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ABSTRACT
Tertiary foraminifera ranging in age from Early Paleocene to Pliocene from the

area covered by the Ok Tedi and Wabag 1: 250 000 Sheets, Papua New Guinea, are
recorded and illustrated. An annotated check list of planktonic foraminifera is given.
The faunal sequence in all available sampled sections is discussed and applied to deter
mining ages of the sediments. In some sections, associations of larger and planktonic
foraminifera suggest that the presently accepted correlation of the Te/Tf boundary of
the 'letter' classification with the N.8/N.9 boundary of the planktonic foraminiferal
zonal scheme requires revision. The Te/Tf boundary should be lowered in relation to
the planktonic scale, possibly to within the N.6-N.7 zonal interval.

Six new taxa are described: Globorotalia (Clavatorella) pro/ata, G. (Fohsella) peri
pheroacuta pristina, G. (F.) wabagensis, G. (G.) quasimiocenica, G. (Hirsutella)
scitula planaria, and G. (Turborotalia) variospira.

(vi)



INTRODUCTION
The area dis.cussed here is that covered by OK

TEDl* (formerly BLUCHER RANGE) and WABAG.
Samples examined were collected by the West Sepik
survey party from the Bureau of Mineral Resources
(BMR) in 1971-72 (sample prefix 7152), by other
field parties from BMR (prefixes Ab, F, 6869, and
04N G), by the Geological Survey of Papua New
Guinea (GSPNG) (prefixes P and 7629), and by M.
Bik, CSlRO (prefix B). Three unnumbered samples
collected by the Australasian Petroleum Company and
BP Petroleum Development Australia Pty Ltd are
included from OK TEDl, and one collected by Dr P.
Williams, formerly of the Australian National Univer
sity, from WABAG.

Age determinations resulting from examination of the
foraminifera by the writer, Terpstra (1968), Binne
kamp (1970), and Chaproniere (1980b) were used
in compilation of geological maps and reports
(Norvick, 1973; Dow & others, 1972; Davies &
Norvick, 1974; Arnold & others, 1979; Davies, 1980,
1983). These reports incorporate information from
unpublished reports by the Australasian Petroleum
Company and BP Petroleum Development Australia

Pty Ltd and should be consulted for references to
earlier work.

The purpose of this Bulletin is to document the
foraminiferal fauna, to give an age determination for
the samples, and to describe the faunal sequence
through all available sampled sections. Only those fora
minifera obtained from samples examined by BMR
are discussed. Additional palaeontological information
is given in unpublished reports of GSPNG and of oil
companies. Ages for the samples are given in terms
either of the Letter Classification of the Tertiary as
used in the lndo-Pacific region, or of the planktonic
zonal schemes of Blow (1969; 1979).

The sample locality map of OK TEDl (Fig. 1) is
based on the OK TEDl geological map compiled by
Davies & Norvick (1974); that for WABAG (Fig. 7)
on the WABAG geological map compiled by GSPNG
(Davies, 1983).

Unless otherwise indicated, all samples have the
prefix 7152. All figured specimens of foraminifera, and
some unfigured paratypes of new taxa, are deposited in
the Commonwealth Palaeontological Collection, BMR,
Canberra, ACT, under numbers CPC 21591 to 22091.

ACKNOWLEDGEMENTS
I am indebted to Dr H. L. Davies, Dr G. C. H.

Chaproniere, and Dr C. G. Adams for constructive
criticism of the manuscript; Dr Davies also provided

information on localities and formation names. Mr
P. W. Davis assisted with photography, and Mr P. L.
Griffiths drew the text figures.

PLANKTONIC FORAMINIFERA-ANNOTATED CHECK LIST
This list is prepared in alphabetical order. Reference

is made only to the original description of each species;
this is followed by reference to a plate and figures in
this Bulletin.

Genus Berggrenia Parker, 1976
Type species: Globanomalina praepumilio Parker, 1967; by
original designation.

?Berggrenia sp. [PI. 12, figs. 5-16]

Specimens of a small planispiral form occur in fine
grained limestones at several localities in WABAG.
Planktonic foraminifera from samples associated with
some of the limestones give an age of zone N.3/zone
N.4, Late Oligocene to Early Miocene. In the absence
of free specimens of this small planispiral form, positive
identification is not possible.

Genus Chiloguembelina Loeblich & Tappan, 1956

Type species: Guembelina midwayensis Cushman, 1940; by
original designation.

Chilogllembelina midwayensis midwayensis (Cushman,
1940): Gllembelina midwayensis Cushman, 1940, p. 65,
pI. 11, fig. 15. [PI. 13, figs 1-5]

Recorded rarely from samples 8084 and F.342
(localities 112 and 97 respectively, WABAG), and
previously recorded (Belford, 1967) as C. crinita.
Specimens referred to C. midwayensis midwayensis
have a pustulose surface and vary in the rate of increase
in the width of the test.

'" Names of 1:250000 Sheet areas are printed in capital
letters.

Genus Dentoglobigerina Blow, 1979

Type species: Globigerina galavisi Bermudez, 1961; by ori
ginal designation.

Dentoglobigerina altispira altispira (Cushman & Jarvis,
1936); Globigerina altispira Cushman & Jarvis, 1936,
p. 5, pI. 1, figs. 13a-c, 14. [PI. 32, figs. 1-5]

Common in samples from the Kindan section
(locality 100, WABAG), and also recorded from the
Burgers Mountain section, the Maramuni River sec
tion, and sections west-southwest and southwest of
Laiagam (localities 16, 17, 103, and 108, WABAG),
and isolated samples (see Figures 6 and 16).

Dentoglobigerina baroemoenensis (LeRoy, 1939): Glo
bigerina baroemoenensis LeRoy, 1939, p. 263, pI. 6,
figs. 1-2. [PI. 32, figs. 6-11]

Blow (1969, pI. 28, fig. 4) are referable to the
boqlladrina baroemoenensis, one said to be phylogene
tically advanced and the other phylogenetically primi
tive. The advanced form seems to be similar to the
holotype, but Blow (1969) considered his primitive
form (PI. 28, fig. 8) to compare well with LeRoy's
figures; Blow's concept of G. baroemoenensis was that
of the primitive form.

Stainforth & others (1975) considered that the holo
type of baroemoenensis and the specimen figured by
Blow (1969, pI. 28, fig. 4) are referable to the
Globoqlladrina dehiscens group. These specimens have
a quadrate outline, wide umbilicus, and sharply angled
apertural face.

The Papua New Guinea (PNG) specimens are
similar to Blow's (1969) phylogenetically primitive
form. These specimens have globose chambers, elongate



on the dorsal side, and lack a distinctly angled aper
tural face; they can be distinguished from the G.
dehiscens group on these features.

Specimens here referred to Dentoglobigerina baroem
oenensis have been recorded from samples 0199 and
1810 (localities 186 and 185, OK TEDI), and com
parable specimens are recorded from other localities
(see Figure 6).

Dentoglobigerina langhiana (Cita & Gelati, 1960):
Globoquadrina langhiana Cita & Gelati, 1960, p. 242,
pI. 29, figs. 1-20; text-figs. 1a-c. [PI. 32, figs. 18-23]

Stainforth & others (1975) placed langhiana in the
G loboquadrina dehiscens group, referring to lack of
agreement in the treatment of the genus in published
papers. The specific name langhiana is here given to
specimens very similar to the holotype, with an oval,
slightly lobate outline, wide umbilicus, and with a
depressed last chamber in side view, the ventral margin
extending over the umbilicus. D. langhiana is similar to
D. baroemoenensis, but the chambers of langhiana are
dorsally less compressed. Blow (1969) noted that
langhiana may be fully synonymous with, or only sub
specifically distinct from, baroemoenensis.

D. langhiana has been recorded from a section west
southwest of Laiagam (locality 103, WABAG) and
also from sample 0199 (locality 186, OK TEDI).

Dentoglobigerina sellii (Borsetti, 1959): Globoquadrina
sellii Borsetti, 1959, p. 209, pI. 1, figs. 3a-d. [PI. 28,
figs. 14-16]

Recorded frequently from sample F.281 in a section
south of Crater lake (locality 147, WABAG) and
also from several isolated samples (see Figure 16).

Dentoglobigerina tripartita tripartita (Koch, 1926):
Globigerina bulloides d'Orbigny, var. tripartita Koch,
p. 737, figs. 21a-b. [PI. 28, figs. 17-21]

Recorded from two samples in the Laiagam section
(locality 118, WABAG), sample F.279 in a section
south of Crater Lake (locality 147, WABAG), and
also from several isolated samples (see Figure 16).

Dentoglobigerina venezuelana (Hedberg, 1937): Glo
bigerina venezuelana Hedberg, 1937, p. 681, pI. 92, figs.
7a-b. [PI. 29, figs. 1-3]

Recorded from the Kindan section (locality 100)
and the Maramuni River section (locality 17), both in
WABAG, and from isolated samples in both WABAG
and OK TEDI (see Figures 6 and 16).

Genus Globigerina d'Orbigny, 1826
Type species: GlobigerinQ blll/oides d'Orbigny, 1826; sub
sequent designation by Parker, lanes & Brady, 1865.

Globigerina bulloides blllloides d'Orbigny, 1826, p. 277.
[PI. 27, figs. 1-5]

Recorded from the upper part of the Kindan section
(locality 100, WABAG), samples from the Burgers
Mountain section (locality 16, WABAG), and from
several isolated samples (see Figures 6 and 16).

G lobigerina decoraperta Takayanagi & Saito, 1962:
Globigerina druryi Akers decoraperta Takayanagi &
Saito, 1962, p. 85, pI. 28, figs. lOa-c. [PI. 27, figs. 6
11 ]

Recorded rarely from the higher beds of the Kindan
section (locality 100, WABAG), and some isolated
samples (see Figure 6).

Globigerina euapertura Jenkins, 1960, p. 351, pI. 1,
figs. 8a-c. [PI. 27, figs. 12-14]

Rare specimens referred to G. ellapertllra occur in
sample F.280 from a section south of Crater Lake
(locality 147, WABAG) and in sample FA33 at the
base of the Kindan section (locality 100, WABAG).
I agree with Berggren & Amdurer (1973) and Chap
roniere (1981a) in placing G. prasaepis Blow, 1969 in
the synonymy of G. euapertura. The holotype of G.
ellapertllra does not have the small triangular lip
reported by Blow (1969) in other specimens examined
by him. The PNG specimens are not well preserved,
but show some indication of a coarsely perforate wall
with pits and strongly developed ridges.

Globigerina /alconensis Blow, 1959, pI. 9, figs. 40a-c,
41. [PI. 27, figs. 15-25]

The holotype of /alconensis has a distinct lip, w~ich

is not shown by all unfigured paratypes in the National
Museum of Natural History, Washington, D.e. Some
unfigured paratypes have the last chamber partly cover
ing the umbilicus; the PNG specimens shown in Plate
27, figs. 15 and 18 are identical to these, except
that none of the present specimens has a thickened rim
on the last' chamber.

One PNG specimen has an elongate last chamber
with a well-developed thickened lip, and probably is to
be included in G. /alconensis. It resembles G. nepenthes
delicatllla Bronnimann & Resig, 1971, but this sub
species has a higher ~pire, a more highly arched
aperture, and is more coarsely pustulose. G. /alconensis
occurs only in sample 8049 (locality 109, WABAG).

Globigerina /oliata Bolli, 1957, p. 111, pI. 24, figs.
1a-c. [PI. 27, figs. 26-29]

Rare specimens of G. /oliata occur in sample F.434
at the base of the Kindan section, (locality 100,
WABAG). The specimens have well separated and
inflated chambers; in some specimens the last chamber
becomes as radially elongate as wide. The aperture is
small, and is usually overhung by the inflated last
chamber.

The PNG specimens are larger than the holotype,
and some specimens have slightly more separated
chambers. The chambers of the present specimens are
also more digitate than those figured by Blow (1959).
These differences are only slight, and in my opinion
the PNG specimens are to be referred to G. /oliata.

Globigerina ollachitaensis ciperoensis Bolli, 1954:
G lobigerina ciperoensis Bolli, 1954, pI. 1, text-figs.
3-6. [PI. 27, figs. 30-34]

Recorded from samples F.279 and F.280 at the base
of a section south of Crater Lake (locality 147,
WABAG), sample F.937 from the Laiagam section
(locality 118, WABAG), and sample 2671 (locality
168, WABAG).

Globigerina praeblllloides occlusa Blow & Banner,
1962, p. 93, pI. 9, figs. V-W, text-fig. 14, I-I!. [PI.
28, figs. 1-2]

Rare specimens assigned to G. praebulloides occlusa
occur in samples at the base of the Kindan section
(locality 100, WABAG). The specimens are small and
tightly coiled, with a shallow umbilicus and a small
aperture lacking a lip. They are similar in coiling to
G. praebulloides leroyi, but lack the apertural lip of
this subspecies.



Globigerina praebulloides praebulloides Blow, 1959;
Globigerina praebulloides Blow, 1959, p. 180, pI. 8,
figs. 47a-c; pI. 9, fig. 48. [PI. 28, figs. 3-7]

Blow (1959, p. 180) noted that specimens of G.
praebulloides praebulloides are smaller in size than
specimens of G. bulloides, but later (Blow, 1969. p.
316) stated that the difference between these two taxa
is not based on a size relationship but on coiling and
chamber arrangement, and the nature of the umbilicus.
Specimens here referred to G. praebulloides praebul
loides have chambers increasing more rapidly in size
than those of G. bul/oides, and also radially more
elongate in relation to chamber width. The wall of
specimens referred to G. bulloides is also more coarsely
perforate than those referred to praebulloides prae
bulloides. The PNG specimens of praebulloides prae
bulloides are larger than the type specimens. They are
closer to the figured and unfigured paratypes than to
the holotype, which has a relatively smaller last
chamber.

G. praebulloides praebulloides has been recorded
only from samples at the base of the Kindan section
(locality 100, WABAG) and from sample 8042
(locality 106, WABAG).

Globigerina praebulloides pseudociperoensis Blow,
1969, p. 381, pI. 17, figs. 8-9. [PI. 28, figs. 8-13]

Abundant specimens of G. praebulloides pseudo
ciperoensis occur in two samples at the base of the
Kindan section (locality 100, WABAG). The speci
mens have five chambers in the last whorl, but only
four in the penultimate whorl; the chambers increase
quickly in size, and the spire opens rapidly. The PNG
specimens are slightly larger than the holotype, which
also has a more convex dorsal surface, but in my
opinion they are referable to G. praebulloides pseudo
ciperoensis.

Globigerina woodi Jenkins, 1960, p. 352, pI. 2, figs.
2a-c. [PI. 29, figs. 4-9]

Occurs commonly in sample F.280 from a section
south of Crater Lake, (locality 147, WABAG) and in
sample F.457 in a section south of Laiagam (locality
136, WABAG). The specimens are very small, but
have the quadrate test, radial depressed sutures, and
arched aperture of the holotype.

Genus Globigerinatheka Bronnimann, 1952
Type species: Globigerinatheka barri Bronnimann, 1952; by
original designation.

Bolli (1972) gave a detailed review of the genus
Globigerinatheka, in which he included Globigerapsis
Bolli, Loeblich & Tappan, 1957, following Proto
Decima & Bolli (1970). Blow (1979) recognised these
as distinct genera, on the basis of differences in wall
structure, and the presence of bullae in Globigerina
theka. Blow (1979) also recognised the genus Porti
culasphaera Bolli, Loeblich & Tappan, 1957, but Proto
Decima & Bolli (1970) and Bolli (1972) placed in
Globigerinatheka species which in Blow's approach are
referable to Porticulasphaera. Bolli (1972) noted
intermediate forms between the species mexicana
Cushman (placed by Blow in Porticulasphaera) and
kugleri Bolli, Loeblich & Tappan (placed by Blow in
Globigerapsis) .

The PNG specimens are not sufficiently well pre
served for detailed examination of the wall structure.
The approach adopted by Proto Decima & Bolli (1970)
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and Bolli (1972) is followed here, and species are
referred to the genus Globigerinatheka.

G lobigerinatheka mexicana barri Bronnimann, 1952:
Globigerinatheka barri Bronnimann, 1952, p. 27, figs
3a-c, g, h. [PI. 29, fig. 10]

Saito (1962) referred Bronnimann's figures 3d-f to
G. mexicana mexicana and was followed in this by
Bolli (1972). G. mexicana barri is the name given to
specimens with the basic kugleri morphology, but also
possessing bullae; specimens referred to barri have
been found very rarely only in sample 9051 (locality
69, WABAG).

Globigerantheka mexicana kugleri (Bolli, Loeblich &
Tappan, 1957): Globigerapsis kugleri Bolli, Loeblich
& Tappan, 1957. p. 34, pI. 6, figs. 6a-c. [PI. 29, figs.
11-16]

Specimens of G. mexicana kugleri have been found
only in sample 9051 (locality 69, WABAG), and form
the bulk of the specimens of this genus occurring in
the sample. The .specimens are more loosely coiled, and
have more globular chambers, than does the holotype
of G. mexicana mexicana, or other specimens referred
to this subspecies by Saito (1962) and Bolli (1972).

Genus Globigerinita Bronnimann, 1951
Type species: Globigerinita naparimaensis Bronnimann,
1951; by original designation.

Globigerinita dissimilis (Cushman & Bermudez, 1937):
Globigerina dissimilis Cushman & Bermudez, 1937, p.
25, pI. 3, figs. 4-6. [PI. 29, fig. 17]

Found in the Laiagam section (locality 118,
WABAG), in a section south of Crater Lake (locality
147, WABAG), and also in some isolated samples
(see Figure 16); no distinction has been made between
the subspecies dissimilis and ciperoensis.

Globigerinita incrusta Akers, 1955, p. 655, pI. 65, figs.
2a-d. [PI. 29, figs. 18-22]

Rare specimens of this small species have been found
in the upper beds of the Kindan section (locality 100,
WABAG).

Globigerinita unicava unicava (Bolli, Loeblich & Tap
pan, 1957): Catapsydrax unicavus Bolli, Loeblich &
Tappan, 1957, p. 37, pI. 7, figs. 9a-c. [PI. 29, figs. 23
25]

Found in sample F.936 (locality 118, WABAG) In

the Laiagam section.

