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4: Caran: Cretaceous plankiic foraminifera

Table 1. Classitication of the Cretaceous Globigerinacea
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- llseudotextularia
—— T PsCudoguentbeling
e — =G ucmbelitria

T bl MGSEIAL o HETEROHELICIDAL Heterohelix

ha Racemiguembeling
2. Test planispiral . PLANOMALINIDA Planomalina
Globigerinelloides
Hastigerinaides
Schackoina

3. Test wrochos il
'3705_:’_1;0—::;:;-]1[‘: . primitive

fogns: . FAV
primary aperture cntirely umbilical and chamber surface roughly reticulated Globuligerina
primary aperture varies from umbilical 1o extraumbilical and chamber surface
rezularly reticulated Favusella
"Hedbergella-lineage”,
evolved fonms: GLOBOTRUNCANIDAE
primary aperture umbnIicuI—cxtr:umbilicul-ncarl)‘ penipheral, protected \\
by fip or fap
without supplementary apertures on umbilical side NN \
periphery without keel . Hedbergella
pustulose angular penphery % s, i, "l Praeglobotruncana p-p.
periphery with 2 keels W\ SN\ Fatsotruncana
with supplementary apertures on umbilical side " "4\ Y . Ticinella
periphery without keel "‘ \ " Biicinella
penphery with | keel v AL\ Rotalipora
pramary aperture umbilical-extraumbilical ORL N
protected by poruc B
periphery without keel VR Whiteinelia
- peniphery with | keel BN %\ \ MHelveroglobotruncana
with pustulose, (runcate penphery b % \ . Praeglobotruncana p.p.
periphery with 2 keels A \
- umbitical sutures depressed. radial or curved A\ _ Dicarinella
e peniphery with 2 keels. sometimes fused in | keel on the las whodl
umbilical sutures raised. curved ® 1YL \ Marginotruncana
only with imperforate. angular periphery or passing gradual I.Q_"L:kctl . Globotruncanella
protected by tzalla i -"\r A% \
periphery with 2 keels 1L ‘ .
umibilical sutures depressed. radial : 51 1 Abathomphalus
prmary aperture umbilical % ‘1 \i
proiccied by portie ot L\
penphery with 1 keel t 9 "—_‘ \
umbilical sutures raised. radial or curved 5% \ \ Globotruncanira
periphery with 2 keels e 1\

umbiiical sutures raised. curved % \Rosita
protcied by tegitla 1 R
periphery truncated by 2 keels ¢ :
umbilical sutures raised. curved ] "Globotruncana
periphery with infated rugosc chambers %
umbilical sutures depressed. radial
with rugose surface
imperforate peripheral band and weakly developed double

K keel Archaeoglobigerina
I keel on the last whorl, 2 keels weakly visible in
secuon on the previous whorl Ganssering
with costellae runged inineridional pattern
i clobulose periphery Rugoglobigering
- imperforate peripheral band and well developed double
| kee! ‘Ruyotruncana
‘ —_— - e e SR ——— e ——— e ———
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L. Test calcitic, radia-hyzling, jamellar, perforzte

2 Charsber architecture

urabilical-extraumbifica
-nearly peripheral

N

present

3. Primary aperture

4. Suppiementary aperiures
&n umbilical side

5. Pmotection of primary

o rtici
aperture and umbilicus ke

tlaps

6. Keels {0, 1, 2)
or imper{orate band

7. Heavy ornamentation
{reticulate, rugose
or costellate)

Favusally ————— kt‘-:ti;?
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depressed
/

B. Umbilical sutures

raised

KEY TQ CRETACEOUS PLANKTIC TROCHOSPIRAL GENERA

trochospiral

— |

umbilical-extraumbilical
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Marginatruncana

Globotruncanelfa

tegilia

e
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Abathomphalus

umbﬂlcai

portici tegilla

I\ TINN
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Archaeoglolyigering —— %

Qv

Ganssering ————— C
Rugotruncana
Rugnglobigerina

Globotruncanita
Glabotruncana

Rosita




Distinctive features of some Cretaceous planktic foraminiferal genera

epaississements azoirbilicava bouvrrelets

//'/ P(}.‘ambu’- Cauh

=
ourerture principale
g:.r.:am&rbr;f( emdiicale

caréne

gurerlure :upp/t'mm-’dlft curerlyre Jmpk'fn(n/wrz,

le-—-m,’.‘f C./ ‘ sulturale pi
ouverfure T - ,/\- ¥
Xbﬂﬂ/('mfﬁl'ddf( . e |
ombilicale U. K : solore intercamerdle Juﬂ/"n’"’f_ﬂ’llf_w(
wdibralt, Radide ombilic sl J’Eul{:_f(:l' quu:’il
5 et dearimee o périombitical
g = -
Rotallporo (type cushmani) pasuliger
Y il —
v -\\ ,"r‘n’r etranle /
/" \ by /
V7 tévre spetulee
£ } al
y ,’ . ouverture ffmtip e Fd,-f,'(-‘,,
. "\ extraombilicale - ombilicale
\ (nfcns:on extraombilicale
) restreinie)
/ auverlures accessoies
{ infralaminiales
\ \\\ ’f
\, \
/
/V‘\\
. ARy
1 . - - a
‘ ouririvre I.'r_.lp,.g.:-"c ‘y/yrt r“{”f! ch“th
e 'n’ Jam*n"'ue - ombilicale
jé perigheric ) )
Aachorge Whiteinella

Hedbergella

peincipale
Lheale - ombilicale

\. /
\ o euverlure accessaire
\ auverture principale inlraliminale
\ eetraombilicale - gmbilicale
\ oz fﬂ(hflﬂ — .- .
| }pan‘rcu successifs
L devre — *‘\
spatulee \ L - )
y iS//_ .‘.}:ndau. carenal
. & 2carcacs
\\( femitant ua bindeau

peripherigue imperfore svlvie radiale deprimee

surure radigle
dep cimee

Dicarinella

Qurertuce principale ambilicale,
p‘ofrycc pIrune cxlension
lfemelleuse

Praeglobotruncantyrme evoluee

1 f

- f = p Nl
erlraa 2l - gndilies \
\

lensemble des citensions QQQ
lamelleuses (tegilly) — ——
farme une /m'aquc
sus - ombiicale

purhru i

_Ourertuse Jilessaire
inlraloamingle Z
o ourerfure dccesscire
ealre deve pardicr
;

inlraleminale
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genera GLOBOT RUNC ANA]
characlers RUGGIGLLA JMARGY arca- | ling | aeg.
PLLM mar grl gr.
always bhigh
Trochospire high to low ® ¢c|leo |9
always low ®
Primary umbilical L | -l ®
apsrlure extea umbilical-umb. o ®
always small (=1/4d)
Umbilicus others ] ®:0 ®
always large{x)/3-1/2d} ® @
lips
Umbitical oor tict © ®
system
tegilla @ OO e | o8
2 keels{or 2-1} @ L N N N
tateral 'k“’”:“nsgsl‘:ﬂe?m) b d il B
frperfocats per. band ole
rounded ® |9
CAhambcrs zostellae in a merid, patt ® | O
surlace others ¢ | O ©| e lele
Sulures always depressed ®{® ®
umbilical side others "N B
Sulsres always depressed LI
spiral side olhers o) o e |ole @
Adumbilical  dlways absent ot
ridges others L BN A N ®
subcircular | U BN IR e e
labate [ | ® & @ o
g Petiphery pelygonal o ®
\ strangly lobate O e @
= tubulospines O L]
Test always undulated

O somelimes

8 yes

[ H * ¢ uf e
Synnpsis of marphotogical characten of geners anil groops of species.




Testdy, 2 — astration of rnu:]uhuluf:irnl charurtees defined in chaptes 1\ ;
t e imgerduride penpheral hand bz bl band 1 two keels lining an impedorate peripheral band — e 3 heel bl sith o less
develuped wbilical keel, redueed o a rom ol spuree pustules — d ¢ kel hand tilted towandy the umbilieud sy — e I I
pestules w11 rugosities — F i vostellue: above @ not arranged in 3 meridional tattern; belos : aranged in w meridional pultirn —
h o tabalospins, section howing hallow spinedike extension of the penuliimate chanbier — i : portivi Purtly merging in the wnlilieus
== j 2 tepilia mecging in ihe umibikical.acva, leaving proximal accessory apertures (p) = “infralacesinad ACCCSIOEY wpeeiuees™ anuet., wid
= distuf reerssury apedures {d) e inirslamin) accessory apectures” auct, — h : adumbilical rilges bocdering the ambilical port of

chambees, here not in continuity duc 1 their oblique arrungement — tangentinf adumbilical fdges, heee in conlinuity and forming
a “peri-umbilical rdge” &aet, patteq,

V. DESCRICTIVE TERMINOLQGY, GLOSSARY

~ Primary apertuee @ minin opeaing of ench chan-
frer,

— Aeccessary apertiene opeaing the commumicating
between the primacy aperture and the exterior
through a system of plates; when these are porlic,
Accessory apertures are direeted  towards  the
carlier part of the whorl and are generally {rum-
pet-shaped: whun they are tegilla, proximal neces-
sory apertures (Cinfralamingl”  apertures auet.)
open near the prinary aperture and the suture,
and  distal nceessory apertures  (“intruluminal”

aperiuees auct) are formed by non-conlescing
parts of successive togilla,
Far ihe greater number of the terms used we reler — Porticus (plur. @ portici) ; thin imperfarate exten-
to the figures given in the first part of the “Atlas of sion bordering the prinry aperture, generally
Mid Cretaccous Planktonic Foraminifera {Boreal Sea trumpet-shaped, partly merging in the ambilicys
and Tethys)", Robaszynski, Caron and E.W.G.P.F. by their distal edpes.
(1979). However, some modifications and additions — Tegillum (plur, : tegilla) : thin, broad, generally
had to be made : searcely amld finely perforate extension covering
‘ 2~ Pustule s small isometrie impecforate  surfuce the primacy apertares suceessive tegilla coalesee
*\:“_ rlevation, but leave distal aceessory aperturees between each
E — BRugosily 1 several coagulaled pustules, other,
i .l_- — Costelae @ thick, elongated rugosities. — Tubulospine : hollow spine-shaped extension of o

=~ lwperforate peripheral hand generally squatorial
bund of the chanber surfuce without pores; muy
be borderad by heels,

= Keol s imperiorae ridge in an equatorial position.

