:3 DmogvJ11l11um del1l1culall/m (AlherlJ I EVlli. Clarke & Verdier

1967: x 40. CHC :321)'1-6. 06. th<: AUSlln Chalk. middle Chalk
member Dallas Coullty. Santoilian

4-9 D,nogvlnmuin dIgitI/in (Deflandre) EVil!. Clarke & Verdier 1967.
't.~ x 'to. CRC :321:39-:3. 011. the Austill Chalk. u[Jper Chalk

memher. EIIt, County. Late Samoniall. 6. x 40. CHC :32140-1. DWI2.
rhe Navarro Group. the Cor~l<:ana Clay. Na\·arro Count}l;
,vlaaslrichllan. 7. 8. 9. x '1O. CHe :32173-2. \'\IA19. the Auslln Group.
Burdllt Formation. TraVIS Count}'. Santonian
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1936b Gymnodil1lwl? digitus Deflandre, p. 166, pI. 2,
figs 4,5 (err. orth. pro digitwn ).

1967 Dinogvmniul11 digitus (Deflandre) Evitt. Clarke &
Verdier. p. 18 (err. orth. pro digitum).
Size measurements-Length 68-70 /.lm (Deflandre,

1936b); length x breadth 74-77 x 25-28 ilm (May, 1977.
1980); 70-96 x 26-31 ilm in two specimens of this study.

PreviOUS records-Senonian, France (Deflandre.
1936b); Campanian, Grand Banks. Canada (Millioud et
at.. 1975); Campanian. western interior on North America
(Harker et al., 1990); New Jersey, USA. (May, 1980);
Maastrichtian. Texas, U.S.A (Zaitzeff & Cross. 1970).

Dinogymniul11 elungatuJJ1 May 1977

PI. 20, figs 1-9

1977 DinogymniuJJ1 elongatum May, p. 112, pI. 2, figs
]], 12.
Size measurements-Length x breadth 186-300 x

11-28 ilm (May, 1977); 107-252 x 21-42 ilm in six
specimens of this study.

Remarks-Dinugymnium elongclIum has a shorter
epicyst than its hypocyst. It is extremely difficult to

discern the archeopyle or any other morphological
characteristics of D. elongatum under optical microscope.
A faint paracingulum can be detected sometimes. D.
elongatum is very long and ribbon-shaped. Its specimens
crumple easily and complete specimens are rare.
However, the SEM photomicrographs show that D
elongatum has a slit-like archeopyle and a groove-like
paracingulum (PI. 20, figs 6,8,9) Its apical and antapical
ends cannot be readily differentiated, but apical end
tends to be broadly rounded. SEM photomicrographs
show the ridges and canals in D elongatul11 similar to
those characteristic of the genus.

Previous records-Campanian. New Jersey, U.S.A.
(May. 1977, 1980)

Dinogymnium euclaense Cookson & Eisenack ] 970

PI. 21. figs 1-13

1970 Dinogymniwn euclaeJlsis Cookson & Eisenack,
p. 139, pI. 10. figs 9-12 (err orth. pro euclaense).
Size measurements-Length x breadth 32-40 x 19

30 ilm (Cookson & Eisenack, 1970); 42 x 33 ilm (May.
1977); 30 x 23 ilm (Martinez-Hernandez et al.,1980); 23
31 x 15-28 /.lm in 11 specimens of this study.

Previous records-Senonian. Westerf.l Australia
(Cookson & Eisenack, 1970); Brazil (Herngreen, 1975);
Mexico (Martinez-Hernandez et al.. 1980; Helenes, 1984);
Canada (McIntyre, 1974; Millioucl el aI., 1975; Williams,
1975; Doerenkamp et al., )976); Campanian, western
interior of North America (Harker et aI., ]990);

Maastrichtian, Ne,v Jersey (May, 1977, 1980); Morocco
(Doubinger, 1979; Rauscher & Doubinger, 1982).

Dinogymnium heterocostalum (Deflandre) EVitt,
Clarke & Verdier 1967

PI. 21. figs ]4-15

1935 Gymnodinium beterocostalum Deflandre. p. 225.
text-fig. 6 (holotype non cit.)

1936a Gymnodinium heterocostatum Deflandre, p. '56,
text-fig 93 (nom nuc\.).

1936bGymnodiniull1 beterucostatwn Deflandre, p. 165.
pI. 2, fig. 6.

1967 Dinogymnium heterocoslatum (Deflandre) Evitt,
Clarke & Verdier, p. 19, pI. 3, figs 9, 11. 13
Size measurements--Length 60-6'5 11m (Deflandre,

1936 b); length x breadth 78 x 42 ilm in one specimen
of this stu dy.

Previous records-Senonian, France (Deflandre,
1935, 1936b. 1943); Belgium (Lejeune-Carpentier. 195]);
Santonian, Isle of Wight, England (Clarke & Verdier.
1967>; Scotian Shelf, Canada (Millioud el aI., ]97'5)

Dinogymnillin kasacbstanicum (Vozzhennikova)
Lentin & Williams1973

PI. 21, figs 16-18

1967 Gvmnodinium kasachstanicum Vozzhennikova,
p. 45, pI. 2, figs 4a, 5b; pI. 3, fig. 9a, 9b

1973 Dinogynmium kasacbstctnicum (Vozzhennikova)
Lentin & Williams, p. 49
Size measuremenls-Length x breadth 59.4 x 35.1

/.lm (Vozzhennikova, 1967); 56 x 34 ilm in one specimen
of this study.

Previous records-Campanian-Maastrichtian,
Kazhakhstan, USSR. (Vozzhennikova, 1967).

Dinogymnium lanceolatwl1 May 1977

PI. 22. figs 1-9; PI. 23, figs 1-8

1977 Dinogyn171ium lanceolatum May, p. 115. pI. 2,
figs 9. 10
Size measurements-Length x breadth 140-165 x

13-20 11m (May, 1977); 148-263 x 23-39 11m in five
specimens of this study.

Remark.s-Dinogymnium lanceolatum is velY similar
to D. elongatum. The archeopyle of D. lanceolatum is
not visible by the optical microscope, hence proper
orientation of its specimens has not been possible. SEM
photomicrographs show that both species have an
indication of archeopyle and cingulum (PI. 23, figs 2,
3, 6, 7). At higher magnifications, ,vall canals and faint
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PLATE 20

1-9. DmogymnlUm ,donga/llm ivla)" 1977: 1-'-1 x qO. ')-9 SE,'"l

photomicrographs. CRC 32142-'-1. f)\XII'~. Iht' T:tylor Group. the
Pecan Gdp Chalk. l\kLc:nnan COLIn!")': Clfnpanlan
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ridges may also be seen (PI. 23, figs 1-8). !\tIay (977)
considered that the epicyst is lanceolate and shoneI'
than hypocyst. SEM photomicrographs of specimens
studied here show that the archeopyle is on the rounded
end of the longer part of the cyst. Thus. D elongatum
has shorter epicyst than its hypocyst. Therefore, the
two species can be distinguished from each other.

Previous records--Campanian-Maastrichtian. New
Jersey, USA. (May. 1977, 1980).

Dinogymnium microgranulosum Clarke & Verdier
1967

PI. 24, figs 1-4

1967 Dinogymnium microgranulosum Clarke & Verdier,
p. 34, pI. 5, figs 7-10; text-fig. 10
Size measurements--Length x breadth ')1-85 x 29

54 !J.m (Clarke & Verdier, 1967): 65-78 x 42-62 !J..m in
three specimens of this study.

Previous records--Senonian. Santonian, Isle of Wight.
England (Clarke & Verdier, 1967); Lower Maastrichtian.
Denmark (Wilson. 1971).

Dinogymniu777 nelsonense (Cookson) Evitt. Clarke &
Verdier 1967

PI. 24, figs 5-8

1956 Gym nodinium nelsonense Cookson, p. 183, pI.
1. figs 10, 11 (non figs 8. 9).

1967 Dinogymnium nelsonense (Cookson) Evitt, Clarke
& Verdier, p. 21, pI. 3, figs 21, 22.
Size measurements-Length x breadth 70 x 38 !J.m

(Cookson. 1956); 45-101 x 22-62 !J.m in five specimens
of this study.

Previous records-Senonian. Upper Cretaceous,
Victoria, Australia (Cookson, 1956); Senonian, Brazil
(Regali el at., 1974; Herngreen, 1975); Maastrichtian,
Navarro Group. Texas. U.S.A. (Zaitzeff & Cross, 1971).

Dinogymnium rigaudiae Boltenhagen 1977

PI. 24. figs 9-13

1977 DinogymlZiu/77 ri[l,audiae Bolten hagen, p. 73. pI.
11, figs 1-4 (err orth. pro ngaudiae).
Size measurements--Length x breadth 47-57 x 13

IS !J.l11 (Bolten hagen, 1977); 38-55 x 13-15 !J.l11 in two
specimens of this study.

Previous records--Campanian-J'vlaastrichtian. Gabon.
West Africa (Boltenhagen. 1977).

Dinogymmum sibiriCll777 (Vozzhennikova) Lentin &

Williams 1973

PI 2S. figs 1-8

1967 Gynmodinium sihiric1l717 Vozzhennikova. p. 47,
pI. 2, figs 2..3a, 3b; pI. 3. figs 2, 3

1973 Dinogymni1l717 sibiricum (Vozzhennikova) Lentin
& Williams, p. 50
Size measllrements--Length x breadth 65.6-67.6 x

375-37.8 !J.m (Vozzhennikova. 1967): 43-81 x 32-5S !J.l1l
in seven specimens of this study

Remarks-Dinogymniunz sihiricul1l has a fJange
like paracingulum. Thus, certain specimens are wider
than their length. Its epicyst and hypocyst are conical
and rounded at their apices. Ridges are heavy The
illustrations of Siberian specimens (Vozzhennikova, 1967)
are oriented with their apical end downwards.

Previous records-Senonian. Western Siberia.
U.S.S.R. (Vozzhennikova. 1967).

Dinogymnium spbaerocephalum (Vozzhennikova)
Lentin & Williams 1973

PI. 26, figs 1-6

1967 Gvmnodiniu777 sphaerocephalu/77 Vozzhennikova,
p. 48, pI. 2, fig. 7; pI. 3, fig. I

1973 Dinogymnium .\phaerocephalu m (Vozzhenn ikova)
Lentin & Williams, p. 50.
Size measuremel7!s-Length x breadth 56-81 x 30

32.4 !J.m (Vozzhennikova, 1967); 60 x 25 !J.m in one
specimen of this study.

Previous records-- Senonian, Western Siberia.
U.S.S.R. (Vozzhennikova, 19671; Campanian. western
interior of Canada (Harker el al.. 1990).

PLATE 21 ......
1-13. Dinogyn111iuI11 euclaense Cookson & Ei,enack 1970: 1-7 and

12-13 x lOa. CRC 32137-4. D9. the Taylor Group. upper
Taylor Clay. Ellis County: Campanian; 8. 9 x 100, CRC 32151'
1. DlO. the Ta)·lor Group. lm"er Clay. Flli, County: Campanian;
la, 11 x lOa. CEC 32139-3. Dll thc Austin Chalk. upper
Chalk member. Ellis County; Latc Santonian.

14-1 S. DinogYl11nium be/eracos/alum (DefbndrcJ F,·itt. Clarkc 6:

Verc1icr 1967: x \0. CRe 321~3-3. DW1S. the Ta).lor Group.
lower Taylor Clay. McLennan County: Campanian.

16-11'. Dill0f.!.ymllilll11 Iwsacbslcmicllm (Voahennikova) L"ntil1 6:

\Villiarn., 1973; 16. 17 x laO. 18 SH'1 photomicrograph; CRC
:\217.3-2. \VA19. tl1(' Austin Group. Gurdrtt Formation. Tr;" is
County: Santonian.
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PlATE 21
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50 pm 50 pm 7

3 4

30 pm
I I

5

9

PLATE 21.

J-9 Dinogymmum lanceolalum May 1977: 1-;. x 'JO CRC 32142-2.
DW14. the Taylor Grou[). the Pecan Gar Chalk. IvlcLennan County

Campanian. h-t) x '1O. CRC 321 ~6-1 \X/I\IH, the Navarro Grour.
Kemp Clay. Fal'" Coumy. Lale IVLuSlrlc!lII:ln
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1110 }Jm-
1010 }Jm-

1

9

30 }Jm

10 }Jm •

PLATE 2'1

1-4 IJ/I/fIgl'lHlIlIlIll /Il1cmgrallll!oslli/I Clark,' c.: \'el"d'LT J<)()7 I X-lll

CRC .321Y'-4. 07 the Tal'iol Gmup. UP[X'f Taylor CI.I~ D,dl.I'
Coun!)'. Camp'InI'll1. 2. .3. -I CRe .32142--J. [)\V I I. th,' T'l\ lur
Group lilt' Pecan G.lp Chalk. McLl.'nnan COllnry. ClIllp,mi'ln

"i-H DII'lOf(l'I?7I'11UI1I lle!SOllellSe ICuoksol1) EVIl!. Clarke &: Y"rllicr
ly6i: 'i, 6 x !OlI. CRC :\2UN-5. DIll. rill' '1',,\ lor Group. 1"'"c'l

T.lyl()l' C1.II. l'lli~ COUl1t) Call1p,,,lI:tl1 - K CRe -In 12-'1. [)\\.

l-J. lit" T.I}'lol Grnup. Jill' PC'l'''1! (;,11' Clul~, ,\·lcLenn'll1 COLinry:

C"l1lp"nl:tl1
\)-1.3 f)1I/fJ,!!,1'I1111111111 n.WI/lc!/(f('llo!J",nh"gcn 1\)77 x 1I111 CI{C.321.\i.

I 1!9. thc' '1',,,10,, (;I'<'L1p. UPI''''' T.I)lrll CI.lv. \-lIi, C"lil1ty
CIIl1P:II1I.tn
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10 tim-10 /-1m-
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10 /-1m 2

PLATE 25

1-8 nll1(}~Fml/l/llI1 Slhll"IC1/1I1 (Vouhcnnd,o\ J I Lel1(111 0- \XIlillal11~

1<)73. I. 2. 3 x 100, CRC 321~2-'1. O\XII~. th,' Taylol Grour. the
Pecan Car Chalk. ,'vlcLenn,ln Coul1ly: Camranlan. ~. ~ CRC

.$21'1"-<'. WA 17. the· Au~tln Chellk. lower Chalk memhel iVlcLennan
County Santonian. 6. 7 8 CIlC 32142-'1. OWI'I. the Taylor
Grour. th,· Pecan Gar Chalk. Mclennan County. Campanian
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Genus-ExoclJosplJaeridill1ll Davey et al. in Davey et at.,
1966

1966 txochospbaeridiu111 Davey. Downie. Sarje:.lnt &

Williams in Davey el al.. p. 165
Type species-Exochospbaeridiu111 pbragmiles

Davey. Downie. Sarjeanr & Williams in Davey el al.. 1966
(original designation).

Remarks-E'xocbospbaeridium is distincr from
Ampboruspbaeridiwn in having solid. less branched
processes, and from Operculodinium in h:.lving fibrous
processes.

t'xocbo.~pbaeridium biJidum (Clarke & Verdier)
Davey 1969

1'1. 27, figs 1-6

1967 Balfi~pbaeridium bi/idum Cl:.lrke & Verdier. p.
72, pI. 17, figs 5, 6: text-fig. 30

1969b Exochosphaeridium bilidum (Clarke & Verdier)
Davey, p. 26, pI. 1, figs 1-5: text-fig 1, no. 1
Size meCisure717ents-Body diameter 44-72 ~m,

process length 13-34 ~m (Clarke & Verdier, 1967); 36
69 ~m, process length 11-24 ~m W:.lvey, 1969b); 44-72
~m. process length 13-34 ~m (Foucher. 1972); 40-70
~m. process length 14-30 ~m (Corradini. 1973): 50-61
~m, process length 16-20 ~m (Benson, 1976); body
length x breadth 67-84 x 54-73 ~m, process length up
ra 35 ~m (Damassa, 1979): body length 50-77 x 43-77
~m. process length 8-3] ~m (May, 1980); body diameter
54-72 ~m, process length 15-24 ~m (Yun, 1981); body
60-68 x 55-67 ~m, process length 13-18 11m in three
specimens of this study

PreviOUS records-Aptian-Danian. Aptian-Albian,
[vlazagan Plateau, off northwest Africa (Below. 1984)
Upper Cretaceous, South Africa (Davey, 1969b):
Campanian, Ghana, Africa (Davey, ]975); Senonian,
DSDP Leg 39, Sites 358, 356, 355, southwestern Atlantic
Ocean (Ioannides & Colin, 1977); Albian-Senonian,
Europe (Clarke & Verdier, 1967; Foucher, 1972: Corradini,
1973; Fauconnier. 1979; Yun, 1981); Late Maastrichtian,
Turkey (Erkman & Sadek, 1981); Albian-Danian, North
America (Millioud el aI., 1975; Benson, 1976; Damassa,
1979; May & Stein, ]979; May, 1980); Upper Cretaceous,
Australia (Cookson & Eisenack, 1974).

Exocbo~phaeridium mueLLeri Yun 1981

PI. 27, fig. 7

1981 Exochosphaeridiu7J7 muelleri Yun, p. 25, pI. 4,
figs 12, 14, 15; pI. 5, figs 9, 11.
Size measuremenfs-Body dimensions 45-60 x 48

66 ~m, process length 10-18 ~m (Yun, 1981); body 47

x 42 ~m. process length 15 ~m in one specimen of this
study.

Prel'ious records-Ha u te ri via n -Santonia n.
Hauterivian-Albi:.ln, 1\110rocco (Uelow. 1982a); Santonian.
Germany (Yun. 198] J.

Exochospbaeridium pbragmites D:.lvey ef al in
Davey et aI., 1966

PI. 27. figs 8-9

1966 t;xochmphaeridium phragmiles Davey et al in
Davey ef at, p. 165; pI. 2, figs 8-10
Size measurements-Recorded range of dimension:

33-95 x 33-75 lim, length of processes 10-40 lim (see
Srivastava, 1991); body 49-83 x 47-65 lim, process length
10-21 lim in four srecimens of this study.

Precious records-Vala ngin ian-Sa nran ia n.
Valanginian-Turonian, Europe (Davey el aI., 1966; Davey,
1969,197911,1982; Davey & Verdier, 1971, Corradini,
1973; Below, 1982b); Uarremian stratotype, France (de
Reneville & Haynaud, 1981; Srivastava, 1984); Senonian,
Nonhero Apennines, Italy (Corradini, 1973); Hauterivian
Albian, Morocco (Below, 1982a); Aptian-Early
Cenomanian. Mazagan Plateau, offshore nOlthwest Africa
(Belo,v, 1984); Early Albian, India (Jain, 1977);
Cenomanian, Canada (Singh, 1983); Cenomanian
Turonian, Texas, U.S A. (Srivastava, 1991); Campanian,
western interior of Korth America (Harker et aI., 1990).

Genus-Ftorelltinia Davey & Verdier 1973

1973 Florel1tinia Davey & Verdier, p. 185.
Type species-Florentinia laciniafa Davey & Verdier

1973 (original designation).
Remarks-Florenlinia consists of skolochorate cysts

having a subspherical body with precingular archeopyle
and a gonyaulacacean para tabulation indicated by
intratabular processes of two sizes, narrower processes
in paracingular and parasulcal areas and a large
distinctive process in anrapical area. Florentinia is
distinguished from SiLicispbaera in having a distinctively
large antapical process, and from Achllleodiniu111 in
having a different wall structure.

Florentinia clavlgera (Deflandre) Davey & Verdier
1973

PI. 28, figs 1-2

1937 Hyslricho,~pbaerldium clavigerum Deflandre, p.
71, p1. 14, figs 1-2.

1963 Baliisphaeridill111 clavigerwl1 (Deflandre) Downie
& Sarjeanr. p. 91.

1966 Hystrichokolpoma clavigera (Deflandre) Williams
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& Downie in Davey et al.. r. 181 (nom. comb. non
cit. )

1973 Florentinia clavigera (Deflandre) Davey & Verdier.
p. 192.
Size measurements-Central body diameter 35-60

llm, process length 9-25 llm (Davey & Verdier, 1976):
overaJl dimensions 88-104 x 6')-86 llm. body 39-7') x
39-68 llm, process length 15-29 llm, antarical rrocess
14-29 x 8-23 llm (Srivastava. 1991); overaJl 55-94 x ')2
78 llm, body 29-62 x 29-52 llm. rrocess length 10-21
llm, antapical rrocess 13-26 x 5-13 /-1m in six specimens
of this study.