Genus Globigerinoides Cushman, 1927
Type species: Globigerina rubra d'Orbigny in de la Sagra,
1839; by original designation.

Globigerinoides bo/lii Blow, 1959, p. 189, pI. 10, figs.
65a-c. [PI. 30, figs. 1-5]

Recorded rarely from the higher beds of the Kindan
section (locality 100, WABAG).

Globigerinoides obliquus extremus Bolli & Bermudez,
1965, p. 139, pI. 1, figs. 10-12. [PI. 30, fig. 6]

Recorded rarely to frequently from the higher beds
of the Kindan section (locality 100, WABAG), and in
sample 1693 (locality 233, OK TEDI).

Globigerinoides obliquus obliquus Bolli, 1957: Glo
bigerinoides obliqua Bolli, 1957, p. 113, pI. 25, figs.
9a-c; text-fig. 21 (5). [PI. 30, figs. 7-9]
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Recorded rarely to abundantly from the higher beds
of the Kindan section (locality 100, WABAG), and in
sample 1846 (locality 192, OK TEDI).

Globigerinoides quadrilobatus (d'Orbigny) group

The G. quadrilobatus (d'Orbigny) group occurs
commonly in all the samples examined. No strati
graphical significance can be given to the distribution
or relative frequency of the several subspecies recog
nised. Specimens in many samples are too poorly pre
served for definite subspecific identification; these
occurrences are shown on distribution charts as 'Glo
bigerinoides quadrilobatus group'.

Globigerinoides quadrilobatus altiapertura Bo1li, 1957:
Globigerinoides triloba altiapertura Bolli, 1957, p. 113,
text-fig. 21, 3a-b; pI. 25, figs. 7a-e, 8. [PI. 30, figs.
10-16]

Rare specimens in sample F.436 at the base of the
Kindan section (locality 100, WABAG) and in some
isolated samples (see Figure 16), are referred to altia
pertura. These specimens have a highly arched, circular
primary aperture, and a large supplementary dorsal
aperture. Blow (1969) gave the range of altiapertura
as N.5 to base of N.7, but referred to specimens iden
tified as cf. altiapertura occurring in the N.l 0 to N .12
interval. These specimens are differentiated from altia
pertura s.s. by their looser coiling and more clearly
separated chambers; the present specimens may be of
this kind.

Small specimens of G. quadrilobatus quadrilobatus
with a relatively large supplementary aperture resemble
altiapertura very closely but may be distinguished by
the oval rather than circular primary aperture.

Globigerinoides quadrilobatus immaturus, LeRoy, 1939:
Globigerinoides sacculi/erus (Brady) var. immatura
LeRoy, 1939, p. 263, pI. 3, figs. 19-21. [PI. 30, figs.
17-18]

Specimens referred to immaturus lack the elongate
sac-like final chamber of sacculi/er: they have a low
elongate primary aperture and often a relatively
smaller last chamber as compared to specimens of G.
quadrilobatus quadrilobatus. This taxon has been
recorded throughout the Kindan section, and is a
common element in samples examined.

Globigerinoides quadrilobatus irregularus LeRoy, 1944:
Globigerinoides sacculi/erus (Brady) var. irregularus
LeRoy, 1944, p. 40, pI. 3, figs. 42-43. [PI. 30, fig. 19]

This subspecies, together with G. quadrilobatus imma
turus, comprises the bulk of the G. quadrilobatus group
in the samples examined. Specimens of irregularus
have a smaller and often 'sac-like' last chamber, com
pared to other subspecies. Some specimens of irregu
larus are similar to 'primitive' forms of G. quadrilo
batus sacculi/er, but have a lower, more elongate aper
ture, and the last chamber is not compressed.

Globigerinoides quadrilobatus primordius Blow &
Banner, 1962, p. 115, pI. 9, Dd-Ff; fig. 14: 3-8. [PI.
30, figs. 20-23]

This subspecies has been recorded from the Laiagam
section (locality 118, WABAG), from a section south
of Crater Lake (locality 14, WABAG), and from iso
lated samples (see Figure 16). The only morphological
feature used to distinguish the taxon is the single sup
plementary dorsal aperture.
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Globigerinoides quadrilobatus quadrilobatus (d'Orbigny,
1846): Globigerina quadrilobata d'Orbigny, 1846, p.
164, pI. 9, figs. 7-10. [PI. 30, figs. 24-25]

Several samples contain small specimens with large
primary and supplementary apertures superficially
resembling G. quadrilobatus altiapertura. The primary
aperture of these specimens is an elongate oval open
ing, not circular as in altiapertura; they are here inter
preted as small specimens of G. quadrilobatus quadrilo
batus.

G. quadrilobatus quadrilobatus occurs commonly in
many of the samples examined.

Globigerinoides quadrilobatus sacculi/er (Brady, 1877) :
Globigerina sacculi/era Brady, 1877, p. 535 (illus
trated Brady, 1884, pI. 80, figs. 11-17). [PI. 30, figs.
26-29]

Specimens of sacculi/er, which is rare in the present
material, are of the lectotype form, with small sac-like
final chamber, and low temperatures, and not the ideo
typic form figured by Brady (1884). One specimen
found (PI. 30, figs. 26-27) has a strongly compressed
final chamber, but in most other specimens observed
the final chamber is not compressed, and these resemble
the 'primitive' forms figured by Jenkins & Orr (1972).

G. quadrilobatus sacculi/er has been recorded from
several localities.

Globigerinoides quadrilobatus triloba (Reuss, 1850):
Globigerina triloba Reuss, 1850, p. 374, pI. 47, figs.
I I a-e. [PI. 31, fig. 1]

G. quadrilobatus triloba is a rare component of
populations of the G. quadrilobatus group in numerous
samples. It is characterised by the final chamber being
larger than the combined earlier chambers.

Globigerinoides sp. I, ex gr. G. quadrilobatus
(d'Orbigny, 1846). [PI. 31, figs. 2-9]

Included here are high-spired forms recorded from
several samples in the Kindan section (locality 100,
WABAG), from a section west-southwest of Laiagam
(locality 103, WABAG), from sample 1789 (locality
217, OK TEDI), and also figured (Belford, 1974) from
the Ilaga Valley, Nassau Range, Irian Jaya. Rare speci
mens have a reduced bulla-like final chamber. These
specimens occur only as variants within the G. quad
rilobatus group, probably of G. quadrilobatus quadrilo
batus, and are not considered to warrant recognition
as a separate taxon. The observed stratigraphic range
of these forms is from zone N.3 (Irian Jaya) to at
least zone N.17 (Kindan section).

Globigerinoides sp. 2, ex gr. G. quadrilobatus
(d'Orbigny, 1846). [PI. 31, figs. 10-15]

Sixteen specimens of this taxon have been found in
sample F.875A, from a section west-southwest of Laia
gam (locality 103, WABAG), and it occurs very rarely
in sample 3344, (locality 145, OK TEDI). It is cer
tainly close to the G. quadrilobatus group; characters
distinguishing it from described subspecies of this
group are the large primary aperture directed to one
side of the test, and the coarsely pustulose rather than
reticulate test surface. These differences may reflect
unknown environmental influences rather than genetic
control. In view of the limited number of specimens
available, and the restricted occurrences, no faunal
description is given at this time.



Globigerinoides subqlladratlls sllbqlladratlls Bronni
mann, 1954, p. 680, pI. 1, figs. 5, 8a-c. [PI. 31, figs.
17-21]

Cordey (1967) discussed the distinction between G.
sllbquadratus and G. ruber (d'Orbigny. 1839), and
gave as the main criterion the difference in numbers
of chambers in the penultimate whorl. G. sllbquadratlls
was stated to have four chambers, and G. rllber three.
This criterion cannot be applied consistently to the
present specimens; most specimens examined have only
three chambers in the penultimate whorl (PI. 31, fig.
19). Postuma (1971) figured a specimen with three
chambers in the penultimate whorl as G. sllbqlladratus.

Blow (1969) mentioned differences in wall texture
and structure, and in chamber shape and arrangement,
between the two taxa. These features have not been
examined closely in the present study, but a comparison
of the present specimens with specimens of very similar
gross morphology from Pliocene and Recent material
suggests that a distinction on this basis may be possible.

G. subquadratlls sllbqlladratus has been recorded
from the Kindan ,ection (locality 100, WABAG),
sections southwest and west-southwest of Laiagam
(localities 103 and 108, WABAG), and from isolated
samples (see Figures 6 and 16).

Genus Globoquadrina Finlay, 1947
Type species: Globorotalia delziscens Chapman, Parr & Col
lins, 1934; by original designation.

Globoqlladrina dehiscens dehiscens (Chapman, Parr &
Collins, 1934): Globorotalia dehiscens Chapman, Parr
& Collins, 1934, p. 569, pI. I I, figs. 36a-c. [PI. 32, figs.
12-17]

Stainforth & others (1975) included several species
in the 'Globoquadrina dehiscens group', with dehiscens
being given priority by date of publication. Some
species placed by Stainforth & others (1975) in the
synonymy of dehiscens are here recognised as distinct
species; additional comments are given under the species
concerned.

Specimens here referred to G. dehiscens dehiscens
are characterised by a quadrate outline, flattened dorsal
surface, and elongate chambers, particularly on the
dorsal side.

G. dehiscens dehiscens has been recorded from the
lower beds of the Kindan section, a section south of
Crater Lake, and a section southwest of Laiagam
(localities 100, 147, and 108 respectively, WABAG),
and also from isolated samples (see Figures 6 and 16).

Genus Globorotalia Cushman, 1927
Type species: Pulvinulina menardii (d'Orbigny) var. tumida
Brady, 1877; by original designation.

Blow (1979) emended the family Globorotaliidae.
and within the genus Globorotalia recognised six sub
genera. In particular, the taxon Planorotalites was
placed in the synonymy of Globorotalia (Globorotalia)
on the grounds that no morphological basis for dis
tinguishing these taxa exists. Blow further noted that,
although it might be thought that a phyletic basis
existed for separate supraspecific distinction of Paleo
gene carinate globorotaliids, such a separation cannot
be maintained, as Neogenel Anthropogene taxa in
cluded in Globorotalia (Globorotalia) are also poly
phyletically produced. The inclusion of Planorotalites
in Globorotalia (Globorotalia) is followed here.
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Subgenus Acarinina Subbotina, 1953

Type species: Acarinina acarinata Subbotina, 1953, p. 219;
by original designation.

Globorotalia (Acarinina) broedermanni broedermanni
Cushman & Bermudez, 1949: Globorotalia (Truncoro
talia) broedermanni Cushman & Bermudez, 1949, p.
40, pI. 7, figs. 22-24. [PI. 13, figs. 6-8]

Rare specimens of this species have been found in
sample 9051 (locality 69, WABAG). The specimens
have seven chambers visible ventrally, with a distinct
open umbilicus. The test has a low strong pustulose
ornament, thickened on the umbilical shoulders. The
ventral sutures are straight and radial, and the dorsal
sutures slightly curved and reflexed. The aperture is
low, elongate, and umbilical-extraumbilical. In terms of
the discussion given by Blow (1979), the PNG speci
mens more closely resemble the broedermanni (S.5.)
morphotype than the lodoensis morphotype.

Globorotalia (A carinina) bullbrooki Bolli. 1957; G 10
borotalia bllllbrooki Bolli, 1957, p. 167, pI. 38. figs.
4a-c, 5a-c. [PI. 13, figs. 9-14]

The taxonomic confusion surrounding G. (A.)
bullbrooki and other morphotypes of similar gross
appearance has been referred to by Fleisher (1974),
Stainforth & others (1975), and Blow (1979). Fleisher
(1974) regarded bullbrooki and G. (A.) densa (Cush
man, 1925) as distinct species, but Pessagno (1960),
after comparing the holotypes, regarded them as iden
tical. Berggren (1965, 1968) also regarded G. (A.)
densa as synonymous with several species, including
G. (A.) bullbrooki and G. (A.) spinuloinflata (Bandy,
1949). Blow (1979) reported that the holotype of
densa is missing from the collection of the National
Museum of Natural History, Washington, DC, if not
completely lost, and considered it best that the name
not be used. However, Cifelli (1972) illustrated the
holotype, which was described and figured as having
a weak beaded keel and as being truncate in edge view.
It seems to be referable to the subgenus Morozovella,
with a distinct muricocarina developed; Stainforth &
others (1975) noted that densa differs from bullbrooki
in having a well-developed keel.

The PNG specimens resemble the specimens figured
by Blow (1979, pI. 17 I, figs. 1-3, 7-9) as Globoro
talia (Acarinina) bllllbrooki, with slight dorsal flat
tening, rather than the more rounded specimens shown
by him on plate 155, figures 1-8.

G. (A.) bllllbrooki occurs in sample 9051 (locality
69, WABAG); rare specimens compared to bullbrooki
occur in sample 9044 (locality 61, WABAG).

Globorotalia (Acarinina) convexa convexa Subbotina,
1953: Globorotalia convexa Subbotina, 1953, p. 209,
pI. 17, figs. 2a-c, 3a-c. [PI. 13, figs. 15-21]

Stainforth & others (1975) placed convexa in
synonymy with G. (A.) broedermanni. The type speci
mens of these two taxa are similar, particularly in
edge view. However, convexa has a small, almost
closed umbilicus as against the open umbilicus of
broedermanni; convexa also has tangentially elongate
dorsal chambers rather than the radially broad cham
bers of broedermanni. Blow (1979) regarded the two
morphotypes as stages in an evolutionary series, and the
distinction between them is maintained here.

G. (A.) convexa convexa occurs commonly in
sample 9039 (locality 65, WABAG).



Globorotalia (Acarinina) pentacamerata Subbotina,
1947: Globorotalia pentacamerata Subbotina, 1947, p.
128, pI. 7, figs. 12-17; pI. 9, figs. 24-26. [PI. 13, figs.
22-26]

The taxonomy and nomenclature of this taxon were
discussed by Blow (1979). Blow's opinion that Sub
botina's original (1936) proposal of the name was
validated in 1947 is followed.

G. (A.) pentacamerata has been found rarely in
samples 9051 and F.184 (localities 69 and 80 respec
tively, WABAG). The specimens are usually tightly
coiled, with a small open umbilicus, but do not have
the appressed chambers of the morphotype illustr;lted
by Blow (1979, pI. 135, fig. 5). One specimen is rela
tively loosely coiled, with a wide umbilicus (PI. 13,
fig. 25); all specimens show the dorsal flattening
referred to by Blow (1979).

Globorotalia (Acarinina) praecursoria praecursoria
(Morozova, 1957): Acarinina praecursoria Morovova,
1957, p. 111, figs. la-c. [PI. 14, figs. 1-12]

Specimens referred to A. praecursoria have been
found only in sample 8084 (locality 112, WABAG).
Berggren (1965) and Martinez-Gallego (1972) in
cluded G. (A.) trinidadensis Bolli, 1957 in the
synonymy of praecursoria, but both praecursoria and
trinidadensis (= G. (T.) inconstans) are recognised
here. Following the criteria given by Blow (1979) the
limit between the inconstans and praecursoria morpho
types is drawn at the point where some of the chambers
of the last whorl show dorsal flattening and recurved
dorsal sutures. Stainforth & others (1975) separated
G. (A.) praecursoria from G. (A.) trinidadensis by its
distinctly angulate initial chambers in the last whorl.
A specimen of praecursoria from the Crimea figured by
Stainforth & others (1975) is more angulate than the
holotype and is close to the Globorotalia uncinata Bolli
morphotype; uncinata was placed by Blow (1979) in
the synonymy of praecursoria.

One PNG specimen (PI. 14, figs. 7-9) has characters
intermediate between praecursoria and inconstans; the
chambers of the last whorl are rounded and the dorsal
sutures are radial, but a muricate wall is developed.
The development of muricae varies greatly in specimens
observed. Some specimens here placed in praecursoria
(see PI. 14, figs. 1..,.3) have only weakly muricate walls
on early chambers of the last whorl, but show flatten
ing of the dorsal surface and have recurved dorsal
sutures.

Occasional PNG specimens develop irregular coil
ing, in that the later chambers of the last whorl move
away from the dorsal side, giving the appearance of
a high-spired test.

G loborotalia (A carinina) pseudodubia piparoensis
(Bronnimann & Bermudez, 1953): Truncorotaloides
rohri var. piparoensis Bronnimann & Bermudez, 1953,
p. 819, pI. 87, figs. 4-6 [PI. 14, figs. 13-18]

Specimens of the kind illustrated are referred to G.
(A.) pseudodubia piparoensis; they occur rarely in
samples 9044 and 9501 (localities 61 and 69 respec
tively, WABAG). The specimens have 4t-5 chambers
in the last whorl with a rounded, rather than distinctly
angulate, axial peripheral margin; this feature distin
guishes these forms from the G loborotalia (Truncoro
taloides) rohri group. The PNG specimens do not show
the development of the muricae illustrated by Blow
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( 1979), and supplementary dorsal apertures have not
been observed.

Specimens referable to the G. (A.) pseudodubia
group have been observed in several samples of fine
grained limestone (see PI. 1, figs. 17,19-22,25-26).

Globorotalia (Acarinina) wartsteinensis Gohrbandt,
1967: Globorotalia wartsteinensis Gohrbandt, 1967,
p. 322, pI. 1, figs. 18-24. [PI. 14, figs. 19-26]

Rare specimens' from sample 9051 (locality 69,
WABAG) agree well with the description and illustra
tions given by Gohrbandt (1967). The dorsal surface
ranges from moderately to strongly biconvex, the axial
periphery is usually broadly rounded, the dorsal sutures
are reflexed, and the ventral sutures radial. Blow
( 1979) regarded wartsteinensis as belonging to the
plexus of forms within the lodoensis-broedermanni mor
photype series, and considered that it would best be
referred to as a subspecies of one of these taxa, depend
ing on an examination of a topotype assemblage.