— Row of pustules ; pustules lining the penpheral
keel on the unihibeal side,

—~ Keel-bund : keels and imperforate  peripheral
baund.

chamber,

— Adumbilical ridge ; imperlorate ridge on the

vmbifical part of 5 chamber: suceessive atiumbili-
cal ridees wee senerally oot in continuity (and thus
do nat consiitte 5 “pertumbilical ridge” HOTENE
they are tangennal or oblique (= secant) 10 the
umbilicus if this latter is considered s being 4
aircle,
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Planomalina breggiensis Plonomaiing buxtorfi Praeglobotruncana stephani Rugoglobigerina rugosa Trinitellc scotii
x 100 x 70 ~x 115 x 110 x lbo
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TICINELLA -~ ROTALIPORA

Ticinalla cobert! Rotalipora subticinensis Rotolipora ticinensis Rotalipara apenninica Rotalipora greenhornensis Rotalipora reicheli Rotelipara eushmani
x 115 x 160 x 135 x 125 x 75 x 90 % 90
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SINGLE K’EELED GLOBOTRUNCANA SPECIES
Globot tgall
rn;m]:?gn siga Globofrunc:ngofclmtuqrﬂ Globotruncana stuartl Glebatruncana elevata Glebotruncana calcarata Globatruncana conica Globotruncera helvetica Globatruncana gonsseri
x 65 x 65 x 85 x 95 x 90 112090




Globotruncane bulloides
x 105

Globotruncana angusticarinata
x 100

in

L
& v
DOUBLE KEELED GLOBOTRUNCANA SPECIES

Globotruncana lopparenti Globotruncana concavata Globotruncana ventricosa
x 120 x 95 x 95

Globetruncana foricata
x 120

{ts

Globotruncana contusa
x 70

0T



ZONAL MARKER SPECIES

&
STAGE
Y
ZONE
“H.’* hoterivica
H. sigali
G. blowi
8. cabri
G.des algariana
H. gorbachikae
T. bejaouensis
T. primula
8. breggiensis
R. subticinensis
T. ticinensis
R. appenninica

4

108

Roralipora
appenninica

Rotalipora
ticinensis

Rotalipora
subticinensis

ALBIAN

Biticinella.
breggiensis

Ticinella
primula

Tieineila
befaouensis

i
™

100+

f oy

Hedbergella
gorbachikae

Globigeringlloides
algeriana

APTIAN

Schakoina
cabri

Globigerinelloides
blowi

1154

Hedbergella
sigali

BARRE-
MIAN

i

b |

=

“Hedbergella’”
haterivica

ko
HAUTE-
RIVIAN

'
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ZONAL MARKER SPECIES
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STAGE

ZONE

D, concavata

D. asymetrica

G. elevata

G. venlricosa

G. calcarata

G. havanensis

G. aegyptiaca

A. gansseri

A, mayaraensis

ZONAL MARKER SPECIES

MAASTRICHTIAN

65

Abathomphalus
mayaroensis

Rugotruncana
gansseri

Globotruncana
aegyptiaca

Globotruncanelia
havanensis

fa

CAMPANIAN

70

Globotruncanita
calcarata

Globotruncana
ventricosa

Globotruncanita
elevata

SANTONIAN

78

Dicarinella
asymetrica

[3
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v
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3 &85 mayaroensis ayaroensis mayaroensis mayargensis mayaroensis mayaroensis mayaroensis
contusa contusa g
MAASTRICHTIAN gansseri stuarti gansseri gansseri § gansseri gansseri
!‘ gansserf gansserf
acgypliaca e : . . .
Pavanenes tricarinatd scutilla fl;:g;nuarri stuartiformis E subcircumnoditer | fapp. tricar.
70 5
calcarata calcaratz calcarata calcarala calcarata s | calcarata calcarata
I
[ ™
. ; ; 3
CAMPANIAN ventricoss ventricosz subspinasa clevats £ erevata .
stuartiformis + stuartiformis | tlevata g stvartis. L.
78 elevata elevata wovars 1A, blowi
. concavals : fornicata fornicata
asymetrica T . canioata o
‘ SANTONIAN carinaia elevata +Carnala 3
! o, | concavaia + concavata concavata @ | concavata concavata
82
l concavata ?,: concavata concavata .
P jconNtacian & | primitiva + sigali schneegansi g schoeegansi
: 86 primitiva % sigali sigali N
M. sigali “ sigali +renz + schneegansi | archaeocretacea nelveti
s - 5 . . . eive
TURONIAN fiefvetica § helvetica helvatica helvetica helvetica 2 sigali tica
archasocretscex | S | archaeocretacea | lehmanni gigantea
} ¥ S cushmani cushmani
shaani ushmani ushmani ushmani “ . i
‘[ i § i € i cushmani « | +greenharnensis cushmani
o N N o
i | CENOMANIAN s g ap " reicheli greenhornensis b PP
ol ' , | reichali 2= | globorruncanoides | + gandolfii . 8 reicheli
A ] globotruncanoides ., % evolura
brotrest c gandolfif + brotreni aammica = b .
R how nicas. L. |+ ; - [ rarzeni
; 160 -?;: appenmfu sl greenhornensis buxtarli
R 8 appenninica appenninica
- g +bux rorfi + buxtorfi .,
’ appenninica 2 ticineasis ticinensis appenninica
IR e inen icineansi + buxtorfi appenninica
£ | +buxtorfi + buxtorfi ¢ Pp
. § prasbuxtorti breggiensis
= " NI
ALBIAN ticinensis Licinensis Breggiensis o
subticinensis subtivinensis breggiensis cicinensis
bregoionsis Y]
‘ primula reicheli subticinensis
f primuta + bejaouensis +primula
‘F ) . phaaispira roberts rabertf
[ bejaouensis
i 108 bejaouensis bei .
ferreolensis FAGUENSES
+ bejaouensis
gorbachikoe ferreolensis trochoidea
algeriana algeriana algeriana
cabri bri ferreaiensis
. cabri -
APTIAN cabri
blowi/
blowi G. blowi maridzlentis
goutisi/
- duboisi
- N .y
15 H. sigali sigali similis
BARREMIAN sigati
. 121 hoterivica hoterivica gr. hauterivica
HAUTERIVIAN
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m.oy. i
Japan area W. Pacific E i T
" . < . Pacific : . VY, Tet 2
65 Gulf  Carisbsan E. Atlantic A,'D;:j‘a‘;:a Central Tethys E. Tethys
mayaroensis ) . -
mayaroensi 7 : p
N g ¥ S mayaraensis mayaroensis mayaroensss 1mayarcensis mayaroensis
MAASTRICHTIAN gansseri 8 v . contuss .
é 21 gansseri " caliciformis gansseri ganssers
- — e o s i = stuarti
subgircumnodi = ' E Leuber = —— T oA suarli +
70 circurmnodifer  {FUgoss |’ thavanensis) Elsubcircumnadiler | lap tricarinsta subcircumnpodifer | f, ,a’f. .
calcarote s = calearats pa— alsosiuarti
marisi | 3 | carcarats caicaraia calcerata calcarsta
L]
? i sichurchi {2 mor
CA ' feponica . . o Z . orovae
MPARIAN robusts stvartiformis rosertal 2| elevata ventricosa
+ elevata " slevats +
; - R y -
stuartiformis § N y stuartiformis
78 + plevata S}otow: efevata stuartiformis elevare elevata
carinata 2| fornicate
SANTONIAN hanzavae ;z::’f:” + 2 canc. carinata conc. carinats concavara fornicata
Hdn - - . .
82 concavata 2 3| concavara concavata | CBTIRaTA caringia
concavata
concavata
. , primitiva concavata primitiva .
CONIACIAN fanonica cachensis Foncavars concavata primitiva
schnecgansi .
86 renzi . schncegansi oeg sehneegansi angusticatinats
belveti % | archaeocretaces sigali hid sigali i
TURONIAN rugosz helvetica elvetica Stsigali Japparenty
£ | 19 helvetics helvetica helvetica
92 - “grandes archacocreraces SoTenT hetvetica
cushmani globigerines”™ T T T T 3
- .é chmani  paradubis | eyshmani
greenharnensis stephani E cushmani + cushmani + cosment
CENOMANIAN gandolfii greenhornensis § | greenhornensis greenharnensis ) cushman
brotreni 3 appenninica reicheli deekei
brotzeni evoluta + appenninica e —— e e e i’;bmmn_“"a’d” montsalvensis globotruncanoides
100 appenninica evoluta washitensis rotzent brotzeni + brotzeni appenninic
appenninica + A ” appennnCE
buxtorli xtorfi ticinensis ticinensis Zﬂiﬁ;::fr;ncs + - appenninica + ticinonsis
buxtorfi buxiorfi
breggionsis . ticinensis . ticinensis 2Y ) infracretacea
ALBIAN breggientis breggiensis — . g ticinensis
b A subticinensis ‘& b . s
. reggiensis . — L .. reggienss
primula bregaiensis E prasticinensts
roberti rohri -
. primuia fschi techi il o
— roberti bejaowensis rischi rischi + primula planjspira
108 primula planispira
. lrocoidea ' - -
gorbarhrkae padﬁ{_‘a o . bejaoiensis bglaaugn;fs bq’ao”ensf: raBern = chentour
chenjourensis : gorbachikae T chenfourensis . - cheniourensis
trocoidea trocoidea tocoides
algerianus ferreolensis algerianus . algeriana algeriana algeriana
A . 5 = -
PTIAN ferreofensis ferreolensis ferreolensis ferreolensts ferrenlensis R
. i N protuberans
aptica blowi cabri . cabri
7 protuberans cabri . cebri maridal, + hlowi /
gottisi sigali maridalensis Blowi v + Taboie bfg'm +
15 sigali FoTTiT blowi + gottisi goins 15t Juberetaces
T similis aplica
P14 I .
2 3 tuschepsensis
BARREMIAN . tuschepsensis
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12 sigali ioali
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Mayaroensis mayaroensis mayaroensis
g < < gansseri/ < <
contusd comtusd - conlusa ’
MAASTRICHTIAN *arca 2 Jgansserd 3 S S
gansseri = - o | rricarinata/ w0 Py
| G jFegypriacy 9 | havanensis O {area ©
70 arca 8 havanensis 8 3 | havanensis 8
-t b | -4 -J
RUGOGLOBIGERINAYventricosa 8 calcarata g calcarata LO:: HEODBERGELLA 8
5] |G © (&)
CAMPANIAN -;:J veniricosa E:) g a
@ ‘ efevala HETEROHELIX
78 =y eretacea elevata
= n
S B concavata . . HEDBERGELLA
SANTONIAN S5 B, carinata asymetrica carinata WHITEINELLA
Bz 'é‘ g - § § concavala concavata concavata
-J o
«
CONIAGIAN E f»g % E primitiva primitiva
Bs % 5 g primitiva
0 coranaia sigali raa
& o] sigali |-
TURONIAN <3 - -
helvetica helvetica helvetica 1
92 :
archeocretacea archeocretaces HEDBERGELLA
i)
WHITEINELLA cushmani cushmani shmanT
CEMOMANIAN - e ""—"I
reicheli reicheli reicheli
e maritsalvensis
appenninica brotzeni
o + gandalfif appenninica
appenninica "
praeticinensis '?F_'e - - buxtorfi ]
ticinensis
B GLOBIGERI ~ primula P :
pragticinensis GLOBIGERINELLOIDES
ALBIAN NELLOIDES
breggiensis T
breggiensis
primula primula
108 HEDBERGELLA bejaouensis bejaouensis
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PLANKTIC '