Previous records-Cenomanian-Sa ntonian. Urper
Cretaceous, France (Ddlandre, 1937); Turonian
Santonian. France (Davey & Verdier. 1976; Robaszynski
et al., 1982: Foucher. 1983): Cenomanian-Coniacian.
Texas. U.S.A. (Srivastava. 1991).

Florentinia cooksoniae (c. Singh) Duxbury 1980

PI. 28, fig. 3

1971 Hystricbospbaeridi1l11J cooksoni C. Singh. p. 329.
pI. 51, figs 7-8; pI. 52. figs] -4 (err. onh. rI'O
cooksoniae).

1971 HFstricbospbaeridium cylindratum auct. non
Morgenroth; Brideaux, p. 91, pI. 26. figs 69-70: pI.
27, fig. 74

1980 Florentinia cooksoniae(C. Singh) Duxbury, r. 120.
pI. 7, figs 6, 9; text-fig. 7
Size measurements--OveraJl dimensions including

processes 60- 105 llm, central body length x breadth 36
67 x 36-50 llm, length x breadth of processes 7-28 x 3
20!-Lm (Singh, 1971); body dimensions 30-50 /-1m, rrocess
length 1O-20 llm (Ashraf, 1979); maximum body diameter
38-6611m; process length 16-37 llm (Yun, 1981); overaJl
dimensions 70-112 x 62-99 llm, body 40-60 x 38-62 llm,
process length 15-44 llm, antapical process length x
widest measurement 22-44 x 5-2611m (Srivastava, 199]):
overall 57-83 x 57-75 llm, body 26-44 x 26-4211m, process
length 13-21 llm, antapical process length x widest
measurement 21-26 x 8-13 llm in three specimens of
this study.

Previous records-Neocomian-Sa ntonian.
Neocomian-Aptian, South Atlantic Ocean (Harris, 1976);
Barremian-Cenomanian, western Canada (Singh, 1971,
1983; Brideaux, 1971. 1977); Barremian-Artian, England

(Duxbury. 1980. 1983): Lower Cretaceous. Afghanistan
(Ashraf'. 1979): Turonian. France mobaszynski et at.,
1982); Santonian, Germany (Yun. 1981): Cenomanian
Coniacian, Texas, U.S.A. (Srivastava. 1991).

Florelltinia laciniata Davey & Verdier 1973

PI. 28. figs 4-5

1973 Florentinia laciniata Davey & Verdier, r. 186.
rl 2, figs 1, 3-4, 6-7, 9
Size measurements-CentfJ I body diameter 36-55

llm, rrocess length 26-49 llm (Davey & Verdier, 1973);
central body diameter 3')-42 llm, process length x breadth
ca 24 x 15-18 !-Lm (Yun, 1981): overall dimensions 75
91 x 7')-91 llm, body dimensions 42-55 x 42-'55 llm.
process length 20-26 llm; antarical process length x
breadth 29-34 x 10-1811m (Srivastava, 1991): overall 70
x 70-83 llm. body 39-42 x 39-55 llm. process length16
29 llm; antapical rrocess length x breadth 21-26 x 8
10 llm in three srecimens of this study

Previous records-Artian-Santonian, Germany
(Eisenack, 1958; Alberti, 1961: Yun, 198]); Albian
Cenomanian. England (Cookson & Hughes. 1964; Clarke
& Verdier, 1967; Davey. 1969'1): Albian-Turonian, France
(Davey & Verdier, 1973, 1976; Fauconnier, 1975, 1979);
Albian, western Canada (Singh, 1971); Albian
Cenomanian. Australia (Cookson & Eisenack. 1962. 1968:
Norvick & Burger, 1976; Morgan. 1980); Lower Aptian.
Argentina (Pbthe de Baldis & Ramos. 1983); Cenomanian,
Libya (Batten & Uwins, 1985); Early Cenomanian.
Mazagan Plateau. northwest Africa (Below, 1984);
Cenomanian-Coniacian. Texas, USA. (Srivastava, 1991).

Florentinia malltellii (Davey & Williams) Davey &

Verdier 1973

PI. 28. fig. 6

1966 Hvstricbospbaeridium I1wntelli Davey & Williams
in Davey et ai, r. 66, pI. 6. fig. 6 (err. orth. pro
mcmlellii ).

1973 Florentinia mantellii (Davey & Williams in Davey
et an Davey & Verdier. r. 187, pI. 1, figs 1. 4-7:
rl. 4, figs 1, 3 (err. orth. rI'O mantelli).
Size measurements-Central body diameter 36-45

/-1m, rrocess length 13-26 llm (Davey & Williams in

PLATE 27 -+

1-6. Exochosphaendillm hi/idllm (Clarke & Verdier) D:1ley \969h:
1. 2. .3. x 40. CRC .32127-Q. A2~. rhe 1':1ylor Grouf1. Imver T:1ylor
Clay. Travis County; Camf1anian; 4. ~. CRC 32142-4. D\XIH. tilt'
Taylor Grouf1. the Pecan Gaf1 Chalk. McLennan County:
Camf1anian: 6. CRC 3214~-~. WA17. the Austin Chalk. lower
Chalk member. McLennan COUnty: Santonian.

7 t5:()chosplwendium l?IuetieriYuIl 1981· x 40. C]{C .321.3~-1. 07.
tht' Austin Chalk Uf1f1er Cllalk memher. Dallas County: Santonian.

S·9. Ex()ch()spha('ndilll7l pbragmiI6l)al'e\' el (il. in O'LI'ey ('I al.. 1966:
x '10. C]{C .32J.)'1·3. 06. the Austin Chalk. middle Chalk memher.

Dalla" COllnty: Santonian.
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PLATE 27

Davey et aL, 1966); hody diameter 3";-47 /J-rn, process
length 15-19 /J-m (Yun. 1981) OveraJl dimensions 7Cl-

91 x 78-99 /J-m, body 30-47 x 30-47 /J-m, process length
21-31 /J-m, antapical process 26-36 x 16-21 /J-lD (Srivastava,
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1991); UI cr.tll 83-91 x 83-94 11m. body 55-60 x 55-62
11m, process length 21-26 11m, anrapicaJ process 26-34
x 16-21 11m in two specimens of this study.

Previous record:r-Barremian-Samonian. Barremian
Turonian, England (Davey & Williams in Davey et aI,
1966: Davey, 1969, 1974: Duxbury, 1983); Late Alhian
Cenomanian. France (Davey, 1969; Davey & Verdier,
1973); Late Aptian-Early Albian, Germany (Davey. 1982);
Santonian. Germany (Yun, 1981); Alhian-Cenomanian,
Portugal CBerthou et aI, 1980); Aptian-Cenomanian,
Morocco (Below, 1982a); Early Aptian-Early Cenomanian.
Mazagan Plateau, off northwest Africa (Below, 1984);
Albian-Cenomanian. Libya (Batten & Uwins, 1985): Early
Albian, India (jain, 1977); Albian-Cenomanian, Australia
(Cookson & Eisenack, 1962, 1968; Norvick & Burger,
1976); Alhian, Alberta, Canada (Brideau x, 1971; Singh,
1971); Albian, Baja California, Mexico (Helenes, 1984);
Cenomanian-Coniacian, Texas. U.S.A. (Srivastava, 1991).

Floren/inia resex Davey & Verdier 1976

PI. 28. fig. 7

1976 Florenlinia resex Davey & Verdier, r 319. pI. 4,
figs 1-3; text-fig. 2.
Size measurements- Central body diameter 38-51

11m, length of processes 7-23 11m (Davey & Verdier,
1976); overall dimensions 43-53 11111. hody 36 x 32-36
11m; length and width of processes 6-11 x 3-5 11m (Singh.
1983); overall dimensions 53-78 x 50-78 11m, body
dimensions 32-57 x 30-52 11m. process length 13-16 11m,
anrapical process dimensions 16-18 x 8-12 11m (Srivastava,
1991); overall 70-91 11m, body 42-47 11m, process length
18-21 11m, antapical process 21-31 x 16-18 11m in three
specimens of this study.

Previous records-Aptian-Maastrichtian. Aptian
Cenomanian, Morocco (Below, 1982a); Late Albian-Early
Cenomanian. Mazagan Plateau, offshore northwestern
Africa (Below, 1984); Turonian, France (Davey & Verdier,
1976); Turonian-Maastrichtian, offshore southwestern
Africa (Davey, 1978); Cenomanian, Alberta, Canada
(Singh. 1983); Cenomanian-Coniacian, Texas, U.S.A.
(Srivastava, 1991).

Floren/lnia ste!!ata (J\tlaier) Below 1982a

PI 28. figs 8-9

1959 Hvslrichosphaeridlum slellatum Maier, p. 320,
pI. 33. figs 3. 4

1982a Floren/inia s/ellala (Maier) Below, p. 10, pI. :3,
fig 3
Size measuremenls-Body diameter 62 11m hroad,

process length 34 11m, slender process length 38 11m
CJ',tlaier, 1959): body length x hre:ldth 42-56 x 34-54 11m.
processes 10-33 x 3-13 11m (Brideaux, 1971); overall
dimensions 70-96 11111, hody 36-48 11m, process length
20-27 11m (Singh. 1971); hody :30-50 11111, hroad process
22-24 x 10-20 11m, thin process 18-20 x 5-7 11m (Ashraf.
1979): overall 52-88 x 62-88 11m, IJody 26-47 x 36-47
1l111, processes 16-261lm long. antapical process length
x breadth 16-26 x 6-8 ~lm in four specimens of lhis
study

PreviOUS records-Lower Cretaceous. Afghanistan
(Ashraf. 1979); Arti~lI1-Albian, Morocco (Below, 1982a):
Alhian- Early Cenomanian, Maz:lgan Plateau, northwest
Africa (Below, 1984); Albian-Turonian. France (Davey
& Verdier, 1971; Foucher, 1974): Albian-Campanian.
Engbnd (Cookson & Hughes, 1964; Clarke & Verdier,
1967), Alhian-Cenomanian, Australia (Cookson &
Eisenack, 1962, 19681; Albian-Camranian, Canada
CBrideaux, 1971: Singh, 1971; Mclnryre, 1974: Mi!lioud
et al., 1975; Felix & Burbridge, 1976): Danian, California
(Drugg, (967); Middle Oligocene-Middle Miocene,
Germany (Maier, 1959)

Genus--Fromea Cookson & Eisenack 1958

1958 Fromea Cookson & Eisenack, p. 55.
Type species-Formal amphora Cookson &

Eisenack 1958 (original designation).
Remark:r-Formea consists of ellipsoidal cysts with

smooth and faint ornamentation, an apical archeopyle
and possible indications for a paracingulum. Fromea is
distinct from Palaeos/omocyslis in lacking reticulate
ornamenration.

PlATE 28 -+

1-2. Florenlinia clauiflera (Detlandre) Davey & Verdier 1973: 1 x
40, CRC ~2127-4. A25, the Ta~'lor Group. lower Taylor Clay.
Travis County: Cam[)anian; 2. CRC 32173-2. WA19. the Austin
Grou[). Burditt Formation, Travis County: SanlOnian.

3. Florenlinia cooksollim' (C Singh) Duxhury 1980: x 40, CRC 32127
4. A25, rhe Taylor Group, lower Taylor Cia)'. Travis County:
Campanian.

4-5 Florenlinia lacimala Dave)' & Verdier 1973: 4. x 40. CRC 32127
4. A25. rhe Taylor Group. IOI"-'er Taylor Cia)'. Travis Count)':

Campanian; 5 x CRC 32142-4. D\'(,'14. rhe Taylor GroU[), the
IJecan Gap Chalk. McLennan County; Campanian.

6. Florenlinia manlelli (Dave)' & Williams) Davey & Yerdierl973;
x 40, eRC :32142-4, DWl'!. the Taylor Group, the Pecan Gap
Chalk. Mclennan County; Campanian.

7 Floreillinia resexDave)' c" Verdier 1976: x trO. CRC 32135-1. D7,
the Austin Chalk, up[)er Chalk memher. Dallas County: Santonian.

8-9. Florenlinia siellaia (Maier) Below] 982a; x "rOo Cl\C 3213'1-3, 06.
the Austin Chalk, middle Chalk member, Dallas Counry; Santonian
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Fromea ampbora Cookson & Eisenack 1958

PI. 29, figs 1-2

1958 Fromea ampbora Cookson & Eisenack, p. 56, pI
5, figs 10, 11.

Size measurements-Length x breadth 62-95 x 47
81 ).lm (Cookson & Eisenack, 1958); 56-85 x 47-71 ).lm
(Davey, 1969a); 56-108 x 38-74 ).lm (Brideaux, 1971);
67-125 x 50-170 ).lm (Singh, 1971); 70-83 x 60-83 ).lm in
three specimens of this study
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Previous recurds-Valanginian-Ma astrich tia n
Valanginian-Cenomanian. England (Cookson & Hughes.
1964, Sarjeant in Davey el (fl., 1966; Davey. 1969a. 1974;
Duxbury. 1977, 1980. 1983): I3arremian-Santonian.
Europe (Albelti, 1961: Baltes. 1967b; Davey, 1969a: Davey
& Verdier, ]971; Yun, 1981); Valanginian-Maastrichllan,
North America (Habib. 1970: Brideaux. 1971, Singh.
1971; Brideaux & McIntyre, 1975: Mcintyre, 1974:
McIntyre & Bndeaux, 1980: Doerenkamp et al.,1975:
Benson, 1976: Pocock, 1980: Harker et cd. 1990): Albian,
DSDP Sites 417 and 418. \CVestern North America (Hochuli
& Kelts, 1980): Hauterivian-Albian. Morocco (Below,
1981a); .Middle Aptian-eady Late Aptian, JVIazagJn Plateau,
off northwestern Africa (Below, 1984): EJrly Albian.
south India (jain, 1977); Aptian-Senonian, Australia
(Cookson & Eisenack. 1958, 1982; Kemp, 1976)

Fro1lwa apicula/(f (Cookson & fisenack) Swver &

Evitt 1978

PI 29. fig 3

1960b Palaeostomocystis apicillaia Cookson & Eisenack,
p. 12, pL 3, fig. 15

1978 From(!a 7 apiCllla/(f (Cookson & Eisenack) Stover
& Evitt, p. 48.
Size measure1l1C'nls--Length x breadth .38-62 x 19

35 !J.l1l (Cookson & Eisenack. 1960h); 68-109 x 36-47!J.m
in the specimens of this study.

Previous records-Senonian. AustraliJ (Cookson &
EisenJck, 1960b. 1970).

GenuS---<;laphyrocysta Stover & Evitt 1978

1978 Glapb'yroc~ysla Stover & Evitt. p. 49.
Type species-Glaphyrocysla reliinteX/(f (Cookson)

Stover & Evitt 1978 = CyclonephC'liu m retlintC'xtuJn
Cookson 1965a (original designation).

Remarks-Stover and Evitt (1978) proposed the
genus Glapbyrocysla for skolochorate cysts having a
lenticular body with several annu!Jte to arcuate
penirabular process complexes \vhich may be mostly
joined distally by a simple to intricate trabeculae system
The mid-ventral and mid-dorsal areas of the body are

either with reduced processes or vvithout processes.
Glaphyrocysla has an apical archeopyle and an offset
parasulcal notch. Glaphyrocysla differs from
C)clonepbefium in having larger and fewer projections
which are conneCled distally by a trabecular ectophragm,
and from Adnalosphaeridium in having a lenticular body
and more complex processes.

GlaphyrocYSla retiintexta (Cookson) Stover & Evitt
1978

PI. 29, figs 4-6

1965a CyclonC'phelium retiintextunl Cookson, p. 88, pJ.
ll, fig 4

1978 Glaphvrocysta retiinlexta (Cookson) Stover & Evitt,
p. 50
Size measurements-Overall dimensions 177 x 117

!J.m, body 94 x 78 !J.m. process length 20-30!J.m (Cookson,
1965a); body 55-93 x 50-79 !J.m, process 12-28!J.m long
(Archangelsky. 1969); overall 91-114 x 65-104 !J.m, body
60-65 x 52-60 !J.m, process length 18-31 ~1l1 in seven
specimens of this study

Previous records-Senonian-Eocene. Senonian
Paleocene, Australia (Cookson, 1965a, 1965bi: Paleocene.
13elgiul11 (Schumacker-Lambry. 1978: Paleocene, Morocco
(Doubinger, 1979i: Eocene, Argentina (Archangelsky,
1969); middle-Late Eocene, DSDP Sites 367 and 370,
off west Africa (Williams, 1978).

Genus--Hystricbodinium Deflandre emend. Clarke &

Verdier 1967

1935 f-1ystrichoclinium Deflandre, p. 229.
1961 Heliodinium Alberti, p. 33
1967 HySlrichodinium Deflandre emend. Clarke &

Verdier. p. 37.
Type species-Hyslrichodiniwn pulchrum Deflandre

1935 (monotypicl.
Renwrks-Hystrichodinium differs from

Xipbopboridium in having a precingular archeopyle,
from Hystrichogonyaulax in lacking paraplates and from
Exocbosphaeridium and Operculodinium in having a
paracingulul11.

PLATE 29 -+

) -2. Fromea amphura Cookson &. Ei..;en;ICk 19~8, 1. x 40. CRC 52127
4. .'\.2:;. the Taylor Groufl. lower T;lylor Clay. Tr~1 is County'
Camflanian,2 CRC 521-i2-4. D\\I14. the Taylor Groufl. the Pecan
Gafl Chalk. i\lcLcnnan County, CJl11flanian.

3. Froll7ea apiclila/a (Cookson &. E"":I'lack) Stover &. Eyitt 1978;
x 10, CRC 321~2jl. D\V14. the Taylor Groufl. lile ['ecan Gafl
Chalk. l\kLennan County, Clillruilian.

4-6. (;!aphYlDcrs/a reliill/ex/a (Cookson) Stover (:;; Evilt 1978,4. S.
x -i0. CRC 32146- [ \~!I 18. the ,al'aITo Group, Kemfl Clay.

bib County: Late "'Ia~~trichtian: 6. x 40. CRC 32146-2. \XiAI8.
the N~varro Groufl. Kemp Clay. Falls County: Late Maastrichtian.
I-I)/Sl richodmill m pulchru m Dellandre 193:;: x iO. CRC 32134
7, DC,. the Austin Chalk. middle Chalk member. Dallas County;
Santonian.

8-9. !mjJa,qidiJlillm cris/ailim IMay) Lentin & Willi:ulls 1981; x 100.
CHC :32142-4. ])\Xi14. the Taylor Group. the Pecan Gafl Chalk,
l\kLennan County, Call1flanian.
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Hystrichodi71ium pulchrum Denandre 1935

PI. 29, fig 7

1935 Hystrichodiniwn pulchrum Denandre, p. 229, rl.
5, fig. 1: text-figs 9-11.
Size measurements-Overall rreviously recorded

range of dimensions 50-155 x 31-110 IJIn. body 35-66
x 31-55 IJ.m. process length 20-48 IJIn (see Srivastava,
1991): overall 78-104 x 73-104 IJ.m, body 44-65 x 44-65
IJ.m, process length 23-.33 IJm in four specimens of this
study.

PreviOUS recurds--Portlandian-Maastrichtian (see
Srivastava, 1991). Campanian, Manitoba. Canada. and
Wyoming and Texas, USA (Harker et al., 1990).

Genus---Impagillillillrtl Stover & Evil( 1978

1978 impagidinilll17 Stover &. Evin, r. 165.
Type species-impagidinium di~jJ!?rtitum (Cookson

& Eisenack) Stover & E\'itt 1978 = Lep/odillium
di,~pertitu711 Cookson & Eisenack 1965b (original
designa tion).

Relnar/~s-fmpagidinium consists of
proximochorate, acavate, subspherical to ellipsoidal cysts
without an apical projection or horn. It has a precingular
archeopyle and its gonyaulacacean paratabulation is
indicated by paraslItllral septa only fmpagidinium differs
from Leptodinium in lacking apical projection or horn
and being subspherical to ellirsoidal.

fmpagidinium cristatum ()\'Iay) Lentin & Williams
1981

PI. 29 figs 8-9

1980 Lep/odinium cristatum May, p. 57, pI. 5, figs 16
20

1981 impagidinium crista/11m (May) Lentin &. \,\/illiams,
p. 153
Size measurements-Length x breadth 37-50 x 31

49 IJ.m, crest height 3-7 1J.l11 (May, 1980); 49-50 x 40-43
IJ.m, crest height 5 IJ.m in two specimens of this study.

PreviOUS records--Campanian-Maastrichtian, New
Jersey, USA (May, 1980).