Globorotalia (Acarinina) whitei Weiss, 1955: Globo
rotalia whitei Weiss, 1955, p. 18, pI. 6, figs. 1-3. [PI.
15, figs. 1-4]

Recorded rarely from sample F.184 (locality 80,
WABAG) only. The specimens are poorly preserved,
with apertural details and nature of the sutures
obscured. However, the flat dorsal surface and the
papillate test wall are evident. The oval periphery is
broadly rounded, with no indication of an imperforate
marginal keel developed.

Blow (1979) regarded G. (A.) whitei as a form
intermediate between G. (A.) acarinata intermedia
(Subbotina, 1953) and G. (A.) pseudotopilensis (Sub
botina, 1953), not worthy of separate taxonomic recog
nition.

Subgenus Clavatorella Blow, 1965

Type species: Hastigerinella bermudezi Bolli, 1957; by ori
ginal designation.

Originally described at the generic level, Clavatorella
was regarded by Blow (1969) as a subgenus of G lobo
rotalia.

Globorotalia (Clavatorella) prolata sp. novo [PI. 33,
figs. 1-9]

See p.. 15 for a full description of this species.
Found only in sample F.434, Kindan section (locality
100, WABAG).

Subgenus Fohsella Bandy, 1972

Type species: Globorotalia (Globorotalia) praejohsi Blow &
Banner, 1966; by original designation.

Globorotalia (Fohsella) peripheroacuta peripheroacuta
Blow & Banner, 1966, p. 244, pI. 1, figs. 2a-c; pI. 2,
figs. 4-5, 13. [PI. 33, figs. 10-16]

Rare, poorly preserved specimens occur in one
sample from the Kindan section (locality 100,
WABAG); the range of variation is shown in the
illustrations. The axial periphery of the early chambers
of the last whorl is broadly rounded, and of the later
chambers, is narrowly rounded to acute. The umbilicus
ranges from almost closed to narrow and open. The
aperture is an elongate low interiomarginal slit extend
ing almost to the periphery; only traces of an apertural
lip are preserved.



Compared with the holotype, some PNG specimens
are more rounded in edge view, and others have a
slightly wider umbilicus; they are considered to fall
within the variation of peripheroacuta peripheroacuta.

Globorotalia (Fohsella) peripheroacuta pristina subsp.
novo [PI. 33, figs. 17-26]

See p. 16 for a full description of this subspecies.
Recorded only from the Kindan section (locality 100,
WABAG).

Globorotalia (Fohsella) peripheroronda Blow & Banner,
1966, p. 244, pI. 1, figs. la-c; pI. 2, figs. 1-3. [PI. 34,
figs. 1-9]

Specimens from WABAG agree in all respects with
specimens of G. (F.) peripheroronda from a slide in
the BMR foraminiferal collection labelled 'S8040.
Lower Socorro, Miocene, Eastern Falcon, Venezuela',
except that the PNG specimens are much larger. Most
of the PNG specimens are also larger than the holo
type, which has a maximum diameter of 0.31 mm.
The development of the apertural lip varies consider
ably and ranges from narrow and elongate (PI. 34,
figs. 4-5) to a broad imperforate flap extending from
the umbilical margin of the chamber, and completely
covering the umbilicus (PI. 34, figs. 6-7). The shape
of the dorsal chambers is also variable, resulting from
the degree of reflexion of the dorsal intercameral
sutures, which may be only slightly recurved, giving
tangentially elongate dorsal chambers.

In comparison with the holotype, the PNG specimens
are more regularly rounded, rather than slightly asym
metric, in edge view, and have a more convex dorsal
surface.

Recorded from the Kindan section, (locality 100,
WABAG) and sample 3359 (locality 137, OK TEDI).

Globorotalia (Fohsella) quini/aleata Saito & Maiya,
1973; Globorotalia quini/aleata Saito & Maiya, 1973,
p. 119, pI. 18, figs. 5a-c, 6a-c. [PI. 34, figs. 10-18]

Specimens of G. (F.) quinifaleata have been found
only in two samples at the base of the Kindan section
(locality 100, WABAG), in association with a fauna
indicating a planktonic zone N.8 age. These specimens
agree very closely with the description and figures
given by Saito & Maiya (1973); some specimens
develop pustules on the ventral surface of the early
chambers of the last whorl. This species shows a close
relationship to G. (F.) peripheroronda Blow & Banner,
1966; differences from this species additional to those
noted by Saito & Maiya are the smaller number of
chambers in the last whorl of quini/alcata (4-5 as
against 6), and the relatively larger last chamber of
quini/(Jlr:ata.

Globorotalia (Fohsella) wabagensis sp. novo [PI. 34,
figs. 19-28]

See p. 16 for a full description of this species.
Recorded from only sample F.888 in a section west
southwest of Laiagam (locality 103, WABAG).

Subgenus GloborotaIia Cushman, 1927

Bandy (1972) proposed the subgenus M enardella
with Globorotalia menardii (d'Orbigny) the type
species. As noted by Fleisher (1974), the evolutionary
development of the lineages discussed by Bandy is still
uncertain, and I follow Fleisher for the present in
regarding ]I/Ienardella as a synonym of Globorotalia.
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Globorotalia (Globorotalia) eultrata eultrata (d'Orbigny,
1839): Rotalina (Rotalina) eultrata d'Orbigny, in de
la Sagra, 1839, p. 76. [PI. 35, figs. 1-5]

A group of specimens from WABAG is referred to
G. (G.) eultrata cultrata. These are not as compressed
as the neotype selected by Banner & Blow (1960), or
as the hypotypes figured by Blow (1969). Most are
coiled, circular in outline, with a lobate equatorial
periphery, equally biconvex, and with limbate dorsal
intercameral and spiral sutures, at least in the last
whorl. Specimens of this kind are much more common
than more loosely coiled forms, oval in outline and
more strongly convex ventrally, which may be referred
to G. (G.) eultrata menardii. Blow (1969) noted the
same relative abundance in the Lengua Formation of
Trinidad.

Some specimens which are less convex ventrally
approach the morphological type of the subspecies G.
eultrata limbata, but lack the 'hockey-stick' shape of
the dorsal intercameral sutures; the sutures are limbate,
but are smoothly curved.

G. (G.) eultrata cultrata is recorded from the Kindan
section (locality 100, WABAG) and the Burgers
Mountains section (locality 16, WABAG).

Globorotalia (Globorotalia) cultrata menardii (Parker,
Jones & Brady, 1865): Rotalia menardii Parker, Jones
& Brady, 1865, p. 20, pI. 3, fig. 81. [PI. 35, figs. 6-9]

Rare specimens from two samples in the Kindan
section (locality lOO, WABAG) are referred to G.
eultrata menardii. As noted in the comments under
G. cultrata cultrata, specimens of menardii are rare
in the fauna, and are distinguished by their looser
coiling, oval outline, and more convex ventral surface.

The name G. (G.) eultrata menardii is used here as
defined by Blow (1969). Stainforth & others (1975)
have discussed the confusion in the use of this name,
and have in preparation an appeal to the International
Commission on Zoological Nomenclature with the pur
pose of resolving the problem.

Globorotalia (Globorotalia) ehrenbergi Bolli, 1957:
Globorotalia ehrenbergi Bolli, 1957, p. 77, pI. 20, figs.
18-20. [PI. 15, figs. 5-10]

Occurs frequently in sample 8084 (locality 112,
WABAG) and very rarely in sample 9039 (locality 65,
WABAG). The specimens are biconvex with a narrowly
rounded axial periphery, and agree well with the
original description and figures.

Globorotalia (Globorotalia) merotumida Blow &
Banner, 1965, in Banner & Blow, 1965, p. 1352, figs.
la-c. [PI. 35, figs. 10-16]

G. (G.) merotumida occurs commonly throughout
the upper half of the Kindan section (locality 100,
WABAG). Among the stratigraphically lowest speci
mens are some which are almost equally biconvex
rather than with a more strongly convex ventral sur
face, and which are relatively more compressed than
specimens in younger beds (see PI. 35, figs. 10-14).
The PNG specimens generally agree well in most
respects with the very detailed description given by
Blow & Banner (1965); only remnants of an apertural
lip have been observed. The specimen on Plate 35,
figs. 10-12 is slightly more circular and more lobate
than the holotype; the specimen on Plate 35, figs. 13-14
is very close to the holotype, differing only in having
slightly more depressed sutures between the last three



chambers; the specimen on Plate 35, figs. 15-16 is the
most tumid of the specimens referred to G. (G.) mero
tumida.

The coiling of the test appears to be the most variable
feature, and some of the more loosely coiling forms
could equally well be referred to G. (G.) tumida ple
siotumida Blow & Banner, 1965. Blow (1969), dis
cussing the differentiation of the taxa merotumida, ple
siotumida, and tumida, gave a height/ maximum dia
meter ratio for merotumida of the order of 1:2.2; how
ever, this ratio for the holotype is almost exactly
1: 2.0, and for a figured ideotype (Blow, 1969, PI. 45,
figs. 4 and 9), is about 1: 1.80. For the PNG specimens
the ratio ranges from 1: 1.77 to 1: 1.95.

The PNG specimens represent a development
towards tumidity as reflected by the height! maximum
diameter ratio falling at least in part within that of
G. (G.) merotumida. The appearance of this taxon
just above the base of zone N.16 marks the beginning
of evolutionary development of tumid tests in the late
Middle Miocene. The full range of variation of the
height/maximum diameter ratio of G. (G.) mero
tumida in different areas and at different stratigraphical
levels is not known; this feature could well be affected
by the environment.

Globorotalia (Globorotalia) praemenardii archeo
menardii Bolli, 1957: Globorotalia archeOl17enardii
Bolli, 1957, p. 119, pI. 28, figs. 11 a-c. [PI. 35, figs. 17
19]

Recorded rarely from a section southwest of Laia
gam (locality 108. W ABAG). The ratio of dorsal
ventral height to maximum diameter of the test in speci
mens referred to the subspecies archeomenardii ranges
from 2.1 to 2.3, as against a figure of about 2.5 given
by Blow (1969). The figured specimen is slightly larger
than the holotype, and is more sharply angulate on the
last chamber.

Globorotalia (G loborotalia) pseudomenardii BolIi,
1957: Globorotalia pseudomenardii BolIi, 1957, p. 77,
pI. 20, figs. 14-17. [PI. 15, figs. 11-15]

Recorded in the present material from samples 8136,
8142, and 9039 (localities 47, 35, and 65 respectively,
WABAG); previously recorded (Belford, 1967) from
localities 37, 97, and 105, WABAG.

Globorotalia (Globorotalia) quasimiocenica sp. novo
[PI. 36, figs. 1-11]

For a full description of this new taxon see p. 17.
Known only from sample F.432, Kindan section
(locality 100, WABAG), in beds of Late Miocene age.

Globorotalia (Globorotalia) tumida plesiotumida Blow
& Banner, 1965, in Banner & Blow, 1965, p. 1353, figs.
2a-c. [PI. 36, figs. 12-16]

As noted in the comments under G. (G.) mero
tumida, more loosely coiled and also less tumid speci
mens occur among PNG specimens; these are here
referred to G. (G.) tumida plesiotumida. The height!
maximum diameter ratio ranges from 1:2.06 to 1:2.37,
as against a figure of 1: 2.6, given by Blow (1969).
From the illustrations, the holotype has a ratio of
1: 2.36; another specimen figured by Blow (1969) has
a ratio almost exactly 1:2.0. The PNG specimens differ
from the holotype mainly in having a more circular
olltline.
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G. (G.) tumida plesiotumida has been recorded
from the upper beds of the Kindan section (locality
100, WABAG).

Globorotalia (Globorotalia) sp. 1 ex. gr. G. tumida
(Brady, 1877). [PI. 37, figs. 1-7]

Rare specimens from the upper beds of the Kindan
section (locality 100, WABAG) are placed here. The
dorsal surface is only slightly convex, and the ventral
surface strongly convex, with usually 5 and sometimes
6 chambers visible from the ventral side. The umbilicus
is wide and open; the ventral sutures are depressed
and radial, and the dorsal sutures obscured. A thick
keel is developed on all chambers.

The specimens resemble G. (G.) miocenica Palmer,
1945, but do not have the flat dorsal surface of this
species, and have a wider umbilicus. Insufficient speci
mens are available either to determine their affinities
or to justify their faunal description. They are con
sidered to be closer to the tumida group than to the
cultrata group, because of the number of chambers in
the last whorl, 5, while the cultrata group has 6 or
more. The maximum width/height ratio is also closer
to that of the tumida group. However, the specimens
also have a less restricted umbilicus than that of species
of the tumida group. Bizon & Bizon (1971) identified
as Globorotalia cf. merotumida some specimens which
are similar to the PNG specimens. The PNG specimens
are referable to the 'menardiform group' of Stainforth
& others (1975).

Globorotalia (Globorotalia) sp. 2. [PI. 37, figs. 8-9]

Only one specimen of this form has been found, in
the upper beds of the Kindan section (locality 100,
WABAG). It has a strongly biconvex test, and cannot
be identified as any described species.

Subgenus Hirsutella Bandy, 1972

Type species: Pulvinulina scitula Brady, 1882; figured
Brady, 1884, pI. 103, figs. 7a-c, as Pulvinulina patagonica
(d'Orbigny); by original designation.

Globorotalia (Hirsutella) scitula planaria subsp. novo
[PI. 37, figs. 1D-17]

See p. 17 for a full description of this species.
Recorded only from the Kindan section (locality 100,
WABAG).

Globorotalia (Hirsutella) scitula praescitula Blow,
1959: Globorotalia scitula praescitula Blow, 1959, p.
221, pI. 19, figs. 128a-c. [PI. 38, figs. 18-22]

Rare specimens occur in sample F.888 (locality 103,
WABAG), in a section southwest of Laiagam. The
specimen figured by Blow (1969, pI. 39, fig. 9) has
a more sharply angulate axial periphery than do the
PNG specimens, which closely resemble the holotype.

Globorotalia (Hirsutella) scitula scitula (Brady, 1882):
Pulvinulina scitula Brady, 1882, p. 716; figured Brady,
1884, pI. 103, figs. 7a-c, as Pulvinulina patagonica
(d'Orbigny). [PI. 37, figs. 23-26]

Recorded from several samples in the upper beds
of the Kindan section (locality 100, WABAG).

Globorotalia (Hirsutella) sp. 1. [PI. 37, figs. 27-31]

Rare specimens from the upper beds of the Kindan
section (locality 100, WABAG) are placed here. These
specimens are biconvex and oval in outline with a lobate



equatorial periphery, and narrowly rounded axial
periphery. Five chambers are visible from the ventral
side, the chambers increasing rapidly in size as added.

Subgenus MorozovelIa McGowran, 1964,
ill Luterbacher, 1964

Type species: PlIlvinlllina velascoensis Cushman, 1925; ori
ginal designation.

MoroZDvella was given generic status by Luterbacher
(1964), but was placed by McGowran (1968) as a
subgenus of Trullcorotaloides. Blow (1979) emended
the diagnosis and placed MoroZDvella as a subgenus of
Globorotalia; this is followed here.

Globorotalia (Morolovella) aequa aequa Cushman &
Renz, 1942: Globorotalia crassata (Cushman) var.
aequa Cushman & Renz, 1942, p. 12, pI. 3, figs. 3a-c.
[PI. 1, fig. 1; PI. 15, figs. 16-20]

G. (M.) aequa aequa has been recorded from several
samples from WABAG (see Figure 16). The specimens
have four chambers visible in the last whorl, and vary
in the proportion of the test formed by the last
chamber. The peripheral test muricocarina is not
clearly observed, because of the preservation of the
specimens.

Globorotalia (MoroZDvella) angulata allgulata (White,
1928): Globigerina angulata White. 1928, p. 191, pI.
27, figs. 13a-c. [PI. 15, figs. 21-23]

Recorded rarely from sample 8142 (locality 35,
WABAG) only; specimens compared to G. (M.)
angulata angulata were recorded by Belford (1967)
from sample F.342 (locality 97, WABAG).

Considerable variation is shown by published figures
of this species, mainly in the number of chambers per
whorl, in the angularity of the axial periphery, and in
the test profile which ranges from planoconvex to bi
convex. Blow (1979) discussed in some detail numerous
specimens referred to angulata and revised many deter
minations. The present specimens have 5 chambers
visible vent rally, are sharply angled only on the later
chambers of the last whorl, and have a small shallow
circular umbilicus.

Globorotalia (MoroZDvella) apanthesma Loeblich &
Tappan, 1957: Globorotalia apanthesma Loeblich &
Tappan, 1957, p. 187, pI. 48, figs. la-c; pI. 55, figs.
1a-c; pI. 58, figs. 4a-c; pI. 59, figs. 1a-c. [PI. 16, figs.
1-8]

Recorded from samples 8142 (locality 35, WABAG)
and 9039 (locality 65, WABAG); specimens compared
to G. (M.) apanthesma were recorded (Belford, 1967)
from a section on the Andebare River (locality 105,
WABAG).

Blow (1979) discussed in some detail the distinction
between G. (M.) apanthesma and G. (M.) angulata
angulata (White, 1928). The PNG specimens resemble
the holotypic form of G. (M.) apanthesma; one
specimen (PI. 16, figs. 6-8) has a sharp umbilical
shoulder on the last chamber, but earlier chambers have
rounded shoulders and the specimen is referred to
apan thesma.

Globorotalia (Morozovella) aragonensis Nuttall, 1930:
Globorotalia aragonensis Nuttall, 1930, p. 288, pI. 24,
figs. 6-8, 10-11. [PI. 1, fig. 8; PI. 16, figs. 9-16]

Recorded only from sample 9051 (locality 69,
WA BAG). Included here are specimens which are
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vcry similar to paratypes of Globorotalia naussi Martin,
1943 deposited in the National Museum of Natural
History, Washington, DC. Blow (1979) noted the
close similarity of G. naussi and G. marksi Martin,
1943 and the intermediate position of these morpho
types between G. (M.) aragonensis and G. (M.) len
si/ormis. with marksi being closer to lensi/ormis and
naussi closer to aragonensis. The PNG specimens are
closer to aragonensis and are included in the morpho
logically 'primitive' group of aragonensis, as distin
guished by Blow (1979). These 'primitive' forms are
also found in sample 9044 (locality 61, WABAG).