STAGE N BOUNDARY MARKERS
_— MACROFOSSIL ZONES | oy A MINIFERAL ZONES (SPECIES}
&5

MAASTRICHTIAN

Pachydiscus neubergicus

Atathomphalus mayaroensis

Gansserina gansseri

Hoplites constrictus

Globolruncana aeqypliaca

Acanthoscaphites tridens

Globotruncanetfa havanensis

— F efevata

70
Bostrychoceras polyplocum Glabotruncanita calcarata
CAMPANIAN Hoplitoplacenticeras vari Globotrurncana venlricoss
Diplacnoceras bidorsatum Globotruncanita elevata
78
SANTONIAN Placenciceras syriate Dicarinella asymetrica
g9 Texanites texanus
Parabevahites emscheri Dicarinelta concavata
CONIACIAN
86 Barroisiceras haberfelineri Dicarinella primitiva
Romaniceras deverianiim Marginotruncana sigali
TURONIAN Collignoniceras waoligari Helveroglobotr, helvetka
92 Mammites nodosoides Whiteinella archacocretacea
Metoicoceras gostinianum
Calycoceras naviculare Rotalipara cushmani
CENOMANIAN
Acumthoceras rhotomagense - oo
Raotalipora reicheli
160 Mantelliceras rmantefli Rotalipora brotzeni
Stoliczkaia dispar Roralipora appensinica
Mortoniceras inflagum Rotalipora ticinensis
“““““““““““““““ Roralipora subticinensis
ALBIAN Diploceras cristatum Biticinelia breggiensis
Haplites dentatus Ticinella peimula
Douvilleiceras mammilatum
103 Leymeriells tardefurcata Ticinella bejaouensis
Diadochoceras nodosocostaium -
; . Hedbergella gorbachikae
Argonauticeras depereti
APTH Globigerinelloides algeriana
TIAN ——""" Diadechoceras preciosum Schockoina cabri
Pspudohaploceras matheroni Globigerinelloides blowi
115
Silesites seranpnis P
BARREMIAN Hedbergeﬂa :195!1
Nicklesia pulchella
#4]
Globuligeriaa hoterivica
HAUTERIVIAN

minute planktic foraminifera

F mayaroensis
F gansseri

F aegyptiaca

L calcarata —

F calcarata

F vemtricosa

F asymetrica

F concavata

F primitiva

L helvetica —

F helvetica

F archeocretacea L cushmani —

E cushmani

F rewcheli

F brorzeni

F appenninica
F ticingnsis

F mbricinequ
F breggiensis

F primula

F bejaouensis

L Globotruncanidae

L asymetrica -

L reicheli —

DATUM MARKERS
. (GENERA)

— F Abathomphalus

~F Rugotruncana

- F Rugoglobigerina
—F Globotruncana
—F Archasoglobigerina

- F Marginotruncana

—F Dicarinella
[-& Whiteinella

~F Praeglobotruncana

'k Rotalipora

|—F Ticinella

L algeriana +—F Planomalina

F algeriana
F cabri

F blowi

F sigali

F hoterivica

L cabri

HF Globigerinelloides

- F Hedbergella

L F Globotruncanita & Marginotruncana

L. Prasglobotruncana -

L Dicarinella )

L Rotafipora -

iL Planomalina—

L Ticinelia —
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DISTRIBUTION BF PULANKTONIC FORAMINIFERA IN THE

'PPER BARREMIAN TO LOWER CENOMANIAN IN EASTERN

p

SPECIES

APTIAN/
ALBIAN 8.1,

CEND-
MANIAN

PRAEGLOBO-
TRUNCANA
INFRACRETA-
CEA ZONE

NEOBUL IMINA
UBCRETACEA

NECBUL IMINA
SIS/R, AP-
PENNINICA

20Nt

TICINEN-

Plonomaline ¢f. escheri (KAUFMANN)

Pracglobotruncana infracretaces (GLAESSNER)

Biglobigezinclla cf. barri BOLLI, LOCBLICH & TAPPAN

Praeglobotruncans gautierensis (BRONNIMANN)

Biglobigerinello barri BOLLI, LOCBLICH & TAPPAN

Planomalina saundersi: BOLL]

FPlanomalino maridalensis BOLL]

Schackoina gandolfii RLICHEL

Globigerina kugleri BOLLI

Hastigerinella off, subcretacea TAPPAN

— ] c—

Planomalina buxterfi (GANDOLFT)

Globigerina washitensis CARGLY

Planomalina cf, saundersi BOLL]

Praeglobotruncana rohri BOLLI

Pracglobotruncena cf. planispira (TAPFAN]

Planomalina breqgiensis (GANDOLFI)

Praeglobotruncana planispirs (TAPPAN)

Schackoina sp.

Praeglobotruncana modesta BOLL]

Planomalina tururensis (BRONITMANN )

Pracglobotruncana cf. gauticrensis ( BRONNIMANN)

Rotalipcra ticinensis (GANDOLF])

" appenninics s.1. (0. RENZ?)