Genus---Isabelidinilll1l Lentin & Williams 1977b

1976 isabelia Lenti n & Will iams, r 56 (non isabelia
Barbos:.l-Rodrigues, 1877, p. 75)

1977b isabelidiniuln Lentin & Wililiams, r. 167.
Type species-isabelidinium Imr%nel7Se (Cookson

& Eisenack) Lentin & \Xiilliams 1977b = Deflandrea
korojonensis Cookson & Eisenack 1958 (original
designation)

Remarl::s--isabelidinium consists of proximate,
bicavate or circumcavate, comrressed cysts having
generally longitudinally elongate outlines with a single
arica1 horn and t\NO poorly develored antapical horns
Endocyst outline is circular or elliptical and occurs in
the central rart of the pericyst. Paratabulation indication
by an intercalary archeopyle and/or hy a paracingulul11.
fsahelidil1iul1l differs from Nelsoniella :.lnd Eucladinium
in having an endocyst located in the central ronion of
the peri cyst, and from Ew}'diniw17 and Xenihool1 in
having a circular to subcircular endocyst with the length
equal to or less than the width.

isabelidiniuJTI microarnnol1 (McIntyre) Lentin &
Williams 1977b

PI. 30, figs 1-3

1975 Dejlal7drea microarma McIntyre, p. 65, pi. 1, figs
5-8

1977b isahelidil1iw17 micruarmwn (McIntyre) Lentin &

Williams, r 168.
Size measuremel7/s--Length x breadth: pericyst 99

122 x 41-64 1J.l11, endocyst 39-54 x 4]-64 IJm (McIntyre,
197'5); pericysl 80-86 x 49-52 IJ.m, endocyst 36-47 x 42
52 IJ.m in six specimens of this study.

Preuious records-Cam ranian-Maastric htia n,
Northwest Territories (McIntyre, 1975); district of
Mackenzie, Canada (IO:.lnnides & Mclntyre, 1980)

Genus---J(leithriasphaeridiurtl Davey 1974

1974 Kleithriasphaeridium Davey, p. 55.
Type srecies-Kleithriasphaeri(tium currugatum

Davey 1974 (original designation).

PLATE 30 --+

1-3. lsabelidilZlllllll1licroanlllllll(:\klnl'yreJ Lenlin & \X/illial11.' 1977b:
I 2. ~ 40, CRC 32127-4, A2';. the Taylor Group, Imver TJylor
Clay, Travis COUnty: Campanian: 5 x 40. CRC _)21:\5-5, D7. the
Taylor Grour, urrer T"ylor CIJl'. D:.Jilas County: Clmranian.

4. Kleilb17ospbc/I'ridium lo)]i'ellse Delvel' '" Verdier 197cJ: x 40. CRe
52140-1, DW12. the Navarro Grour, Ihe Cor,ican:l Clay. N:lvJITO
Counly: Maaslridllian.

5. LCl1llerllOSphaendill1ll ta1l0511111 ,'vlorgenroth 196cJh: x '10. CRC
5213';·1, D7 Ihe I\uslin ChJlk. LIpper Chalk memher I)JII:'b
County: Sanroni:ln.

6-7 LejeUllecysla decorinCissCi S.K. Srivasrava. n. sp.: 6 (raralype)
x 40, CRC 52140-1, O\Xi12. the Navarro Grour, Ihe Corsicana
Clay. Nelvarro County, Maaslrichtian: 7(ho!OlYre) x 40. CRC
32140-1. OWl2, Ihe Navarro Group, Ihe Corsicana Clay, Navarro
County. Maastrichtian.

8-10 Le/el.mecvSICI byalina (Gerlach) Artzner '" Oc)rhbfer 1978: 8, 9.
x -10. CRC :\2146-2. WA18. Ihe Navarro Grour, Kemr Clay.
Falls COLlnty; Latt' i\laastrichtian: 10. x 40, CRC 32140-1, DW12.
th~' :\J\;lrro Group. the Cor,icana CI'1y. Navarro Counly;
~'laaslrichtiJn.
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PLATE 30

Remarks-The genus Kleitbria~phaeridiumincludes
skolochorate. acavate cysts with subspherical body
bearing 20-27 hollow, intra tabular nonfibrous processes

and a preCingular archeopyle. It has a gonyaulacacean
paratabulation.

Kleltbriasphaeridium is distinct from
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Cardospbaeridium in having nonfibrous processes
which may be connected proximally by low septa; and
it is distinct from Hystricbosphaeridium in having a
precingular archeopyle.

Kleitbriasphaeridium loj/rense Davey & Verdier 1976

Pl. 30, fig. 4

1976 Kleithriasphaeridium lo[frensis Davey & Verdier,
p 310, pI. 1, figs 1-6 (err. orth. pro loffrense).
Size measurements---Centra1 body diameter 45-52

!-Lm, length of processes 30-38!-Lm (Davey & Verdier.
1976); overall diameter 107-120 !-Lm, body 62-65 !-Lm,
process length 31-34!-Lm (Srivastava, 1991); overall 73
81 !-Lm, body 36-44 !-Lm, process length 21-23 11m in
specimens of this study.

Previous records---Albian-Senonian. Early Albian.
Isle of Wight, England (Duxbury, 1983); Senonian. Nord.
France (Davey & Verdier, 1976); Cenomanian-Coniacian.
Texas, U.S.A. (Srivastava, 1991).

Genus--Lanternosphaeridium Morgenroth emend. Stover &

Evitt 1978

1966 Lanternospbaeridium Morgenroth, p. 37.
1978 Lanterno:"phaeridium Morgenroth emend. Stover

& Evitt, p. 168.
Type species-Lanternosphaeridium lanosum

Morgenroth 1966 (original designation).
Remarks--Lanternospbaeridium includes ellipsoidal

cysts haVing fibrous body surrounded by radially
disposed, densely fibrous to loosely filamentous sheath
with smooth to moderately serrate or spinulose outer
margin. Its paratabu]ation is indicated by precingular
archeopyle Lanternosphaeridium is distinct from
Turbiosphaera in having a fibrous sheath surrounding
the autophragm.

Lanternosphaeridium lanosum Morgenroth 1966

Pl. 30, fig 4

1966 Lanternosphaeridium lanosum Morgenroth, p. 38,
pl. 10, figs 10, 11.

Size measurements--Overall length x breadth 87
123 x 50-98 !-Lm. body 61-70 x 45-53 !-Lll1 (Morgenroth.
1966): body 65-85 x 53-71 !-Lm, process height 18-34
!-Lm (Benson, 1976); body 60-68 X 44-50 !-Lm, membrane
height up to 22 !-Lm (Eaton, 1976); overall 83-104 x 78
91 !-Lm, body 52-70 x 52-60 !-Lm. process height 16-21
!-Lm in five specimens of this study.

Previous records-Maastrichtian-Paleocene,
Maryland, U.S.A. (Benson, 1976); Eocene, Europe
(Morgenroth, 1966; Gruas-Cavagnetto. 1975; Eaton, 1976;
de Coninck, 1977); early-Middle Eocene, Alabama, U.S.A.
(Drugg & Stover, 1975)

Genus---lejeuT,ecysta Artzner & Dorhofer 1978

1961 Lejeunia Gerlach, p. 169
1972 Lejeunia Gerlach emend. Kjellstrom. p 467
1976 Lejeunia Gerlach emend Lentin & Williams, p.

68,
1978 Lejeunecysta Artzner & Dbrhbfer. p, 1381 (nom

nov" pro Lejeunia Gerlach, 1961; non Libert, 1820),
1980 Lejeunia Gerlach emend. Bujak in Bujak et at. p.

68,
Type species-Lejeunecysta byalina (GerJach)

Anzner & Dbrhbfer 1978 = Lejeunia hyalina Gerlach
1961 (original designation)

Remarks-Lejeunecysta includes proximate,
pentagonal, compressed peridinoid cysts with an
intercalary archeopyle and a short apical and two
antapical horns. Autophragm is smooth, wTinkled or
chagrinate (Bujak et at, 1980), Paratabulation indicated
by archeopyJe and/or paracingulum, Lejeunecysta is
distinct from Phelodinium in having only autophragm
and shorter horns; and from 11I!orkallacysta in lacking
well-developed horns,

Lejeunecysta decorinassa S.K. Srivastava, n, sp,

Pl. 30, figs 6-7

Description-Cysts pentagonal with a single apical
and two antapical horns; apical horn short but distinct
with rounded apex; antapical horns two, unequal with
acuminate apices; wall layers not distinct, probably
autophragm only, parasutural features absent,

PLATE 31 .......
1. LitosphaeridiumJenestreconum (May) Lucas-Clark 1984; x 40,

CRC 32140-4, DWI2, the Navarro Group, the Corsicana Cia)'.
Navarro County, Maastrichtian.

2-3. Litosphaeridium sp. sensu Stein 1983: x 100, CRC 32142-4, D\XI14,
the Taylor Group, the Pecan Gap Chalk, Mclennan County:
Campanian.

4, Manumiella lala (Cookson & Eisenack) Bujak & Davies 1983:
x 40, CRC 32J38-1, DIO, the Taylor Group, lower Taylor Clay,

Ellis Counly; Campanian.
5. MembranilalTlClcia o/ialis Cookson & Eisenack 1974: x 40, eRC

32134-3, D6, the Aw;tin Chalk, middle Chalk member, Dallas
County: Santonian,

6-10. Odunlocbili17a COSIala Alherti emend. Clarke & Verdier 1967:
CRC 32142-4. D\'if14, the Taylor Group, the Pecan Gap Chalk,
McLennan Counry: Campanian.
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3utophragm with wrinkled surface. wrinkles running
from apical end to antapical end longitudinally

anastomosing irregularly. wrinkles or rugulae granulose;
pararahulation indicated by a paracingulum anel an



314 THE PALAE0130TANIST

archeopyle anI)': archeopyle intercalary, type 1 (2a),
hexagonal. sometimes operculum attached, antapical
margin near paracingulum margin: paracingulum
indicated in the widest part as broad folds; parasulcus
indicated by a longitudinal concavity in the hypocyst.

Size measurements-Total length x breadth range
109-117 x 99-104 !-Lm

Holotype--PI. 30, fig. 7: photomicrograph reference
no. 85030/4: objective X 40; microscope location
horizontal 34.0/vertical 112.0; size-total length x breadth
117 x 99 !-Lm; sample no. CRC 32140-1/Slide 2: locality
DW12. the Navarro Group, the Corsicana Clay. Navarro
County, Texas, Maastrichtian.

Paratype--PI. 30, fig. 6; photomicrograph reference
no. 85029/14; objective X 40: microscope location
horizontal 52.0/vertical 101.0: size-total length x breadth
109 x 104 !-Lm; sample no. CRC 32140-1/S1ide 4: locality
DW12, the Navarro Group. the Corsicana Clay. Navarro
Count)', Texas, Maastrichtian.

Remarks--Lejeunecysta decorinassa is distinct from
I.jallax and L. communis in being larger having distinct
in apical and anrapical horns, and an autophragm with
granuJose wrinkles; and from Phelodiniu1l1 magnijlcum
in having autophragm only.

Name derivation-I. decO/'is = ornamented: nassa
= wicker basket with narrow neck. or fish-trap; decor
+ i + nassa = ornamented fish-trap.

Lejeunecysta hyalinCi (Gerlach) Anzner & Dorhbfer
1978

PI. 30, figs 8-10

1961 Lejeunia hyalina Gerlach, p. 169. pI. 26. figs 10.
11

1978 Lejeunecysta hyalina (Gerlach) Artzner & DorhNer.
p. 1381
Size measurements-Length x breadth 61-93 x 61

93 !-Lm (Gerlach. 1961); 86-104 x 65-86 !-Lm in two
specimens of this study.

Previous records-Paleocene-Miocene. Thanetian.
Morocco (Doubinger, 1979); Eocene-Miocene, Europe
(Gerlach, 1961; de Coninck, 1969; Gocht. 1969; Benedek,
1972; Eaton, 1976: Bujak et at, 1980; Sarjeant, 1984);
Late Eocene-Middle Miocene, Argentina (Gamerro &
Archangelsky, 1981).

Genus--Litosphaeridium Davey & Williams in Davey el at.
1966

1966 Litosphaeridium Davey & Williams in Davey et at.,
p. 79.
Type species-Litosphaeridium siphoniphorum

(Cookson & Eisenack) Davey & Williams in Davey et
al., 1966 = Hystrichosphaeridium siphol1lphorum
Cookson & Eisenack 1958 (original designation).

Remarks-Litosphaeridium includes skolochorJte
cyst with an apical archeop)'le Jnd distally open hollow
subcylindricaJ to dome-shaped intratabular processes
distributed one per paraplate. Paracingular processes
are absent. Utosphaeridiu117 differs from
Oligosphaehdium in lacking distall)' expanded
processes. and from Conosphaeridium in having an
apical archeopyle. Davey and Verdier (973) emended
the genus Litosphaeridium to include species with
paracingular processes or more than one process per
plate. Stover and Evitt (1978) rejected the emendation
considering it a significant departure from the original
generic diagnosis

Litosphaeridium jenestreconum (May) Lucas-Clark
1984

PI. 31. fig.

1980 Hvstrichokolpoma Jenestrecona [vlay, p 54, pI. 3.
figs 6-11

1984 Litosphaeridium j(mestreconum (May) Lucas-Clark.
p. 190, pI. 2, figs 5, 6, 9, 10. 13. 14
Size measurements-Body dimensions 29-34 x 29

.34 !-Lm, larger process 14-20 x 7-12 !-Lm (base), slender
processes 15-20 x 2-4 !-Lm (May. 1980): overall diameter
52 !-Lm. body 26 !-Lm. process length 16 !-Lm in one
specimen of this study

Previous records- lVlaastrichtian, New Jersey, U.S.A.
(May. 1980).

Lilosphaendium sp. sensu Stein, 1983

PI. 21. figs 2-3

1983 Litosphaeridium sp. Stein. p. 125, pI. 18. figs 3,
4, 7, 8.

1984 Litosphaeridium sp. of Stein-Lucas-Clark, p. 191,
pI. 2, figs 7, 8, 11, 12.
Size measurements-Body dimensions 39-54 x 33

42 !-Lm. process length 9-18 !-Lm (Stein, 1983); overall
40 x 36 !-Lm, body 26 x 26 !-Lm, process 10 x 6 !-Lm in
one specimen of this study.

Previous records- Maastrichtian, southern California,
U.S.A. (Stein, 1983)

Genus-Mallumiella Bujak & Davies 1983

1983 Manumiella Bujak & Davies, p. 160.
Type species--Manumiella seelanclica (Lange) Bujak

& Davies 1983 = Broomea seelandicCl Lange 1969
(original designation).

Remarks-Manumiella has peridinoid circumcavate
cysts with intercalary archeopyJe and having a
subrhombic and subcircular outline. It differs from
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Isabelidinium in being circumcavate; from Eucladinium
and iVelsoniella in having a centrally located endocyst;
from Ewydinium in having a circular endocyst; and
from Amphidiadema in lacking strongly developed
shoulders.

Manumiella lata (Cookson & Eisenack) Bujak &
Davies 1983

PI. 31, fig. 4

1968 Dejlcmdrea lata Cookson & Eisenack, p. 110, fig.
1A-C.

1976 Isabella lata (Cookson & Eisenack) Lentin &
Williams, p. 58.

1977b Isabelldinium latum (Cookson & Eisenack) Lentin
& Williams, p. 168.

1983 Manumiella lata (Cookson & Eisenack) Bujak &
Davies, p. 161, pI. 7. fig. 13.
Size measurements-Length x breadth pericyst 78

105 x 76-97 11m, endocyst 48-50 x 48-75 11m (Cookson
& Eisenack, 1968); pericyst 78 x 62 11m, endocyst 39 x
42 IJm in one specimen of this study.

Previous recol'ds-?Santonian-Early Campanian,
Australia (Cookson & Eisenack, 1968).

Genus---Membra71ilarnacia Eisenack 1963b

1963b lVlembranilarnacia Eisenack, p. 99.
Type species-Membranilarnacia leptodenna

(Cookson & Eisenack) Eisenack 1963 = Membranilarnax
leptoderma Cookson & Eisenack 1958 (original
designation).

Remarks-Membranilarnacia has an apical
archeopyle and includes cavate cysts having suhspherical
endocyst surrounded by thinner pericyst. Endophragm
and epiphragm connected by rods, pillars or processes
which may be divided distally. Membranilarnacia is
distinct from Eatonicysta in having shorter processes
unrelated to paraplates.

Membranilarnacia ovalls Cookson & Eisenack
1974

PI. 31, fig. 5

1974 Membranilarnacia ovalls Cookson & Eisenack,
p. 72, pI. 29, fig 21.
Size measurements-Overall 68 x 54 11m, body 58

x 44 11m, processes 3-5 11m long (Cookson & Eisenack,
1974); overall diameter 65 11m, body 52 11m, processes
8 11m long in one specimen of this study.

Previous records-Senonian, Australia (Cookson &
Eisenack, 1974)

Genus---Odo1ltochitina Deflandre emend. Davey 1970

1935 Odontochitina Deflandre, p. 234
1970 Odontochitina Deflandre emend. Da vey, p. 354.

Type species-Odontochitina operculata\O Wetzel)
Deflandre & Cookson 1955 (basionym Ceratium
(Euceratium) operculatum O. Wetzel 1933) =
Odontocbitina silicorum Deflandre 1935 (monotypic).

Remarks--Odontochitina consists of ceratioid cavate
cysts having single long apical, anrapical and postcingular
horns with an apical archeopyle

Odontocbitina costata Alberti emend. Clarke &
Verdier 1967

PI. 31, figs 6-10

1961 Odontocbitina costata Alberti, p. 31, pI. 6, figs
10-13.

1962a Odontocbitina striatope/forata Cookson &
Eisenack, p. 490, pI. 3, figs 14-19

1967 Odontocbitina costata Alberti emend. Clarke &
Verdier, p. 58, pI. 13, figs 4-6
Size measurements-The overall length of

Odontochitina costata IS highly variable, 305-620 11m
(Alberti, 1961; May, 1980)

Previous records-Aptian-Early Paleocene. Harker
et al. (990) reported its rare occurrence in Campanian
samples from Saskatchewan and Manitoba in Canada
and the Campanian Austin Chalk and the Taylor Marl
of Texas in U.S.A. (see also Srivastava, 1991)

Odontocbitina operculata (0. Wetzel) Deflandre in
Deflandre & Cookson 1955 (not illustrated)

1933a Ceratium (Euceratium) operculatum. 0 Wetzel,
p. 107.

1933b Ceratium (Euceratiul11) operculatum O. Wetzel,
pI. 2, fig. 21.

1935 Odontocbitina sillcorum Deflandre, p. 234, pI. 9,
figs 8-10 (err. orth. pro silicora).

1955 Odontocbitil1a operculata (0. Wetzel) Deflandre
in Deflandre & Cookson, p. 291, pI. 3, figs 5-6.
Size measurements-Body 48 x 40 11m, length of

appendages 72-116 11m (Deflandre & Cookson, 1955),
The size of Odontocbitina operculata varies
considerably.

Previous records-Hauterivian-Paleocene (see
Srivastava, 1991, pI. 19, fig. 7) Harker et at (990)
reported a rare occurrence of O. operculata in
Campanian sediments of Alberta, Saskatchewan, and
Manitoba in Canada, and Wyoming, U.S.A They recorded
its rare to common occurrence in the Taylor Marl
(Campanian) of Texas, U.S.A.
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Genus----OligospfJaeridiam Davey & Williams in Davey et
aL, 1966

1966 Oligo~pbaendium Davey &. Williams in Davey el
aI., p. 70
Type species-Oligospbaeridium complex (White)

Davey &. Williams in Davey et al.. 1966 = Xanlhidiu111
tub(/erum complex White 1842 (original designation).

Remarks-Oligospbaeridium is distinct from
Hystricbospbaeridium and Perisseiaspbaeridium in
lacking paracingular processes.

Oligospbaeridium complexum (White) Davey &.

Williams in Davey et aI., 1966

PI 32, figs 1-3

1842 Xall/bidium luhi/erw71 complex White. p. 39, pI.
4. div. 3. fig. 11 (err onh pro co mplexum).

1848 Xantbiclium complexum (\X/hite) Bronn, p. 1375.
1940 Hyslricbosphaericliu711 elC'gantulum Lejeune

Carpentier, p 8222, text-figs 11-12.
1946 Hyslrichospbaeridium complex (White) Defla ndre,

p. 111 (err. orrh. pro complexum).
1966 Oligospbaeridium complex (White) Davey &.

Williams in Davey e/ al.. p. 71. pI. 7, figs 1-2; pI.
10, fig 3: text-fig. 14 (err orrh. pro complexum).
Size measurements---Diameter of the central body

34-'55 ~m, length of processes 22-43 ~m (Davey &
Williams in Davey el aI., 1966); overall dimensions 93
130 ~m. central hody 40-65 ~m, process length about
25-35 ~m (Srivastava, 1984) overall diameter 90-104
~m, body 45-52 ~m, process length 25-34 ~m (Srivastava,
1991); overal.l 65-99 ~m, body 31-39 ~m. process length
21-31 ~m in five specimens of this study.

