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as linear evolution (e.g., kKENNETT, 1968b; BEARD
& LAMB, 1968 KENNETT & GEITZENAUER,
1969).

Distribution.—Late Pliocene to Early Pleistocene
(upper part of Pulleniatina obliquiloculata Zone and
lower part of Globorotalia truncatulinoides Zone).
First described from the Neogene Nobori Formation
of Japan and subsequently recorded around the
world, especially in submarine core samples.

GLOBOROTALIA TRIANGULA Theyer, 1973
Figure 208
Late Pliocene to Early Pleistocene

’Globorotalia inflata (D'ORBIGNY), |[variant] PARKER,
1967, p. 179, pl. 29, fig. 3.

Globororalia inflata (variant) LAMB & BEARD, 1972, p.
53, pl. 27, fig. 1-7.

Globorotralia  inflate  triangula THEYER,
200-201, pl. 1, fig. 1-7.

1973b, bp.

Test rather small, planoconvex trochospire;
spiral side almost flat, umbilical side strongly con-
vex, approaching conical, Chambers (3 to 3%£) on
both spiral and umbilical sides of last whorl increase
rapidly in size as added: each overlapping anterior
margin of preceding chamber, having form of
slender rectangles on spiral side. Equatorial profile
rounded, faintly triangular; axial profile sub-
triangular or ogival curve, notched at umbilicus.
Sutures barely discernible on spiral side, tangential
to inner coil; distinct on umbilical side, flush to
slightly depressed, radial to moderately curved.
Umbilicus closed, generally concealed by inturned
chamber tip. Aperture a narrow, almost straight slit
with no lip, extending from umbilicus to near
peripheral shoulder. Surface smooth, shiny, very
finely perforate; secondary encrustation of initial
coil common; umbilical area generally covered with
pustules, which may spread sparsely over remainder
of test. Diameter 0.25 to 0.40 mm.

Discussion.—This species is distinguished from
Globorotalia inflata (D'ORBIGNY, in BARKER-
WEBB & BERTHELOT, 1839) by the highly
vaulted chambers, flat spiral side, narrow slit-like
aperture, subtriangular axial view, and generally
three nonglobose subtriangular chambers in the last
whorl. On the average, it is also smaller. Although
PARKER'S (1967) figured specimen of this species
is more lobate than typical, her discussion suggests
that it should be in our synonymy. Through

possibly an oversight, THEYer (1973b) did not
include all specimens figured by Lame & BEARD
(1972) in his synonymy and made no mention of
this in his text.

Distribution,—Late Pliocene to Early Pleistocene
(Pulleniatina obliquiloculata Zone to within lower
part of Globorotalia truncatulinoides Zone). This
species was described from the Tasman basin and
also has been recorded from the Gulf of Mexico and
Atlantic regions.

GLOBOROTALIA TRUNCATULINOIDES
(d’Orbigny, 1839)
Figures 209-211
Early Pleistocene to Holocene

?Rotalina truncatulinoides D'ORBIGNY, 1839, p, 132, pl
2, fig. 25-27.

Globorotalia  truncatulinoides (D'ORBIGNY). CUSHMAN,
1931a, p. 9799, pL 17, fig. 14.-PARKER, 1967, p.
181, pl. 31, fig. 1.-BOLLI, LOEBLICH, & TAPPAN,
1957, p. 247, pL 10, fig. 3.-BAYLISS, 1969, p.
133-134, fig. 5.—-LAMB & BEARD, 1972, p. 56, pl. 24,
fig. 1-4; pL 25, fig. 1-7; pL 26, fig. 1-3.-CITA ET AL,
1973, p. 1283, pL. 16, fig. 1-6.

Globorotalia (Truncorotalia) truncatulinoides
(D'ORBIGNY)., CUSHMAN & BERMUDEZ, 1949, p.
35, pl. 6, fig. 22-24,

Globorotalia (Globorotalia) truncatulinoides truncatu-
linoides (D'ORBIGNY), BLOW, 1969, p. 403-405, 418,
pl. 5, fig. 10-12 [neotype] ; pl. 49, fig. 6.