9¢
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Globigerina gautierensis
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Rugoglobigerina reicheli reicheli
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Late
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e L 1]
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rotundata
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Plommerellz hantkeninoides hantheninoides

" L)
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inflata

Ajpuao juoauf

e

Globigerinella messinag messinas

(1) "

subcarinata

T

i escheri eschepi

i
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L
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By
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¥
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Text fig. 1. Stratigraphic distribution of Glohigerinidae of the Upper Cretaceous of Trinidad.
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Figure 7. Wesr-cust stratigrupliic correlation of the Eocene-Cretaceous cores in Sites 152, 151, 153, and 146-149.
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Laron Premoli bil ve Guilioume, Bolli Bolli Bolli Balli
1985 & Bolli, 1973 & Beckmaonn, 1972 1959 1957 19568
. .
gencrol Coribbean {Leg 15} Eostern Venczuela Trinidod Trinidod geaeral
AL mpdioentit mayaroentis maysroensis mayaroensis maycroeniis.
- T .
G, pimasesi ganiserl nsseri gongsersi
aansichuan . . ganseri. - go - :
G. zeqrabizes lopparenti lepparenti lapparenti
H H - . 3 - . -
G, havaseasis “iricarinata tricorinala Iricarinato teicarinato
G. calcarats colcorata calcorata
Cimpavan | G. vealricasa . . )
elevato sluarti sluarti stuorti
G tlevilk
Santaann D. symizprica concavata corinala foraicala fornicota formicata
- I concaeas Concavale cencov, congcavola concavala concovoto
Conucian
0, armitiva h
— schneeganst renzi renzi schnesgansi
A, aigali g g3
Turonnn H. helvetica ' inothola inoencla helvetico
W, archreacictaces . gigantea
A, cusharend " cuthmant
Cenomanian | A seicheli reicheli
, R, beoizeni brotzeni
R, sppenninice appenninica/ appenninica oppenninica appenninica
A, ticinenis ticinensis waihitenyis washitensis
- G .
Albon A. subbciasniiy primitiva Heinensis tieinensis] tieinensis ticinensia | ficinensis ticinensis
8. beejgiensin glanispirg X
P wbcrelaceo roberti
T, priruts -
n ; rohri rohri t
T, bejroventis @ oh rohsi
M. gorbrchikae infracretocea
. G, atgeeiany borri barri horri
Aptian - - 5
5. catiri f. barri protuberan: protuberans
G. aluwi Lent, ovachensis
- — Choflatella -
J R LR decipiens Lent. baeri )
G. boterivig
Hautzrivaa
Caosrelation of zonal schemes established lor the Coribbean, E,-Venezuela ond Trinided, with genergl zonatians by
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and Tappan

2n, Side view of holotype (Cushman Coll.
45667), showing peripheral keel, limbate sutures
and the lips of the Jateral relict apertures. 2b,
Tidge view, showing equatorizl primary aperture.
w 110. 3a, Side view of hypotype (USNM
P53594) with well preserved relict apertures in
later chambers. 3b, Edge view, % 145. From
¢he Lower Cretaceous {Albian} of Texas.

All from the Austin chalk (Upper Cretaceous)
of Texas. X 95.

Ficures 11-12b. Biglobigerinella multispina La-
licker

" 11, Edge view of hypotype (USNM P3214a),
showing lateral paired apertures. From the
Upper Cretaceous Taylor marl (Campanian) of
Texas. 12a, Side view of holotype (Cushman
Coll. 51898), showing spherical chambers and
deeply umbilicate test. 12b, Edge view, showing
final paired chambers. From the Upper Cre-

33
Prate 1. HANTKENINIDAE: PLANOMALININAE
Page Page
Froures la, b. Globigerinelloides algeriana Cushman 21  Ficures 7a-10b. Hastigerinoides alexanderi {(Cush- 24
and ten Dam man)

1a, Side view of paratype (Cushman Coll. 7a, Side view of holotype (Cushman Coll.
56750), showing evolute coil, ambilical chamber 15750),‘showmg radial cl.ongat.c chambers. 7b,
extensions and sinuate sutures. 1b, Edge view, Edgc,{ view. 8a, 10a, Sxdc.v:cws _°f topotypes
showing low arched equatorial aperture. From GJSI\E-{UP?IZ_Oai b)’. showu:lg “l_m:, ap?rtur;:s
. ) . around umbilical region, and variation in he
tyhc,?sﬁp“m (Lower Cretaceous) of Algeria. shape of the radial clongate chambers. 8b, 10b,
. ~ Edge views, showing low arched equatorial
Ticunrzs 2a-3b. Planomalina apsidostroba Losblich 23 aperture. 9, Paratype (Cushman Coll. 15754).

25

SR

T
»

)

Fiourts 4a-Sb. Planomalina caseyi Bolli, Loeblich, 24
and Tappan, new species

4a, Side view of holotype (USNM P4869)
showing planispiral test and relict apertures.
4b, Edge view, showing cquatorial primary
apertare, with the secondary relict apertures of
earlier chambers remaining open. 5a, Side view

of paratype (USNM P4870). 5b, Edge view sutures of the larger specimens. 14-17, Edge

of paratype. Both from the Gault (Albian), views of paratypes (USNM P4544ib-e), showing

{ower Cretaceous, of England. X 180. progressive apertural development, from a single
cquatorial arch to paired arched openings and

finally paired chambers. 182, Side view of
holotype (USNM P4543}, showing paired final
chambers.  18b, Edge view, showing paired final
chambers, cach with separate aperture. All
{rom the Lower Cretaceous Maridale formation

of Trinidad, B.W.I. X 85.

taceous Marlbrook marl (Campanian) of Ar-
kansas. > 160.
Figures 13-18b. Biglobigerinella barri Bolli, Loeb- 25
lich, and Tappan, new species
13, Side view of large paratype (USNM=
P4544a), showing well devcloped lateral relict
supplementary apertures and somewhat sigmoid

Fioures 6a,b. H gstigerinoides waterst (Cushman) 24
6a, Side view of topatype (USNM P3934),
¢chowing well preserved relict supplementary
apertures.  6b, Edge view, showing low arched
primary aperture. From the Austin chalk (Up-
per Cretaceous) of Texas. X 130
238
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Prare 9.

Ficures la-c.  Praegloborruncana delrisensis (Plam-
iner)

la, Spiral side of toporype (USNM P4481),
showing moderately developed early keel. 1b,
Umbilical side, showing extraumbilical-umbitical
aperture. I¢, Edge view. From the Cenomanian
Del Rio clay of Texas, X 145.

Fioures 2a-c.  Pracglobotruncana stephani (Gan-
dolfi)

21, Spiral side of topotype (USNAL P4848) of
the type specics of Rotunding Subbotina. 2b,
Umbilical side, showing extraumbilical-umbilica)
aperture. ¢, Edge view. Fram the Cenomanian
of Switzerland. X 95,

Faunes Jad.  Pracglobotruncana planispira (Tap-
pan)

3a, Spiral side of hypotype (USNNI P4875).

.3b, Unmbilical side, showing cxtraumbilical-
umbilical aperture, and apertural Raps of final and
preceding chambers projecting into the open
umbilicus. 3¢, Edge vicw, showing high arched
aperture.  3d, Oblique edge view, showing
apertures of earlier chambers all opening into the
umbilicus beneath the apertural flaps. From the
Gaule (Albian) of England. X 265.
Ficures 4a~c.  Praeglobotruncana?
{Harlton)

4a, Spiral side of holotype (USINM 71380) of
type specics of Fledberging Brounnimann and
Brown, showing rounded chambers, smootl

246

seminofensis

Pape

£

39

39

GLOBOROTALIIDAL

surface, and perforate wall.  4b, Uinbilical view,
showing extrancous material which fills the
umbilicus and sutural depressions, obscuring the
diagnostic umbilical and apertural features, and
the rounded instead of elongated chambers.
fc, Edge view. From the Cretaceous? (reported
originally as Pennsylvanian) of Oklahoma. X 80.

Fraukes 3a-c. Rotalipora cf. appenninica (Renz)

5a, Spiral side of hypotype (USNNI P4873).

5b, Umbilical side, showing well developed
extraumbilical-umbilical primary aperture and
small rounded sutural secondary apertures. 5c,
Valge view, showing high arched primary aper-
ture.  Fram the Cenomanian Del Rio formation
of Texas. X 105,

Fiounes 6a-c.  Rotalipora turonica Brotzen

Ga, Spiral side of hypotype (USNM P30) of

the type species of Ratalipora. 6b, Umbilical
side, showing primary extraumbilical-umbilical
aperture and secondary sutural apertures. 6c,
Edge view. From the Turonian, Upper Creta-
ceous, of Sweden, X 85.

Ficures 7a~c.  Rotalipora brotzeni (Sigal)

35

Paye

+1

41

41

7a, Spiral side of topotype (USNM P3930) of

the species designated as the wpe of Thalmanni-
nella Sigal. 7b, Umbilical side showing sutural
secondary apertures in addition to primary extra-
umbilical-usbilical aperture.  7c, Edge view.
From the Cenomanian of Algeria. X 105.
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Prare M.

Abathamphalus mayaroensis {Bolli)
1a, Spiral side of hypotype (USNNI P4833).
ib, Umbilical side, showing partially open pri-
mary extraumbilical-umbilical aperture and ie-
regular continuous umbilical tegillum with ac-
cessory infralaminal apertures.  1c, Edge view,
From the Maestrichtian Guayaguayare formation
of Trinidad, BAV.I. X 90,
Rugoglobigerina rugosa {Plummer)
2, Spiral side of hypotype (USKNAI P3929),
showing charactenstic ornamentation. 2b, Um-
bilical side, showing well developed tegillum with
both incralaminal and infralaminal accessory
apertures. 2c¢, Edge view, showing meridional
pattern of ornamentation. From the Navarro
(Upper Cretaceous) of Texas. X 103,
Rugoglobigerina sconti Bronnimann
. 3a, Spiral side of hypowype (USN)I P4838).
3b, Umbilical view, showing development of
tegilla from successive chambers, and extending
across umbilicus. 3¢, Kdge view, showing infra-
laminal accessory apertures, From the Mae-
strichtian Navarro {Upper Cretaceous) of Texas.
4a, Spiral side of holotype (USKNAL P4B36) of
species deseribed as type of Trinitella Bronni-
mann. 4b, Umbilical side, from which umbilical
tegilia have been broken during course of preser-
vation. 4dc, Edge view. From the Maestrich-
tian Guayaguayare formation of Trinidad, B.W. 1L
Figs, 3a~c, X 115; figs. 4a—¢, X 120.
Rugoeglobigerinag hantkeninaides Bron-

nimann

5a, Spiral sides of holotype (USNNL P4847),

218

Pagpe
13

13

13

13

Figures 6-1lc.