Previous records---Cretaceous-Danian. Valanginian,
northwestern Germany (Below, 1981b): Hauterivian,
offshore Denmark (Davey, 1982b); Barremian stratotype.
France (de Reneville & Raynaud. 1981; Srivastava, 1984);
Upper B;lrremian-Aptian, nonhern Germany (Below,
1982b); Aptian-Early Albian, Isle of Wight, England
(Duxhury, 1983); Aptian-Ea rI y Cenom;lnian, Mazagan
Plateau, offshore northwestern Africa (Below, 1984):
Campanian, western interior of Canada, and Wyoming
and Texas. U.S.A. (Harker e/ aI., 1990); Cenomanian
Coniacian, Texas. USA. (Srivastava, 1991); (see also
the list of synonymy noted in Below, 1982a)

Oligospbaeridium pulcberrimum (Deflandre &.
Cookson) D;lvey &. Williams in Davey et aI., 1966

PI. 32. figs 4-9

1955 Hystricbosphaeridium pulcberrimum Deflandre &
Cookson, p. 270, pI. I, fig. 8. text-figs 21. 22.

1966 Oligospbaeridium pulcherrimum (Deflandre &
Cookson) Davey & Williams in Davey et ai.. p. 75,
pI. 10, fig. 9: pI. II, fig 5.
Size measurements---Overall diameter 118 ~m, body

47 x 6] ~m, process length 26-38 ~m (Deflandre &
Cookson, 1955); body diameter 30-48 ~m, process length
17-40 ~m (Davey & Williams in Davey et al.. 1966);
overall diameter 90-100 ~m, body 52-60 ~m, process
length 25-31 ~m (Srivastava, 1991); overall 109-117 ~m,

body 39-42 ~m, process length 29-42 ~m in the
specimens of this study.

Preuious records-Widely distributed in
Kimmeridgian-Eocene strata. Campanian, 'Vvestern interior
of Canada (Harker el al., 1990)

Genus----Operculodiniam Wall 1967

1967 Opercu/odinium Wall. p. 110
Type species-Operculodinium centrocmpllm

(Deflandre & Cookson) Wall 1967
Hvstricbosphaeridium cenlrocarpum Deflandre &
Cookson 1955 (original designation).

Remarks-Operculoctinium has a precingular
archeopyJe and consists of proximochorate to

skolochorate cysts having spherical to ellipsoidal body
with numerous nontabular varied processes of similar
shape and size, but typically capitate, hollow and distally
closed or solid. Operculodinium differs from
£,ocbospbaeridium and Ampborosphaeridium in having
nonfibrous processes and in lacking prominent apical
and/or antapical processes: from LingulodiniuJ11 in
having a different precingular archeopyle; from
Cleis/ospbaeridiu711 and Surculosphaericliul11 in having
a precingular archeopyle.

Operculodinium major Jain &. Duna in Duna & Jain
1980

PI. 33, figs 1-2

PLATE 32

1-3. Oligosphaeridium comp/exllm (White) O'l\'er'" Williams in Davey
el al. 1966; 1 x 40. CRC 321.39-2,011. lhe AUSlin Chalk, urper
ChJlk rnemiJer. Elli, Counly: Late Santonian; 2. 3. CRC 32173
2. WAI9. the Au~tin Group. l:lurdiH Pormation, Travis County;
Santonian.

4-9. OIi/50.lphaeridillm pulcherrimum (Oeilandre & Cookson) Davey

......
& Williams in Davey el al. 1966: 4. x 40. CRC 32135-1. 07, the
/\uslin Chalk, urper Chalk memher. Dallas Counly; Santonian:
5. 6. 7 CFC 32173-2, WA19. rhe Austin Group, Burditt
Formation. Travis County; Santonian: R. 9. CRe 32142-4, D\V14.
the Taylor Group. rhe Pecan Gap Chalk, McLennan Counl)':
Clrnranian.
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1980 Opercu/odmiu/11 nzajor Jain & Dutra in Dutra &
Jain. p. 68, pJ. 3. fig~ 19- 22

Size measurements-Overall climen~ions 62-84 x

62-8[1 ~m. process length 23-29 ~m (Dutta &.lain, 1980):
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overall diameter 70-83 11m, body 52-60 11m, process
length 15-21 11m in three specimens of this study

Previous records--Late Paleocene, eastern India
(Dutra & Jain, 1980)

Genus.--Pa[aeocystodinium Alberti 1961

1961 Palaeocys[odiniuJ/1 Alberti, p. 20.
Type species-Palaeocyslodini71m golzou'ense

Alberti 1961 (original designation)
Remarks-Palaeocyslodinium has proximate,

cornucavate or circumcavate, ellipsoidally elongate cysts
with a slender tapering, apical and an anwpical horn,
and an intercalary archeopyle. It is distinct from
Sval{)ardella in haVing thin tapering apical ane! antapical
horns and lacking paratabulation other than the
archeopyle.

Palaeocystodinium auslral1nznn (Cookson) Lentin &
Williams 1976

PI. 33, figs 3-4

1965 Svalhardella (,lUstralina Cookson. p. 140, 1'1 25,
figs 1-4.

1976 Palaeocys[odinium australinum (Cookson) Lentin
& Williams, I' 89, 1'1. 12, fig. 177
Size measurements-Length x width 239-302 x 40

61 11m (Cookson, 1965); 158-215 x 38-63 11m (Benson,
1976); 152-270 x 43-66 11m (/VIaI', 19(0); 208-268 x 49
65 11m, endocyst 101-120 x 47-65 11m, length of apical
horn 39-60 11m, length of antapical horn 52-65 11m in
five complete specimens of this study.

Remarks---P australinum differs from P golzowense
in having a rudimentary bifurcation of the antapical
horn near its distal end; from P. granulatUin in lacking
granules on surface; and from P hen/aminii in lacking
spinules at the clistal ends of the horns.

Previous records-Late Campanian-Maastrichtian,
New Jersey, U.S.A. (May, 1980); Maastrichtian-Paleocene,
Maryland (Benson. 1976); Maastrichtian. Morocco
(Rauscher & Douhinger, 1982); Maastrichtian-Paleocene.
Denmark (Wilson, 1971; Heilmann-Clausen, 1985); Late
Maastrichtian-Paleocene, New Zealand (Wilson, 1984):
Paleocene, southwestern Victoria, Australia (Cookson,
1965)

Genu~a[aeohystrichophoraDeflandre emend, Deflandre
& Cookson 19S5

1934 Palaeohyslrichophora Deflandre, p. 967 (nom.
nud.).

1935 Palaeohyslrichophora Deflandre, p 230.
1955 Palaeohystrichophora Det1andre emend. Deflandre

& Cookson. p. 257
Type species-Palaeohystrichopbora il~/ilsorioides

Deflandre 1935 (monotypic).
Rell1arks-Palaeobystrichophora is a bicavate cyst

consisting of biconical to compressed peridinioid pericysL
ellipsoidal to subspherical endocyst, apical and antapical
pericoels, clearly delineated paracingulum and short
to long hair-like processes on the periphragm without
an archeopyle. Palaeohystrichophora can be
distinguished from Suhtilisphaera in being 1110re elongate
and having conical antapical end without any indication
of two unequal horns.

Palaeohystrichophora injilsorioides Defla ndre 1935

PL 33, figs 5-6; PI 34, figs 1-3

1934 Palaeohystrichophora injilsorioides Deflandre, p
967. fig. 8 (nol11. nud)

1935 Pctlaeohystrichophorct injilsorioides Deflandre, p.
230, 1'1. 8, fig. 4.
Size measurements-Overall dimension:> '/17-71 x

33-37 11111 (Vozzhennikova, 1967); overall 33-63 x 27
47 11m. inner body 27-42 x 27-47 11m, length of spines
4-10 11m (Davey. 1970); overall range 60-78 x 41-5211111,
spines 4-7 11m long (Davey & Verdier, 1973); overall
dimensions 34-55 x 19-26 11m; inner body 25-32 x 19
26 11m. spine length 5-10 11m (Foucher, 1974), overall
dimensions 31-62 x 25-41 11111 (Alberti. 1961); 48-62 x
36-46 11m (I3o)tenhagen, 1977); 37-95 x 24-46 11m (Harker,
1979); 27-33 x 39-48 11m, spine length 6-12 11m (Yun,
1981); overall dimensions 116-120 x 53-58 11m (May,
1980); overall dimensions 51-86 x 35-50 11m, inner body
35-55 x 35-50 11m, process length 3-12 11m (Singh, 1983);
overall 45-70 x 42-52 11m, body 33-52 x 35-40 11m, process
length 6-12 11m (Srivastava, 1991); overall 50-60 x 45
50 11m, without processes 45-55 x 34-45 11m, endocyst
27-35 x 32-36 11m. process length 9-10 11m in three
specimens of this study.

Previous records-Albia n-Maastrichtia n
Cenomanian-Santonian, England (Cookson & Hughes,

PLATE 33 -+

1-2. Operculodillfum maiorJain & Duua in Dulta &Jain 1980: X'IO.

CHC 321.34-:\. D6. the Austin Chalk. middle Chalk memher. Oclilas
Coumy: Samonian.

:\-4. Palaeocys(odinium c/uslra/il1l1m (Cookson) LentiJ1 & Williams
1976: x 40, CRC 32140- L DW 12. the Navarro Group. the Corsicana

Clay, Navarro County: Maastrichtian.
')-6. !Jalaeo!Jyslric!Jopho!'U fnll/sorioides Oetlandre 1935: x 40. CRC

321:\5-4A. D7. the Taylor Group. upper Taylor Clay. Dallas Coum)':
Cam[lanian.
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1964; Clarke & Verdier. 1967; Davey. 1970); 'Albian
Senonian, France (Deflandre, 1954, 1935. 1956b. 1940;

Deflandre & Courteville. 1939; Valensi, 1956; Foucher.
1972, 1974; Foucher & Taugourdeau, 1975); Middle
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Albian-Senonian. Germany CAlI')erti, 1961: Yun, 19(1):
Cenomanian-Turonian. Rom~\nia (Baltes. 1966); Upper
Cretaceous. Belgium (Schumacker-Lambry. 1975):
Cenomanian-Maastrichtian, North America (Leopold &.
Pakiser. 1964; Manum &. Cookson. 1964. Davey. 1970:
Zaitzeff& Cross. 1971; Swne, 1973: Millioud t'l aI, 1975;
Harker. 1979: l'vlay, 1980: Singh, 1983: Harker el af.. 1990):
Late Albi3n-Cenomanian. western North Atlantic Ocean
(Habih, 1970, 1972 Hochuli &. Kelts. 19(0); Albian
Early Cenomanian. Mazagan Plateau, offshore
northwestern Africa (Below. 1984); Cenomanian
Turonian. vvestern Africa (Boltenhagen, 1977): Alhian
Campanian, Australi;\ (Cookson &. Eisenack. 1958. 1960b.
1969, 1970. 1974, Norvick &. Burger, 1976); Upper
Cretaceous, U.S.S.R. (Vozzhennikova, 1967):
Cenomanian-Coniacian. Texas (Srivastava, 1991)

Doubljill rt'corc!.<;--l'aleoc<:ne. Belgium (Schumackcr
Lambr)', 1978)

Genus--PalaeojJeridillillm Deflandre emend, Lentin &
Williams 1976

1934 Paiaeoperidilliwil Den~tnc.lre, p 968
1963 PenLagonulIl Vozzhcnnikova, p 183.
1967 Palaeoperidlllil.l1Jl Detlanc.ln: emend. SarJeant, p.

246
1970 Aslrocysto Davey, p. 359.
1976 Pafaeoperfdinf/llil Detbnc.lre emend. Lenlin &.

Williams, p. 106.
Type species-PafaeoperidilziulI1 pl'rOphOrll/11

(Ehrenberg) DefJand re 1935 = Pt'rid ill ill III pyrophumm
Ehrenberg 1838 (subsequent designation by SarJeant,
1967)

Renwrk,-r-PalaeujJeridillfUIlI includes proximate,
compcessec.l peridinioic.l cysts with a well-developed
apical and two antapical horn.~. J comhination of
archeopyle and a peridiniacean pararabubtion, if present
Palaeoperidfnium is distincl from SaejJlodinitlm in
having prominent apical and antapical horns, and a
less rounded outline; from Lacilliadflliul/1 and
Lu.",adinium in having a thick apied para plate involved
in the archeopyle formation.

Pafacopt'ridinil/ill C/daCt'1l111 Pocock ex Davey
1970

PI 34, figs 4-'5

1962 PafaeoperidillillJ11 cretacCUJ11 Pocock, p. 80, pI.
14, figs 219-221

J970 Astmcysta crelacea (Pocock) Davey, p. 359, pI
2, fig 4.

1971 Lejewzia? crelacea (Pocock) Brideaux, p. 86. pI.
24, figs 46. 47

1973 Aslrocysla rnanul1lcoo!2S0lli Corradini, p. 176, p.
28. figs 4. 6 (err orth. pro mamwlcoo!<soniae).
Sizt' measllrt'l1lel1l,-r-Length x breadth 81-95 x 50

69 ~m ([locock, 1962): 80-118 x 57-82 ~m (Davey 1970):
68-95 x 48-72 ~m (Singh. 1964,1971); 63-119 x 41-88
~m <Brideaux, 1971): 60-92 x 57-68 ~m <Below, 1981a);
78-93 x 6')-78 ~m (Srivastava, 1991): 81-104 x 65-86 ~m
in six specimens of this study.

Prel'follS record.-r-Barremian-Paleocene. Barremian
Alhian, western Canada (Pocock, 1962; Singh, 1964,
1971. Davey, 1970: 13rideaux, 1971; Bujak &. Davies,
1983) and Alasb (May, 1979: May & Stein, 1979);
Campanian, western interior of Canada and U.S.A.
(Harker el af., 1990): Barremian-Alhian. England
(Duxhu IY. 1980, 1983); Barremian-Albian, southwestern
Morocco (Below, 1981a); L\(e Aptian. South Atlantic
Ocean. off southwestern Africa (Davey, 1978): Aptian
Early Cenol1lzlDian, l'vlazagan Plateau, offshore northwest
Africa (Below. 198"'1): Albian-Cenomanian, Portugal
(Berthou el af., 1980); Senonian-Paleocene, Italy
(Corradini, 1973): Early Late Cretaceous, Arctic Canada
(Manum &. Cookson, 1964)

Genus--Pbelodinium Stover & Evitt 1978

1978 PhefodfniulI1 Stover & Evitt, p 117
Type species-Phefudiniu111 pt'nlagonafe (Corradini)

Stover & Evitt 1978 = DeJlalldrca pt'l7lagol7afis Corradini
1973 (original designation).

Remar!c.s--Phefodinium has proxim(lte, cornucavate.
compressed peridinioid cysts with an intercalary
al'Cfleopyle and a short to tong apical and two antapical
horns Phefodiniul1l differs fmm Le/eunia in being
cornucavate and having straight to concave sides.

Pht'fodfl1ill/11 gaditanulIl (Riegel) Riegel &. Sarjeant
1982

PI. 34, figs 6-9

1974 Dejlandrea gadilalla Riegel. p. 356, pI. 2, figs 8,
9: pi 3, figs 1. 2

PLATE 34 -+

1-5 Pa!aeobystricbophol'Cl illjilsorill/des Dc:Jbnclre 195~; l. 2. x 40.
CRC 52127-4. A2O,. (he T;lylor GI'OUp. lower Taylor Cia)' TrJ"io;
Counly. ClIllp,lnian; 5. C!(C 52! 12-'1. D\\'I~. the Taylor Group.
lhe l'eeJn G"p Ch;lIk. illcLennan Counly; ClIllp<ln"ln.

4-). fJalaeoperidilliUIII crelacelllll !'ocock lOX Dave')' 1'l7!)..1. x "10.
CRC 52145-2. D\Vl'i [he TJ)'lor Group. 100\er T;lylor Cia"
McLt:nnan County; Clll1pani;lll; 'i. x 40. CI(C 521 <15-1 D\Vl 'i.

lhe: 1';1)'101' Group. lo\\'er Taylor Cia)', McLennan County:
Call1p;lnJan.

()-'l. Phe!oclil/illlll gadiwl/lim (Riegel) Riegel & Sarjeanl \982; 6. 7
x 40, C)(C 52143-1. [)W]'i. the Taylor Group. lower Taylor
Clay. McLennan Counry: Campanian; R. 9. x 40. CRC 5214(,-1.
WA 18. [he: '\;Ivarro Group. Ke:l1lp Clay. Fal" County; La[e
Maa~lrichlian.
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1977 Scnegali71ium gaditanum (Riegel) Harland.
p. 189

1977a Senegalmium gadita71um (RiegelJ Lenrin &
Williams. p. 144.
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1982 PheLodinium gaditanum (Riege]) Riegel & Sarjeanr,
p. 297, fig 7C-D.
Size measurements-Overall lengrh x breadrh 49

84 x 55-76 ~m (Riegel, 1974; Riegel & Sarjeanr, 1982);
8] -96 x 52-94 ~m in six specimens of rhis study.

Previous records-Senonian. Spain (Riegel, 1974;
Riegel & Sarjeanr, 1982)

PheLodiniul11 magnificul11 (Stanley) SlOver & Evin
1978

PI 35, figs 1-3

1965 Deflandrea magnifica Sranley, p. 218, pI. 20, figs
1-6.

1976 Lejeunia magnijka (Sranley) Lentin & Williams,
p. 71

1977 SenegaLinium magnificul11 (Stanley) Harland, p.
188. pi 25, fig. 2.

]978 PheLodiniu111 magnificu111 (Sranley) Srover & Evin,
p. 118.
Size measurements-Overall lengrh x breadrh 120

135 x 100-115 ~m (Sranley, 1965); 78-104 x 60-78 ~m

in five specimens of rhis srudy.
Previous records--Campanian-Paleocene. Paleocene.

Sourh Dakora (Sranley, 1965); Maastrichrian, Monrana,
U.S.A. (Harland. 1977); Campanian Bearpaw Formarion
of Saskatchewan, Canada (Harker et al.. 1990).

PheLodinium pentagonaLe (CorradinO SlOver & Evin
1978

PI. 35, figs 4-5

1973 Deflandrea pentagonaLis Corradini. p. 175, pl. 28,
fig. 3

1976 Lejeunia pentagonalis (Corrddini) Lenrin & Williams.
p. 71

1978 PheLodinium pe71tagonaLe (Corradini) Srover & EvirL
p. 118
Size measureme71ts-Overalllengrh x breadth 110

120 x 60-68 ~m (Corradini, 1973); 65-107 x 44-78 ~m

in rhree specimens of rhis srudy.
Previous records-Senonian, Italy (Corradini,

19(3)

PheLodinillm tricuspe (0. Werzel) SlOver & Evin
1978

PI 35. figs 6-7

1933a Peridinium tricuspis O. Werzel. p. 166 (err. orth.
pro Iricu,lpe).

1933b PericLinium tricuspis O. Werzel. pl. 2, fig. 14
(err. orth. pro tricu,lpe).

1970 Astrocysta tricu,lpis (0. Werzel) Davey, p. 360.
1973 Lejeunia tricuspis (0 Werzel) Harland, p. 673.

pi 84. fig. 4.
1976 Lejeunia tricuspia (0. Wetzel) Lentin & Williams,

p. 71 (err orrh. pro tricuspis).
1977 SenegaLinium tricuspis (0. Werzel) Harland, p.

188, pl. 25, figs 3. 5 (err orth. pro tricuspe)
1978 PheLodinium tricuspis (0 Werzel) SlOver & Evin,

p. 118 (err. orth. pro tricuspe).
Size measurements-Overall length x breadrh 100

116 x 50-76 ~m (Werzel, 1933a); 88-140 x 52-117 ~m
in seven specimens of rhis srudy.

PreviOUS records-Campanian-Maasrrichrian, Balric
Senonian (Werzel, 19.33a, 1933b); Lare Campanian,
Alberta. Canada (Hariand, 1973); Lare Campanian
Maastrichrian, Montana, U.S.A. (Harland, 1977).

Genus--Re71idiniurn Morgenroth 1968

1968 Renidiniu111 Morgenroth, p. 551
Type species-Renidinium membraniferum

Morgenroth 1968 (original designarion).
Remark.s-Renidinium is similar ro CycLonepheLium

in being dorso-ventrally compressed, in having an
apical archeopyle. and lacking or baving reduced
sculpture in dorsal and venrral areas. It differs from
CycLonepheLium in having gonyaulacacean
paratabularion expressed partly by penirabular ridges
or folds which may form large reticulate sculprure.
Renidinium differs from PaLynodinium in lacking gonal
and intergonal processes.