Globorotalia (Morolovella) lehneri Cushman & Jarvis,
1929: Globorotalia lehneri Cushman & Jarvis, 1929,
p. 17, p. 17, pI. 3, figs. 16a-c. [PI. 16, figs. 17-22]

Specimens referred to G. (M.) lehneri occur com
monly in sample 9051 (locality 69, WABAG); the
chambers are as radially elongate as those of the holo
type, and of specimens figured by Bolli (I957c), but
not as elongate as those of the specimens figured by
Blow (1979). Only one PNG specimen shows the small
groups of fused peripheral muricae noted by Blow
(1979) .

Glohorotalia (Morozovella) lensiformis Subbotina,
1953: Globorotalia lensiformis Subbotina, 1953, p.
214, pI. 18, figs. 4a-c, 5a--e. [PI. 17, figs. 1-5]

Recorded rarely from sample 9051 (locality 69,
WABAG). The specimens are closer in form to the
paratype figured by Subbotina than to the holotype;
they show some variation in the ratio between the size
of the last chamber and the remainder of the test.
Those specimens with a large last chamber (PI. 17,
figs. 1-3) can be separated from G. (M.) aequa aequa
by their convex dorsal surface. The specimens also
resemble G. (M.) aequa dolabrata Jenkins, 1966 but
have "a more open umbilicus and a narrowly rounded
axial profile.

Globorotalia (MoroZDvella) occ/usa occ/usa Loeblich
& Tappan, 1957: Globorotalia occ/usa Loeblich &
Tappan, 1957, p. 191, pI. 55, figs. 3a-c; pI. 64, figs.
3a-c. [PI. 17, figs. 6-14]

Rare specimens from sample 8136 (locality 47,
WABAG) are referred to G. (M.) occ/usa occ/usa.
Many specimens have a planoconvex rather than a
slightly biconvex test in axial profile.

G. (M.) occ/usa occ/usa has been previously
recorded (Belford, 1967) as Globorotalia velascoensis
acc/usa from a section and one sample from the Ande
bare River (localities 105 and 97, WABAG).

Globorotalia (MoroZDvella) occ/usa acutispira Bolli &
Cita, 1960: Globorotalia acutispira Bolli & Cita, 1960,
p. 375, pI. 33, figs. 3a-c. [PI. 17, figs. 14-21]

Specimens referred to M. acutispira occur abundantly
in sample 9039 (locality 65, WABAG). The specimens
vary in number of chambers per whorl and in the
convexity of the dorsal surface. The number of cham
bers in the last whorl is 4 or 5, and the specimens range
from equally biconvex to those with a more strongly
convex dorsal surface. In most specimens the umbilicus
is wider than in the holotype, which is a four-cham
bered specimen. Olsson (1969) discussed the variation
of G. (M.) occ/usa acutispira and figured four and
five-chambered variants; the five-chambered forms
have a more open umbilicus, as in the PNG specimens.
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Globorotalia (Morozovella) spinulosa spinulosa Cush
man, 1927: Globorotalia spinulosa Cushman, 1927, p.
114, pI. 23, figs. 4a-c. [PI. 17, figs. 22-26]

Following Blow (1979), this name is used for the
taxon illustrated, rather than G. (M.) crassata Cush
man, 1925. Bandy (1964) lectotypified G. crassata,
and Banner & Blow (1965) suggested that, as a result
of this, G. spinulosa Cushman became a synonym of
G. crassata. However, Blow (1979) reported the loss
of the lectotype of G. (M.) crassata, and stated that
remaining syntypes are not conspecific with the lecto
type selected by Bandy. Blow therefore recommended
that the name G. spinulosa be used in the interests of
stability of nomenclature.

The PNG specimens agree well with the description
and figures of G. (M.) spinulosa; the test is unequally
biconvex with usually 5 chambers in the last whorl and
a small umbilicus. The muricate peripheral margin and
dorsal and ventral sutures are not observed because
of poor preservation. The peripheral margin is con
tinuous; this was noted by Blow (1979) as a feature of
stratigraphically earlier specimens.

G. (M.) spinulosa spinulosa has been found only in
9051 (locality 69, WABAG).

Globorotalia (Morozovella) spinulosa coronata Blow,
1979, p. 1016, pI. 50, figs. 2-5, pI. 168, figs. 1-8; 229,
figs. 5-6; pI. 230, figs. 1-6. [PI. 18, figs. 1-3]

Blow (1969, p. 370) discussed this taxon; Berggren
(1969b, p. 360) used the manuscript name G. coronata
Blow, which is validated in Blow (1979).

Rare specimens from sample 9051 (locality 69,
WABAG) are referred to this subspecies. The specimens
are not well preserved, and do not show the muricae of
the specimens figured by Blow (1979); a muricocarina
is present, and the umbilical shoulders have thicken
ings which may have resulted from the development of
muricae. The umbilicus is wide, and the test unequally
biconvex.

Globorotalia (Morozovella) subbotinae gracilis Bolli,
1957: Globorotalia formosa gracilis Bolli, 1957, p. 75,
pI. 18, figs. 4-8. [PI. 1, fig. 9; PI. 18, figs. 4-9]

Recorded only from sample 9039 (locality 65,
WABAG). The specimens agree well with pub
lished descriptions and illustrations except that rare
specimens (see PI. 18, figs. 4-6) are equally biconvex.
This record from Papua New Guinea is older than
previously known occurrences, which have been only
from the latest Paleocene to Early Eocene.

Globorotalia (Morozovella) subbotinae marginodentata
Subbotina, 1953: Globorotalia marginodentata Sub
botina, 1953, p. 212, pI. 17, figs. 14a-c, 15a-c,
16a-c; pI. 18, figs. 1a-c, 2a-c, 3a-c. [PI. 18, figs. 10
17]

Specimens referred to G. (M.) subbotinae margino
dentata occur only in sample 9039 (locality 65,
WABAG). They agree well with the description and
figures given by Subbotina (1953); the test is biconvex,
often distinctly so in the central part of the dorsal
surface, with 4-5 chambers visible from the ventral
side. The chambers increase rapidly in size as added,
and are radially elongated to different degrees; rare
specimens have the final chamber smaller than the
preceding chambers. The specimens show the extreme
development of the peripheral test muricocarina noted
by Blow (1979). The strongly biconvex specimens
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resemble thm:e here referred to G. (M.) occlusa acuti
spira, but differ in the more strongly developed muri
cocarina.

Blow (1979) recorded marginodentata only from
the Early Eocene, and regarded it as an extreme
phenotype of the basic gracilis and subbotinae (s.s.)
morphotypes. Subbotina (1953) recorded it from the
Paleocene-Early Eocene, and Stainforth & others
(1975) from the Late Paleocene-Early Eocene. The
only recorded occurrence in Papua New Guinea is in
beds of Late Paleocene age.

Globorotalia (Morozovella) tadjikistanensis Bykova,
1953: G loborotalia tadjikistanensis Bykova, 1953, p.
86, pI. 3, figs. 5a-c. [PI. 18, figs. 18-23]

G. (M.) tadjikistanensis is recorded only from
sample 9039 (locality 65, WABAG). The specimens
are strongly biconvex, and agree well with the original
description and figures of the species, as well as the
figures given by Luterbacher ( 1964) and Samanta
(1973). The specimen figured by Samanta differs only
in having a sharply angled axial periphery. This fea
ture varies considerably in the PNG specimens, rang
ing from broadly to narrowly rounded.

G. (M.) tadjikistanensis may be, as suggested by
Blow (1979), an ecophenotypic variant of G. (M.)
angulata conicotruncata Subbotina, 1947 but is for the
present here retained as a separate species.

Globorotalia (Morozovella) velascoensis velascoensis
(Cushman, 1925): Pulvinulina velascoensis Cushman,
1925, p. 19, pI. 3, figs. 5a-c. [PI. I, fig. 2; PI. 19,
figs. 1-10]

Recorded from sample 9039 (locality 69, WABAG),
and previously recorded from this area (Belford, 1967)
from a section on the Andebare River (locality 105,
WABAG), and a section at Tibinini (locality 37,
WABAG).

Globorotalia (Morozovella) velascoensis acuta Toul
min, 1941: Globorotalia wilcoxensis Cushman & Ponton
var. acuta Toulmin, 1941, p. 608, pI. 82, figs. 6-8.
[PI. 19, figs. 11-15]

Recorded from samples 8136, 8142, and 9039
(localities 47,35, and 65 respectively, WABAG).

Globorotalia (Morozovella) velascoensis parva Rey,
1955:· Globorotalia velascoensis (Cushman) parva Rey,
1955, p. 209, pI. 12, figs. la-b. [PI. 19, figs. 16-18]

Rare specimens from sample 8142 (locality 35,
WABAG), are placed here. The specimens have a flat
dorsal surface, 4-4t chambers visible from the ventral
side, a small umbilicus, and thickened shoulders.

Globorotalia (Morozovella) velascoensis pasionensis
(Bermudez, 1961) : Pseudogloborotalia pasionensis
Bermudez, 1961, p. 1346, pI. 16, figs. 8a-b. [PI. 19,
figs. 19-23]

Blow (1979) noted that the specimen deposited in
the National Museum of Natural History, Washington,
DC, as the holotype of Pseudogloborotalia pasionensis
Bermudez is not the specimen figured by Bermudez
(1961). Blow figured a specimen said to be very simi
lar to the holotype. The specimen figured as the holo
type by Bermudez has 6 chambers in the final whorl,
and the species was described as having 6-7 chambers
in the last whorl. The specimen deposited as the holo
type was said by Blow to have about 9 chambers in



the final whorl, and the specimen figured by Blow as
very similar to the holotype has 9-10 chambers.

The PNG specimens generally have 6 chambers in
the final whorl, have a wide umbilicus, and a biconvex
axial profile. They are very similar to the specimen
originally figured by Bermudez (1961).

Specimens referred to G. (M.) velascoensis pasionen
sis occur frequently in sample 9039 and rarely in
sample 8142 (localities 65 and 35 respectively,
WABAG); the species was recorded previously
(Belford, 1967) from a section at Tibinini (locality 37,
WABAG).

Globororalia (Morozovella) sp. 1. [PI. 20, figs. 4-8]

Only one specimen of this form has been found, 10

sample 9039 (locality 65, WABAG). It is similar to
the specimen figured by Bolli (1957. pI. 17, figs. 10
12) as transitional from Globorotalia uncinata to G.
angulata. Stainforth & others (1975) placed this speci
men in the synonymy of angulata. The PNG specimen
has a wider umbilicus than does G. (M.) angulata
angulata. and has more sharply angled umbilical
shoulders, particularly on the last chamber.

Globorotalia (Morozovella) sp. 2. [PI. 20, figs. 1-3]

Only two specimens of this form have been found,
both from sample 8142 (locality 35, WABAG). Each
specimen is biconvex, with a thick muricocarina
developed; one has 7 chambers in the final whorl and
the other, 8. The umbilicus is small, open, and deep.
The ventral sutures are straight, radial, and depressed,
and the dorsal sutures curved and refiexed. One
specimen has a raised spiral suture.

Subgenus Truncorotaloides Bronnimann & Bermudez,
1953

Type species: Truncorotaloides rohri Bronnirnann & Ber
rnudez, 1953; by original designation.

Globorotalia (Truncorotaloides) topilensis topilensis
(Cushman, 1925): Globigerina topilensis Cushman,
1925. pI. I, figs. 9a-c. [PI. I, figs. 13-15, 18; PI. 20,
figs. 9-13]

Found frequently in sample 9051 (locality 69,
WABAG) only. The specimens are muricate, but lack
the well-developed muricae shown on the specimens
illustrated by Blow (1979). The lateral angulation of
the chambers, particularly of the last chamber, is well
shown; no supplementary dorsal apertures have been
observed.

Specimens referred to the G. (T.) topilensis group
have also been observed in thin sections of limestones
from OK TEDI.

Subgenus Turborotalia Cushman & Bermudez, 1949

Type species: Globorotalia centralis Cushrnan & Berrnudez,
1937; by original designation.

Globorotalia (Turborotalia) acostaensis acostaensis.
Blow. 1959, p. 208, pI. 17, figs. 106a-c, 107. [PI. 38,
figs. 1-5] .

Rare specimens of G. (T.) acostaensis acostaensis
occur in the upper part of the Kindan section (locality
100, WABAG). Most specimens have the final chamber
smaller than the preceding chamber, as noted by Blow
(1969); similar specimens were figured by Jenkins &
Orr (1972. pI. 19. fig. 9). The umbilicus of each of the
present specimens is often covered by an extension of
the well-developed apertural lip.

G loborotalia (Turborotalia) birnageae Blow, 1959:
Globorotalia birnageae Blow, 1959, p. 210, pI. 17, figs.
108a-c. [PI. 38, figs. 6-10]

Recorded from sample F.875 in a section west-south
west of Laiagam (locality 103. WABAG). The holo
type has five chambers in the last whorl, with the final
chamber smaller than the previous chambers and with
a distinct lip. An apertural lip is shown by some. but
not all, of the unfigured paratypes (USNM 625710),
which also have generally six chambers in the last
whorl, one specimen having 6t. One PNG specimen
(PI. 38, figs. 6-8) which is particularly close to the
para types, shows remnants of an apertural lip.

The PNG specimens agree closely with a para type
figured by Blow (1969), and are also very similar to
specimens of G. (T.) birnageae from the Pungo River
Formation, Aurora, North Carolina, forwarded by Dr
T. Gibson of the US Geological Survey, Washington,
DC.

Globorotalia (Turborotalia) compressa compressa
(Plummer. 1926): Globigerina compressa Plummer,
1926, p. 135, pI. 8, figs. I la-c. [PI. 20, figs. 14-21]

Recorded frequently from sample 8084 (locality 112,
WA BAG) only. Specimens placed here range from oval
to quadrate in outline, and from being slightly to
strongly convex dorsally, but all have a narrowly
rounded axial periphery, radial depressed ventral
sutures, and curved slightly reftexed dorsal sutures.
This species is widely recorded, and is characteristic
of the Early Paleocene.

Globorotalia (Turborotalia) continuosa Blow. 1959,
p. 218. pI. 19, figs. I 25a-c. [PI. 38, figs. 11-16]

Rare specimens of G. (T.) continuosa occur in the
upper part of the Kindan section (locality lOO,
WABAG); all have four chambers in the final whorl.
A distinct apertural lip is present, and some specimens
have an atypical very reduced last chamber covering
the umbilicus (PI. 38, figs. 14-16). These specimens
resemble that figured by Jenkins & Orr (1972, pI. 21,
fig. I), and also resemble in gross morphology PNG
specimens referred to G. (T.) opil11u nana. Specimens
of G. (T.) continuosa have a more arched aperture.

Globorotalia (Turborotalia) haullSbergensis Gohrbandt,
1963: Globorotalia haunsbergensis Gohrbandt, 1963,
p. 53, pI. 6, figs. 10-12. [PI. 20, figs. 22-27]

Recorded rarely from sample 8084 (l,)cality 112,
WABAG) only. The specimens arc biconvex, with a
narrowly rounded axial periphery, and vary in the rela
tive convexity of the dorsal and ventral surfaces. They
agree well with the original description and figures. The
dorsal sutures are curved, as in the holotype. Blow
(1979) stated that in most specimens the dorsal sutures
are radial.

G loborotalia (Turborotalia) inconstans (Subbotina,
1953): Globigerina inconstans Subbotina, 1953, p. 58,
pI. 3, figs. la-c, 2a-e. [PI. 21, figs. 1-12]

As noted in the discussion under G. (Acarinina)
praecursoria praecursoria, specimens with rounded
chambers and radial dorsal sutures arc placed in G.
(T.) inconstans. The opinion of Blow (1979) -that
Globorotalia trinidadensis Bolli, 1957 is a synonym of
Globigerina inconstans-is followed. Stainforth & others
(1957) stated that inconstans differs from trinidadensis
in having fewer chambers in the last whorl and in its
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smoother surface. However, the type specimens of both
inconstans and trinidadensis have 6 chambers visible
from the ventral side; trinidadensis was originally
described as having a smooth surface, with the early
chambers often slightly rugose.

G. (T.) inconstans has been found only in sample
8084 (locality 112, WABAG). Several specimens have
the final chamber of the last whorl offset from the
normal progression of the spire.

Globorotalia (Turborotalia) kugleri BoIli, 1957, p. 118,
pI. 28, figs. 5a-c, 6. [PI. 38, figs. 17-19]

Recorded rarely from a section south of Crater Lake
(locality 147, WABAG), the Laiagam section (locality
I I 8, WABAG), and two isolated samples, F.239 and
Ab.80 (localities 59 and 8 respectively, W ABAG).

Globorotalia (Turborotalia) obesa BoIIi, 1957, p. 119,
pI. 29, figs. 2a-c, 3. [PI. 38, figs. 20-22]

Recorded from several samples in the Kindan section
(locality 100, WABAG), from the Burgers Mountain
section (locality 16, WABAG), from the Laiagam
section (locality I 18, WABAG), and from numerous
isolated samples (see Figures 6 and 16).

G loborotalia (Turborotalia) opima nana Bolli, 1957:
Globorotalia opima nana Bolli, 1957, p. 118, pI. 28,
figs. 3a-:::. [PI. 38, figs. 23-31]

Occurs at localities 106, 118, and 137, WABAG.
The specimens are small, tightly coiled with a closed
umbilicus, and 4-4t chambers in the final whorl. The
Iow slit-like aperture has a well-developed lip on most
specimens. As noted on p. 32, some specimens are
associated with a N.8 fauna; the relationships of these
faunas require further investigation.

Globorotalia (Turborotalia) pseudobulloides (Plummer,
1926): Globigerina pseudobulloides Plummer 1926, p.
133, pI. 8, figs. 9a-c. [PI. 21, figs. 13-16]

Recorded rarely from sample 8084 (locality 112,
WABAG).

Globorotalia (Turborotalia) pusilla BoIIi, 1957: Globo
rotalia pusilla pusilla BoIIi, 1957, p. 78, pI. 20, figs.
8-10 [not figured]

Rare specimens of this species have been found only
in sample F.342 (locality 97, WABAG); it was figured
by Belford (1967).