Globorotalia  (Globororalia)  truncatulinoides pachytheca
BLOW, 1969, p. 405408, pl. §, fig. 13-15; pl. 48, fig.
1-5.

Globorotalia truncatulinoides truncatulinoides
(D'ORBIGNY), BOLLI, 1970, p. 583, pl. 3, fig. 22-24,

Globorotalia (Globorotalia) truncatulinoides (D'ORBIGNY),
BRONNIMANN & RESIG, 1971, p. 1248, pL 27, fig.
1-2, 4; pl. 28, fig. 1-6.

Test a tall, planoconical trochospire. Last whorl
of 5, rarely 6, cuneate chambers, subequal or in-
creasing only slowly in size as added; mostly carry-
ing limbate keels which coalesce to form complete
or partial rim around test. Equatorial profile sub-
circular to polygonal, seldom indented at sutures;
axial profile flat to concave on spiral side, mitriform
on umbilical side. Sutures on spiral side mostly
flush, indistinct, subradial; on umbilical side slightly
depressed, sinuously radial. Umbilicus ‘deep, rather
wide; accentuated by projecting tips of late
chambers, partly separated by sutural clefts. Wall
finely perforate, commonly pustulose to granular;
keel commonly canaliculate. Aperture a slit or low
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Fig. 208, Globorotalia triangula THEYER from the Early Pleistocene of the Tasman Sea and Gulfl of Mexico,

1 Holotype from the Tasman Sea, X140; from THEYER (1973b, pl. 1, fig. 1). a— Umbilical view showing subtriangular
chambers of last whorl; b—side view showing highly vaulted and conical profile; c—spiral view showing early chambers
obscured by thick cortex,

2-7

Specimens from the Gulf of Mexico identified as Globorotalia inflata variant, X80 except 6 which is X95; from LAME &
BEARD (1972, pl. 27, fig. 2-7). 2,5— Umbilical views; 3,6-7side views; 4— spiral view.
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Fig. 209
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Fig. 209, Globorotalia truncatulinoides (D'ORBIGNY) from the Early Pleistocene of Italy and Holocene of the north Atlantic

1

34

Ocean.

Neotype from Holocene sediments off the Canary Islands, X67; from BLOW (1969, pl. 5, fig. 10-12). a—Umbilical view
showing deep umbilicus; b-side view showing prominent keel; c—spiral view showing keeled margin and radial
intercameral sutures,

Topotype from Holocene sediments off the Canary Islands, X95; [rom BOLL), LOEBLICH, & TAPPAN (1957, pl. 10, fig.
3). a- Umbilical view; b—side view; e—spiral view,

Specimens from the Calabrian Stage exposed at Santa Maria di Catanzaro, Italy. Identified and contributed by the late DR.
ORVILLE L. BANDY; locality 35 of BANDY & WILCOXON (1970). 3—Umbilical view, X130; 4—side view, X100,
Umbilical view of specimen from the Calabrian Stage exposed at Le Castella, ltaly, X160; from locality 910-A of LAMB &

BEARD (1972). Note shallow umbilicus.

arch from umbilicus to near periphery, at base of
flattish apertural face. Diameter of Pleistocene speci-
mens 0.4 to 0.5mm, of Holocene examples to
0.9 mm.

Discussion.—The status of Globorotalia trun-
catulinoides became dubious largely because the
syntypes were lost. The description and figures of
p'orBIGNY (1839) are inadequate so that the
modern concept of the species derives mainly from
BRADY's (1884) description of Pulvinulina
micheliana [sic] (o’orBiGNY), based on Roralina
micheliniana o'orBigNy (1840), which he con-
sidered synonymous. On grounds that R.
micheliniana was described as a Cretaceous form,
cusHMAN (1931a) reinstated the name frun-
catulinoides for the modern species and also
reassigned it to the genus Globorotalia. BLow
(1969) regulanized the situation by selecting and
describing a neotype approximately topotypic with
p'orBIGNY'S taxon. This is the type species of

BERMUDEZ (1949) occasionally given generic rank,
as by seamUDEZ (1960).