Renidinium vitiLare (Cookson) Stover & Evin 1978

PI 35, figs 8-9

1965 CvcLonepheLiwn viti/are Cookson, p. 138, pi 24,
figs 1-7

PLATE 35 -.
1-3. Phelodlllitml magnz[icum (Stanley) Stover 13< Evitt 1978: 1.2. x

40. ClK 32140-1, OW12, the Navarm Group. the Corsicana Clay,
Navarro County. Maaslrichlian; 3 x 40, eRC .32139-3. 011, lhe
Austin Chalk. upper Chalk memher. Ellis County: Late Santor1ian

4-5. Phelodinium pentagonal!' (Corradini) Stover 13< Evitt 1978: x
40, CRC 32140-1, DWI2. the NavJlTo Group, lhe Corsicana Clay.
Navarro CounlY, Maastrichtian.

6-7 Phelodinium tricuspe (0 Wetzel) Stover & Evitt 1978: x '10, CRC
32140A. OW 12. [he NavJrro Group, the Corsicana Clay. Navarro
Counly. Maastrichlian.

8-9 Renidinillm uitilare (Cookson) Stover & Evitt] 978; 8. x 40. 9.
x 100. CRC 32142-4. DW14. the Taylor Group. the Pecan Gap
Chalk. McLennan County: Campani:m.
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10 pm-
1978 Renidinium vitilare (Cookson) Stover & Evitt, p.

79
Size measurements--Overall dimensions 98-112 x

78-102 IJ,m (Cookson, 1965); 88-91 x 78 IJ,m, endocyst
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73 x 65 ~m, reticulum height 13 ~m in two specimens
of this study.

Preuious records--Paleocene, Australia (Cookson,
1965): Middle Eocene, France (Jan du Chene el aI., 197':;).

Genus--Rottllestia Cookson & Eisenack 1961b

19611; ROllrwsl1a Cookson & Eisenack, p. 40
Type species-RoltlleSlia horllssica (EisenackJ

Cookson & Eisenack 1961 b = Hystrichospbaem
(Hyslrichosphaeropsis) horussiCCl Eiscnack 19':;4 (original
designation)

Remarhs-Rotlneslia has bicavate. elongate
ellipsoidal cysts with a precingular arcbeopyle, an
ellipsoidal to ovoidal endocyst, gonyaulacacean
pararabulation, and short gonal processes. Il differs from
Hystricbosphaeropsis and PSCt!I/d,Ollyalilax in having gonal
processes.

Rottneslia horussica (Eisenack) Cookson & Eisenack
1961h

PI. .36, figs 1-2

1954 J-lystricbospbaera (HVslricbosphaeropsis) borussica
Eisenack. p. 62, pI. 9, figs ':;-7

1961h Roltllestia horussica (Eisenack) Cookson &

Eisenack. p. 42, p1 1. figs 8-10: pI. 2. figs 1-2; fig.
la-d.
Siz(:' meaSlI reJl1ellts-Pericyst lenglh 48-76 ~ Ill.

endocyst diameter 28-50 ~Ill (Bujak et at.. 1980); overall
length x breadth 78 x 6.:; ~m, endocyst 39 x 44 ~m in
one specimen of this s[Udy.

Preuious recordS-Paleocene-Early Oligocene
Paleocene-Eocene. Australia (Cookson & Eisenack,
1961b. 1965); Eocene-Oligocene, Europe CEisenack, 19':;4;
de Coninck. 1975a; Bujak et aI., 1980)

Genus--Sellolliaspbaet'a Clarke & Verdier 1967

1967 Sr:'noniaspbaera Clarke & Verdier, p 61
Type species-Senoniaspbaera prolrusa Clarke &

Verdier 1967 (original designation).
Remar!cs-Senolliaspbaera consists of proximate,

circumcavare. lenticular to compressed periclinioid cysts
having one apical and l,VO unequal :lnrapical protrusions,
an apical archeopyle, an offset pat'asulcal notch and
incomplete parasutural features indicating a probable

gonyaulacacean paratahulation. Senoniaspbaera is
distinct from /vlemhrcllwphoridi1lJll in baving indications
of pararahulation, an arcbeopyle ornamentation hetween
endophragm and peripbragm and !ateral horns; and
from Remdinillm in having pericoels not limited to
the ventral surface.

SenoniClSjJbaem prolrusa Clarke & Verdier 1967

P1 36, figs .3-9; PI. 37, figs 1-7

1967 Senonia,\jJbaera prolrusa Clarke & Verdier, p. 61.
pI. 14. figs 7-9, text-fig. 24.
Size meclsllremenls-OveralJ length x breadth 80

1lO x 5':; -82 ~m, endocyst 50-69 x 44-66 ~m (Clarke
& Verdier, 1967): 70-11':; x 43-71 ~m, endocyst 45-80 x
35-50 ~lm (Foucher. 1976); 78-124 x ':;')-8.3 ~m, endocyst
5':;-83 x .39-80 ~m in 14 specimens of this study

PreuiOllS recorc!s--Santonian-Campanian. Santonian.
Isle of Wight, England (Clarke & Verdier, 1967), Belgium
(Foucher &. Hobaszynski. 1977); Santonian-Early
Campanian. France (Foucher, 1976); Santonian. Grand
Banks. Canada (Millioud et aI., 1975) Harker el 01. (990)
reponed its common occurrence in a sample from the
100ver Taylor J'dad (Campanian) of Texas. U.S.A.

Genus--Silicisphaera Davey & Verdier 1976

1976 Silicisphaera Davey & Verdier. p. 320
Type species-Silicispbaem ferox (Defla ndre) Davey

& Verdier 1976 = Hystricbosphaeridilll11 ferox Deflandre
1937 (original designation).

Remar!l.s--Silicisphaera consists of proximochorate
to skolochorate cysts having a subspherical body with
gonyaulacacean paratabulation indicated by hollow
penirahular processes of almost uniform length but of
variahle types and width. It lacks a distinctive antapicaJ
process hut has a precingular archeopyle. Silicispbaera
differs from F!orentinia in lacking a large antapical
process.

Silicispbaera Ierox (Deflandre) Davey & Verdier
1976

P1 38, figs 1-2

1937 Hyslrichosphaeridiul11 ferox Deflandre, p. 16, pi
14, fig. .3

PLATE 36

1-2. Nu//nes/fa /10ms.'ica (Eiscnackl Cookson & Eisenack 1961; x
40. CRC 321,2-.~. D\XlH. the Taylor Group. the P(;'can Gap Clnlk.
McLennan County; Camp,lIlian

3-9. Serzunia.\jJ"aera pro/rllsa CLtrKe & Verdier 1967: 5. 'I. x <,0. CFC
52U~-5. D7. the TaY'lor Croup. upper Taylor CI:ry. Dalle!.s County;

-+

Crl11panian: ~. x 40. CRC 32l.3')-~. 07. the Ta)'lor Group. upper
Taylor CIJ)'. Dallas County: C1JllfXlnian: 6. 7. CFC 32173-2. WA19.
rhe Austin Group. 13urclin Formation. Travi.s County. Santonian:
1). 9. CFC 52142--,. OW14. the Taylor Group. Ihe Pee'an Gap
Ch:r1k. McLennan County: Call1pani:lIl.
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1963 Ballisphaeridiu111 ferox (Deflandre) Downie &
Sarjeant. p. 91

1969a Hyslrichokolpoma ferox (Defla nelre) Davey, p.
159. pI. 9. figs 5-7
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PLATE .37

1-7 SellolliasjJbaert! prulmsCI Clarke & Verdier 1967; I. x '10. CRC
32135··1. 07. the Taylor GroU[). upper Taylor Clay. Dallas COllnl~':

Campanian. 2. x ~O. CRC ~2173-2. \XIA19. the Austin Group.
Burdilt Formcrlion. Travi.' Count)': Sclnlonian: .,. x 40: C){C ~2135-

1. 07. rhe Austin Ch:llk. upJx:r Chalk member. Dallas County:
Santonian: 4. 6 and';. 7. CI{C 32173-2. \XIA19. the Austin Group.
Burdill Formation. Travi" County; Santonian.
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1976 Silicisphaera ferox (Defla mire) Davey & Verdier.
p. 322. pi 3, figs 1-2; text-fig 4.

1980 Florentinia ferox (Deflandre) Duxbury. p. 121
Size measureme11Is-Holol\ Iw-overaJJ diameter 78

/-lm, body 36 x 46 /-lm. process knglh 15-17 /-lm (Davey
& Verdier, 1976): central body 40-,49 x 40-49 /-lm, process
length 10-16 /-lm (May, 1980); maximum diameter of
central body 42-50 /-lm. process length x width 17-2')
x 13-16 /-lm (Yun. 1981): overall diameter 5')-86 /-lm,
body 35-'52 /-lm. process length x breadth 11-26 x 12
16 /-lm (Srivastava, 1991); overall climensions 91-96 x
78-9"1 /-lm, hody 52-57 x "19-'52 /-lm. process length 29
31 /-lm. process breadth up to 16 /-l111 in three specimens
of th is study

Prel'ious recordS-Aptian-Danian. Late Aptian.
Santonian and Danian, Germany (Wetzel. 1952: Eisenack,
1958; Yun, 1981): Late Albian-1\'laastrichtian. North
America (Singh. 1971; Williams & I:3rideaux. 197'5; May
1980: Srivastava, 1991): Cenomanian, EnglandJDavey.
19(9); Cenomanian-Senonian, France (Deflandre, 1937;
Detlandre & Courteville, 1939; Foucher.. 1972, 1974,
1983: Davey, 1969; Davey & Verdier. 1976: Rohaszynski
el cd, 1982): Late Santonian or Early Campanian,
Australia (Cookson & Eisenack, 19(8).

Genus-SpinidilliunI Cookson & Eisenack emend. Lentin &
Williams 1976

1962 Spinidiniwn Cookson & Eisenack, p. 489.
19715 Spi.nidinillm Cookson & Eisenack emend. Lentin

& Williams. p. 62.
Type species-Spinidi71l1iJ11 stvfoni/eru171 Cookson

& Eisenack 1962 (original cl~signation).

Re171arle.'r-Spinidinium consists of proximochorate.
cornucavate or circumcavate, compressed peridinioid
to nearly lenticular cysts with an apical and two unequaJly
developed antapical horns, peridiniacean hexa-style
paratabulation inclicated on periphragm by intratahubr
sculpture, and Type I or Ia intercalary archeopyle.
Spinidiniul11 differs from Vozzhennikoua in having
paratabular sculpture on its periphrag111. and from
Ginginodinill117 in having Type 1 intercalary archeopyle.

Spinidinium densispinal1ll11 Stanley 1965

PI 38, fig 3

1965 Spinidinium densi::,pinatllm Stanley, p. 226, pI.
21, figs 1-5
Size measurements--Length x breadth 50-65 x 40

50 /-lm (Stanley, 19(5); '53-68 x 40-61 /-lm (Drugg, 19(7);
48-67 x 37-50 /-lm (Stone, 1973); 65-73 x 43-57 /-lm in
two specimens of this study.

Prel'ious records-Cam pa nian-pJ leocene.
Campanian Wyoming. U.S.A. (Stone. 1973); Paleocene,

South Dakota (Stanley, 1965) and California (Drugg.
1967l; Middle Paleocene, lVlorocco (Doubinger,
1979 )

Spin idin iZim ecbinoideZi m (Cookson & Eisenack)
Lentin & Williams 1976

PI 38, figs 4-'5

1960b De/7andrea ecbinoidea Cookson & Eisenack, p.
2. pi 1. figs 5-()

197() Spin idin illm echinoidellm (Cookson & Eisenack)
Lentin & Williams, p. 64.
Size measuremuIlI.'>'---LengrlJ x hreadth 67-86 x 50

57 /-lm (Cookson & Eisenack. 1960b); 60-71 x 45-S0 /.1m
([-{;Irland, 1973\ pericyst 59-74 x 44-56 /-lm. endocyst
37-56 x 32-49 /-lm (Benson, 1976); Pericyst 60-83 x 42
65 /-lm. endocyst 35-39 x 31-6'5 /-lm in 13 specimens of
this study.

Pre1Jious records--Senonian. Santonian, Isle of Wight,
England (Clarke & Verdier. 1967): Santonian-Camranian,
Australia (Cookson & Eisenack. 1960b): Campanian
Maastrichtian. North America (f-brlancl. 1973: Millioud
el aI, 1975: Genson, 1976; AurisJno & Habib, 1977;
Harker el aI, 1990); CampaniJn-Early Maastrichtian, off
southwestern Africa (Davey. 1978).

Spinidinillm fanlernum Cookson & Eisenack 1970

PI 38, figs 6-9

1970 Spinidiniu/11 fanlema Cookson & Eisenack, p.
144, pI. 12, figs 1-4 (err. orth. pro fanlernlt1n)
Size measllrements--Length x breadth 55-78 x 37

57 /-lm (Cookson & Eisenack. 1970); 55 x 45-55 /-lm,
spinules 5-7 /-lm long in two specimens of this study.

Previous records-Senonian, Western Australia
(Cookson & Eisenack, 1970).

Genus-Spiniferites Mantell ex Loeblich, Jr. & Loeblich, III
emend. Sarjeant 1970

1850 Spilliferites Mantell. p. 191
1932 HystricIJmpbaera O. \Vetze!. p. 136 (nom. nud.).
1933 HystricIJosphaera O. Wetzel, p. 79 (invalid, two

type species indicated).
1937 Hystricho::,pbaera 0 Wetzel ex Deflandre, p. 61.
1953 Hystrichokibolium Klumpp, p. 387.
1966 Spiniferites iVIantell ex Loeblich, Jr. & Loeblich,

III, p. 56
1970 Spin!/erites Mantell emend. Sarjeant, p. 75.

Type species-Spini/erftes ra7710SliS (Ehrenberg)
Mantell 1854 = Xanlhidillm ramosZls Ehrenberg 1837
(subsequent designation by Loehlich, Jr. & Loeblich
III, 19(6).
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Spiniferites compact liS Cookson & Eisenack 1974

PI 39. fig. 1

1974 Spi71iferites compactlls Cookson & Ei.senack. p.
59, pI. 21. fig. 11
Size measurements--Overall dimensions 58 x 52 )..1m.

body 38 x 28 l.un (Cookson & Eisenack. 1974) 62-96
x 57-91 )lm, body 39-60 x 34-53 )..1m, process length
13-16 )lm in five specimens of this study

Remarks-SpiniJ'r!riles compactus can be
distinguished from S katatonos Corradini in having
width of the IJody less than the height of the body.

Previous records·-?Aptian-Lower Albian, Australia
(Cookson & Eisenack, 1974).

Spinijeri.tes rallwsus subsp. gracilis (Davey &
Williams) Lentin & Williams 1973

PI .39, fig. 2

1966 H)istricho.\phaera ramosa var. gracilis Davey &

Williams in Davey et af., p. 34, pL 1, fig. 5: pJ. 5.
fig. 6.

1973 Spini.jerites ramOSliS subsp. gracilis (Davey &
Williams) Lentin & Williams, p. 130.

1973 Spinijerites ramosus var. gracilis (Davey & Williams)
Corradini, p. 165, pL 26, fig. 3
Size measurements--CentraJ body diameter 28-62

)lm, process length up to 29 )lm (Davey & Williams in
Davey et al., 1966): central body dimensions 30-40 x
40-50 )lm, process length 18-28 )..1m (Corradini, 1973)

Previous records-Ce nomanian-M iocene.
Campanian, Saskatchewan and Manitoba, Canada and
Texas, U.S.A. (Harker et at, 1990).

Spinz/erites ramosus subsp. granomemhranaceus
(Davey & Williams) Lentin & Williams 1973

PI. 39, figs 3-4

1966 Hystricho.,phaera ramosa var. granomemhranacea
Davey & Williams in Davey et at., p. 37. pI. 4. fig.
4.

1973 Spimferites ramosus var. granomemhranaceus
(Davey & Williams) Lentin & Williams, p. 130.

1973 Spim/eriles ramusus val' 8ranu17lel71hranaCfllls
(Davey & Williams) Corradini. p. 166. pI 26. fig 1.
Size measurements-Body di:lmetcr 41. 5-56 )..1111.

process length up to 27 )..1111 (Davey & Williams in Davey
et al.. 1966): body 42-54 )..1m. process length 20-28 )..1m
(Corradini, 1973): hody 48 )..1m, process length 14 )..1m
(Wilson. 19781; overall length x breadth 7')-99 x 70-91
)..1m, body 50-57 x 4')-52 )..1m, process length 15-26 )..1m
(Srivastava. 1991)

Previolls records--Aptian-Lower Eocene. Middle
Aptian-Lower Albian, Australia (Burger, 1980); Senonian
Eocene, Europe (Corraclini. 1973: de Coninck. 19753:
Bujak et aI, 19801; Maastrichtian. Arctic Canada (Wilson.
1978): Campanian, western interior of Canacla. and Texas.
US.A. (Harker et al.. 1990l: Cenomanian-Coniacian,
Texas. U.S.A. (Srivastava. 1991).

Spiniferites ramosus subsp. 1J11lltihreuis (Davey &
Williams in D:lvey et af.) Lentin & Williams 1973

PI. 39. fig 5

1966 Hvstrichosphaero mlJ10sa var. lJ1ultibrevis Da vey
& Williams in Davey et 01. p. 35. pI. 1, fig. 4, pI.
4. fig 6: text-fig. 9

1973 Spinilerites ramOSllS subsp. mllltihre1'is (Davey
& Williams in Davey et (It.) Lentin & Wdliams. p.
130
Size measurements-Body diameter 31-61 )..1m,

process length 12-19 )..1m (Davey & Williams in Davey
et af., 1966); body dimensions 27-68 x 25-65 )..I1ll,

processes up to 10 )lm long (Srivastava, 1984); overall
dimensions 47-68 x 45-55 )..1m, process length up to 10
)..1m (Srivastava. 1991).

Previous record.o;--Hauterivian-Eocene. Campanian,
Saskatchewan and Manitoha, Canada, and Texas. U.S.A.
(Harker et a1., 1990)

Spinileri./es ramosus (Ehrenberg) iVlanteli 1854
su hsp. ramOSllS

PI. 39. fig 6

1838 Xant!.7idill1n ramosul17 Ehrenberg, pI. 1, figs 1-2,

5

PLATE 38 --+

]-2. S/lic//phaera/eroxlDetlandre) Dave)' &. Verdier 1976: I. x 40.
CHC 32134·1,06. lhe Ausrin Ch'llk. middlt' Chalk member. Dalla.'
County: Santonian; 2. x 40. CRC 3213'1-1 07. the Austin Chalk.
upper Chalk member. Dalla' County: Santonian.

3. Sp/nidin/un? densispillalun? Swnley 1965: x 40. CRC .)21:\5-1.
07. the /\ustin Chalk. upper Chalk memher. Dalla.' Countv:
Santonian.

4·5. Sp/nidiniun? echilloidelll11 (Coobon &. l'isenack) lenlin &.

\Villiams 1976: 4. x 100. CRC :'>21:\'1-4. 06. the Austin Ch:llk.
middle Chalk mcmher. Dall:1s County: Santonian: 5. CHC :\2175·
2, WA19. the Austin Group. Burditt Formation. Tr;lvis County:
$:IJ1lonian.

6-9. Spill/dill/lin? tarl/en'l/.lnI Cookson &. Eisenack 1970: 6. 7. x IOO.
CHC .'\2 j 75-2. \X/A j 9. the AU.'tin Group. Burditt F0rl11;1tion. Tuvi.'
County: $:1I1tonian. H. 9. CHC 32142"1. D\XiH. the Taylor Group.
the l'eGin Gap Chalk. l\kLenn:1n COUnI)': Campani;ln.
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PlATE 38

30 f-lm
3

1854 Spmiferites rcl17WSUS (Ehrenberg) ivbntell. p. 239.
1966 H)!stricbuspbaera ramasa val' ramasa f)a\'cy &

Withams ll1 Davt'y et al.. p. 33. pI. 1. ftgs t. 6: pI
3. fig. 1. texl-flg 8
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1971 Spin ijerites ramosus var. ramosus (Da vey &
Williams in Davey et al.) Davey & Verdier, p. 33,
pI. 4, figs 1,3; pI. 7, fig. 5.