Globorotalia (Turborotalia) siakensis (LeRoy, 1939):
Globigerina siakensis LeRoy, 1939, p. 262, pI. 4, figs.
20-22. [PI. 39, figs. 1-12]

Recorded from several samples throughout WABAG
and OK TEDI (see Figures 6, 8, 9, 11, 12-14, 16).
The specimens range in outline from circular to oval
and the dorsal sutures range from radial to somewhat
reflexed; some specimens (PI. 39, figs. 5-6) show
slightly curved dorsal sutures on the later chambers.
The chambers are not as appressed as those of G. (T.)
mayeri. Several specimens show strong involution of the
chambers on the dorsal side.

Globorotalia (Turborotalia) subscitula Conato, 1964:
Globorotalia scitula Brady var. subscitula Conato, 1964,
p. 290, pI. 2, figs. 16a-c. [PI. 39, figs. 13-19]

Rare specimens found only in the upper part of the
Kindan section (locality 100, WABAG) are referred
to G. (T.) subscitula. The holotype and paratype are
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oval in outline, with 5 chambers visible from the
ventral side; the present specimens are more circular,
with 4 to 4t chambers visible ventrally, and compare
very closely to the specimen from Jamaica figured by
Blow (1969, pI. 3, figs. 1-3). Some of the PNG speci
mens develop a last chamber often smaller than the
preceding chambers, and have an acute periphery; all
specimens of this kind occur at the top of the strati
graphical range of subscitula as recorded in the Kindan
section.

The PNG specimens are smaller and slightly less
lobate than specimens from Bowden, Jamaica, in the
collection of the National Museum of Natural History,
Washington, DC, but are otherwise identical. G. (T.)
subscitula of Blow (1969, pI. 39, fig. 8) has a
strongly convex dorsal surface and angulate final
chamber; it is similar to the PNG specimens, but is
much larger.

G loborotalia (Turborotalia) variospira sp. nov. [PI. 24,
figs. 15-17; PI. 25, figs. 1-7]

For a full description of this species see p. 18.
Recorded only from sample 9039 (locality 65,
WABAG).

Genus Globorotaloides Bolli, 1957
Type species: Globorotaloides variabilis Bolli, 1957; by ori
ginal designation.

Globorotaloides suteri BoIIi 1957, p. 117, pI. 27, figs.
9a-:::, 10a-b, I I a-b, 12a-b, l3a-b. [PI. 39, figs. 20
24]

Occurs rarely in sample F.436, near the base of the
Kindan section (locality 100, W ABAG).

Genus Hantkenina Cushman, 1925
Type species: Hantkenina alabamensis Cushman, 1925; by
original designation.

Subgenus Aragonella Thalmann, 1942

Type species: Hantkenina mexicana Cushman var. arago
nensis Nuttall, 1930; by original designation.

Hantkenina (Aragonella) mexicana mexicana Cushman,
1925: Hantkenina mexicana Cushman, 1925, p. 3, pI.
2, fig. 2. [PI. 21, figs. 17-19]

Ramsay (1962) discussed the morphological varia
tion of H. mexicana Cushman, and regarded it as pro
bable that the variety aragonensis of NuttaIl (1930)
should be placed in synonymy. Blow (1979) followed
this, but recognised subspecific differentiation within
H. mexicana and also placed other species in the
synonymy of H. mexicana mexicana.

The PNG specimens range in chamber shape from
inflated (PI. 21, fig. 17) to more compressed and
tangential (PI. 2 I, figs. 18-19). H. mexicana mexicana
is recorded only from sample 9051 (locality 69,
WABAG).

Hantkenina (Aragonella) mexicana dumblei Wein
zierl & Applin, 1929: Hantkenina dumblei WeinzierI &
Applin, 1929, p. 402, pI. 43, figs. 5a-b. [PI. 21, figs. 20
22]

Recorded commonly from sample 9051 (locality
69, WABAG) only. The PNG specimens agree well
with the illustration of the lectotype given by Bol1i,
Loeblich, & Tappan (1957) and with specimens figured
by Blow (1979). The appressed chambers, the lateral1y
compressed test, and the tubulospines rising from more
anterior parts of the chambers are clearly shown.



Genus Hastigerina Thomson, 1876
Type species: Has/igerina murrayi Thomson, 1876; by ori
ginal designation (monotypy).

Has/igerina siphonijera praesiphonijera Blow, 1969,
p. 408, pI. 54, figs. 7-9. [PI. 40, figs. 1-7]

Recorded frequently throughout the Kindan section
(locality 100, WABAG). The specimens show a wide
range of variation in coiling from closely to loosely
coiled (see illustrations). The early trochospiral coiling
is visible, and the aperture is not fully symmetrical. The
chambers are not as broadly inflated as the lectotype
of H. siphonijera siphonijera (d'Orbigny, 1839) figured
by Banner & Blow (l960b).

Genus Muricoglobigerina Blow, 1979
Type species: Globigerina soldadoensis Bronnimann, 1952;
by original designation.

Muricoglobigerina aquiensis (Loeblich & Tappan,
1957): Globigerina aquiensis Loeblich & Tappan, 1957,
p. 180, pI. 51, figs. 4a-c, 5a-c; pI. 56, figs. 4a-c,
5a-c, 6a-c. [PI. 22, figs. 1-3]

Rare specimens from sample 8142 (locality 35,
WABAG) compare very closely with the type speci
mens of this species. They are not as high-spired as
the holotype, but show the lower coil of the paratypes.
Blow (1969) stated that the high-spired appearance of
the holotype is more apparent than real, and is
caused by the abortive end chamber not being added
in the normal progression of the spire. The specimens
have a four-chambered whorl, the test surface is hispid
to pustulose, and the aperture is arched. The well
developed muricae illustrated by Blow (1979) have not
been observed.

Muricoglobigerina mckannai (White, 1928): Globige
rina mckannai White, 1928, p. 194, pI. 27, figs. l6a-c.
[PI. 22, figs. 4-8]

Recorded rarely only from sample 8142 (locality
35, WABAG) in the present material. Previously
recorded (Belford, 1967) from sequences near the
Andebare River and near Tibinini, here given locality
numbers 105 and 37, respectively (WABAG).

Muricoglobigerina soldadoensis anglllosa (Bolli, 1957):
G lobigerina soldadoensis angulosa Bolli, 1957, p. 71,
pI. 16, figs. 4-6. [PI. 22, figs. 9-12]

Specimens referred to M. soldadoensis angulosa have
been found rarely only in sample 9051 (locality 69,
WABAG). The specimens are 4 to 5 chambered in the
last whorl. with a wide umbilicus. depressed dorsal
wtures, and straight reflexed ventral sutures. Some
specimens have the final chamber smaller than the
previous chambers. The lateral compression and angu
larity of the chambers are clearly shown in ventral
view; dorsally, the chambers are tangentially elongate.
The well-developed muricae illustrated by Blow (1979)
are not present, probably because of the preservation
of the specimens.

Genus Orbulina d'Orbigny, 1839
Type species: Orbulina universa d'Orbigny, 1839; by ori
ginal designation (monotypy).

Orbulina suturalis Bronnimann, 1951, p. 135, text-fig.
2, figs. 1-2, 5-8, 10; text-fig. 3, figs. 3-8. 11, 13-16,
18, 20-22; text-fig. 4, figs. 2-4, 7-12, 15-16, 19-22.
[PI. 40, figs. 8-9]
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O. sllturalis occurs commonly in most samples from
Middle Miocene and younger beds. In the Kindan
section, because of the wide sampling intervals, the
precise level at which this species appeared cannot be
fixed, and its development from ancestral forms, as
documented from other areas, cannot be traced in
detail. However, the information available shows that
Orbulina evolved as recorded in many other areas
through the sequence from Globigerinoides sicanus and
the Praeorbulina group.

Orblllina universa d'Orbigny, 1839, p. 2, pI. I, fig. 1.
[PI. 40, fig. 10]

A common element in the fauna of Middle Miocene
and younger beds; appears about 300 metres above the
base of the Kindan section (locality 100, WABAG),
and is then found throughout the section.

Genus Praeorbulina Olsson, 1964

Type species: Globigerinoides glomerosa glomerosa Blow,
1956; by original designation.

Praeorbulina glomero.la circularis (Blow, 1956): Glo
bigerinoides glomerosa circularis Blow. 1956, p. 65,
text-fig. 2, figs. 3-4. [PI. 40, figs. 11-12]

Recorded from a section southwest of Laiagam,
locality 108, WABAG and also from isolated samples
in OK TEDI and WABAG (see Figures 6 and 16).

Praeorblllina glomerosa curva (Blow, 1956): Globige
rinoides glomerosa cllrva Blow, 1956, p. 64, text-fig. 1,
figs. 9-14. [PI. 40, figs. 14-15]

Recorded rarely at the base of the Kindan section
(locality 100, WABAG), and in sections southwest
and west-southwest of Laiagam (localities 108 and 103
respectively, WABAG); also recorded from isolated
samples in OK TEDI and WABAG (see Figures 6
and 16).

Praeorblllina glomerosa glomerosa (Blow, 1956) :
Globigerinoides glomerosa glomerosa Blow, 1956, p. 65,
text-fig. 1, 15-19; text-fig. 2, figs. 1-2. [PI. 40, fig. 13]

Rare forms assigned to P. glomerosa glomerosa occur
in sample F.435 at the base of the Kindan section
(locality 100, WA BAG) and in a section southwest
of Laiagam (locality 108, WA BAG); these specimens
are transitional to P. glomerosa cllrva.

Specimens referable to the Praeorblllina glomerosa
group also occur in fine-grained limestones from several
localities (see PI. 11).

Praeorblllina sicana sicana (de Stefani, 1952): Glo
bigerinoides sicana de Stefani, 1952, p. 9. [PI. 31, fig.
16]

Blow (1969) concluded that the name Globigeri
noides sicanus had priority over the name G. bis
phericlls Todd, 1954. However, while some workers
have used the name sicanus, others retained the usage
of bisphericlls. Jenkins & others (1981) referred to
these different usages, and from an examination of the
holotype of each species decided that they could be
separated; sieanus was transferred to the genus Prae
orbulina. The PNG specimens show the features listed
by Jenkins & others (1981) for P. sieana.

P. sicana sicana has been recorded from several
sections and isolated samples (see Figs. 6, 8, 9, 12, 13
and 16).



Praeorbulina transitoria (Blow, 1956): Globigerinoides
transitoria Blow, 1956, p. 65, text-fig. 2, figs. 12-15.
[PI. 40, fig. 16]

Occurs abundantly in samples at the base of the
Kindan section (locality 100, WABAG), and is
common in sections southwest and west-southwest of
Laiagam (localities 103 and 108 respectively,
W ABAG), in the Burgers Mountain section (locality
16, WABAG), and in isolated samples (see Figures
6 and 16).

Genus Sphaeroidinellopsis Banner & Blow, 1959
Type species: Sphaeroidillella delliscells subdelliscells Blow,
1959; by original designation.

Sphaeroidinel/opsis seminulina seminulina (Schwager,
1866): Globigerina seminulina Schwager, 1866, p. 256,
pI. 7, fig. 112. [PI. 40, figs. 17-18]

Occurs as a rare to abundant element of the fauna
in several sections and isolated samples.

Genus Streptochilus Bronnimann & Resig, 1971
Type species: Bolivilla tokelauae Boersma, 1969 (in Kier
stead & others, 1969); by original designation.

Streptochilus globigerum (Schwager, 1866): Textilaria
globigera Schwager, 1866, p. 252, pI. 7, fig. 100. [PI.
40, figs. 19-23]

Specimens referred to Streptochilus globigerum have
been found in samples from the upper beds of the
Kindan section (locality 100, WABAG). Only rare
specimens show the apertural collar and connection
with the margin of the previous aperture; in most cases
these are either removed by abrasion, or obscured by
infilling of the test. The reticulate test wall similarly
is shown only by few specimens.

Steptochilus sp. [PI. 12, figs. 19-24]

Specimens placed here have been observed only in
thin sections of fine-grained limestones thought to be
Late Oligocene-Early Miocene in age. Only the biserial
test form has been observed, and no data are available
on apertural characteristics or wall texture.

Genus Subbotina Brotzen & Pozaryska, 1961
Type species: GlobiRerilla triloculinoides Plummer, 1926;
by original designation.

Subbotina frontosa frontosa (Subbotina, 1953); Glo
bigerina frontosa Subbotina, 1953, p. 84, pI. 12, figs.
3a-c (fide Blow, 1979). [PI. 22, figs. 13-18]

Occurs rarely in sample 9051 (locality 69, WABAG)
only. The specimens closely resemble the holotype, with
four chambers visible from the ventral side, a hi~h

arched aperture, and a convex dorsal surface.

Subbotina frontosa boweri (Bolli, 1957): Globigerina
boweri Bolli, 1957, p. 163, pI. 36, figs. I a-c, 2a-b. [PI.
22, figs. 19-27]

Rare specimens assigned to this species occur in
sample 9051 (locality 69, WABAG). Stainforth &
others (1975) regarded S. boweri as a synonym of S.
frontosa, but the distinction as recognised by Blow
(1979) at the subspecific level is followed here. The
PNG specimens range from forms with appressed
chambers (PI. 22, figs. 22-24) to forms with more
open coiling (PI. 22, figs. 19-21) which resemble in
ventral view S. frontosa frontosa. However, the tests
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have a distinct dorsal flattening which is not shown by
S. frontosa frontosa.

Subbatina inaequispira (Subbotina, 1953): Globigerina
inaequispira Subbotina, 1953, p. 69, pI. 6, figs. 1a-c,
2a-c, 3a-c, 4a-c. [PI. 23, figs. 1-8]

This species was described from the Lower and
Middle Eocene beds of the Caucasus, but in the present
material has been recorded from samples 8142 and
9039 (localities 35 and 65 respectively, WABAG) of
Late Paleocene age, and sample 9040 (locality 64,
WABAG) of Middle Eocene age. Rare, poorly pre
served specimens in samples 9051 and F.184 (localities
69 and 80 respectively, WABAG) are also possibly
referable to S. inaequispira.

None of the present specimens have radially elongate
chambers, but this is not a constant feature of the
species and, in the original material, is clearly shown
by only one paratype. The PNG specimens from the
Eocene do have a more elongate final chamber than do
those from the Late Paleocene, but this is the only
difference to be observed. EI-Naggar (1966) figured
from the Paleocene of the Esna-Idfu region, Egypt,
specimens with elongate chambers which he referred
to inaequispira; these specimens are closely comparable
to inaequispira, as was noted by Samanta (1973).
Other records of S. inaequispira in Paleocene beds are
given by Loeblich & Tappan (1957), Olsson (1960),
and Hillebrandt (1962). However, Hillebrandt (1962)
and Blow (1979) considered the specimens figured by
Loeblich & Tappan (1957) as G lobigerina inaequispira
not to be referable to this species. Hillebrandt (1962)
also considered the identification of G. inaequispira by
Olsson (1960) as incorrect.

Blow (1979) gave the stratigraphical range of S.
inaequispira as the later part of the Early Eocene to the
later part of the Middle Eocene. The PNG specimens
from the Late Paleocene resemble very closely the ori
ginal type specimens and also specimens figured by
Blow (1979, pI. 180 and 185) as characteristic of the
species, and are referred to S. inaequispira. Some of the
PNG specimens have a slightly broader last chamber.
S. triangularis (White) in the sense of Bolli (1957)
is also similar to the PNG specimens, but is a more
closely coiled form with a smaller umbilicus.

Subbotina linaperta (Finlay, 1939): Globigerina lina
perta Finlay, 1939, p. 125, pI. 23, figs. 54-57. [PI. 23,
figs. 9-15]

Recorded only from samples F.174 and F.184
(localities 77 and 80, WABAG). One specimen (PI.
23, figs. 9-11) is very close to the holotype, which
was. refigured by Hornibrook (1958) and by Jenkins
(1971). Some specimens have a bulla-like final
chamber varying greatly in size and obscuring the
umbilicus. One specimen of this kind was figured by
Jenkins (1971). Jenkins' specimen does not have the
distinctively compressed chambers of the holotype; the
PNG specimens are also less compressed.

Subbotina pseudoeocaena (Subbotina, 1953): Globige
rina pseudoeocaena var. pseudoeocaena Subbotina,
1953, p. 81, pI. 4, figs. 9a-c only (fide Blow, 1979).
[PI. 23, figs. 16-21]

Rare large specimens from sample 9051 (locality 69,
W ABAG) agree well with the description and figures
given by Subbotina (1953). Included here are forms
which Blow (1979) considered to be intermediate
between S. inaequispira and S. pseudoeocaena.



Subbotina triloculinoides (Plummer, 1926): Globigerina
triloculinoides Plummer, 1926, p. 134, pI. 8, figs.
lOa-b. [PI. 24, figs. 1-5]

Recorded frequently from samples 8136, 8142, and
9039 (localities 47, 35, and 65 respectively, WABAG).
Previously recorded (Bel ford, 1967) from localities
37, 105, and 146, WABAG.

Subbotina velascoensis (Cushman, 1925): Globigerina
velascoensis Cushman, 1925, p. 19, pI. 3, figs. 6a-c.
[PI. 24, figs. 6-14]

Recorded from samples 8136, 8142, and 9039
(localities 47, 35, and 65 respectively, WABAG). As
noted by Bolli (1957), the holotype is a poorly pre
served and deformed specimen. Blow (1979) used the
name velascoensis in the sense of the specimens figured
by Bolli, and that usage is followed here. The PNG
specimens agree well with the specimens illustrated by
Bolli and some show a porticus bordering the aperture.

Subbotina sp. 1. [PI. 25, figs. 8-10]

Only one specimen of this species has been found,
in sample 9039 (locality 65, W ABAG). The test is
high-spired and closely coiled, with the chambers
increasing rapidly in size as added.' The umbilicus is
small, and the aperture a small low arch.