GLOBOTRUNCANIDAE

showing radially clongate carly chambers con-
sidered basis for the subgenus Plummerella (=
Plummerita, new nane) Bromimann, and the
meridional pattern of ornamentation. 5B, Um-
bilical side, with tegilla somewhat obscurely pre-

served. 3¢, Edge view. Irom the Maestrich-
tian  Guayaguayare formation of Trinidad,
B X B30,

Globotruncana arca (Cushman)

6, Umbilical side of hypotype (USNM P4242a),
showing well developed umbilical tegilla, and
absence of open primary aperture. 7a, Spiral
side of excellently preserved hypotype (USNM
P4242b}. 7b, Umbilical side, showing completely
preserved tegilla, which cover entire umbilical
region and obscure primary aperwre.  7c, Edge
view, 8,9, Umbilical side of hypotypes (USNAL
P4242c-d) showing variation in development and
preservation of tegilla. 10, Umbilical side of
hypatvpe (USNAL P4242¢) showing tegilla broken
out of center as is most comman in the poorly
preserved or prepared specimens of the genus.
The primary umbilical aperture can be seen here,
although in life it was always covered. Speci-
mens such as this have led to the common mis-
conceptions as to the distinctions between
Globorotalia  and  Globotruncana. From the
Navarro (Upper Cretaceons) of Texas, 1lla,
Spiral side of holotype (Cushman Call. 3078).
11b, Umbilical side, showing poor preservation
of the type with umbilical region obscured. 1l¢,
Eeige view, TFrom the Mendez shale of Mexico.
Al < 80.

31
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ot Prare 12, ROTALIPORA, PRAEGLOBOTRUNCANA
-5
- Page Pape
‘E:cunas la-c. Rotalipora ticinensis ticinensis (Gan- S6 view of paratype (USNM P4795). 3b, Side
‘a dotfi} view. 3¢, Umbilical view. Both from the Glo-
12, Spiral view of hypotype (USNM P4792). botruncana siuarti zone, Naparima Hill forma-
1h, Side view. ic, Umbilical view. From the tion, Trinidad, B.W.1. X 110.
Rotalipora ticinensis ticinensis zone, Gautier for- Ficunes da—c. Pracglobotruncana cf.  delrioensis 55
, mation, Trinidad, B,W.I. X 200. {Plummer) .
Froures Za-3¢. Pracglobotruncana courctata Bolli, 35 4a, Spiral view of specimen (USNM P1793).
new species 4b, Side vicw. 4c¢, Umbilical view. From the
23, Spiral view of holotype (USNM P4794). Clobigerina waskitensis zone, Gautier formation,
?l}, Side view. 2¢, Umbilical view. 3a, Spiral Trinidad, B.W.I. X 200.
{
i Prare 13, GLOBOTRUNCANA
: Page Pape
Ficures la~c, Clobotruncana heloetica Bolli 56 Globotruncana concavata zone, Naparima 11ifl for-
in, Spiral view of hypotype (USNM P47906). mation, Trinidad, BW.L. X 7.
Ib, Side view. 1¢, Umbilical view. From the Ficures 4a~c. Clobotruncana veuntricosa White 37
Globotruncana inernata zone, Naparima Hill for- 43:_511“5_" view of 13."1’9"}1’0 ('I-'S‘\.-\'l‘ 1’4799).
mation, Trinidad, BW.I X 112, ‘;'l?.b&dc view. 4c,.hmb|h\c'.1l view. lII:ﬁofm the
.- W, . PO Globorruncana stuarti zone, Naparima Fill forma-
- l::;r::; Qu-g, Globoiruncana repanda Bolli, new 36 ‘ tion, "I‘rinidad,‘B.\\'.I. N 73!. | —
2 2a, Spiral view of holotype (CSNM P4797). I‘l:.li:::ti:.:s 3a-6¢. Globetruncana inornata Bolli, new 37
= 2, Side view. ZC,‘Umbilic'al \'i.c\\'. l."rmln the P Sa, Spiral view of holotype (USNM P4800).
Clobosrnncana stnarti zone, Naparima Hill forma- 5b, Side view. 5¢, Umbilical view. X 102.
viewt, Friuidad, BAV.L - 3 120. 6a, Spiral view of paratype (USNM P4801).  6b,
Fiouges 3a-¢.  Glebotruncana concacata (Brotzen) 57 Side view. 6c, Lmbilical view. X 80. Both
3z, Spiral view of hyporype {(USNAI P4798). from the Clobotruncana inornata zone, Naparima
3b, Side view. 3¢, Umbilical view. From the Hill formation, Trinidad, B.W.I.
‘!
I
|
i‘ Prate 1. GLOBOTRUNCANA
Pape Page
Fisures la~e. Clobotruncana schuecgansi Sigal 58  Yicures da-c. Globotruncana totlsoni Bolli, new 38
1a, Spiral view of hvpotype (USNA P4802). specics
f 1b, Side view. ¢, Umbilical view.  From the 4a, Spiral view of holotype (USNM P4805).
(lobotruncans inornata zone, Naparima [ill 4b, Side view. 4c, Umbilical view. From the
formation, Trinidad, BAW.L X 80, Clobotruncana concavata zone, Naparima 1lill
; Iteures 2a~c. Globorruncana cl. lapparenti coronara 58 formation, Trinidad, B.W.I. X 73.
i Bolli Ficurgs 3a-¢. Globotruncana gagnebing Tilev 59
3 Za, Spiral view of specimen (USNM TH804). 5a, Spiral view of hypotype (USNN P4806).
‘ s 2b, Side view. Zc, Umbilical view. From the 5b, Side view. 5¢, Umbilical view. From the
T Globarwncana rensi zone, Naparima il forma- Abathomphalus mayaroensis zone, Guayaguayvare
) tion, Trinidad, BAW.L. 3 S5, formation, Trinidad, B.W.I. > 97.
Ficunes Ja—c. Globotruncana ren=f Gandolfi 58  Ficures 6a-c, Globotruncana andort de Klasz 59

3a; Spiral view of hypotype (USNAM P4803).
3L, Side view., 3¢, Umbilieal view. From the
Giobatruucana renzi zone, Naparima Hill forma-

tion, Frimidad, B > B0

6a, Spiral view of hypotype (LUSNN P4807).
6hy, Side view. 6c, Umbilical view. From the
Globotriincana lapparenii tricarinara zone, Guaya-
guayare formation, Trinidad, B.W.I. X 7.
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Ticinello species
{Primary types on left side)
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EXrLANATION OF PLatE 35
All figures X65
Fics. 1-3—Glabatruncana gansseri Bolli, n. sp. Holotype: I, dorsal view; 2, side view; 3, ventr?l view,
p. 196)

4-6—CGlobotruncana eitge Bolli, n. sp. Holotype: 4, dorsal view; 5, side view; 6, ‘vcutral(vicw.
p. 197)

7-9—CGlobolruncana intermedia Bolli, n. sp. Holotype: 7, dorsal view; &, side view; 9, ventral
view, (p. 197)
10-12—Clobolruncana mayaroensis Bolli, n. sp. Holotype: 10, dorsal view; 71, side view; 12,

. ventral view, (p. 198)
13-15—Clobotruncana cf. calearate Cushman. 13, dorsal view: 14, side view; 15, ventral \Eiew. \
. p. 198
16-18—Globotruncana cf. globigerinoides Brotzen. 16, dorzal view: 17, side view; 1§, ventral view,
. . (p. 198)
i~
O
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I ExrLaxation or Prare 34

All figures X635
Fros. I-3—Globatruncang o penninica cf, o

Gandolli. 7, Dorsal view; 2, side view; 3, ventral view.
f-8—Globotruncana caliciformis (de [

] . . (p. 193)
-apparent). 4, Dorsal view; 5, side view;
7-9—Globotruncang contusa

6, ventral view,
(p. 194}
{Cushman). 7, Dorsal view; &, side vi
10-12—Clobotruncana stuarti (de Lapparent). 10, Dorsa) view;

ew; 9, ventral view,

] (Y. 195)
11, side view; 12, ventral view.
. (p. 196)
13-15-—Globotruncang canica White. 13, Dorsal view; 14, side view; 15, ventral view., (p. 196)

Bolli, Trinidad Globotruncanae

a3
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EXPLANATION OF PLATE 20

All figures x 80

t}}'ﬂ} ﬂ". & 1 g4 Page
Planomalina of. apsidostroba Fochlich and Tappiiie.. .. 254

Equatorial view (USNM 626323). From the Praeglobotruncana
robri zone, Maridale formation.