TAKAYANAG! & saiTo (1962) suggested that
their Globorotalia tosaensis was the forerunner of
G, truncatulinoides, and many later authors have
verified this proposal. Development of a partial or
complete keel is the prime distinguishing feature of
G. truncatulinoides but also its coil became pro-
gressively looser so that the umbilicus became wider
and deeper.

Within the genus Globorotalia, appearance of
keeled forms is partly a function of paleotempera-
tures and, in the case of G. rruncatulinoides,
evidence exists that it appeared earlier in warm
rather than in subpolar regions (e.g., KENNETT,
1968, 1970). Nevertheless, at least in broad terms
the level of first evolutionary appearance of this
species is a reliable guide to the Pliocene-Pleistocene
boundary, appearing just subsequent to worldwide
cooling.

the

subgenus

Truncorotalia CusHMAN & The coiling direction of several species of Glo-

Fig. 210, Globorortalia truncarulinoides {(D'ORBIGNY) from the Pleistocene of the Gulf of Mexico; from LAMB & BEARD (1972,

1
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pl 24, fig. 14). [p. 420]

Umbilical view of a rather small specimen with a shallow umbilicus from the Early Pleistocene Globorotalia tosaensis
Subzone of LAMB & BEARD (1972), X190.

Specimens from the Late Pleistocene Pulleniatinag finalis Subzone of LAMB & BEARD (1972). 2—Umbilical view, X90;
3a—spiral view, X90; 3b—enlarged view showing encrusted overgrowth on early keeled chamber, X450; 3c—enlarged view
showing keeled margin of last chamber, X450; 4 —side view showing highly vaulted chambers of last whorl, X90.

Fig. 211. Globorotalia truncatulinoides (D'ORBIGNY) from the Pleistocene and Holocene of the Gulf of Mexico; from LAMB &

14

5-7

BEARD (1972, pl. 25, fig. 1-7). [p. 421]

Specimens from the Early Pleistocene Globorotalia tosaensis Subzone of LAMB & BEARD (1972). 1,3—Umbilical views of
tightly coiled primitive forms with a shallow umbilicus, X166, X170; 2—side view of somewhat asymmetric specimen
showing imperforate margin, X157; 4a—spiral view illustrating radial intercameral sutures, X160; 4b—enlarged view of last
chamber showing the well-developed canaliculate keel, X800,

Specimens from the Holocene Globorotalia tumida Zone, X90, - Umbilical view of loosely coiled specimen with a deep
umbilicus; 6—side view showing thick-keeled margin; 7-spiral view showing radial intercameral sutures.
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Fig. 210
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Fig. 211
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borotalia is strongly influenced by temperature so
that abrupt changes in their coiling directions are
applicable to correlation and paleoclimatic interpre-
tation of sediments. Although G. rruncatulinoides is
not the most reliable of these temperature-sensitive
species, il was one of the first used in such studies
of the Pleistocene (e.g., ERICSON, WOLLIN, &
woLLIN, 1954, ERICSON & woLLIN, 1956).
Distribution.—Pleistocene and Holocene
(Globorotalia  truncatulinoides and Globorotalia
tumida Zones). The species was described from
modern sediments off the Canary Islands and is an
absolute indicator of post-Pliocene. The Holocene
neotype is more advanced (deep umbilical pit) than
the phylogenetically primitive forms (tighter coil,
smaller umbilicus) typical of the Early Pleistocene,
e.g., Nebraskan Stage. Initial appearance is nearly
synchronous with extinction of Globoguadrina
altispira (cusHman & JARVIS, 1936) except in
equatorial regions where it appears much later,
about at the onset of the second glacial period. This
species has been recorded from nearly all oceans.

GLOBOROTALIA TUMIDA (Brady, 1877)
Figure 212
Pliocene to Holocene

Pulvinulina menardii tumida BRADY, 1877, p.
535.-BANNER & BLOW, 1960a, p. 26, pl. 5, fg. |
[lectotype].