Subbotina sp. 2. [PI. 25, figs. 11-13]

Only one specimen of this high-spired form has
been found, in sample 9051 (locality 69, WABAG).
The test has four chambers to a whorl, the chambers
being inflated and globular, separated by deeply
depressed sutures. The final chamber largely covers the
umbilicus, and the aperture is large and arched.

Subbotina sp. 3. [PI. 26, figs. 1-3]

This is also a high-spired species, represented only
by one specimen from sample 9051 (locality 69,
WABAG). It is more tightly coiled than is S. sp. 2,
with appressed chambers, smaller lower aperture, and
with the last chamber smaller than the previous
chambers.

Subbotina sp. 4 [PI. 26, figs. 4-11]

Numerous specimens of this small form have been
found in sample 9039 (locality 65, WABAG). These
are tightly coiled forms with appressed, but not laterally
elongate, chambers, having 3 or slightly more than 3
chambers in the last whorl. The umbilicus is small, and
the aperture is bordered by a porticus.

The PNG specimens resemble a specimen of S.
linaperta (Finlay, 1939) figured by Blow (1979, pI.
160, fig. 7) and are probably referable to this species
group. The chambers are not as laterally compressed
as a specimen of S. bakeri (Cole, 1927) figured by
Blow (1979, pI. 160, fig. 5). The present specimens
resemble specimens from Late Paleocene beds of the
Wangerrip Group, western Victoria, referred to by
McGowran (1965) as Globigerina aff. linaperta.

Subbotina sp. 5. [PI. 26, figs. 12-16]

This is a large, high-spired species with four cham
bers to a whorl, found rarely in samples 9040 and 9051
(localities 64 and 69 respectively, WABAG). Most
specimens have a small bulla-like last chamber, either
strongly or completely covering the umbilicus.

The PNG specimens may be referable to the Sub
botina corpulenta group. They are more high-spired
than the holotype of S. corpulenta, but are similar to a
paratype (Subbotina, 1953, pI. 10, figs. 3a-c).

DESCRIPTIONS OF NEW TAXA

Globorotalia (Clavatorella) prolata sp. novo [PI. 33,
figs. 1-9]

Materials examined: 15 specimens, many broken.

Derivation of name: From the Latin prolatus, extended,
elongate, referring to the elongate chambers.

Diagnosis: A species of Clavatorella with well-separated
chambers, test surface finely reticulate, also finely hispid
on some specimens. Aperture with narrow portieus,
and relict aperture on penultimate chamber of some
specimens.

Description: Test low, troehospiral, umbilicus wide,
open, consisting of 10 to 12 chambers in two whorls,
4 or 5 chambers visible from ventral side. Chambers
of first whorl tightly coiled, increasing only slowly in
size, those of second whorl increasing rapidly in size
and becoming radially elongate, more loosely coiled
and distinctly separated. Dorsal and ventral sutures
narrow, deeply depressed, radial. Wall of test perforate,
surface finely reticulate. on some specimens also finely
hispid. Aperture interiomarginal, umbilical-extraum
bilieal, arched, with imperforate umbilical extension
(porticus) developed on last two chambers of some
specimens: a relict aperture is present occasionally
along umbilical margin of porticus of penultimate
chamber.
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Dimensions Max. diameter Min. diameter Height

Holotype 0.51 mm 0.40 mm 0.25 mm

Paratype A 0.50 mm 0.40 mm 0.25 mm
Paratype B 0.44 mm 0.33 mm 0.24 mm
Paratype C 0.41 mm 0.27 mm 0.20 mm
Paratype D 0.31 mm 0.24 mm 0.17mm

Occurrence: Holotype (CPC 21996), and paratypes A
to 0 (CPC 21997 to 22000) from sample F.434,
Kindan section, locality 100, Wabag 1: 250000 Sheet
area, Papua New Guinea; known only from this sample.
U nfigured paratypes are deposited under CPC 2200 I,
and also in the ESCAP Fossil Reference Collection held
at the Bureau of Mineral Resources under number E.871.

Type level: Early Miocene; planktonic zone N.8.

Remarks: The new species prolata is placed in the sub
genus Clavatorella following the criterion given by
Blow (1969), namely that this is a useful taxonomic
category for turborotalid forms with clavate, radially
elongate adult chambers. Small forms of G. (C.) pro
lata sp. novo show its turborotaliid relationships. The
test is clearly trochospiral and there is no development
of an apparent biumbilicate test, as noted by Blow
(1969) for G. (C.) bermudezi.

G. (C.) prolata sp. novo does not have as highly
arched an aperture as does the type-species of this



subgenus, G. (C.) bermudezi (Bolli) , particularly
towards the equatorial periphery. Blow (1965) sug
gested that the aperture originally shown for G. (C.)
bermudezi is a misdrawing. Edge views of bermudezi
published by Blow (1965; 1969) show that the aperture
is strongly arched near the equatorial periphery, and
can give the impression of elongation of the aperture
into the apertural face in the plane of coiling. The
aperture of prolata sp. novo is uniformly arched, and is
not strongly developed on small forms.

The chambers of G. (C.) prolata sp. novo are more
clearly separated than are those of other described
species of this subgenus.

Blow (1965) noted that Clavatorella is the Neogene
analogue of the Cretaceous genus Clavihedbergella
Banner & Blow, 1959, but differs in that it lacks a
porticus or well-marked relict apertures. On some
specimens of G. (C.) prolata sp. nov., a relict aperture
can be seen on the penultimate chamber. G. (C.) oveyi
Buckley, 1973 is the only other described species
referred to Clavatorella which has distinct relict aper
tures and portici.

Type level: Early Miocene, planktonic zone N.8.

Remarks: The rounded periphery of the early chambers
of the last whorl, and the narrowly rounded later
chambers, indicate a relationship between the present
specimens and the species described by Blow & Banner
( I 966) as G. (T.) peripheroacuta, and for this reason
the new taxon is introduced at subspecific level. It
differs from G. (T.) peripheroacuta peripheroacuta in
having 5 chambers in the last whorl as against 6, in
having a relatively larger last chamber, and in the
more compressed test.

The full range in test shape and test profile in edge
view is shown by the holotype and figured paratypes.
The profile of the last chamber ranges from that of the
holotype, broad and with a change in curvature near the
periphery, to that of paratypes C and D, smoothly
sloping throughout and more compressed. Paratype C
is the largest specimen found and also has the most
narrowly rounded periphery, and a circular outline.

G loborotalia (Fohsella) wabagensis sp. novo [PI. 34,
figs. 19-28]

Occurrence: Holotype (CPC 22018) and paratypes A
to D (CPC 22019 to 22022) from sample F.888 in a
section west-southwest of Laiagam, locality 103, Wabag
! :25? 000 Sheet area, Papua New Guinea; found only
m thIS sample. Unfigured paratypes are deposited under

Material examined: 38 specimens.

Derivation of name: From the town of Wabag, Central
Highlands, Papua New Guinea.

Diagnosis: A biconvex species of Fohsella with 4 or
5 chambers in the last whorl, broadly rounded axial
periphery, pustulose ventral surface near umbilicus
and interiomarginal aperture; narrow, thick apertural
lip.

Description: Test trochoid, dorsal surface evolute,
ventrally involute, umbilicus very narrow or closed,
oval to circular in outline, equatorial periphery lobate,
axial periphery rounded. Profile in edge view ranging
from slightly convex dorsally and strongly convex ven
trally, to equally biconvex, to more strongly convex dor·
sally. Chambers arranged in about 3 whorls, with usually
5 but sometimes 4 chambers in the last whorl' in
creasing slowly in size as added, last chamber ~ften
offset towards ventral side. Spiral suture and dorsal
intercameral sutures narrow, slightly depressed, dorsal
sutures curved and strongly reftexed, dorsal chambers
narrow, elongate; ventral sutures narrow, depressed,
radial, or slightly sinuous between last 2 or 3 chambers.
Periphery of early chambers of last whorl with
thickened margin of clear shell material, visible only on
moistened specimens, no keel developed. Test wall
finely perforate, thickened and pustulose on ventral
side of early chambers of last whorl and near umbilicus'
early chambers on dorsal side obscured by sheli
mate~ial. Aperture interiomarginal, a narrow elongate
openmg extending from umbilicus to periphery, with
narrow heavy, well developed lip.

Globorotalia (Fohsella) peripheroacuta pristina subsp.
novo [PI. 33, figs. 17-26]

Material examined: 34 specimens.

Derivation of name: From the Latin pristinus. early,
original, primitive.

Diagnosis: A subspecies of the G. (F.) peripheroacuta
group, with five chambers in the last whorl, a relatively
large last chamber, and a compressed test.
Description: Test trochoid, dorsal surface evolute ven
tral surface involute, umbilicus narrow, open; o~al to
almost circular in outline, equatorial periphery lobate,
axial periphery broadly rounded in early chambers of
last whorl, becoming narrowly to acutely rounded on
later chambers. Dorsal slightly convex, ventral surface
strongly convex. Chambers arranged in about three
whorls, five chambers forming last whorl, increasing
sl?wly and regularly in size, with last chamber forming
slightly less than one-third of test. Spiral suture and
dorsal intercameral sutures smooth or very slightly
depressed, strongly recurved, meeting spiral suture at
angle of 90°, and periphery of test at angle of about
45°; ventral sutures narrow, strongly depressed, radial.
Test wall distinctly and coarsely perforate; wall of
test smooth except for small pustules near aperture
and near umbilical area of first two or three chambers
of last whorl. Apertural face separated from remainder
of chamber wall by distinct smooth angle. Aperture
inter.i~marginal, narrow, elongate, extending from
umbIlicus to small re-entrant at periphery, with narrow
strong lip.

Dimensions Max. diameter Min. diameter Height
Holotype 0.38 mm 0.32 mm 0.21 mm
Paratype A 0.42 mm 0.33 mm 0.19 mm
Paratype B 0.44 mm 0.35 mm 0.20 mm
Paratype C 0.48 mm 0.42 mm 0.22 mm

Occurrence: Holotype (CPC 22005), and paratypes A
to. C (CPC 22006 to 22008) from sample F.434,
Kmdan section, locality 100, Wabag 1: 250 000 Sheet
area, Papua New Guinea; found also in sample F.435
in this section. Unfigured paratypes are deposited under
CPC 22009, and also in the ESCAP Fossil Reference
Collection held at the Bureau of Mineral Resources
under number E.872.
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Dimensions
Holotype
Paratype A
Paratype B
Paratype C
Paratype D

Max. diameter
0.31 mm
0.33 mm
0.33 mm
0.31 mm
0.31 mm

Min. diameter

0.27 mm
0.29 mm
0.28 mm
0.27 mm
0.28 mm

Height

0.18 mm
0.19 mm
0.20 mm
0.19 mm
0.21 mm



CPC 22023, and also in the ESCAP Fossil Reference
Collection held at the Bureau of Mineral Resources
under number E.873.

Remarks: The holotype and paratypes show the full
range of variation observed for G. (T.) wabagensis.
The holotype is a five-chambered equally biconvex
form with a distinct apertural lip. Paratype A is also
five chambered, with a small open umbilicus and more
narrowly rounded last chamber. Paratypes Band Dare
four chambered forms; Paratype B has a relatively
large last chamber and only slightly convex dorsal side.
Paratype D has a strongly convex dorsal side. Some
of the four chambered forms resemble G. (G.) miozea
cibaoensis Bermudez, 1949, but have a more broadly
rounded last chamber and lack the high spire of
cibaoensis.

Dr D. G. Jenkins has compared specimens of G. (T.)
wabagensis with G. (G.) miozea miozea Finlay, 1939,
and has also kindly forwarded specimens of miozea
miozea. G. (T.) wabagensis is more biconvex than
miozea miozea. has a distinct apertural lip not normally
found in miozea miozea, and also seems to have a
thinner test wall.

Globorotalia (Globorotalia) quasimiocenica sp. novo
[PI. 36, figs. 1-11]

Material examined: 10 specimens.

Derivation of name: Prefixed by (he Latin quasi,
appearing as if, simulating, referring to the similarity
with the species miocenica.

Diagnosis: A large, moderately compressed species of
Globorotalia with flat or very slightly convex dorsal
surface. convex ventral surface, 6-7 chambers in the
last whorl, curved. raised dorsal sutures, and narrow
depressed radial ventral sutures.

Description: Test large, trochoid. dorsal surface flat
or only slightly convex. ventral surface strongly convex.
Outline of test circular, equatorial periphery slightly
lobate. axial periphery narrow with thick imperforate
keel. Chambers increasing only slowly in size, usually
7 cLambers visible from ventral side. some specimens
with only 6 chambers. Dorsal sutures thickened and
raised near periphery, becoming smooth near spiral
suture, curved and reflexed; ventral sutures narrow,
depressed, straight or slightly curved, radial. Test wall
finely perforate. surface of test smooth. Aperture in
teriomarginal, umbilical-extraumbilical, an elongate low
opening, on some specimens with a narrow lip.

Dimensions Max. diameter Min. diameter Height
Holotype 0.66 mm 0.53 mm 0.30mm
Paratype A 0.56 mm 0.46 mm 0.27 mm
Paratype B 0.56 mm 0.46 mm 0.28 mm
Paratype C 0.66 mm 0.60 mm 0.28 mm

Occurrence: Holotype (CPC 22032) and paratypes A
to C (CPC 22033 to 22035) from sample F.432,
Kindan section. locality lOO. Wabag 1:250000 Sheet
area, Papua New Guinea; known only from this sample.
Unfigured paratypes are deposited under CPC 22036,
and also in the ESCAP Fossil Reference Collection
held at the Bureau of Mineral Resources, under number
E.874.

Type level: Late Miocene, not older than planktonic
zone N.17.

Remarks: G. (G.) quasllnlocenica sp. novo resembles
G. (G.) pseudomiocenica Bolli & Bermudez, 1965 in
its flat dorsal surface, but G. (G.) quasimiocenica is
more compressed with more chambers per whorl. and
the equatorial periphery is less lobate. G. (G.) quasi
miocenica also resembles G. (G.) miocenica Palmer,
1945 in its flat dorsal surface, but is more compressed,
and has a more lobate equatorial periphery. G. (G.)
multicamerata Cushman & Jarvis, 1930 is a more
compressed biconvex species with a more strongly
developed keel.

Globorotalia (Hirsurella) scitula planaria subsp. novo
[PI. 37, figs. 10-17]

Material examined: 17 specimens.

Derivation of name: From the Latin planarius, even,
flat, referring to the flat dorsal surface.

Diagnosis: A subspecies of the G. (H.) scitula group
characterised by a flat dorsal surface.

Description: Test trochospiral, tightly coiled. umbilicus
small, shallow; chambers increasing slowly in size,
arranged in 21 to 3 whorls, five chambers visible from
ventral side. PIano-convex, dorsal surface flat, ventral
surface convex. Circular to oval in outline, equatorial
periphery lobate. axial periphery of early chambers
broadly rounded, on later chambers narrowly rounded;
no peripheral keel or imperforate peripheral band
developed. Sutures on dorsal side depressed, curved,
meeting periphery at angle of about 45 0

• on ventral
side, depressed. straight, radial. Surface of test finely
perforate, small pustules developed on early chambers
of last whorl on ventral side, particularly at umbilical
margins. Aperture interiomarginal, umbilical-extra
umbilical. extending to small re-entrant near periphery,
with narrow, elongate lip.

Dimensions Max. diameter Min. diameter Height
Holotype 0.35 mm 0.30 mm 0.16 mm
Paratype A 0.32 mm 0.29 mm 0.16 mm
Paratype B 0.32mm 0.28 mm 0.15 mm

Occurrence: Holotype (CPC 22043) and paratypes A
and B (CPC 22044 and 22045) from sample F.421,
Kindan section. locality 100, Wabag 1: 250000 Sheet
area, Papua New Guinea; known also from samples
F.420 and F.432 in this section. Unfigured paratypes
are deposited under CPC 22046, and also in the ESCAP
Fossil Reference Collection held at the Bureau of
Mineral Resources under number E.875.

Type level: Late Miocene; not older than planktonic
zone N.17.

Remarks: G. (H.) scitula planaria subsp. novo is con
sidered to be referable to the G. (H.) scitula group,
particularly in the nature of the coiling and the dorsal
chamber shape. It differs from G. (H.) scitula scitula
in the pIano-convex rather than biconvex test. and in
having a relatively smaller last chamber. G. (H.)
scitula ventriosa Ogniben, 1958 has a flat or only
slightly convex dorsal surface, but has a highly convex
ventral surface and broadly rounded axial periphery.
The specimens figured by Verdenius (1970) as Globo
rotalia scitula ventriosa from the Late Miocene of the
western Guadalquivir Basin are much less convex
dorsally than the type specimens of this species and
have a narrower axial periphery. They are very similar
to G. (H.) scitula planaria subsp. nov., and may be
referable to this subspecies.
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Globorotalia (Turborotalia) variospira sp. novo [PI. 24,
figs. 15-17; PI. 25, figs. 1-7]

Material examined: 29 specimens.

Derivation of name: From the Latin varius, changing,
and spira, coil, referring to the looser coiling of the
last whorl.

Diagnosis: A large species of Globorotalia (Turboro
talia) with 4 or 5 chambers visible ventrally, coiling
becoming looser in the final whorl; narrow, depressed,
radial dorsal and ventral sutures; wall pustulose near
umbilicus, aperture umbilical, low, elongate.

Description: Test large, trochoid, consisting of about
12 chambers arranged in three whorls, usually 5 but
sometimes 4 chambers visible from ventral side.
Equatorial periphery lobate, axial periphery rounded.
Chambers increasing only slowly in size, four chambers
in penultimate whorl, coiling in most specimens then
becoming looser and more open, generally with five
chambers in final whorl, umbilicus wide, open, shallow.
Occasional specimens with final chamber directed
towards umbilicus, coiling also becoming tighter, 4-4t
chambers visible from ventral side. Sutures on both
dorsal and ventral sides narrow, deeply depressed,
radial. Test wall perforate, with small pustules at
umbilical margin of early chambers of last whorl,
otherwise finely pitted. Aperture interiomarginal,
umbilical-extraumbilical, low, elongate, not clearly
observed.