1973 Spiniferites ramosus subsp. ramosus (Davey &
Williams in Davey et al.) Lentin & Williams, p. 130.
Size measurements-Body diameter 30-56 Ilm,

process length 5-27 Ilm (Davey & Williams in Davey et
at., 1966); overall dimensions 56-84 x 55-77 Ilm, main
body 39-55 x 33-50 Ilm (Duxbury. 1977); overall 50-67
x 46-55 Ilm, body 30-50 x 30-50 Ilm (Srivastava, 1984);
overall 52-60 x 55-57 Ilm, body 40 x 35-47 Ilm, process
length 6-14 Ilm (Srivastava, 1991).

Previous records-Valanginian-Hauterivian, offshore
Denmark (Davey, 1982b); Valanginian, northwestern
Germany (Below, 1981b); Barremian stratotype, France
(de Reneville & Raynaud, 1981; Srivastava, 1984; Albian.
Mazagan Plateau, offshore northwestern Africa
(Below, 1984); Cenomanian-Coniacian, Texas, U.S.A.
(Srivastava, 1991); Campanian, western interior of
North America (Harker et at., 1990; see also Duxbury,
1977)

Spin(ferites supparus (Drugg) Sarjeant 1970

PI. 39, fig. 7

1967 Hystricho:oplJaera suppara Drugg, p. 24, pI. 4, figs
5-6.

1970 Spin(ferites supparus (Drugg) Sarjeant, p.
Size measurements--Body 42-67 Ilm, process length

about 17 Ilm (Orugg, 1967); overall 42-52 Ilm, process
length 1O-121lm (Ashraf, 1979); body 38 x 37 Ilm, process
length 5-6 IlID (May, 1980); overall 70 x 65 Ilm, body
43 x 34 Ilm, process length about 18 Ilm in one specimen
of this study.

Previous records--Lower-Cretaceous-Danian. Lower
Cretaceous, Afghanistan (Ashraf, ]979); Maastrichtian
Danian, California (Drugg, 1967); and Campanian
Maastrichtian, New jersey, U.S.A. (May, 1980).

Genus---Spongodinium Deflandre emend. Stover & Evitt
1978

1936 Spongodinium Deflandre, p. 169.

1978 Spongodinium Deflandre, emend. Stover & Evitt,
p. 191
Type species-Spongodinium delitiense (Ehrenberg)

Deflandre 1936 = Peridinium delifiense Ehrenberg 1838
(original designation).

Remarks--Spongodinium consists of proximate.
subspherical to subpoJyhedral cysts with a prominent
apical horn and vesicular autophragm. Vesicle
distribution indicates paracingulum and other traces of
paratabulation. It has precingular archeopyle with a
free operculum. The vesicular autophragm distinguishes
Spongodinium from other genera.

Spongodinium delitiense (Ehrenberg) Deflandre
1936b

PI. 39, figs 8-9

1938 Peridinium detitiense Ehrenberg, p. 110, pI. 1,
fig. 1-6.

1936b Spongodinium delitiense (Ehrenberg) Deflandre,
p. 170, pI. 4, figs 1-3.
Size measurements-Diameter 75-130 IlI11

(Deflandre, 1936b); 90-144 Ilm (Wetzel, 1952); 75-106
x 64-1121l111 (Morgenroth, 1968); 114-159 x 103-140 Ilm
(May, 1980); 70-120 x 70-110 Ilm (Corradini, 1973); 125
130 x 101-111 Ilm (Benson, 1976); 85-128 x 85-112 IlI11
(Foucher & Robaszynski, 1977); 78-83 x 68-83 Ilm in
specimens of this study.

Previous records-Senonian-Dania n (Defla ndre,
1936b; Wetzel, 1952; Morgenroth, 1968; Wilson, 1971;
Corradini, 1973; Kjellstrom, 1973; McIntyre, 1974; MiHioud
et at., 1975: Doerenkamp et at., 1976; Benson, 1976;
Foucher & Robaszynski, 1977; May, 1980); Campanian,
Saskatchewan and Manitoba, Canada and Wyoming,
U.S.A. (Harker et at., 1990).

Genus---Subtitisphaera Jain & Millepied 1973

1973 SubtilispIJaera Jain & Millepied, p. 26.
Type species-Subtilisphaera senegatensis Jain &

Millepied 1973 (original designation).
Remark.s-SubtilispIJaera includes proximate cavate

cysts which may be compressed in a subspherical to

PlATE 39 -+

I. Spini[eriles compaetus Cookson & Eisenack 1974: CRC 32145
5, WAI7. rhe Ausrin Chalk, lower Chalk member, McLennan
County; Santonian.

2. Spimjeriles ramosus subsp. gracilis (Davey & Williams) Lentin
& Williams 1973; CRC 32142-4. DWI4, rhe Taylor Group. rhe
Pecan Gap Chalk. McLennan County: Campanian.

3-4. Spinijeriles ramosus subsp. granomembranaceus (Davey &
Williams) Lentin & Williams 1973; CRC 32173-1, WA]9, rhe Ausrin
Group, Burdit( Formarion. Travis Counry; Santonian.

5. Spinijeriles mmosus subsp. mullihrevis (Davey & Williams) Lemin

& Williams 1973; CRC 32173-1, WAI9. the Austin Group. Burditr
Formation, Travis County; Sanronian.

6. Spinijeriles ramoslls(Ehrenberg) Mantell 1854. subsp. ramosus.
CHC 32142-4. DWI4. the Taylor Group, the Pecan Gap Chalk.
McLennan County; Campanian.

7. Spinijeriles sllpparlls (Drugg) Sarjeanr 1970; CRC 32] 73- J. WA 19,
rhe Austin Group. Burdin Formation. Travis County; Sanronian.

8-9. Spongodinium deliliense (Ehrenberg) Detlandre ]936; x 40, CRC
32134-2. D6. rhe Austin Chalk. middle Chalk member, Dallas
Counry; Sanronian.
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round peridinioid shape. It lacks any discernible
archeopyle, but may have an apical and twO antapical

horns. Its paratabulation is generally indicated by
paracingulum only. Subtilisphaera is distinct from
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Saeplodil1 ill 171 and Ceiselodil1illlll in lacking any definite
type of archeopyle

Sllhlilisphaera cheil Belo\v 1981

PI. 40. figs 1-4

1981a Suhtilisphaera cheil BeloV\'. p, 126. pi 9. figs
23-24: text-fig. tJ5
Size measuremC'l'1ls-Pericyst kngth x hreadth 48

7tJ x 2tJ-48 lllll, endocysl length x hreadth .-)6-50 x 24
4811111: spinule length 25-61lm melow. 1981a); periC)!st
60-70 x 40-5211111. endocysl diameter 36-42 11m. spinule
length Cl 611lll (Srivasta\·a. IlJ91): pcricyst 50-107 x 40
70 11m. endocyst 31-()0 x .-)2-62 11m, spinule length 6
8 11m in three specimen.s of [his .swdy

Prel'i011S recorr!.I'---Aptian-Alhi,tn, Morocco (Below.
1981a): bte Aptian-bldy Cenomapian, fvlazagan Plateau.
offshore nonhwestern N'rica (Below. 1984): Cenomanian.
Texas. USA. (Srivastava. 1991).

Genus--Surculospbae,-idium Davey el at., in Davey el al.
1966

1966 Su rClllosphaeridill177 Da "ey. Dmvoie. Saqeant &:
Williams in Davey el al. p 160
Type species-SII rCltlo~jJhaeridilll77crihro!l I hijcl7 I 171

(SaqeantJ Davey. Downie. Sarjeant & Williams in f);I\,(~y

el al. 1966 = Hyslrichosphacndilll1'l crihroilibi/erllm
Sarjeanr. ] <)60 (origi n:tl designation)

Re 177 a d!s-Sil rc IIlosph a('rid ill 177 co ns is ts of
skolochor:1te cysts having a spherical hody ,vith an
apical archeopyle and several discrete solid and dist:l1ly
hranched intratahular processes indicating a
gonyaulacacean paratahulation. Il is distinct from
H]'Slrichosphaeridilll77 in having solid proce.~ses: and
from AreosjJ'hal:!ridill/77 in lacking distally fenestrate
processes.

S/lrculo~phacridilll71 Icmgi/itrcailim (Finion) Davey
el at in D:lVey el al 1966

PI. 40, fig. 5

1952 HIlsl richo.lphaeridilll77 long ijil rwl 11177 Finion. p.
157, pi 9. fig 1. text-fig. IH. K, L. iVI.

196.3 Hallisphaeridilll11 longijilrcallllil (firtion) Downie
&: Saqe:lOt, p. 91 (h:lsionymo non. cil.l.

1966 Surclllu.lphoeridillll1lol1gzjilrcatllll1 (Pinion) Davey.
Downie. Sarje:lOt &: Williams in Davey el ai, p 163.
pI. tJ. figs 7. 11. texl-figs 43. 44.
Size measllremel1l.<;--Shell 30-50 11m. process length

14-2911111 (D:lvey el al., 19(6): overall 62-93 x 50-()511m,
shell 30-45 x 24-36 11m and process length 5-20 11m
(Srivastava. 1984): overall 65 ,um, hody 44 11m, process
length 13 11m (Srivast:J\a. 1991l: overall 101 x tJ6 lllD.
hody 52 x 44 lllll. process length 26 11m in one specimen
of this studj?

Previous records--Hauterivian. offshore eastern
Canada (\villiams. 1975): Lower Barremian. southeastern
france (Srivastava, 19841: Upper Barremian-Upper
Aptian, northern Gem1:1ny (Below, 1982h); Aptian.
offshore southeastern Canada (Bujak &: Williams. 1978):
Alhian-Coniacian (firtion. 1952: Davey el al.. 196():
Fa uconnier. 1975. 1979: Da \'(;1'. 1969a: Davey &: Verdier.
1971. Foucher, 1972. 1976; Foucher & Taugordeau, 1975:
\\'illiams. 1975: ivlillioud el cd. 1975:)ain. 1977: Duxhury.
1983): Santonian. Germany (Yun, 1981): Cenomanian
Coniaci:ln. Texas, U.S.A. (Srivastava, 1991); Early
Coniaci:lO-Early Campanian. Utah anel Wyoming, U.S.A.
(Nichols &: .Jacohson. 1982). Paleocene. Belgium
(Schumacker-Lamhry. 197tJ).

Genus--TanyosjJbaeridium Davey & Williams in Davey el
aL 1966

1966 lCIJlyosphaeridill171 Davey &: Williams in Davey el
al. p 98
Type species- Ta nyosphaeridillll1 va riecalamul71

Davey & Williams in Davey el al.. 1966 (original
designation)

Remar/:!s-Tanyospbaeridillll1 has elongate
ellipsoidal cysts with an apICal archeopyle and distally
open wbular processes that are nOl iOlerconnected
distally Ta!1.vosphaeridiulI1 is distinct from
Prolixosphaeridilll71 in having longer, distally open
processes.

7(m.1'o,ljJbaeridium rep,lIlare Davey & Williams in
Davey et at.. 1966

PI. 40, fig. 6

PlATE 40 --+

1-"1 Sulilili.\jJ!?aem cheil llelo\\ 1'),,1. 1. 2 x I() CHC 3215~- IA. \)7
tile Ta) lor Group. upp<:r Taylor Clay D:lila~ Count\':
CIIll[);lnian. 5. x q(). U{C 52127 -'1. A2~. the T:lylor Group. lower

T:I)'lor Clay. Tr:1I i~ Count\': C:lnlp:lnian: ·1. CRC:\21 i2-i. \)\\'1 i.
the 'raylnr Group. the l'eC:ln Gap Ch:dk. Meknnan Counl\.
Santoni:ln.

~. SIiTCIII()sl)!?aericlilll1l 1()1I,~i/ilrcallll1l (['inion) 1):11'<:)' el ul. in

[):I\<:\' el (II [')6(" x 40. CRC 521.3,)-4A. 07. tile Taylor Group.

upper Taylor CI:I)'. lhll:ls COU[1[\,: Camp'II1;:ln.
(,. '/(IIl)'osjJh(lendilllll regillare 1):1\ ey &. \\lillial11..., in Davey el Cli.

l%h: 10. C1{C :\21.3~-1 D7. the Austin Cilaik. upper Ch:t1k
n1l'lllhn. [):t1I:h Counl)': Santonian

7-H. 7/1(1I(1ssi!'bol'(( iJuliullielisis COICIdini 1<)7.1: x iO. CRC .1214()-1.

W/\1". Ihe N,l\cli'('o (,roup. Kelllr CLi\, IO:J1I.... County: Lite'
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PlATE 40

1966 Tonyusphewridill!77 rc'[!,I1/em? J)~l\ cy & \VJ!lJam~ in
Da vey e! etC p 99. p! 3. fig 4 (non fig 3. ~l" citec!)

Size l1leaSllrem(,ll!s--Ccntr~J!hody length x hreadth
30-44 x 21-24 IJ.m. prucc.:ss length 12-19 IJ.J11 (Davey &
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Williams in Davey et al.. 1966); body 34-38 x 22-23 !lm,
process length 14-15 !lm (Srivastava, 1991); body 42
44 x 29-31 !lm. process length 13-18 !lm in specimens
of this study.

Remarks-Tanyo:,phaeridium reg/dare differs from
T variecalamum in having more processes.

Previous records-Hauterivian-Eocene. Hauterivian
Cenomanian, Morocco (Belovv, 1982a); lvlaastrichtian,
southern Sweden (Kjellstrbm. 197 .1,); Eocene, England
(Davey & Williams in Davey et oi. 1966; Bujak et aI.,
1980); Cenomanian-Coniacian. Texas, U.S.A. (Srivastava,
1991)

Genus---Tbalassipbora Eisenack & Gocht emend. Gocht
1968

1960 Thalassiphora Eisenack & GOChl, P '512.
1966 Erikania Morgenroth. p. 27.
1968 Thalassiphora Eisenack & Gocht emend Gocht.

p. 153.
Type species-Thalassiphora pelagica (Eisenack)

Eisenack & Gocht 1960 = Pterospermopsis pelagica
Eisenack 1954 (original designation)

Remarks- Thalassiphora consists of proximate
cavate cysts having subspherical endocyst. subsphencal
to lenticular pericyst. and a precingubr archeopyle. Its
endophragm and periphragm are appressed or close
together dorsally and ['Jaratabulation is generally indicated
by archeopyle only. Thalassipbora is distinct from
Stepbodiniu111 in having endophragm ami peri['Jhragm
appressed or close together dorsally and separated
elsewhere. and in lacking prominent paracingular band
like protrusion.

Tbalassiphora bononiensis Corradini 1973

PL 40, figs 7-8; PL 41, figs 1-7

1973 Thalassipbora bononiensis Corradini. p. 185. pL
30, figs 5, 6a, 6b, 8a, 8b; pL 37. figs Sa, 5b; pI. 38.
fig 1; pI. 39, fig. 1
Size measurements-Overall 70-125 x 80-170 !lm,

body 46-64 x 55-74 !lm (Corradini, 197.3); 99-117 x 78
86 !lm, body 52-78 x 52-55 !lm. Oange 26-29 !lm wide
in specimens of this study

Previous records-Maastrichtian. Italy (Corradini.
1973).

Genus---Triblastula O. Wetzel emend. Eisenack 1969

1933b Triblastula 0 Wetzel, ['J 54
1969 Triblastula 0 Wetzel emend Eisenack, p. 107

Type species-- Tnblastula utinemis 0 Wetzel 1933h
(monotypic).

Remarks-Triblastula consists of bicavate,
longitudinally elongate cysts having subspherical

endocyst and pericysl with constrictions near apical
and antapical ends. Its wall layers are appressed in
paracingular and adjacent areas. It has an apical and
short anrapical protrusion, and a precingular Type P
archeopyle. Triblaslu!a is distinct from Roltneslia in
lacking Spiniferi1es-type fmcate processes. and having
periphragm constricted near the apical and antapical
ends of the endocyst; and from Amphidiadema in having
processes and a precingular archeopyle.

Trih!astlila utlnensis 0 \'{ietzel 193.3

PI 42. figs 1-4; PI 43. figs 1-3

1932 Triblastula u!i11ensis 0 Wetzel. p. 136. pI. 2, fig.
11 (nom. nud)

1933h Triblastula utinensis O. Wetze!. p. 54. pI. 6. figs
\6

]96] Triblastula utinensis 0 \"X?etzel. p. 339. pI. 2, fig.
1 (neotype designated by Sarjeant, 1985b).
Size measurements-Length x breadth 105-130 x

'50-60 !l111 (0 \1(fetzel. 196}); central body 68-71 x 45
60 !l111. apical ['Jericoellength 40-43 )Jm, antapical pericoel
length 19-32 !lm. spine length 9-23 )Jm (May, 1980);
overall length x breadth 6'5-96 x 45-91 !lm, central body
39-44 x 45-91 !lm in five specimens of this study.

Previous records-Senonian; most probably
Campanian-Maastrichtian. Cretaceous, Baltic area (0
Wetzel, 1933b. 1961); Campanian-Maastrichtian
boundary. New Jersey. USA. (May, 1980); Maastrichtian.
Denmark (Wilson. 1971) and Sweden (Kjellstrom, 1973).

Genus---Tricbodiuium Eisenack & Cookson emend. Clarke
& Verdier 1967

1960 Tricbodinium Eisenack & Cookson, p 5.
1967 Trzcbodinium Eisenack & Cookson, emend. Clarke

& Verdier, p 18
Type species-Trichodinium pellitum Eisenack &

Cookson 1960 (original designation)
Remar/?s-Trichoclinium consists of proximochorate

cystS having a subspherical to ellipsoidal body \vith a
short apical protrusion, precingular archeopyle and short
densely distributed processes on the autophragm. It
differs from Xerticoclinium in having indications of
paracingulum, more densely covered autophragm. and
an apical protrusion; from Apteodinium in having densely
ornamented autophragm; from Cometodinium in haVing
an apical protrusion; from Exochosphaericlium in having
an indication of a paracingulum and shoner autophragm
sculpture.

hichodinium castaneum (Deflandre) Clarke &
Verdier 1967

PI 43, figs 4-7
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t-7 77Jalasslpbora /)mIOIZlenSL< Corr.ldinl [,)7:\. I. 2 x 40. CHC :\2146
t. \VAlli the Navarro Groufl. Kemfl Clay. Falb County Latt:'
i\!aastricllllan: j CIK :\2173-2. WAt9. the Austin Group

Burdill Formation. Tr'l\·is County; Santonian; 4-7 CHC :\2173-1.
WAI9. the Austin Group. Burditt Formation Travl;, County:
Santonian
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PlATE 42

1-,;. hziJ/os/li/o 1I/ll/el/slsO. \\-<:'I/d 1955 I 2 x JOO. CI{C 52U~-J.

[)7 lh" AliSlIll Chalk. lIppc-r Ch:llk Ilwllllwr. 1),III"s COUnl)'

S:lI1lonl:ln. 5. '.1. C1{C 52142-;. [)Wl~. Ihe Taylor Grou[1. Ih<:'
PC'can G.lp Chalk. ~.JcI.l'lln:i1l COlllll)': C"Ill[1ani:in.
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193'5 Palaeoperzdzi7lum castanea DeJlmdre. p. 229. pI.
6, fig, t) (err orth. pro caswnclIm).

1967 Tricbudimwn castanea (Denandre) Clarke & Verdier,
p. 19, pI. 1. fig~ 1-2 (err orth pro castaneum).
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Size measurements-Body diameter 35-64 ~m,

process length 1-5 ~m (Davey, 1969a); bocly dimensions
45-50 x 39-49 ~m, process length 1-4 ~m (Foucher,
1974); body 70-83 x 62-66 ~m (rvicIntyre & Brideaux,
1980): body 42-65 x 36-60 ~m, process length 14-3.6
~m (Below, 1981); bocly diameter 46-63 ~m, process
length 3-5 ~m (Srivastava, 1991); 60-78 ~m, process
length 7-8 ~m in specimens of this study.

Previous records-Va langinia n-Maastrichtian.
Valanginian-Santonian, Canacla (McIntyre, 1974; Millioud
et ai., 1975; Williams, 1975; Mcintyre & Brideaux, 1980);
Barremian-Lower Turonian, England (Clarke & Verdier,
1967; Davey, 1969a, 1974; Duxbury, 1980); Albian
Senonian, France (Deflandre. 1935; Mercier, 19.38; Davey.
1969a; Davey & Verdier, 1971; Foucher, 1972. 1974;
Foucher & Robaszynski, 1977); Hauterivian-Cenomanian,
southwestern IvIorocco (Below, 1981a); Early Albian,
India (Jain. 1977); Middle and Upper Cretaceous, Australia
(Morgan, 1980; Cookson & Eisenack. 1982); Cenomanian.
Australia (Norvick & Berger, 1976); Turonian
Maastrichtian, South Atlantic Ocean, offshore
southwestern Africa (Harris, 1976; Davey, 1978); offshore
northeastern South America Ooannicles & Colin, 1977);
Aptian-Early Cenomanian, Mazagan Plateau, offshore
northwestern Africa (Below, 1984). Upper Jurassic
records of T richodinium (Vozzhennikova, 1967;
Fensome, 1979; Ashraf, 1979) are doubtful ancl not
included above.