Pulvinulinag tumide BRADY, BRADY, 1884, p. 692, pl
103, fig. 4-6.

Globorotalia tumida (BRADY). CUSHMAN, 1927a, p. 91,
pl. 19, fig. 12 [syntype, after BRADY|.,—CUSHMAN,
1931a, p. 9596, pl. 17, fig. 3.—LEROY, 1941, p. 45,
pl. 3, fig. 101-103,—BOLL!, LOEBLICH, & TAPPAN,
1957, pl. 10, fig. 2 [syntype].—BERMUDEZ, 1960, p.
1303-1304, pl. 15, fig. 1.-BELFORD, 1962, p. 25, pl.
7, fig. 1-5.-PARKER, 1967, p. 182-183, pl. 32, fig.
5-6 [not fig. 7].—LAMB & BEARD, 1972, p. 57, pl
12, fig. 1-3,

Globorotalia  (Globorotalia) tumida tumida (BRADY).
BANNER & BLOW, 1965¢, p. 1353, fig. 3.—BLOW,
1969, p. 371-372.

Globorotalia tumida tumida (BRADY). BOLLI, 1970, p.
583, pl. 6, fig, 4-6.—JENKINS & ORR, 1972, p. 1105,
pl. 34, fig. 1-3,

Test a large, biconvex, axially tumid trochospire
rimmed by heavy, blunt keel. Chambers (5 to 6) in
last whorl increase irregularly in size as added,
especially in radial length. Equatorial profile ear-
shaped, slightly lobate; axial profile rhomboid to
dropshaped. Sutures on spiral side limbate, curved
to hooked obliquely backwards, coalescing into
thick keel; on umbilical side sinuously radial.
Umbilicus narrow, deep. Aperture a slit or low arch
between umbilicus and keel, generally bordered by
rim or flap. Wall finely perforate, smooth except for
pustulose area centered on umbilicus. Maximum
diameter generally 0.7 to 1.0 mm.

Discussion.—This type species of the genus
Globorotalia has the same gross morphology as
many other Late Neogene species (i.e., the
menardiform group). Distinguishing features are its
large size, exceptionally heavy keel, biconvex
tumidity, and rapidly opening spire. BANNER &
eLow (1965b-c), sLow (1969), and JENKINS &
oRrR (1972) postulated evolution from the similar
but smaller Globorotalia plesiotumida [=G, tumida
plesiotumida sANNER & BLOW, 1965¢] and used
the level of change as a zonal datum. Along with
other cited authors, we agree with the postulated
evolutionary trend but find objective recognition of
G. tumida too tenuous to be reliable in zonation.
Globorotalia flexuosa |=G. tumida flexuosa xocH,
1923] is identical with G. twmida except for a
strongly bent final chamber. Globororalia ungulata
BERMUDEZ (1960) resembles G. tumida in size
and proportions but has a thinner shell and lighter
keel.

Globorotalia tumida is a warm-water species,
Abrupt and abundant appearance of large specimens
coincided with the end of the latest glacial interval
so this species is a natural zonal index for sediments
of Holocene age (Lams & BeEarD, 1972). The

Fig. 212, Globorotalia tumida (BRADY) from the Pliocene and Holocene of the Pacific Ocean and Gulf of Mexico,

1 Lectotype from an exotic block of Late Miocene or Pliocene age at New Ireland, X50; from BANNER & BLOW (19604, pl.
5, fig. 1). a—Umbilical view; b—side view; c—spiral view.
2 Syntype from New Ireland, X60; from BOLLI, LOEBLICH, & TAPPAN (1957, pl. 10, fig. 2). a—Umbilical view; b—side
view; c—spiral view.
35 Specimens from the Pliocene of the eastern equatorial Pacific Ocean, X35, from JENKINS & ORR (1972, pl, 34, fig. 1-3).