Dimensions Max. diameter Min. diameter Height
Holotype 0.80 mm 0.65 mm 0.53 mm
Paratype A 0.80 mm 0.63 mm 0.50 mm
Paratype B 0.71 mm 0.67 mm 0.51 mm
Paratype C 0.61 mm 0.51 mm 0.47 mm
Paratype D 0.47 mm 0.41 mm 0.46 mm

Occurrence: Holotype (CPC 21919) and paratypes A
to C (CPC 21920 to 21922) from sample 7152-9039,
near the Lagaip River, 14 km northwest of Laiagam,
locality 65, Wabag 1:250 000 Sheet area, Papua New
Guinea; known only from this sample. Unfigured para
types are deposited under CPC 21923, and also in the
ESCAP Fossil Reference Collection held at the Bureau
of Mineral Resources under number E.876.

Type level: Late Paleocene (Globorotalia (G.) pseudo
menardii Zone, P.4).

Remarks: Of the observed specimens of G. (T.) vario
spira sp. nov., 20 are dextrally coiled and 9 sinistrally
coiled. The holotype and figured paratypes show the
full range of variation of the species from open coiling,
five-chambered forms to the more tightly coiled four
chambered forms. Globorotalia (Turborotalia) vario
spira is very similar to G. (T.) sp. 2 figured by Pujol &
Sigal (1979), particularly the more open coiled five
chambered forms. Pujol & Sigal did not record closely
coiled specimens similar to those in the PNG material.
Globorotalia (T.) inconstans (Subbotina, 1953) has
more chambers per whorl, and the test is more strongly
pustulose. G. (T.) schaclldagica (Khalilov, 1956) also
has more chambers per whorl and is more closely coiled
with a smaller umbilicus.

AGES OF SEDIMENTS

OK TEDI I: 250 000 SHEET AREA
(Fig. 1)

Late Paleocene

Only one sample, 0756, on the Bi River, a southern
tributary of the Ok Om, is included here. It contains
rare planktonic foraminifera, Globorotalia (Morozo
vella) spp. and globigerinids; the specimens of Moro
zovella are referred to the G. (M.) velascoensis group.
This sample is considered to be from deep-water
sediments.

Eocene

In OK TEDI, Eocene rocks are known from the
north Tekin section, from near Telefomin, from north
west of Lake Kopiago, and from south of Mount
Capella. In the north Tekin section, Eocene beds are
represented only by material derived from the central
and second thrust sheets. The samples, all of limestone
(biomicrudite) are 3410, 3426, 3428, 3429, 3430, and
343 I. The fauna recorded includes Discocyclina spp.
(abundant), Nummulites cf. javanus Verbeek, N. sp.,
Asterocyclina sp., ?Aktinocyclina sp., Operculina sp.,
?Elphidium sp., Gypsina sp" Heterostegina sp., Laca
zinella sp. (fragments), planktonic foraminifera and
indeterminable smaller benthonic foraminifera. Some
specimens in sample 3431 are referred to Palaeonum
l1lulites as recognised by Eames & others (I962) and
as used as a subgenus of Nummulites by Frost & Lan
genheim (1974). The planktonic foraminifera include
Globorotalia (Truncorotaloides) spp. (including G.
(T.) topilensis), a thick-walled globigerinid resembling
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Globigerapsis senni (Beckmann) (referred by Blow,
1979, to Muricoglobigerina) or G. index (Finlay), and
rare Heterohelicidae.

These samples are placed in the Middle Eocene
(zones P.12 to P.14 of the planktonic zonal scale, or
Tail of the 'letter' classification*). Sample 0661 is
regarded as doubtfully Eocene; it is a biomicrite, with
rare small planktonic foraminifera and rare probable
radiolaria. The fauna consists of globigerinid specimens,
small keeled forms referred to Globorotalia (Moro
zovella) sp., one specimen referred to Globorotalia
(Turborotalia) sp., and a rare small almost planispiral
form which may be referable to Pseudohastigerina sp.
The faunal evidence for age of the sample is not con
clusive, but is suggestive of Eocene (see PI. 1, figs. 10,
23,33 and 34).

Sample 04NG0517 and part of sample 04NG0523
are referred to the Middle to Late Eocene; the fauna
includes Nummulites sp., Discocyclina sp., and ?Borelis
sp.; no planktonic foraminifera have been found.

Sample P.5016, south of Mount Capella, is also
referred to the Middle to Late Eocene; it contains
Discocyclina sp., A ktinocyclina sp., and N ul1lmulites
javanus.

* Adams (in press) has reviewed the Oligocene and Mio
cene parts of the Letter Classification and related them
to the European stages. The lower Tf is now divided into
Tf] and Tf2 'stages', and some of the samples described
here should be referred to the upper Te-Th interval which
is mainly of Early Miocene age. The top of Tf] = top
N9 of Blow's (1969) planktonic zonation.
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Fig. 1. Sample localities, Ok Tedi 1:250000 Sheet area; based on Davies & Norvick (1974).

These sediments, except for those represented by
0661, are thought to have accumulated under open
shelf or fore-reef shoal conditions, with warm, clear,
shallow water; 0661 is regarded as being from a deep
water sediment.

Early Oligocene (Tc)

Beds of this age are represented by both outcrop
and float material, all from carbonate sediments. Early
Oligocene samples in the north Tekin section are 3411,
3432, 3433, 3434, 3435, and 3436; in the south Tekin
section, 3337, 3338, and 3444; at the head of the Won
gop River, 6052, 6053, 6054, 6055, and 6057; and at
the head of the Wok Feneng, 1195. These samples are
discussed in more detail in the relevant sections. The
fauna recorded includes Nummulites fichteli Michelotti,
Borelis pygmaeus Hanzawa, Amphistegina sp., Hetero
stegina sp., Carpenteria sp. or Sporadotrema sp., Halk
yardia sp., Gypsina sp., Operculina sp., Elphidium sp.,
miliolids. and indeterminable smaller foraminifera.

Isolated samples of Early Oligocene age are: 0139,
1641, 0200, 3017, 3105, 3354, 6131K, 68691650A,
04NG0519, 04NG I013, P.4641, and P.5670. These
samples, except for 1641, are biomicrudites with a
fauna very similar to that given earlier; sample P.5670
also contains Nummulites vascus Joly & Leymerie.
Sample 1641 is a conglomerate with igneous fragments
and coarse sandstone pebbles, containing large mol
lusca, corals, bryozoa, foraminifera, algae, and echinoid
spines. Foraminifera include Numl77ulites fichteli
Michelotti, Borelis sp. (in sample 0139 referred to
B. cf. inf/ata), 0 perculina sp., and small indeterminable

rotaliids. The only definite indication of age is given
by Nummulites fichteli; specimens are well-preserved
and do not appear to have undergone prolonged
abrasion and reworking. In the absence of other
evidence this sample is also included in the Early
Oligocene.

Part of sample 1231, which consists of samples of
boulders at the foot of a cliff, contains an Early Oli
gocene fauna of Nummulites fichteli, Operculina sp.,
and Elphidium sp. An outcrop sample of nummulitic
limestone collected by Chawner (1939) at locality 219
is probably of Early Oligocene age, as is a similar
sample collected by Zehnder & de Caen (1955) at
locality 220.

Sediments of Early Oligocene age are regarded as
having been deposited mainly in warm, shallow water,
in open-shelf or fore-reef shoal conditions. Beds repre
sented by sample 1641 are probably of shallow water,
possibly fore-reef shoal origin.

Late Oligocene-Early Miocene (Te, undifferentiated)

This group of samples, which contains a fauna not
permitting finer subdivision into early or late Te, in
cludes biomicrites, biomicrudites, biosparites, and
biosparudites, from outcrop and float material.

Three samples, 0864, 0865, and 0866, from the Nong
River section, are placed here; a more detailed dis
cussion of this section is given later. Sample 1047,
from float material, contains Borelis pygmaeus Han
zawa, Austrotrillina striata Todd & Post, Gypsina
globulus Reuss, miliolids, and other indeterminable
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smaller foraminifera. Sample P.5017, from outcrop
south of Mount Capella, has a similar fauna.

Numerous samples referred to the Te stage are
characterised by a fauna which includes Borelis pyg
maeus, A ustrotrillina striata, and Sorites sp. These
samples are: 1149, 1151, and 1156 from the Strickland
Gorge; 1682, 1986, 3110, 3127, 3141, 3498, 6011,
and 6056; 3415 and 3417 from the north Tekin section;
68691634B; 68691636B and 68691649. Two other
samples included here, 1343 and 1345, from a section
on the Hindenberg Wall, are lower Te on the basis
of their stratigraphic position, as are 1032, 1038, and
1041 from the Tifalmin section, and probably also 3340
from the south Tekin section.

Other samples are placed in the Te stage on the
co-occurrence of Borelis pygmaeus and Sorites sp. These
include 1150 and 1152 from the Strickland Gorge;
3475 to 3480 inclusive, collected from blocks at the
foot of a cliff of Darai Limestone; 1193; 1644; and
P.5025.

An outcrop sample at the top of the north Tekin
section, 1829, contains Lepidocyclina (Eulepidina) sp.,
Borelis sp., Heterostegina sp., Amphistegina sp., ?Para
rotalia sp., and indeterminable smaller benthonic fora
minifera. Sample 3114, from a landslide above Bolivip
Mission, contains Spiroclypeus margaritatus (Schlum
berger), Lepidocyclina (Nephrolepidina) sp., Carpen
teria sp. or Sporadotrema sp., Amphistegina sp., Cyclo
clypeus sp., H eterostegina sp., Elphidium sp., rare
planktonic specimens (Globigerinidae), and indeter
minable smaller benthonic foraminifera.

Sample 3427, from the north Tekin section, contains
Lepidocyclina (Eulepidina) sp., L. (?Nephrolepidina)
sp., Heterostegina sp., Borelis sp., and indeterminable
smaller foraminifera. Sample 3355 contains Lepidocy
clina (Eulepidina) sp., Heterostegina sp., and Oper
culina sp. Another sample probably of Te age is 3347,
which contains Lepidocyclina (?E.) sp. and?Acervulina
sp.

Several samples are referred to the Te stage on the
occurrence of either Lepidocyclina (Eulepidina) sp. or
Spiroclypeus sp., or on the co-occurrence of these
genera. These samples are 68691631, 68691642B,
68691644A, 68691647A, 68691651B, 04NGI008,
P.4624, P.4880, P.5027, and 76294197. Two samples
from the south Tekin section included here, 3442 and
3443, are lower Te in age on their stratigraphic position.

Samples from the Tifalmin section with a similar
fauna which are placed here are 1033, 1034, 1036,
1037, and 1040; 1033 and 1034 also contain Austro
trillina striata Todd & Post. On their stratigraphic
position these samples can be placed in the lower Te.

Sedirnents referred to the Te stage are interpreted
as having accumulated under open-shelf or fore-reef
shoal conditions, with warm, shallow, clear water.

Late Oligocene (lower Te)

Samples of this age, from both outcrop and float
material, include biomicrites, biomicrudites, biosparites,
and biosparudites.

Sample 1043 contains Lepidocyclina (Eulepidina)
ephippioides Jones & Chapman, Borelis sp., Hetero
stegina sp., Gypsina sp., Amphistegina sp., Carpenteria
sp. or Sporadotrema sp., and indeterminable smaller
foraminifera. Sample 1338, in a section at the Hinden
berg Wall, contains Spiroclypeus margaritatus, Lepido
cyclina (Nephrolepidina) sp., Miogypsina (Miogyp-
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sinoides) complanata/ bantamensis, Gypsina globulus,
Operculina sp., and ?Heterostegirw sp. Other samples
given a lower Te age based on the occurrence of Lepi
docyclina (E.) ephippioides and/or Miogypsina (Mio
gypsinoides) complanata/ bantamensis, together with
Spiroclypeus margaritatus, Austrotrillina striata, and
Borelis pygmaeus, are 1583, 3021, 3339, 3412, 3413,
and 3414. Sample 1583 contains specimens of Nummu
lites (Palaeonummulites) sp. which in vertical section
closely resemble Operculinoides howei Gravell & Hanna,
1937 (see PI. 4, figs. 1 and 2).

Samples from the Tifalmin section which can be
referred to the lower Te are 1040, near the base of
the sequence, and 1031, near the top. The fauna of
1040 includes Lepidocyclina (E.) cf. ephippioides and
Spiroclypeus sp., and of 1031, Austrotrillina striata,
Miogypsina (Miogypsinoides) ?complanata (Schlum
berger), Spiroclypeus sp., and Borelis sp.

The fauna of sample 68691651C includes Lepidocy
clina (E.) sp., Halkyardia sp., and Borelis sp. Adams
(1970) gave the lower Te as the upper stratigraphic
limit of the genus Halkyardia, and this sample is there
fore referred to the lower Te. Sample P.4622, contain
ing Lepidocyclina (E.) ephippioides, Heterostegina sp.,
and Amphistegina sp. is placed in the lower Te; P.5669
has a similar fauna. Sample P.4884, which contains
specimens referred to the Lepidocyclina (E.) ephip
pioides group, is also regarded as of probable lower Te
age.

Late Oligocene sediments are also considered to have
accumulated under open shelf or fore-reef conditions,
with warm, shallow, clear water.

Early Miocene (upper Te)

Rocks of this age include biomicrites, biomicrudites,
and biosparudites. Sample 0624 is probably upper Te in
age, the fauna including Miogypsina (M.) thecideae
formis, M. (Miogypsinoides) cf. dehaarti, and Aus
trotrillina cf. striata. From a section on the Nong River,
samples 0858 and 0859 are placed in the upper Te;
these samples are discussed in more detail later. Sample
3416 from the north Tekin section, 3097 from the
Hindenberg Wall, and 3329, 3438, 3439, and 3440
from the south Tekin section, are also upper Te in age.

Samples which contain specimens intermediate
between Austrotrillina striata Todd & Post and A.
howchini (Schlumberger), some also containing Mio
gypsina (M.) sp. and/ or Flosculinella globulosa or
Flosculinella sp., are probably of upper Te age. These
samples are 6018, 68691640E, 68691643B, 68691644A,
68691646A, and 68691646B.

Sample 3329 contains Lepidocyclina (Nephrolepi
dina) ferreroi Provale and one specimen of Austrotril
lina striata. Adams (1970) queried the occurrence of
L. (N.) ferreroi in late upper Te, but this occurrence
suggests that it does appear at this level.

Sample P.4716, containing Lepidocyclina (N.) sp.,
Spiroclypeus margaritatus, and Miogypsina (Miogyp
sinoides) bantamensis/ dehaarti, is placed in the upper
Te, as is P.5019, with Lepidocyclina (N.) sp., Mio
gypsina (M.) sp" and Austrotrillina striata.

These sediments are interpreted as accumulating
under open shelf or fore-reef shoal conditions, with
warm, shallow, clear water.

Early-Middle Miocene (upper Te-lower Tt)

Many samples contain an indefinite fauna which does
not enable any more precise age determination to be



made within this stratigraphic interval; these beds
include biomicrites, biosparites, biomicrudites, and
biosparudites. The more important elements of the
fauna are Miogypsina (M.) sp., Lepidocyclina (N.)
spp., including L. (N.) ferreroi Provale, Austrotrillina
spp., the specimens often being poorly preserved and
specifically indeterminable, Flosculinella sp., and
Cycloclypeus (Katacycloclypeus) spp. (including C.
(K.) cf. annulatus Martin).

Samples referred to this interval are: 0131; 1231
(part); 1335; 1602; 1631, which contains a thick
walled species of Austrotrillina too poorly preserved for
positive identification, and is associated with 1632,
which contains a planktonic foraminiferal fauna not
older than Middle Miocene (zone N.9) (the relative
stratigraphic position of these two samples is not
known - 1631 may be lower Tf in age, but because
of the uncertain specific identification of the specimens
of Austrotrillina it is included in the upper Te-Iower
Tf; it is probably not older than late upper Te); 1636,
1640, 1651, 1681; 1684 1690; 1809; 1811, also asso
ciated with a sample containing a, planktonic foramini
feral fauna not older than Middle Miocene (zone N.9),
and probably not older than late upper Te; 3029,
3278; 3280; 3282; 3330 (lower Tf on biometric data);
3342; 3343 (lower Tf on biometric data); 3351; 3353;
3407; 3408; 3422; 3423 (lower Tf on biometric data);
3424; 3437; 5035; 5036 (lower Tf on biometric data);
5037; 6019; 6022; 6023; 6111; 7006; 68691621'
68691626A; 68691627C; 68691638B; 68691639;
68691640B; 68691640F; 68691643C; 04NG0514;
04NG0518; 04NGlOI0; P.4645; P.4661; P.4668;
P.4670; P.4671; P.4677; P.4678; P.4679; P.4680;
P.4681; P.4691; P.4699; P.4700; P.4804; P.4811;
P.4814; P.4816; P.4818; P.4826; P.4828; P.4838;
P.4839; P.4882; P.4883; P.4885; P.4973; P.4984;
P.4986; P.5001; P.5012; P.5022; P.5023; 76294158;
76294159; 76294179; 76294183; 76294196.

Sample 7000 contains an indefinite fauna of upper
Te-Iower Tf age; it contains, among other species,
Lepidocyclina (Nephrolepidina) sp. and Miogypsina
(M.) sp., and is probably referable to the lower Tf
on its stratigraphic position. Samples 1794 and 6129B
contain a limited fauna including Miogypsina (M.)
sp.; 1794 is probably lower Tf in age, based on its
stratigraphic position, and 6129B is associated with
samples containing a planktonic foraminiferal fauna
indicating an age not older than Middle Miocene
(zone N.9).

Sample 0459, containing Flosculinella globulosa
(Rutten), A ustrotrillina cf. howchini (Schlumberger),
Lepidocyclina (Nephrolepidina) sp., and Miogypsina
(M.) sp. is given a late upper Te-early lower Tf age.
Adams (1970) stated that it was uncertain whether
the transition from F. globulosa to F. bontangensis
(Rutten) occurred just below or above the Te/Tf
boundary. The fauna of sample 0459 does not give
an accurate age determination; the specimens of Aus
trotrillina are poorly preserved, but show a wall struc
ture approaching that of A. howchini, which appears
in late upper Te.