Genus--Trigonopyxidia Cookson & Eisenack 1961

1960b Trigonopyxis Cookson & Eisenack (non Penarcl
in Loeblich, Jr. & Loeblich, III 1966) p. 11.

1961 Trigonopyxidia Cookson & Eisenack, p. 75
(basionymo non cit.)

1964 Trigonopyxidia Cookson & Eisenack in Manum
& Cookson, p. 26.
Type species-Trigonopyxidia ginella (Cookson &

Eisenack) Manum & Cookson 1964 = Trigonopyxisginella
Cookson & Eisenack 1960b (original designation)

Remark:s-- Trigo noPyxidia consists of triangular,
proximate, circumcavate and compressed cysts with a
round endocyst and an archeopyle at the apex of the
outer shell wall. Trigonopyxidia is distinct from
Pataeotetradinium in having a concave triangular
outline.

TrigorlOpyxidia girtella (Cookson & Eisenack)
Manum & Cookson 1964

PI. 43, figs 8-9

1960b Trigonopyxis p,inella Cookson & Eisenack, p. II,
pI. 3, figs 18-20

1964 Trigonopyxidia ginella Cookson & Eisenack
Manum & Cookson, p. 26, pI. 6, fig 6 [err. cil. pro
(Cookson & Eisenack) Manum & Cookson);
(publication date February 1964).

1964 Trigonopyxidia ginella Cookson & Eisenack,
Cookson & Hughes, p. 57, pi 11, fig. 6 (basionymo
non cit.).

1964 Trigonopyxidia ginella (Cookson & Eisenack,
1960a) Downie & Sarjeant. p. 149 (basionymo non
cit.; pu blication clate December 1964; effective
publication clate 1965).

1966 Trigonopy:xidia ginella (Cookson & Eisenack)
Downie & Sarjeant 1964 D96SJ-Loeblich, Jr &
Loeblich III. p. 59

1978 Trigonopyxidia ginella (Cookson & Eisenack)
Downie & Sarjeant 1965-Stover & Evitt, p. 96
Size measurements-Shell 50-66 ~m. inner body

30-43 ~m (Cookson & Eisenack, 1960b); shell 48 x 47
~m, inner body 25 ~m (Srivastava, 1991); shell SO-78
~m, inner body 25-40 ~m in five specimens of this
study.

Previous records--Albian-Maastrichtian. Harker et
at. (990) reported its rare occurrence in one sample
from the upper Pierre Shale (Campanian) of Wyoming,
U.S.A. (see also Millioucl et ai., 1975).

Genus--Trithyrodinium Drugg emend, Lentin & Williams
1976

1967 Trilhyrodinium Drugg, p. 20.
1976 Trithyrodinium Drugg emend. Lentin & Williams,

p.98
Type species- Trithyrodinium evittii Drugg 1967

(original designation).
Remarks- Trithyrodinium consists of proximate,

cavate ancl subspherical to ellipsoidal cYStS with one
short apical and two poorly cleveloped antapical horns
of nearly equal size. Periphragm is usually fragile and
sometimes only the endocyst is found preserved.

+- PLATE 43

1-3. Trihlastula utinellsis O. Wetzel 1933: 1. 2. x 40. 3. x 100. CHC
32135-1. 07. the Austin Chalk. upper Chalk memher. Dallas
COUnly; Santonian.

4-7. Tricbodinium caSlaneum (Deflandre) Clarke & Verdier 1967: 4.
5- x 40. CRC 32142-3. DW14, the Taylor Group. the Pecan Gap
Chalk. McLennan COUnlY; Campanian: 6, 7-CRC 32173-2, WA19,

the Austin Group, Burdin Formation, Travis Counry: Santonian.
8-9. Trigonopyxidia ginella (Cookson 8< EisenackJ Manum 8<

Cookson 1964; 8. x 40. CRC 32127-4. A2S, the Taylor Group.
lower Taylor Clay. Travis Counry; Campanian; 9. x 40. CRC 32143
I. OWlS. the Taylor Group. lower Taylor Clay. McLennan
Counr,,: Campanian.
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PlATE 44

Endoarcheopyle is imercalary by removal of three plates.
Tritbyrodiniul11 is distinct from Dejlandrea in having

an archeopyle formed by the removal of three imercalary
plates.
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Tritbyrodiniu1ll druggii Stone 1973

PI 44. figs 1-5

1973 Trithyrodinium druggii Stone. p. 54, figs 18-19.
Size measurements-Length x hreadth, pericyst 95

130 x 62 11m, endocyst 58-fll x 62 11m (Stone, 1973);
pericyst 62 x 50 11111, endocyst 33-55 x 45-65 11m in five
specimens of this stucly

Rernarks- TriLbyrodinium druggii a ppears to ha ve
larger apical and anta pica I pericoels than those of T
evittii. The specimens recorded in this study are smaller
than reponed from the Campanian of Wyoming (Stone,
1973)

Previous records--Late Campanian. Wyoming, U.S.A
(Stone. 1973).

Tritbyrodinium evil/Ii Drugg 1967

PI 44. figs 6-7

1967 Tritbyrodinium evilLii Dt'ugg, p. 20, pi 3, figs 2,
3: pL 9. fig 2.
Size measurements-Length x hreadth. pericyst 75

95 x 60-80 11m CDrugg, 1967): 60-89 x '50-71 11m (May,
1980): 68-117 x 60-65 11m in six specimens of this
study.

Previous records--iVlaastrichtian, Ne'vv Jersey, U.S.A.
(May, 1980); Danian, California. U.SA. (Drugg. 1967):
Paleocene, Romania (Antonescu & Alexandrescu,
1982).

Genus---Wallodillium Loeblich, Jr. & Loeblich, III 1968

1960a DiplNesta Cookson & Eisenack, p. 256 (non
Diplotesta Brongnian:, 1874).

1968 Wallodiniul71 Loeblich, Jr. & Loeblich. III, p. 212
Type species- Wallodinium glaessneri (Cookson

& Eisenack) Loeblich,Jr. & Loeblich, III 1968 = Diplotesla
glaessneri Cookson & Eisenack 1960a (original
designation) .

Remarks- Wallodinium has ellipsoidal. elongate.
cavate cysts with an apical archeopyle and a considerably
small endocyst. Wallodiniwn is distinct from Svalhardella
in having an apical archeopyle and in lacking
para tabulation.

WaLlodin ill 111 IwUtI11 (Cookson & Eisenack) Lentin &

Williams 1973

PL 44, fig. 8

For synonymy, see Srivastava 0984, p. 62).
Size measurements-Previously recorded range of

length x breadth, peri cyst 52-1.35 x 29-50 11m (see
Srivastava, 1984): overall 70-.34 11m in one specimen of
this study

PreviOUS records- Wallodiniul11 lunum has been
reported throughout in the Cretaceous but Hauterivian
Cenomanian may be its reliable range. Specimens found
in the Late Maastrichtian of Texas may be reworked
examples from older strata.

Genus---Xenascus Cookson & Eisenack ]969

1969 Xenascus Cookson & Eisenack, p. 7.
Type species-Xenascus australense Cookson &

Eisenack 1969 (original designation).
Remarks-Xenascus is a ceratioid proximate to

proximochorate. cornucavate cyst with an apical
archeopyle and a subspherical to ellipsoidal endocyst.
Its periphragm has one apical, one antapical and rarely
one lateral horn or, more commonly, two lateral unequal
horns with wide bases. The periphragm has a variable
nu mber of irregularly distributed processes or small
protrusions va lying in shape and size. XenClscus is distinct
from Phoherocysta in having wider-based horns and
differently shaped lateral horns.

Xenascus ceratioides (Deflandre) Lentin &
Williams ]973

PI. 45, figs 1-5

]937 Hystrichosphaeridium ceratioides Def1andre. p. 66,
pi 12. figs 7-8

1966 Pseudoceral ium ceralioides (Deflandre) Deflandre,
p.6.

1971 Phoherocysta ceratioides (Deflandre) Millioud in
Davey & Verdier, p. 26. pi 5, fig. 12.

1973 Xenascus ceralioides (Def1andre) Lentin & Williams,
p. 144.
Size measurements--Overall dimension 172 x 40 11m

+- PLATE 44

I-~. 7hlh)'rodillium dmp,gii Stone 197.~: 1 2. x 100, CRC 52142-4.
1)\'(114. the TaylOl' Grour. the I'ecan Gar Chalk. McLennan County:
Call1panian: 5. 4.~. x ~O. CHC 52H~-'). WAJ7. the Amtin Chalk, S.
lower Chalk Ilwmber ~-JcLellllall County: Santonian.

6-7 Trilhvrodiillllm "uillii Drugg 1977: x 40. CRC :32HO-1 D\X! J 2,

the NavalTa Grour, the Corsicana Clay. Navarro County.
Maastrichtian.
\Vallodil/illm lunum (Cookson &. Eisen:lCkl Lelltin &. Willi:1Il1',
1975: x ~o. CRC 521i10-4 DW·12. the Navarro Grour. the Corsicana
Cl;ty. N:warro County: I'vlaastrichtiall.



SRIVASTAVA-DINOCYST BIOSTRATIGRAPHY OF SANTONIAN-MAASTRICHTIAN FORj'v!ATIONS 341

I
.~, ._.

'4'" \ ' .. --.~,.*
':l'" .. j'"
'J,' , ."lI

)I

30 11m
I I

30 11m
I I

I

1
30 11m

I I

PLATE 4;

1-'). Xenuscus cera/joides (Dellanclre) Lenlin & Williams 1973: 1. 2.
x 40. CHC 32134-:\. D6, the AUSlin Chalk nlel11i'Jer. Dallas County:
Santonian: 5. 'I. '.i. CHC :\2142-4. DW14, x 40. the Taylor GI'OU[1.
the Pecan Gap Chalk. Mclenn:m Counly: Call1[1ani;ln.

6-R. XenGSCIIS gocblii (Corraclini) Slover 8< Evill 1978: 6. OK 52173-

2, WAI9. [he Auslin Group. Hurdill Forl11.11ion. Travis Counl)';
Santonian: 7 x 40. CHe 32142-1. DW14. the Tay']or Grou[1. the
I'ec~n Gap ChJlk.ivlclennan Counly: C:llll[1anian: 8 CIK 52173
1. WAJ9. lhe AUSlin Group. Burdill Formation, Tral'i~ Counl)':
Santonian.
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(Def1andre. 1937); central hody 64-70 x 72-80 !-Lm. length
of apical horn 80-120 !-Lm. antapical horn 84-120 !-Lm.
lateral horns 60-86 !-Lm. process length x breadth 33-36
x ca 12 !-Lm: archeopyle diameter 48-60!-Lm CYun . 1981):
overall 50-78 x 52-70!-Lm (Srivastava, 1991): 104-182 x
78-109 !-Lm in four complete specimens of this study.

Previous records--Late Albian-Maastrichtian. Late
Albian-Senonian, France (Def1andre, 1937: Davey &
Verdier, 1973; Fauconnier, 1979); Late Cenomanian,
Portugal (Berthou er al., 1980). Early Cenomanian,
Mazagan Plateau, offshore northwestern Africa (Below,
1984); Santonian, Germany (Yun, 1981); Turonian
Maastrichtian, Argentina CGamerro & Archangelsky,
1981); Santonian-Early Maastrichtian offshore
southwestern Africa (Davey, 1978); Cenomanian, Bathurst
Island, Northern Territory, Australia CNorvick & Burger.
1976); Cenomanian. southeastern Gulf of Mexico (Riley
& Fenton. 1984); Santonian-Campanian. Grand Banks.
Canada (Millioud el al..l975: Williams, 1975); Campanian.
USA (Millioud el at.. 1975: May, 1980); Maastrichtian,
Baja California, Mexico (Helenes, 1984). Xenascus
ceratioides has generally been reported it from Late
Albian-Maastrichtian strata. hut Davey and Verdier (971)
recorded it from the lower and middle Albian also.
which may be due to their treatment of synonymy being
much \.vider and general. Verdier's (975) range of X.
ceratioides may he baseCl on the above data.

Xenascus gochtii (CorradinD Stover & Evitt 1978

PI. 45, figs 6-8

1973 Phobero(Ysta gochtii Corradini, p. 179, pI. 29, figs
la, Ib, 3; text-fig. 9

1978 Xenascus (Corradini) Stover & Evitt, p. 88.
Size measurements-Length x width 70-110 x 80

110!-Lm (Corradini. 1973); 143 x 109!-Lm in one specimen
of this study.

Previous records--Senonian, Italy CCorradini. 1973).

Acritarchs

Genus--Baltisphaet-idium Eisenack 1958

]958 Balti~phaeridium Eisenack, p. 398.
1969b Baltisphaeridium Eisenack emend. Eisenack. p.

249

Type species-Baltisphaeridiwn !ong,i"pirlOswn
(Eisenack) Eisenack 1958 = Hystricho~phaeridium

longispinosum Eisenack 1931 (original designation).

Balti~phaeridium crameri C. Singh 1971

PI 46. figs 1-3

1971 Balti.,phaeridium crameri C. Singh, p. 393, pI.
73, figs 1-3
Size measuremenls-Total diameter 54-78 !-Lm, body

19-26 !-Lm, process length 22-29 !-Lm (Singh, 1971); 78
91 !-Lm, body 21-26 !-Lm, process length :31-36 !-LIn in
five specimens.

Previous records-Aptian-Cenomanian, Australia
(Cookson & Eisenack, 1982): Middle Albian, Alberta,
Canada (Singh. 1971).

Balti~phaeridium infu latum Wall 1965

PI. 46, figs 4-9

1965 Baltisphaeridium infularum Wall, p. 1. 55, pI. 1,
figs 5-7; pI. 7. fig 3
Size measurements--Shell dimensions 18-28 !-Lm,

spines up to 33 !-Lm (Wall. 1965); diameter 18-33 !-Lm,
spines up to 35 !-Lm (Srivastava, 1984); diameter 16-23
!-Lm, spine length 8-13 !-Lm in four specimens of this
study.

Previous records--Lo\\rer Jurassic, England (Wall,
1965); Barremian, France (Srivastava, 1984).

Genus--Horologinella Cookson & Eisenack 1962b

1962 Horologinella Cookson & Eisenack, p. 271.
Type species-Horologinella lineata Cookson &

Eisenack 1962b Coriginal designation).
Remarks--Horologinella consists of smaJ1, smooth,

or sculptured hour glass-shaped biconvex cysts with
or without an opening or tabulation.

Horologinella extrema Cookson & Eisenack 1962b

PI. 46, figs 10-11

1962 Horologinella extrema Cookson & Eisenack, p.
272, pI. 37, fig. 10.

PLATE 46 ........

1-3. l3allispbaeridium crameriC. Singh 1971, I. 2. x '10. CRC 32142
4, DWI4. rhe Taylor Group. rhe Pecan G:,p Chalk. Mclennan
County, Campanian;.3 CRC 32173-2. \\.1\19, rhe Austin Group.
Burdin Form:llion. Tra\'i., COUnly, 5anronian.

1J-9. 8alll~pbaeridium in/ulalum Wall 196'), IL. '). 6. x 100. CRC 321'12
/1. D\V14. the Taylor Group. rhe Pecan Gap Chalk. McLcnnan
County: Campani,m, 7, 8. 9 CRC 32173-2, WA19. rhe Austin

Group. Burdin Formation. Travis County, Sanronian.
10-11. Hom/oginelta exlrema Cookson & Eisenack 1962, x lOa. CRC

3214')-'), WAI7, the Ausrin Chalk, lower Chalk memher.
IVlcLennan County: 5anlonian.

12-13 ;'vlicrhyslridillm exilium \\fall 1965, x 100, CRC 32134-3. D6.
rhe Ausrin Chalk. middle Chalk memher, Dallas County:
5anlonian.
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PLATE 46

Size measurements-Dimensions 30 x 52-55 llm
(Cookson & Eisenack, 1962b\ 40 x 27 llm in a specimen
of this study.

Preuious records-Cenomanian. Western Australia
(Cookson & Eisenack, 1962b)

Genus---Micrbystridium Deflandre 1937

1937 Micrhyslridium Deflandre. p. 79
Type species-klicrhystridium incol7spicuum

(Deflandre) Deflandre 1937 = Hystrichosphaera
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inconspicua Deflandre 1935 (original d~sig

nation) .

jvlicrhysiridium exihum Wall 1965

P1. 46, figs 12-13

196'5 Micrbysiridium exihum \'?all, p. 158. p1. 2. figs
18-23; pI. 8, fig. 4.
Size measuremenls--Shell diameter 13-19 ~m. spines

2-40 ,um (Wall. 1965): 16 ~m, spines 4 ~m (Srivastava.
1984): 16-18 ~m, spine length 1'5 ~m in fjve specimens
of this study.

Previous records-Lower Jurassic. England (\"\Iall,
196'5); Barremian, France (Srivastava, 1984)

Genus--Paiambages O. Wetzel 1961

1961 Palambap,es 0 Wetzel, I' 338.
Type species-Palambages morulosa O. Wetzel 1961

(original designa tion).
Remarks-Wetzel (1961) proposed the genus

Palambages to inclucle srheroidal bodies composed
of 8-18 oval membranous cells. Manum and Cookson
(964) observed that colonies of Palambages are
spheroidal and consist of J single rerirhcral layer of
cells. They considered that Palambap,es rerresents green
algal colonies that multirly in the powers of 2. Thus,
species distinctions should not be based on the number
of cells for each colony as it depends on the maturity
of the colony. On the basis of a derailed study of the
type species P morulosa. Gocht and Wille (972) revised
the generic diagnosis that included the occurrence of
a clover-leaf like operculum in the center of the external
surface of peripheral cells. and that the colonies consist
of a binary number of cells. i.e., 8, 16, 32, 64, etc.
Genus Gmnhanp,ia. proposed by Cookson and Eisenack
(979), and Palambages may be congeneric.

Palambages morulosa O. Wetzel 1961

PI. 47. figs 1-6

1961 Palamhages morulosa O. Wetzel, p. 338
Siz(' measuremenls--Colony diameter 80-120 ~m,

single cell diameter .30-50 ~m (0 Wetzel. 1961); 45
875 ~m, cells 20-30 ~m (Gorka. 1963); 61-110 ~m.

cells 21-42 ~tm (Gocht & Wille. ]972); 75-110 ~m. cells
15-40 ~m (Corradini. 1973); 48-135 ~m, cells 5-28 ~m
in ten specimens of this study.

Previous records-Albian-Paleocene. Upper
Cretaceous-Paleocene. Europe (Wetzel. 1961; Gorka,
1963; Davey. 1970; Gocht. 1970; Gocht & Wille. 1972;
Corradini. 1973; de Coninck, 1975b); Albian-Paleocene.
Canada and USA. (Manum & Cookson, 1964; Drugg,
1967; Davey. 1970; Zaitzeff & Cross, 1971; Harker el at..
1990); uppermost Campanian-Maastrichtian. DSDP Site
27'5. southeastern Camrbell Plateau (Wilson. 197'5);
Albian-CretaceouslTertiary boundary. DSDP Leg 29. off
southeastern Australia and western New Zealand
(Cookson. 1965a; Haskell & Wilson, 1975); Turonian
Paleocene, Argentina (Heisecke. 1970; Gamerro &
Archa ngelsky, 1981)

Genus--Pterospermella Eisenack 1972

1972 Pfermpennella Eisenack, I' 597
Type species-Plermpermella aureolala (Cookson

& Eisenack) Eisenack 1972 = Pterospermopsis aureolata
Cookson & Eisenack 1958 (original designation)

Plero,\permella anslolelesii Ooannides el at.) SK.
Srivastava 1984

PI 47, fig 7

1977 Pterospermopsis arislolelesii 10annides, Stavrinos
& Downie, p. 466. 1'1. 5. figs 22-25

1984 Plerospermella arislolelesii Ooannides el at) S.K.
Srivastava, p. 67, 1'1. 36, figs 9-10)
Size measurements--Overall diameter 50-100 ~m,

central body diameter 28-65 ~m Ooannides ef at., 1977);
overall 46-102 x 40-89 ~m, central body 28-53 ~m

Srivastava, 1984); overall 81-104 ~m, body 47-57 ~m

(Srivastava, 1991); overall 73 x 57 ~m, body 26 x 21 ~m
in one specimen of this study.