3-Umbilical view; 4 —side view; 5—spiral view. ‘
6-8 Specimens from the Holocene of the Gulf of Mexico, X80; from LAMB & BEARD (1972, pl. 12, fig. 1-3). 6— Umbilical
view; 7—side view; B—spiral view,
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“Globorotalia tumida Zone” of JENKINS & ORR
(1972) is a different unit broadly equivalent to the
Globorotalia margaritae Zone of other authors.

Distribution.—Pliocene to Holocene (Globoro-
talia margaritae Zone 1o Globorotalia tumida Zone).
First described from a chalk artifact of unknown
origin in New Ireland (west-central Pacific), deter-
mined as Pliocene by sLow (1969). The species is
now recorded around the world, mainly in warm-
water sedimentis. Records of occurrences in Miocene
beds were not confirmed by our studies.

GLOBOROTALIA UNGULATA Bermudez, 1960
Figure 213
Mainly Holocene

Globorotalia ungulata BERMUDEZ, 1960, p, 1304, pl. 15,
fig. 6.-BERMUDEZ & BOLLI, 1969, p. 180, pl. 12,
fig. 10-12.—LAMB & BEARD, 1972, p. 587, pl. 11, fig.
7-9.—JENKINS & ORR, 1972, p. 1105, pl. 35, fig. 1-6.

Globorotalia (Globorotalia) ungulata BERMUDEZ.
BANNER & BLOW, 1965¢, p. 1353.—-BLOW, 1969, p.
257, 372, pl. 8, fig. 13-15.

Test a large, biconvex trochospire, umbilical
side more tumid than spiral, immed by blunt keel.
Last whorl with 4% to 5% chambers; scallop-shaped
on spiral side, cuneate on umbilical side. Spiral

profile ear-shaped, slightly lobate; axial profile
biconvex, revealing increasing convexity of chambers
on umbilical side. Sutures on spiral side limbate,
smoothly recurved, coalescing with keel; on
umbilical side subradial, straight or slightly curved,
Umbilicus narrow, deep. Aperture a low arch or slit
at base of smooth apertural face, bordered by rim
or projecting flap. Wall thin, densely perforate,
smooth except for pustulosity on early chambers
near umbilicus, Maximum diameter 0.7 to 1.0 mm,

Discussion.—Globorotalia ungulata resembles
Globorotalia tumida (srapy, 1877) in size and
shape but is more delicately constructed (i.e., thin-
ner wall and lighter keel). Possibly these two
generally differentiated species are growth forms of
a single species, perhaps modified for life at
different water depths (LamMB & BEARD, 1972).

Distribution.—Mainly Holocene (Globorotalia
tumida Zone), earlier range not yet firmly establish-
ed. Described originally from seafloor sediments
dredged in the vicinity of Cuba and so far only
recorded from the Holocene of the type region. In
the Pacific province Jenkins & orr (1972) gave
locality data for sparse records in the Pleistocene
and, in one core hole only, the Late Pliocene.
BLow (1969) mentioned Pliocene occurrences but
supplied no details.

Fig, 213, Globorotalia ungulata BERMUDEZ from the Late Pleistocene and Holocene of the Pacific Ocean, Caribbean Sea, and Gulf

of Mexico.
1-2 Holotype (1 from BERMUDEZ, 1960, pl. 15, fig. 6) and metatype (2 from BLOW, 1969, pl. 8, fig. 13-15) from the
Holocene of the Caribbean Sea. 1a,2a— Umbilical views, X40ca, X67; 1b,2b—side views, Xd0ca, X67; 2c—spiral view, X67.
35 Specimens from the Late Pleistocene of the eastern equatorial Pacific Ocean, X48; from JENKINS & ORR (1972, pl. 35,
fig. 4-6). 3—Umbilical view; 4 —side view; 5—spiral view,
6-8 Specimens from the Holocene of the Gulf of Mexico; from LAMB & BEARD (1972, pl 11, fig. 7-9). 6—Umbilical view,

X85; 7-side view, X100; 8—spiral view, X100,
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