Planomaling Blowl Bolli. 0 SPsessmmsmmmnimmismmsssss 2060
2a. Equatorial view of holotype (USNM 626303). 2b. Edge view.
3. Equatorial view of paratype (USNM 626304). Both from the
Leupoldina protuberans zone, Cuche formation.

Planomalina maridalensis Dolli, n. spon, 201
4, 5. Equatorial views of paratypes (USNM 626330-31). 6a. Equa-
torial view of holotype (USNM 626329). 6b. Edge view. All
from the Biglobigerinella barri zone, Maridale formation.

Planomalina eseheri Canfmunnn, so Lo, 200
7a. Equatorial view of hypotype (USNM 626319). 7h. Edge view.
8. Equatorial view of hypotype (USNM 626320). Both from the
Globotruncana concarata zone, Naparima Hill formation.

Planomalina saundersi Bolli, 1 S 202
9, 11. Equatorial views of paratypes (USNM 626305-6). 10a. Equa-
torial view of holotype (USNM 626307). 10b. Edge view. All
from the Biglobigerinella barri zone, Maridale formation.

Schackoina gandolfii Teie el 233

12-16. Equatorial views of hypotypes (USNM 626341-45) with 4
chambers in last whorl.  Spines or bulb-shaped extensions broken
ofl. 170 Equatorial view of hypotype (USNM 626346). Partly
broken extension of last chamber indicates that it was bulh-shaped
and not a spine. 18. Equatorial view of hypotype (USNM 626347)
with 5 chambers in last whorl. Spines or bulb-shaped extensions
broken off.  All from the Rotalipora appenninica appenninica zone,
Gautier formation.

Schackoina multispinata (Cushman and Wickenden ). 254
19a. Equatorial view of hypotype (USNM 626340). Spines partly
broken off. 19b. Edge view, From the Af).l!fmmp[?.n‘.'rr MAYAroensis
zone, Gl].l}'-lgll.ly.lfc f“l’lnllti”n.

Leupoldina protuberans Dol 2034
20a. Equatorial view of hypotype (USNM 626348). ’()h Edge view.
Paired extensions of last 2 chambers and single extensions of the
earlier chambers broken off. From the Rotalipora appenninica ap-
penninica zone, Gautier formation

[
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EXPLANATION OF PLATE 21
All figures x 80

Page
Pracglohoiruncana crassa Bolll, n. sphee. 2353

1a. Spiral view of bolotype (USNM 626315). 1b. Umbilical view.
1c. Edge view. 2. Umbilical view of paratype (USNM 626316).
Both from the Globotruncana renzi zone, Naparima Hill formation.

Praeglobotruncann gautierensis {(TBirounimnim)

3a. Spiral view of hypotype (USNM 626324). 3b, Umbilical view.
3¢, Edge view. 4a. Spiral view of paratype (USNM 626309). 4b.
Usabilical view. dc. Edge vicw, 5. Spiral view of hypotype (USNM
626328). 6. Spiral view of paratype (USNM 626310). 3 and 5
from the Pracglobotraucana rebri zone, Maridale formation; 4 and
6 from the Rotalipora appeaninica appenninica zone, Gautier forma-
tron.

Praeglobotruncani cf. pautierensis (Bronnimann) aoe s 2051

7a. Spiral view. 7b. Umbilical view. 7c. Edge view. (USNM
626311). 8. Umbilical view. (USNM 626312). Both from the
Rofalipora appenninica appenninice 1one, Gautier formation.

Praeglobotruncana infracrefoieen (GIICSSIET) e 206

9a. Spiml view of hypotype (USNM 626295). 9b. Umbilical view.
9c. Ldge view, 10, Spiral view of hypotype (USNM 626296) . Both
from the Leaticulina (L) onachensis anachensis zone, Cuche forma-
tion.

-5
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EXPLANATION oFf PLATE 22

All fgures x 80
Figure Page
1. Procglobotruncana of, infraeretaeein (GRICSSNON) oo 200

1a. Spiral view, 1h, Umbilical view. (USNM 626294). Such speci-
mens which possess fewer chambers appear to he related by transi-
tionul forms 1o the typical Pracglobotrancana infracretaces, From
the Lewticabime {L.) omavhensis ouschensis wone, Cuche formation,

1o

Pracglobotrunciuu modestat Dol . spreee... ST
2a. Spiral view of holotype {(USNM 626308). 2b. Umbilical view,
2¢, Edge view. From the Retalipora appenninica appenninica zone,
Gautier formation,

3, 4. Pracglohotruneana planispiva (Tappuen) e 2T
3a. Spiral view of hypotype (USNM 626317). 3b. Umbilical view.
3¢, Bdge view. 4, Spiral view of hypotype (USNM 626318} Bath
from the Globotruncana inornata zone, Naparima Hill formation.

5.7, Pracglobotruncing rohri Bolll, i spanememeeme e 2467
5a. Spiral view of paratype (USNM 626325). 5b. Umbilical view.
5¢. Edpe view. Ga, Spiral view of holotype (USNM 626326). Gh.
Umbilical view. 6¢c. Edge view. 7. Spiral view of paratype (USNM
\ 626327). All from the Pracplobotruncana robri zone, Maridale
formation.

8, . Globigering cretaeeir QOrDIEIY .. 970
8. Spiral view of hypotype (USNM 626313). 8h. Umbilical view.
8¢, Edge view, 9. Spiral view of small hypotype (USNM 626314).
Both from the Glabotruncana inoruata zone, Naparima Hill forma-
tion,
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1, 2. Globigerina graysonensis Tappin .. e 270

la. Spiral view of hypotype (USNM 626292). th. Umbilical view.
2a. Spiral view of hypotype (USNM 626293). 2b. Umbilical
view. Both from the Lenticulina (L.) onachensis ouachensis zone,
Cuche formation.

3-5. Globigerina Ikugleri Bolli, 1. SPeescrmmenmmmme s 270

3a. Spiral view of holotype (USNM 626289). 3b. Umbilical view,
3c. Edge view. 4. Umbilical view of paratype (USNM 626290)
5. Spiral view of small paratype (USNM 626291). All from the
Lenticulina (L.) owachensis onachensis zone, Cuche formation.

6. 7. Globigerina washitensis Carsey..l . B AT 971

Ga. Spiral view of hypotype. (USNM 626321). 6b. Umbilical view.
7a. Spiral view of hypotype (USNM 626322). 7h. Umbilical
view. Both from the Glebigerina wachitensis zone, Gauticr for-
mation.

8, 9. Specimens transitional between Pracglobotruncana infracretacea (Glaes-
sner) and Hastigerinella aff. suberetacea Tappan s 272
8a. Spiral view. 8b. Umbilical view (USNM 626297). 9. Spiral
view (USNM 626298). Both from the Lewpolding protuberans
zone, Cuche formation,

10-13. IHastigerinella aff. suberetacea Tappan
10, 12, 13. Spiral views of types of different sizes (USNM 626299,
626301-2). 11a, Spiral view. 11b. Umbilical view. 1lc. Edge
view. USNM 626300). All from the Lenpaldina protuberans zone,

Cuche formation.
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Plate 1. Schackoina
All figures x 110
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Figs. 1-1. Schackoing pustilans pustulans n. sp., n.subsp, . . ., . ., . . Ce e .. 274
1, Side view of paratype with all bulb-shaped extensions broken off. 2, Sido view
of paratype with bulb-shaped extension of ultimate chamber preserved. 3, Sido
view of holotype with bulh-shaped extonsions preserved on two chamber of final
whorl. dn, Jdge view, showing position of the slightly excentrical aperture.

4, Side view of fully preserved paratype,

Fig. 3. Side view of a specimen close to Schackoina pustulans pustulans, 1L, 8], 1t subsp.
with two apertures in the final chamber, one on each side. The ultimate cham-
ber partly embraces the 5th last chamber, This specimen indicates the close
relationship of Schackoina and Leupoldina n. gen, Tt might in fact be regarded
s an immature specimen of Lenpoldina whege the multiple extensions are not
developed in the last chamber,
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¥igs. 6-7. Schackoina pustulans quinquecunierafe 11, sp., 0. subsp. . ., . . e e e
6, Side view of paratype with all bulh-shaped extensions broken off. 7, Side
view of holotype with bulb-shaped extensions preserved in the 3 last chambers,
7a, Edge view, showing slightly excentrical position of aperture,
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Figs. 8-10. Schackoina reicheli n, BP: . h e e e e e e e e
8, Side view of paratype showing the bulb-shaped extension preserved in the
ultimate chamber. 9, Side view of paratype showing the strongly elongated,
tapering chambers with ali bulb-shaped extensions broken off, 10, Side view
of holotype with bulb.shaped extension on the penultimate chamber preserved,
10a, Edge view, showing slightly excentrical position of aperture.
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Plate I1. Leupoldina n. gen.
All figures x 110