Previous records-Kimmeridgian, England
Ooannides el al., 1977); Barremian, France (Srivastava,
1984): Cenomanian-Turonian, Texas, U.S.A. (Srivastava.
1991)

Spores

Genus--Aequitriradites Delcourt & Sprumont emend.
Cookson & Dettmann 1961

PLATE 47

1-6. l'alalJ1ba,~es momlosa 0 Wetzel 19().1: 1. 2.:3 x 40. CRC :\2.14()
1. D\\I12. the Navarro Grou[). the Corsic:lnJ Clay, Navarro Coumy
J\·l<tasITichtian: 4. x 40. CRC 32l27-4. A2'), till" T'ly'lor CrOlI[). 7
lowt'r Taylor Clay. Travi, Coumy: Campanian: '.i. x 100. CHC :321.34-
3. D6. the Austin Chalk. middle Ch:t1k rnemher. Oall:ls Counly:

-+

Santonian: 6 x 40. CRC :32142-4. DW.14. tht' Taylor Croup. Ihe
Pecan Gap Clulk. McLennan Counly: Carn[)anian.
l'leroSjX'nneffa ariSIOleiesii (]o;lnnides el al.) S.K. Sriv:ISlava 19li4:
x 40. CRC :321:3')-3. D7. the Taylor GroU[). u[)[)~r Taylor Clay.
DallJs County: Campanian.
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Aequitriradiles spinulosus (Cookson & Detrmann)
Cookson & Detrmann 1961

PI. 48, figs 1-2

Occurrence--The Upper Austin Chalk. the Lower
Taylor Clay; Late Campanian.

Remarks-Reworked.

Genus--Appendicisporites Weyland & Krieger 1953

Appendicisporites hilateralis C Singh 1964

PI 48, fig 3

Occurrence-The Pecan Gap Formation; Late
Campanian.

Remarks-May be reworked.

Appendicisporites potomacensis Brenner 1963

PI 48, fig. 4

Occurrence--The Lmver Taylor Clay, Mclennan
County, Texas; Campanian.

Remarks-May be reworked.

Appendicisporites sp.

PI 48, fig. 5.

Genus--Camarozonosporites Pant ex R. Potonie emend.
Klaus 1960

Camarozonosporiles concinnus S.K. Srivastava
1972a

PI 48, figs 6-7

Occurrence-The Lower Taylor Clay; Early
Campanian.

Genus--Cicatricosisporites R. Potonie & GeUetich 1933

Cicatricosisporiles sp

PI 48, fig 1:3

Occum:nc€'-The Corsicana Clay; Late Maastrichtian.

Cicatricosi:,porites ballei Delcourt & Sprumont 1955

PI 48, fig. 9

Occurrence-The Lcnver Austin Chalk; Early
Campanian.

Genus--Echhtatisporis Krutzsch 1959

Ecbinatisporis levidensis (Balme) S.K. Srivastava
1972a

PI 48. fig. 10

Occurrence-The Upper Taylor Clay; Late
Campanian.

Genus--Gabollisporis Boltenhagen emend. S.K. Srivastava
1972a

Gahoni~poris hacaricumulus S.K. Srivastava 1972a

PI 48, fig 11

Occurrence-The Lower Taylor Clay; Early
Campanian.

PLATE 48 -+

1-2. Aequilriradiles spillulos/.ls (Cookson & Oertmann) Cookson &
Dettmann 1961. x 40. CRC 32143-1, D\X!15, the Taylor Group,
lower Taylor Clay. McLennan Counry; Camflanian.

3. Appelldicisporites hilateralis C Singh 1964; x 40. CRC 32142-4.
0\'';''14. the Taylor Group. the Pecan Gap Chalk. McLennan Counr,';
Campanian; m<lY he reworked.

4. Appelldicisporiles pOlomacensis Brenner 1963: x '10. CRC 32143
I. OWlS, the Taylor Group. lower Taylor Clay, McLennan County:
C:lInpanian; may he reworked

5. Appendicisporlles sfl. x 100. CRC 32137-2.09. the Taylor Clay.
Ellis County; Campanian.

6-7. Camarozullosporiles cOllcinnus S.K. Srivastava 1972a; x 100.
CRC 32143-1. OWl), the Taylor Group, lower Taylor Clay,
JVlcLennan County; Camflanian.

8. Cicalricosisporiles sp.; x 40. CRC :\2140-1. OW12. the Navarro
Group, the Corsicana Clay. NavalTo County. Maastrichtian.

9 Cicarhcosispuriles hallei Oelcoul1 & SprumonL 1955: x 10.214)
5. WA1;, the Austin Chalk. lower Chalk member, McLennan
County; Santonian.

10. Echillatisporis lel'idensis <[3alme) S.l-:.. Srivasl3va '1972a: x 100.
CRC 321:\7-4. D9. the Taylor Group. upper Taylor Clay. Ellis
County: CampanLln.

11. Ga/)ol1i.,poris hacar!cul1wllls S.K. Srivastava 19723; X 40. CRC
:\2143-1. DW 15. the Taylor Group. lo,ver Taylor Clay. McLennan
County; Campanian.

12. G'boshispura scol/ardiema S.K. SrivaStaV;l 1966: x 40. CRC 32137
2. 09. the Taylor Group, uflfler Taylor Clay. Ellis County:
Camp3nian.

15. Ha/1/ulatisporis rugulalus(Coufler) S.K. Srivastava 1972a: x 40.
CRC :\2146-1. WAHl. the N;lVaITO Group. Kemfl Clay, Falls Count)·;
Late Ivlaaslrichtian.
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Genus--Gbosbispora S.K. Srivastava 1966

Ghoshispora scollardiana S.K. Srivastava 1966

PI 48, fig 12

Occurrence-The Upper Taylor Clay, Late
Campanian.

Genus-+lamulatisporis Krutzsch emend. S.K. Srivastava
1972a

Hamu!ali.lporis ruga!alUs (Couper) S.K. SrivDstava
19723

PI 48, fig. 13

06currence---The Kemp Clay: Late Maastrichtian.

Genus---Kuylisporites R. Potonie 1956

Kuyli::,porUes sculatus Newman ] 965

PI 49, figs 1-2

Occurrence-The Upper Austin Chalk: Late
Santonian.

Genus--Pilosisporites De1court & SpnmlOnt 1955

Pilosl.lporites trichopapilloSLlS CThiergart) Delcourt &

Sprumont 1955

PI. 49, fig. 3

Occurrence-The Lower Taylor Clay: EDrly
Campanian.

Remar/es-May be reworked.

Genus-Retitriletes van der Hammen ex Pierce emend.
Doring, Krutzsch, Mai & E. Schulz in Knltzsch 1963

Retitriletes sClxati!is S.K Srivastava 1972a

PI 49, figs 4-5

Occurrence-The Lower Taylor Clay: Early
Campanian.

Trilete spore lncertae sedis

PI 49. fig. 6

Occurrence-The Upper Taylor Clay; Late
Campanian.

Remarks--May be reworked.

Genus--Uvaesporites Doring 1965

Uvae::,poriles Sp.

PI 49, fig 7

Occurrence-The Upper Taylor Clay; Late
CampDnian.

Remar/~s-May be reworked.

Gymnosperm Pollen

Genus--Classopollis Pflug 1953

C!assopollis classoicles pnug 195.3

PI 49, fig 8

Occurrence-The Lower Taylor Clay: Early
Campanian.

Remarks-Ma y be reworked.

Genus---Eucommiidites (Erdtman) Couper emend. Hughes
1961

Eucommiidites sp.

PI 49, figs 9-10

Occurrence-The Upper Taylor Clay; Late
Campanian.

Remarks-May be reworked.

PLATE 49 -+

1-2. Kuylisporiles scuta/us Newman 1965: x 100. CRC 32159-3. D11.
the Austin Chalk member. Ellis County: Latc Sanwni'ln.

3 Pilosisporiles Irichopapillosus (Thiergart) Oelcourl & Srrumont
1955;"X 100. CHC 32J1t3-1. OW15. the Taylor Grour. lowcr
Tayor Cia)'. Mclennan County; Campanian.

/1-5. Relilrileles saxalilis S.K. SrivaSlaV<l 197b: x 100. CHC 32143
1, OWI5. the Taylor Graul', lower Taylor Clay. !vlcLClln<ln
Coul1ly; Campanian.

6. Triletc srorc (rcworked): x 100. CRC 32l.37-'1. 09. the Taylor
Grour. uppcr Taylor Clay, Ellis Countv; Carnp<lr1ian.

7 (i,'aesjJoriles sr.; x 100. CRC 32137-4. 09, the Taylor Grour.
urper Taylor Ci<Jy. Ellis County: Campani:Jn.

8. Classopol!is classuides Pflug 19'53 (reworked): x 100, Cf{C :\2127
4. A25. the Taylor Group. lowcr T<lylor Clay. Travis COUllty:
Camr<lnian.

9-10. Eucommiidiles sr. (reworked); x 100, CRC :32137-~, 09. the
Taylor Grour. uprer Taylor CLly. Ellis COUllty: Camr<lnian.

II. RugubiuesiCillifes reducfus Piercc 1961: x 40, CHC 32l.38-2.
010. the T<lylor Group. lower Taylor Clay. Ellis County;
Camr<lnian.
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Genus--Rugubivesiculites Pierce 1961

Ruguhiuesiclllites reductus Pierce 1961

PI. 49, fig. 11

Occurrel1ce-The Lower Taylor Clay: Early
Campanian.

Angiosperm Pollen

Genus---Aibertipolletlites S.K. Srivastava 1969a

Alhertipollenites Sp.

PI. 50, fig. 1

Occurrence-The Lower Taylor Clay: Early
Campanian.

Genus---Aquilapollenites Rouse emend. S.K. Srivastava
1968

Aquilapolleniles amplus Stanley 1961a

PI 50, figs 2-3

Occurrence-The Middle Austin Chalk; Early
Santonian.

Aquilapollel1i1es delicalus var collaris Tschudy &

Leopold 1971

PI. 50, figs 4-5

OccurrencE'-The uppermost Kemp Clay; Late
Maastrichtian.

Genus---Boic/)ovitinaepolletlites Kedves & Diniz 1981

Bolc/)ovilinaepolleniles miniverrucalus Kedves &

Diniz 1981

PI. 50, fig 6

Occurrence-The Lower Taylor Clay; Early
Campanian.

Genus--Compiexiopollis Krutzsch 1959

Complexiopollis exiguo Christopher 1979

PI. 50, fig 7

Occurrel1C(..l.-The Lower Taylor Clay, Corsicana Clay:
Early Campanian, Late Maastrichtian.

Genus--Ext1'atrij:J07'Opollellites Pflug emend. Skarby 1968

EXlralrlporopollenites /ossulotrudens Pflug 1953

PI. 50. fig 8

Occurrence-The Lower Taylor Clay; Early
Campanian.

Genus--Extremipollis Krutzsch in Goczan el ai. 1967

E"(lremzpollis versati!is R. Tschudy 1975

PLATE 50 --+

AIIJerlijJollel1i/es S[).: x lao. CHC 32137.11. D9. Ihe Taylor GroU[).
u[)[)er Taylor Clay. EIIi., County: Cam[)anian.

2·3. Aqlli!apolleni/es ampills Sun ley 1961a: x 100. CHC 32134·4.
Do. Ihe Aw,t;n Chalk. middle Chalk memher. Dallet' Counly:
Santonian.

'J-~. Aqui/apollel7i/es defiea/lls v,lr colloris Tschudy &. Leopold
1971: x '10. CRC 32140-1, \XiAI8. Ihe Navarro GroU[). I'-emp
Cby. Falls County: Lae Maastrichtian.

6. BolcLJolJilinaepolieniles milliuermca/IIS Kedves &. Oiniz 1981:
x 100. CRC 321.'\8-1. 010. the Taylor Grou[). Im"er Taylor
Clay. Ellis Counly: Cunpanian.

7 Complex/opollis exi~I/CI Christopher 1979: x ](lO. CRC 32140·
2. 0\XI12. the Navarro CroU[), the Corsicana Clay. Navarro
County. Maastriehlian.

8. r:;xlra/riporrpolle11l/es /osslllol me/ens Pflug I 9~3: x ] 00. CRC
321.'\8~1. 010. lht' Ta\'lor Group. lower Taylor Clay. Ellis County:
Call1[)anian.

9. EYlrrm/pollis lJersa!ilis H. Tschudy 197~: x 100. CRC 32157
4. 09, the Taylor Group. upper Taylor Clay, ElIi~ Counly;
Cam[)anian.

10-11. Margocolporiles criIJelia/lis S.K. Sri\ aSWv,1 1972h: x IOO, CRC
32138-3. 0 10. the Taylor Group, lower T"ylor Clay. Ellis

Counly: Cam[)anian.
12. Margocolporiles sp. I: x ]00. CRC 32138-], DIO. the Taylor

GroU[). lower T;tylor Cbv. Ellis County: Campanian.
U. ,IJcIi;qocolporiles -'po 2: x 40. CRC 32Ho-I. \'(iAI8, the Navarro

Group. Kem[) CI:l\'. Falb County: Ltle Ma"slrichli:tn.
14. M/nonj)ollis minimlls Krulzseh 19~9: x 100. CRC 32137-4.09.

the Taylor Group. upper Taylor Clay, Elli.' Coullly: Cam[)anian.
I~. Plicapollis incisa Chnslopher J979: x 100. CRC 32137-4.09.

the Taylor GroU[). up[)er Taylor Clay, Elli~ Counrv: Campanian.
J(,. Plicct/)ollis rf'IIiSUS R. Tschudy 197\ x 100, CRC 32138-1,010.

lhe Taylor Group. lower T:lylor Clay. Ellis County: Campanian.
17. J)/icapollis I'IIsliwsH. Tschudy 197~: x ]00, CRC 32139-3. OIl.

the Austin Chalk. up[)er Clulk J11cmher. Ellis Counly: ble
Sanlonian.

18. !'o/J'porillO criIJraria S.K Srivastava 19(,9: x lOO. CRC 32140
2. l)\)(! 12. the N,lvarro Croup. the Corsicrna Clay. Navarro
County. Maaslrichlian.

19-20 Pm/eaeidiles 1'1'/11.'11,' Anderson 1960: x 100, CJ{C 3213H-1. 010.
lhe Taylor Grou[). 101'·er Taylor Clay. Ellis Coullly: Call1[)anian.

21 Pro/eaeidi/es l/lalmannii Andersoll 19(,0: x 100. CI~C 32137
'I. 09. Ihe Taylor' Croup, u[)per Taylor CI,ty. Elli." County:

C'll1p:11lian.
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PI. 50, fig. 9

Occurrence-The Upper Taylor Clay: Late
Campanian.

Genu~argocotporites Ramanujam ex S.K. Srivastava
1969b

Margocolporites crihellatus S.K. Srivastava 1972h

PI. 50, figs 10-11

Occurrence--The Taylor Clay; Late Campanian.

Margocolporites Sp. 1

P\' 50, fig 12

Occurrence-The Lower Taylor Clay; Early
Campanian.

Margocolporites sp. 2

PJ 50, fig. 13

Occurrence-The uppermost Kemp Clay; Late
Maastrichtian.

Genu~inorpollisKrutzsch 1959

kfinolpollis minimum Krutzsch 1959

PI. 50, fig. 14

Occurrence-The Upper Taylor Clay; Late
Campanian.

Genus-Plicapollis Pflug 1953

Plicapollis incisa Christopher 1979

PI. 50, fig. 15

Occurrence-The Upper Taylor Clay: Late
Campanian.

Plicapollis retusus R. Tschudy 1975

Pl. 50, fig 16

Occurrence-The Lower Taylor CJay: Early
Campanian.

Plicapollis rusticus R. Tschudy 1975

P\' 50, fig. 17

OccurrenCG~The Upper Austin Chalk. Taylor Clay;
Late Santonian-Campanian.

Genus---Potyporitza Naumova ex POlonie 1960

PO~YjJorina crihraria S.K. Srivastava 1969b

P\' 50, fig. 18

Occurrence---The Corsicana Clay; Late Maastrichtian.

Genus---Proteacidites Cookson ex Couper 1953

Proteacidites relUsIIs Anderson 1960

PI. 50, figs 19-20

Occurrence-The Lower Taylor Clay; Early
Campanian.

Proteacidites thalmannii Anderson 1960

PI. 50, fig. 21; PI. 51 figs 1-3

Occurrence-The Upper Austin Chalk, The Taylor
Clay; Late Santonian, Campanian.

PLATE 51 -+

1·3 PrOleacidiles Iba/mannii Anderson 1960: "I. x 100. CRC 3213R
I. D1O. the Taylor Group, lowcr Taylor Clay, Ellis County:
Camranian; 2. 3. x 100. CHC 32137-').09. the Taylor Group.
upper Taylor Clay, Ellis County; Camr:Jnian.

4. Rboipites CIJPIOpUI'IIS S. K. Srivastava 1972b: x 100. CRC 32139
3.011. the Austin Chalk. upper Chalk member. Ellis County;
Late Santonian.

5. Sanla/aciles minor Christopher 1979; x 100, O<C 32137-'1. 09.
the Taylor Grour. upper Taylor Clay. Ellis County: Campanian.

6. Siriatopol!is sp.: x 100. CRC 32138-1, DIO. thc Taylor Group.
lowcr Taylor Clay. Ellis County; Campanian.

7 Thcotpiles hians St<.lnley. 1965; x 100, CRC 32U7·4. 09. the
Taylor Group. urper Taylor Clay. Ellis County; Campanian.

8·9. Trieu/pileS microm/lnus (Groot & Penny) C. Singh 1971; x

100. CRC 32138-1. 010. tile Taylor Group. lower TJ}'lor Clay.
Ellis County; Campanian.

]0-11 Tricolpiles mutabihsLcft'ing\vell 197'1: x 100. CRC 52138-1, D]O.
the Taylor Group. lower Taylor Clay. Ellis County; Campanian.

12-13. 7i'ico/popo/leniles compaC/llS Norton in Norton & Hall. 1969:
x 100. CRC 32139-3, Dll, tile Austin Chalk. upper Cilalk
member. Filis County: Latc S'lntonian.

14-16. Thco/poropo/leniles a/77uens(Stanley) Stone 197.3; x ]00, CHC
32138-3.010. the Taylor Group. lower Taylor Clay. Ellis County;
Campanian.

17-18. Wudeho/lseia ,pinCila Stanlcy 1961h; x 40. CRC 32146-'1: \'(fAI8,
the Navarro Group. Kemp Clay, falls County; Lile Maastrichtian.

J9-20. Pollen tClrad incerlae sedis: x flO. CRC 32 J43- I. DW! 15, the
Ta}'lor Group. lower Taylor Clay. McLennan Count)': Campani'ln.
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Genus-Rhoipites Wodehouse 1933 PI. 51, figs 12-13

Rhoipites Clyptoporus S.K. Srivastava 1972b

PI. 51, fig. 4

Occurrence-The Upper Austin Chalk, Lower Taylor
Clay; Late Santonian. Early Campanian

Genus--SulIlatuciles Stelmak in Pokrovskaya & Stelmak
1960

Santalaciles minor Christopher 1979

PI. 51. fig 5

Occurrence-The Taylor Clay: Campanian.

Genus--Slrialopollis Krutzsch 1959

Striatopol/is sp.

PI. 51, fig. 6

Occurrence-The Lo\.ver Taylor Clay; Early
Campanian.

Genus-Tricolpites Cookson ex Couper emend. Potonie
1960

Tricolpites hians Stanley 1965

PI. 51, fig. 7

Occurrence-The Upper Taylor Clay; Late
Campanian.

Tricolpites micromuyzus (Groot & Penny) C. Singh
1971

PI. 51. figs 8-9

Occurrence-The Lower Taylor Clay; Early
Campanian.

Tricolpites mutabilis Leffingwell 1971

PI. 51, fi gs 10- 11

Occurrence-The Lo\ver Taylor Clay; Early
Campanitn

Genus-Tricolpopolleflites Pflug & Thomson in Thomson &

Pflug 1953

Tricolpopollenites compact/ls Norton in Norton &

Hall, 1969

OccurrE'lIce-The Upper Austin Chalk, Late
Santonian.

Genus-TricolporojJolletlites Pflug & Thomson in
Thomson & Pt1ug, 1953

Tricolporopolleniles ajjluens (Stanley) Stone 1973

PI 51, figs 14-16

Occurrence-The Taylor Clay: Campanian.

Genus-lVodehouseiu Stanley 1961b

Wodehouseia .ljJinata Stanley 1961b

PI. 51, figs 17-18

Occurrence-The uppermost Kemp Clay; Late
IvLustrichtian

Pollen tetrad incertae sedis

PI. 51. figs 19-20

Occurrence-The Lower Taylor Clay; Early
Campanian.
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