“ips. 1-13. Leupoldina protuberans,n.gen., n.sp. . . . . . . . . v . o 0044 .
1, Side view of paratype with the paired extensions of the ultimate chamber
broken off. The aperture of the Inst chamber is still undivided and equatorial in
position, which indicates an immature speeimen. 2, Side view of paratype with
the paired extensions of the last two chambers broken off. 3, Side view of
paratype showing paired bulb-shaped extensions of ultimate chamber and single
oties in earlier chambers preserved, 3a, Edge view, showing Schuckoina-like
aperture in a slightly excentrical position; the double aperture characteristic for
Lenpolding is not yet developed in the final chamber, it might therefore be
regarded ns a juvenile speeimen, 4-6, 10, Side views of paratypes with paired
bulb-shaped extensions restricted to the fingl chamber; one of the two extra-
umbilical apertures of the final chamber is visible. 7, Side view of holotype
showing paired bulb-shaped extensions in the two lust chambers. The single bulb.
shaped extensions of the two earlier chambers of the last whorl are broken off,
One of the two interiomarginal, umbilical apertures of the ultimate chamber is
visible. 7a, Edge view of holotype, showing the almost completely divided
ultimate chamber with the two bulb.shaped extensions amd the two interiomnr-
ginal, umbilical apertures, 8, 8a, Side and edge views of parstype showing
similar features as holotype (figs. 7, 7a). 9, 11, Side view of paratypes showing
probable relict apertures in the penultimate chambers. 12, Side view of para-
type with three bulb-shaped extensions in the last chamber. The single exten-
sions in the three earlier chambers of the last whorl are broken off. The equatorial
aperture of the ultimate chamber indicates that the specimen is immature.
13, Side view of paratype showing three bulb-shaped extensions in the Iast
chamber, The paired extensions in the three earlier ehambers of the lnst whorl
are: broken off, The first chumber of the bt whorl, paetly embraced by the
wlimate chamber and ity central protuberance, hag the single bulb-shaped
extension preserved. One of the two interiomarginal, extranmbilical npertures
is visible. 13a, Edge view, showing the three bujb-shaped extensions and the
two interiomarginal, nmbilical npertures of the ultimate chamber.
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Plale L. Grimsdaleinella, n. gen,

All figares x 75

1 UL Grimedaleinelle spinose, . ge,, o, ap.
Pao Sicle view of Lololype showing asvmmetvivally situaled comma shipeed aperinre in
altinmete channber, Initial chamber globular, kter ones Iecenning inereasingly clongated,
Lapering to spines which are partly broken off with the exception of that of the last ehamber.
Th, View of opposite side of holotype,
le. Apertural view of holotype showing comma shaped aperture,
2. 3a. Side views of paratypes slowing asymmetrically situated comma shaped apertures
in ultimate chambers. Tapering spines ave peetly broken-alf,
b, View of oppusite side,
4. Side view of paratype showing asymmetrieally situated commn shaped aperture in ulti-
mate chimber, Tapering spines in most chambers well preserved,
-, Side views of paratypes witl well preserved chambers tapering to spines. The angles of
the spines to the longitudinel axis vary’ considerably fn the Ggared speeimens.
91, Nidde views of Targe paaatypes showing well preseeved ehambers tapeting to spines,
The thin walled wltimate chnmbers are somewhat deformed and compressed,
(Figured specimens deposited in the Museum of Natural History, Basle [holotype C 2519,
paratypes C 2320-C 2520])




Discussion of genera
ABATHOMPHALUS Bolli. Loebhch & Tappan, 1957
Type species: Globsiruncana mavaroensis Bolli, 1951.

The genus diffiers from Globotruncuna in the umbilical- extra-
umbilical position of the pamary aperture and in the radial
sutures on the umbilical side. Globorruncanella is regarded as
the ancestor of Aburhomphalus, based on the evolutionary
lineage G. citae - A. intermedius -~ A. muyaroensis.

ARCHAEOGLOBIGERINA Pessagno, 1967

Type species: Archaevglobigerina blowi Pessagno, 1967

A wide imperforate peripheral band bordered by two faint
keels are present on the globular early chambers of the last
whorl. This is typical for the genus which evolved from
Whiteinella (3 archacocreiacea - A. cretacea). Archaeoglobi-
gering itsell is probably the ancestor of the inflated and
ornamented {rugose, costellate) Lute Cretaceous genera Rugo-
globigerina, Rugotruncana and Gunsserina.

BITICINELLA Sigal. 1956
Tvpe species: dnomualinag breggiensis Gandolfi. 1942,

The geous differs from Globigerinelivides in the presence of true
supplementary apertures like those of Ticinellu in one
umbilicus and relict apertures in the other. In compurison.
Globigerinelloides has relict apertures in both umbilici. Biti-
cinelia dilfers trom Plunomaling in the absence of a keel.

DICARINELLA Porthault. 1970

Type species: Globoiruncana indica Jacob & Sastry. 1950;
synonvm of Dicarinella hagni Scheibrerova. 1962 (see
Robaszynski & Caron, 1979).

The genus ditfers from Praeglobatruncana in its well developed

keels and poruci: from Marginviruncana 1 the umbilical

sutures winch are depressed and usually radial. In the D

prioitiva = D. concavaia = D. usymerrica lincage, the genus

shows 2 trend Lowards curved umbilical sutures, a tendency
alicady present in certain specimens of the ancestral D.
ulgeriana.

FALSOTRUNCANA Caron, 1981

Type species: Falsotruncana maslaxovae Caron, 1981,

The species belonmng to this genus have long been confused
with Prueglobuiruncany from which they differ in the presence
of along primary aperture with a long, shm lip and the absence
of a flap or parucus. Theyevolved from a Hedbergella ancestor.
retsirng s rudimentary pnmary aperture and developing a
stoui double keel.

FAVUSELLA Michael, 1973

Tyvpe species: Globigerina waskitensis Carsey. 1926.

The test surface 15 rebeulaied into coarse regular polygonal
areas by ndges forming a honeycomb-like pattern: cach
polygonal area has more than twenty minute pores. Fevusella
differs from Globigerina in its regular reticulate sculpture and
i the position of (ke primary aperiure which may become
vrybilical—extraumbibical. [t differs (rom Hedbergeila in the
reticulate sculpture.

58

GANSSERINA Robaszynski, Caron, Gonzalez &
Wonders, 1984

Type species: Globotruncana gansseri Bolh, 1951.

The test 15 planoconvex, flat on the spiral side, inflated
umbilically. Early whorls are globigeriniform with weakly
developed double keel, wvisible in thin sections (Pessagno,
1967). Rugosities and sometimes faint, discontinuous costellae
are present mainly on the umbilical side. Like Rugorruncana,
Gansserina is thought to have onginated {rom an Archaeo-
globigerina ancestor through the development of a single keel
and coarse rugosities.

GLOBIGERINELLOIDES Cushman & Ten Dam,

1948
Type species: Globigerinelloides ulgeriana Cushman & Ten
Dam. 1948,

The successive apertures remain as relict apertures on both
sides of the typically planispiral test. Globigerinelloides differs
from Biticenella in the lack of supplementary apertures and
from Planomalina in the absence of a peripheral keel.

GLOBOTRUNCANA Cushman, 1927

Type species: Pulvinulina arca Cushman. 1926.

Svononvm: Rosalinella Mane, 194].

Glohotruncana ditfers from Marginoiruncana in having its
umbilical primary aperture covered by a senes of teglla: from
Rugotruncanu in the absence of mendionally arranged rugo-

sities: from dbathomphalus in the umbilical position of the
primary aperture and in having sigmoidal and raised umbilical
sutures. -

GLOBOTRUNCANELLA Reiss, 1957

Tvpe species: Glohotruncuna citae Bolli. 1951.
Emendauion: Pessagno. 1967,

Globotruncanella differs rom Hedbergellu in the presence of
portici. and from Archaeoglobigering in the absence of tegilla
and of a large imperforate peripheral band. Globaotruncanella
15 2 homeomorph of Whiteinella but is segregated because of
the wide chrenological gap that separates them.

GLOBOTRUNCANITA Reiss. 1957
Type species: Rosaling stuarti de Lapparent. 1918,

The genus was proposed by Reiss to separate the Late
Cretaceous species with an umbilical system of portici and a
single peripheral keel from the genus Globotruncana. Some
authors sull contest this separation and maintain the name
Globotruncana for all keeled species of the Late Cretaceous.

GLOBULIGERINA Bignot & Guyader, 1971

Type species: Globigerina oxfordiana Grigelis, 1958.
Synonyms: Polskanella Fuchs. 1973.

Caucasella Longona. 1974

Globuligerina Grigelis, 1974,

The wrochoid test is very small with 4-6 inflated and com-
pacted chambers forming the last whorl: the surface is sculp-
tured as tubercles or sometimes an irregular reticulation with
3 to 4 minute pores in each polygon. Globuligerina is regarded
as a descendant from the Jurassic genus Conoglobigerina
Morozova & Moskalenko. 1961, from which it differs in its
trochoid test and its reticulate sculptured chamber surface.
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Globutigerina scems itsell to be 2 form intesmediate (O the
genus Favusella which differs {rom it essentially i'n the g'r’c:n
variability of the number of chambers. height of spire. position
of primaty aperture and more regular reticulate sculpture.
According to Grigelis & Gorbachik {1980, it is possible to
establish a phylogenetic sequence extending from biddle
Jurassic to Cenomanian. This would include in the famly
Favusellidac all members of the three genera Conoglobigering
Masozova, Globuligering Bignot & Guyader and Favusella
Michael,

GUEMBELITRIA Cushman, 1933
Type species: Guembelitria cretaced Cushman. 1933,

The very smatl {150--200 pm). iriserial test consists of globular
chambers. The walls are finely perforate, each pore is sur-
rounded by a blunt cone {sometimes there are (WO poses per
cone). .

HASTIGERINOIDES Brénnimana, 1952 -
Type specics: Hasiigerinella atexunderi Cushman, 1931.

The test is planispiral. the periphery lobate to stellate, Relict
apertures ure visible in both umbilici, Hastigerinaides differs
from Schackoing in having digitiform last chambers instead of

.chambers extended as tubulospines and in being planispiral
from its initial stage.

HEDBERGELLA Bronnimann & Brown. 1958

Type species: Anomaling lorneiana d'Orbigny, var. trocoidea
Gandolfi, 1942,
Emendation: Longoria. 1974,

Hedbergella is regarded as the common ancestor of all genera
belonging to the family Globotruncanidac. Its characters
changed so slowly during the Cretaccous that only minor
morphologicat dificrences developed between H, delrivensis af
Albian age and H. holmdelensis of Maastrichtian age. Hedber-
gella differs from Globuligerina and Favusella by the lack of a
reticulate omamentation; from Ticinella by the absence of
umbilical supplementary aperiures and from Whiteinella by
the abseace of portici.

HELVETOGLOBOTRUNCANA Reciss, 1957
Type species: Globotruncana helvetica Bolli, 1945,

The test is plano-convex. flat on the spiral side, strongly
inflated umbilically. A peripheral keel may be present. The
umbilicus is covered by a sysiem of portici with infralaminal

accessory apertures, Numerous pustules cover particularly the’

urabilical side of the test.

Helvetoglobatruncana is 2 shon-lived genus of Early to
Middle Turonian age. [t evolved [rom a Hedbergella stock in
the Late Cenomanan, via & Whiteinella stage. Helvetoglabo-
jruncana is a close homeomorph of the Middie Maastrichtian
Gansserina gansseri. However. Lhe ahsence of a phyletic
relationship and the wide chronological gap clearly scparate
them.

HETEROQHELIX Ehrenberg, 1843

Type specics: Spiroplecta americana Ehrenberg, 1844, (Now
considered a junior synonym of Hetervhelix navarroensis
Locblich, 1951, on the basis that *H. {Spiroplecta]
americana Ehrenberg, 1834, is a junior secondary
homonym of H. [Textilaria} americana Ehrenberg,
1843 (Brown. {969).)
Svnonym: Guembelina Egger. 1399,

Test either with a minute initial planispiral coil followed by a
biserial stage. or biserial throughout. Heierohefix differs from

Prewdotextuloria 1 the widih of chambers exceeding
thickness,

MARGINOTRUNCANA Holker, 1936

Type species: Rosaling murginata Reuss, 8435,
Emendutions: Pessagno, 1967. Porthault, 1970

Murginotruncang differs from Dicarinelly in us umbilical.
sigmoidal and raised sutures: from Globatruncanag in the
extraumbilical position of its primary aperture and lack of
tegilla: from Rusite. whose prumary aperiure opens in the
wmbilical ared, in its umbilical-extraumbilical postuon. Mar-
ginorrinedirg Tty POssess (WO keels, widely spaced as in
snarginaea or closely spaced as in sinuosd, or 3 single onec as in
sigali and maricnosi.

PLANOMALINA Loeblich & Tappan, 1946

Type species: Plunomuling aspidostrobu Loebiich & Tappan.
1946, {Junior synonym of Plunomaline buxtorfi (Gan-
dolfi}, 1942}

Emendations: Reiss, 1937, Wonders. 1975,

Planomaling ditTers from Globigerinelloides in a truncated test
and the presence of a peripheral keel resulting in2n acute edge
view.

PRAEGLOBOTRUNCANA Bermudez, 1952

Type species: Globororalia delrioensis Plummer. 1931.

Synonym: Rorundina Subbotina. 1953.

Emendations: Reiss. 1957, Banner & Blow, 1959. Porthault.
1970.

The umbilical-extraumbilical primary aperture carrics 2 flap
(P. delrioensis) ot a porticus (P. stephani). Relict Raps or
portici may be visible in the umbilical area. Praegiobotruncana
evalved [rom Hedbergella by acquisition of an acute, imper-
farate periphery and pustules. Through development of a true
double keel it gave rise to Dicarinella with D. ulgeriana as
wransitional form. Praeglobotruncana differs from AMargino-
sruncena in its umbilical, radial and depressed sutures. and in
the abscnce of a true double keel; from Falsotruncana in s
relict Raps or portici m the umbilical arca and in the absence
of a true double keel.
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PSEUDOGUEMBELINA Bronnimann & Brown,
1953

Type species: Guembeling excoluta Cushman, 1926,

A sutural supplementary aperture. present only in the last
chumbers. opens backwards at the point where the base ol the
chamber meets the median suture. 11 is sometimes covered by
a fubular flap. Loagitudinal costae zre fing or coarse. Psendo-
guembeling differs from Heterohelix in the presence of sutural
supplementary apertures along the median suture of the fast
chambers.

PSEUDOTEXTULARIA Rechak, 1891
Type species. Cuncoling cleguns Reehak, 1891,

Psewdsteximluriv differs from ll other Heterohelicidue in
having i greater number of chumbers (tyvpically 8- 10 pairs),
The pnimary apsrture is 2 fow wide arch at the base of the
septaf face,

RACEMIGUEMBELINA Montanaro-Galitefli, 1957
Typé species; Guembeling fructicasa Egger. 1899,

Wilth its proliferation of chambers and conically-shaped test
this monospecific genus is readily distinguished from all other
heteroficlicid geoera,

ROSITA Robaszynski, Caron, Gonzalezr & Wanders,
{934

Type species: Globorruncana fornicata Plummer, 1934,

The spiral side of the test can be moderately high as in R,
Jornicata or extremely high asin R. connusa. The umbilical ares
ts covered by portici in helicoidsl arrangement. situated deep
in the umbilical cavity in high spired forms. The last chambers
have a characteristic undulating surface. The two keels are
closely spaced,

ROTALIPORA Brotzen, 1942

Type species: Rotalipora turonica Brotzea, 1942. {Now junjor
synonym of Rotalipora cushmani (Morrow), 1934.)
Syoonyms: Thalmanninella Sigal, 1948,
Anaticinella Eicher, 1972,
FPreudaticinella Longona, 1973,
Emendations: Reichel, 1950. Sigal, 1958.

Rotalipera diflers from Ticinella in the presence of a keel and
from Globoteuncunite in the presence of umbilical sutural,
supplementary aperiures.

60

RUGOGLOBIGERINA Brénnimann. 1952

Type species: Globigering ruguse Plummer, 1927,
Synonyms: Trinitella Brdnnimann, 1952,

Plummerita Brénmmana, 1952,

Kugleeing Bronnimann & Brown, [936.
Emendation: Pessagno. 1967,
Rugoglobigerina differs from Rugotruncana in the lack of a
double keel. According to Pessagno (1967). Archueoglobi-
germna could have given rise w0 Rugoglobigerina by acquisition
of mendionally arranged costellae, Luater. Rugotruncena
¢volved from Rugaglobigerina by flatlening of its chambers
and by development of u truc double keel.

RUGOTRUNCANA Bronnimann & Brown, 1956

Type species: Rugotruncanu tilevi Bronnimann & Brown,
1956, Uunior synonym of Rugotrunceng subcircums
naditer Gandolfi. 1955.)

Emendation: Pessagno. 1967.

Rugotruncana differs from Rugoglobigering in the presence of
a double keel: from Globotruneana 1n the presence of globi-
gerinilorm early chambers and costellae.

SCHACKOINA Thalmann, {932

Type species: Sideroling cenomana Schacko, 1897,
Synonym: Leupoldina Bolli, 1957,

Schackoina diflers from Hustigerinoides in its tubulespines or
‘buibousextensionsolchambersinstead of digitiform chambers.
in the minute initial trochospiral stage and absence of relict
apertures,

TICINELLA Reichel. 1950
Type species: Anomalina roberii Gandolfi, 1942,
Ticinella differs from Rotaliporain the luck of a peripheral keel,

WHITEINELLA Pessagno, 1967
Type species: Whireinefla archaeocretacea Pessagno, 1967.

Whiteinella differs from Hedbergella in the presence of portici;
from Archaeogiobigerina in the absence of tegilla and absence
of the wide imperforate peripheral band; from Praeglobotrun-
canain the absence of imbricated pustules alang the peripheral
margn. Whireinella is 2 homeomorph of Globutruncanelia but
is segregated because of the wide chronologcal gap that
separates them.
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Globigerina gautierensis Bronnimann. Specimen on left: Holotype -
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Globigerinella messinae subcarinata Brsnnimann, Holotype

Globigerinella escheri escheri (Kaufmann) A %{;ﬁa ,/é’ '
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Globigerinella escheri clavata Brénnimann

Globigerinella tururensis Brnnimann. Specimen on left: Holotype

all specimens x 80
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Plummerita hantkeninoides hantkeninoides Bronnimann. Specimen on left: Holotype

Plummerita hantkeninoides costata Brénnimann. Holotype

Plummerita hantkeninoides inflata Bronnimann. Specimen on left: Holotype

Hastigerinoides alexanderi (Cushman)
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Hastigerinoides rohri Bronnimann

all specimens x 80
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Rugoglobigerina macrocephala ornata Brénnimann

all specimens x 80
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Rugoglobigerina rugosa rotundata Brénnimann
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