Three samples, 0133, 0134, and 0135, from outcrop
in a section on the Sepik River headwaters, overlie
clastic sediments containing a planktonic foraminiferal
fauna indicating a zone N.8 age (uppermost Early
Miocene). The fauna recorded from these samples
includes Lepidocyclina (Nephrolepidina) ferreroi Pro-

vale, Cycloclypeus (C.) sp., C. (Katacycloclypeus) cf.
annulatus Martin, Miogypsina (M.) sp., Austrotrillina
sp. (poorly preserved), Planorbulinella sp., Operculina
sp., Gypsina sp., Amphistegina sp., Carpenteria sp. or
Sporadotrema sp., Elphidium sp., and indeterminable
smaller foraminifera. One sample, 0134, also contains
numerous planktonic foraminifera referable to the
Praeorbulina group. The fauna of these samples indi
cates a latest upper Te or lower Tf age; their relation
ship to the clastic sediments supports a lower Tf age;
0134 is also lower Tf on the evidence of biometric
data.

As with other carbonate sediments, sediments of
upper Te-Iower Tf age are thought to have accumu
lated under open shelf or fore-reef shoal conditions.

Middle Miocene (lower Tt)

Samples of lower Tf age include biomicrites, bio
micrudites, and biosparrudites. An outcrop sample
placed in the lower Tf on the evidence of the planktonic
foraminifera is 1688. This sample contains Lepido
cyclina (Nephrolepidina) sp., Miogypsina (M.) sp.,
Carpenteria sp. or Sporadotrema sp., Sorites sp.,
Gypsina sp., Planorbulinella sp., Operculina sp.,
Amphistegina sp., and planktonic foraminifera, includ
ing Orbulina. This sample is associated with 1687,
which contains a planktonic foraminiferal fauna indi
cating an age within the N.9 to N.13 zonal interval.
Other samples for which reliance is placed on the
planktonic foraminifera for a lower Tf age are 3261,
3264, 3269, 7001, and 68691627D.

Three float samples of lower Tf age, 1048, 1654,
and 1828, contain Flosculinella bontangensis, Austro
trillina howchini, Miogypsina (M.) sp" Sorites sp.,
and Lepidocyclina sp. Sample 3361, also a float sample,
contains planktonic foraminifera, including Orbulina,
and also one reworked specimen of Morozovella cf.
velascoensis acuta from the Late Paleocene. Specimens
of Lepidocyclina sp. are present and may also be
reworked. Sample 3361 is associated with 3359, which
contains a planktonic foraminiferal fauna of zone N.8
age.

A section on the Wok Feneng, the source of samples
1786 to 1792 inclusive, consists of beds of lower Tf
age. Samples 1789, 1790, and 1792 contain planktonic
foraminifera including Orbulina universa d'Orbigny,
the Globigerinoides quadrilobatus (d'Orbigny) group,
the Globigerina praebulloides Blow group, Sphaeroi
dinellopsis seminulina seminulina (Schwager), and
Globorotalia (Turborotalia) cf. obesa Bolli. Two
samples, 1790 and 1792, also contain specimens of
Miogypsina, poorly preserved and possibly reworked.
Three samples from beds above these, 1786, 1787, and
1788, contain Flosculinella bontangensis, Marginopora
sp., Elphidium sp., Operculina sp., and indeterminable
smaller foraminifera. Sample 6120D, a float sample,
contains Lepidocyclina (Trybliolepidina) sp., L.
(Nephrolepidina) ferreroi, Miogypsina (M.) sp.,
Cycloclypeus (C.) sp., and Operculina sp., and is
placed in the lower Tf. Sample 1989, from outcrop,
yielded free specimens of Lepidocyclina . (Nephrole
pidina) referable to the howchini group; this sample
is associated with 1990, which contains a sparse
and indefinite planktonic fauna indicating an age
within the interval from zone N.9 to zone N.16.
Measurements of the degree of curvature for specimens
of Lepidocyclina from sample 1989 give a range from
53 % to 79%, with a mean of 62.4%. In terms of
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parameter F, introduced by Chaproniere (1980a,
1981b) and applied by Belford (1981) to specimens
from New Ireland, the specimens are referable mainly
to category 4, with some specimens close to category 5.

Part of sample 1231, from boulders at the foot of a
cliff, is of lower Tf age, containing Flosculinel/a bon
tangensis, Austrotrillina cf. howchini, and indeter
minable smaller foraminifera. Sample 68691628, with
Lepidocyclin(/ (Trybliolepidina) rutteni van del' Vlerk,
L. (Nephrolepidina) ferreroi, Miogypsina (M.) sp.,
Amphistegina sp., and Operculina sp. is also referred
to the lower Tf. East of Mount Fubilan, sample P .4812,
with a fauna including Lepidocyc:lina (Nephrolepidina)
sp., Miogypsing (M.) sp., and Flosculinel/a bontangensis
is placed in the lower Tt. Sample P.4836, with Lepido
cyclina (N.) sp. and Miogypsina (M.) sp., is placed
in the lower Tf on the basis of the occurrence of
Orbulina in the fauna, as is sample P.5142.

Most of the samples of Middle Miocene age are
regarded as open-shelf or fore-reef shoal deposits; the
occasional occurrence of planktonic foraminifera
among the larger benthonic foraminifera is not of
significance for palaeoenvironmental conclusions.
Sample 3361, with mainly planktonic foraminifera is
from a deeper-water sediment; the rare specimens of
large benthonic foraminifera, if not reworked, have
been washed down the slope to deeper water. Samples
1789, 1790, and 1792 contain a varied fauna of ben
thonic smaller foraminifera, in addition to the plank
tonic faunas, and also have mollusca, bryozoa, echi
noids. and fish fragments. These are probably outer
shelf deposits. In this section, on the Wok Feneng. there
appears to have been a shallowing of the sea with time,
the higher beds containing mainly larger benthonic
foraminifera, echinoids, and algae.

Early Miocene (zone N.8)

The following samples contain a planktonic foramini
feral fauna indicating a zone N.8 age: 0136, 0137,
0138, 0199, 1835, 3321, 3322, 3332-3335, 3344
3346, 3359, 5034, 5038, 6015, 6044, 6045, P.4658,
P.4659, P.4663, P.4676, P.4695, P.4749, P.4756,
P.4817, P.4819. P.4820, P.4825, P.4833, P.4834,
P.4840, P.4919. P.4932, P.4934, P.4935, P.4948,
P.4974, 76294199, 76294201, and 76294203.

The zone N.8 age is based on the occurrence of such
species as Praeorbulina transitoria (Blow), P. glomerosa
Cllrva (Blow), and P. glolllerosa circularis (Blow). The
full fauna recorded from each sample is shown in
Figure 6.

Sediments of N.8 age contain an abundant and varied
benthonic foraminiferal fauna, and are regarded as
having accumulated under oceanic conditions on outer
shelf areas.

Middle Miocene or younger

Samples included in this interval contain, a restricted
and often poorly preserved foraminiferal fauna, which
in most cases indicates only that the age is not older
than Middle Miocene (zone N.9); some samples con
tain a fauna suggesting a general M iddle or Late Mio
cene age. Benthonic smaller foraminifera also occur in
many samples. The fauna recorded includes Orblllina
universa d'Orbigny, O. suturalis Bronnimann, the
Globigerinoides quadrilobatus (d'Orbigny) group, Glo
borotalia (TlIrborotalia) obesa Bolli, Dentoglobigerina
altispira altispira (Cushman & Jarvis), D. cf. langhiana
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Cita & Gelati, and Globoquadrina dehiscens dehiscens
(Chapman, Parr & Collins). Samples placed here are
1148,1578,1632,1642,1659,1805,1810,1845, 1998,
2395, 2396, 2399, 7003, 7007, P.4703, P.4827,
P.4992, and 76294156.

Other samples from a section on the Ok Mani, con
taining a similar fauna and also not older than Middle
Miocene, are 6123, 6125, 6126, 6127, and 6130.
Sample 6127 also contains Globorotalia (Fohsel/a) cf.
peripheroronda and may be Middle Miocene in age
(N.9-N.ll zonal interval).

Sample 1990 contains the Globigerina praebul/oides
group, the Globigerinoides quadrilobatus group, G.
subquadratus, Orbulina universa, and Globorotalia
(Turborotalia) continuosa, and can be placed in the
N.9-N.16 zonal interval. This sample is associated with
1989, which contains specimens of the Lepidocyclina
(Nephrolepidina) howchini group, and is of lower Tf
age.

A general Middle Miocene (N.9-N.13 or N.l4)
age is given to four samples containing the following
planktonic foraminifera: Orbulina universa, G lobigerina
praebul/oides Blow group, Globigerinoides quadrilo
batus group, G. subquadratus Bronnimann, Globoro
talia (Turborotalia) siakensis (LeRoy), G. (T.) obesa,
Globoquadrina dehiscens dehiscens, Dentoglobigerina
cf. langhiana, and Hastigerina siphonifera Blow, s.1.
These samples are 1530, 1643, 1687, and 6135. A
sample collected by White (1972) at locality 234 is
placed in the N .14-N.17 zonal interval.

Sample 1846 includes, in addition to other planktonic
species already mentioned, the G loborotalia (G.)
cultrata (d'Orbigny) group, Sphaeroidinellopsis sellli
nulina selllinulina (Schwager) and G lobigerinoides
obliquus obliquus Bolli, and is given a Middle Miocene
(zone N .11) or younger age.

A group of samples with small planktonic foramini
fera, benthonic smaller foraminifera, and some also
with gastropods, bryozoa. coral fragments, ostracods,
and echinoid spines is given a Late Miocene to Plio
cene (N.16-N .21) age. These samples are 1693, 1804,
1853, 1854, and 3259. Planktonic species recorded are
Globigerina bulloides bulloides d'Orbigny, G. decora
perta Takayanagi & Saito, Globigerinoides quadrilo
batus group, G. obliquus obliquus, Sphaeroidinel/opsis
selllinulina seminulina, Globorotalia (Turborotalia)
obesa, and Hastigerina siphonifera, s.1.

Sample 76294157 is included here but could be older
than Middle Miocene; it contains an indefinite fauna
giving an age within the range N.6-N.14.

Beds of Middle Miocene or younger age also con
tain benthonic smaller foraminifera in addition to the
planktonic fauna, and are thought to have accumulated
under oceanic conditions on the outer shelf area.

Pliocene

Two samples, 1605 and 1608, are given a Pliocene
age; 1605 may be younger than PIiocene. In 1605, the
foraminiferal fauna is dominated by the benthonic
species Pseudorotalia schroeteriana; gastropods and
bryozoa are also present. Sample 1608 also contains
Pseudorotalia schroeteriana; planktonic foraminifera
present include the Globigerinoides quadrilobatus
group, G. bol/ii Blow, Globorotalia (Turborotalia)
obesa, Globigerina bul/oides bul/oides, and Sphaeroi
dinellop.l'is selllinulina seminulina.



Samples of indefinite age

Included here are those samples containing a fauna
which either does not permit an age determination, or
gives an age only within a wide stratigraphic range.
Many of these samples are associated with samples for
which a definite age determination is possible, or are
in a sequence whose age is known. In these cases, the
probable age of the samples is given.

Late Eocene-Early Miocene. Sample 1776 contains
Borelis pygmaeus, Heterostegina sp., Gypsina sp., and
Operculina sp., and can be given an age only within
the limits of Late Eocene to Early Miocene (Tb-upper
Te). A similar fauna occurs in 3441, which probably
can be referred to the Late Oligocene (lower Te) on its
stratigraphic position.

Middle Oligocene-Early Miocene. Only one sample,
76294192, is included here; it contains Austrotrillina
striata and Borelis sp., and is placed in the late middle
Oligocene to Early Miocene (upper Td-Te).

Middle Oligocene-Middle Miocene (Td-lower Tt).
Several samples containing Lepidocyclina sp. (sub
genus often indeterminable), with or without Opercu
lina sp., Elphidium sp., Austrotrillina sp., Cycloclypeus
(C.) sp., Borelis sp., Heterostegina sp., and Amphi
stegina sp., are referred to the interval from middle
Oligocene to Middle Miocene (Td-Iower Tf). These
samples are: 0860, 0862, and 0863 (all referable to
Late Oligocene-Early Miocene, Te undifferentiated, on
stratigraphic position); 1035 and 1039 (Late Oligocene,
lower Te, on stratigraphic position); 1133; 1334
(possibly Early Miocene, upper Te, on stratigraphic
position); 1639 (Early-Middle Miocene, upper Te
lower Tf, on association with other samples); 1655
(from an area where Middle Miocene, lower Tf, beds
are known); 1658 (associated with beds not older than
Middle Miocene, zone N.9; 3266 (Middle Miocene,
lower Tf, on stratigraphic position); 3419 (Early
Miocene, upper Te, on stratigraphic position);
68691623; P.4623 (associated with P.4622, of lower
Te age); P.4674; P.4775; P.4776; P.4832; P.4916;
P.5024; P.5028; and P.5080.

Late Oligocene-Middle Miocene (lower Te-lower
Tf). Sample 1980, containing Lepidocyclina sp., Mar
ginopora sp. or Sorites sp., Elphidium sp., and Opercu
lina sp. can be referred to this interval.

Early Miocene or younger. Four samples, 0130,
1786, 6010, and 68691633, can be given only an Early
Miocene or younger age on the basis of the observed
fauna. Sample 0130 can be referred to the Early to
Middle Miocene (upper Te-Iower Tf) on its associa
tion with sample 0131: 1786 is probably Middle Mio
cene (lower Tf) based on its stratigraphic position in
the Wok Feneng section; 6010 is associated with 6011,
of Late Oligocene-Early Miocene, Te undifferentiated,
age.

Age indefinite. Sample 0869, containing rare small
planktonic foraminifera, can be given only a general
Tertiary, possibly Miocene. age. Additional samples
containing only planktonic foraminifera (Globige
rinidae), indeterminable smaller foraminifera, or both
planktonic and benthonic foraminifera, and which
cannot be given any definite age are: 0132; 0856 (Late
Oligocene-Early Miocene, Te undifferentiated, on
stratigraphic position) ; 0857 (Early M iocene, upper Te,
on stratigraphic position); 0861, 0867, and 0868 (all
Late Oligocene-Early Miocene, Te undifferentiated,
on stratigraphic position); 1147, 1157; 1336; 1337;

1341; 1342; 1344; 1653; 1683; 1694; 1807; 1981;
1988; 2394; 2610; 3096 (associated with Early Mio
cene, upper Te, beds) 3323; 3325, 3326, and 3327
(all probably Early Miocene, upper Te, on stratigraphic
position); 3331 (associated with Early Miocene, upper
Te, beds); 3350; 3409 (Early-Middle Miocene, upper
Te-Iower Tf, on stratigraphic position); 3418 (Early
Miocene, upper Te, on stratigraphic position); 3425
(Early-Middle Miocene, upper Te-Iower Tf, on strati
graphic position); 6033, 6034, 6128 (Middle Miocene,
lower Tf, on stratigraphic position); and 7005.

Other samples containing a fauna which does not
permit a definite age determination are: 1029, 1030,
and 1042 (all probably Late Oligocene, lower Te, on
stratigraphic position); 1131; 1132; 1134; 1169 (pos
sibly Early Oligocene, Tc, on stratigraphic position);
1210,1211; 1289; 1339 (Late Oligocene, lower Te, on
stratigraphic position); 1604; 1650; 1678; 1695; 1774;
1775; 1777; 3099 (associated with Early Miocene,
upper Te, samples); 3111 and 3113 (both associated
with Late Oligocene-Early Miocene, Te undifferen
tiated, beds); 3146, 3341 (Late Oligocene, lower Te,
on strati graphic position); 3352, 3421 (Early Miocene,
upper Te, on stratigraphic position); 6020; 6052;
686916308; 68691645A-D; and 04NG0509.

A younger Tertiary (Neogene) age is given to three
on stratigraphic position): 3352, 3421 (Early Miocene,
lower Tf, on stratigraphic position).

A general Tertiary age is given to sample P.4660,
containing planktonic foraminifera (Globigerinidae)
seen only in thin section; it is associated with samples
of Early Mocene (zone N.8) age.

Samples P.4644, P.4648, and P.4652 contain inde
finite assemblages of planktonic foraminifera and can
be given only a general Miocene or younger age. Also
given this age are samples P.4689, P.4989, and
76294225, which contain small benthonic foraminifera
including Sorites sp., Marginopora sp., and Ammonia
beccarii.

NORTH TEKIN SECTION

(localities 143 and 144, OK TEDI; Figure 2)

This section begins with a fine-grained deep-water
plan ktonic foraminiferal limestone (G lobigerin idae)
also containing sponge spicules; the age is indefinite.
This is followed by an open-shelf or fore-reef shoal
limestone with a larger foraminiferal fauna giving only
a general Early-Middle Mioeene age (upper Te-lower
Tf). This limestone, referred to the Darai Limestone,
is followed by an interval of no exposure, probably
representing the Lai Siltstone, which elsewhere is known
to be of uppermost Early Miocene (zone N.8) age.
This interval is terminated by a thrust fault. followed
by a limestone sequence. A float sample at the base of
the sequence (3410) contains Discocyclina spp., Num
mlllites javanus, and rare planktonic foraminifera,
including Globorotalia (Truncorotaloides) types, and
is regarded as Middle Eocene (Ta:;) in age. Above
this is a limestone (3411) containing NlImmulites
fichte/i, of Early Oligoeer.c (Tc) age, followed by three
samples (3412, 3413, and 3414) of Late Oligocene
(lower Te) age, with Lepidocyclina (Eulepidina) cf.
ephippioides and Miogvpsina (Miogypsinoides) of the
comp/anata/ bantamensis group. No beds of Middle
Oligocene (Td) age have been identified, but no break
in the sequence has been observed. There is a sampling
gap of about 15 metres in the section, and Middle
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Fig. 2. North Tekin section; based on an unpublished sec
tion compiled by M. Norvick.
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Oligocene beds may be represented in this interval.
Adams (1970) noted that Nummulites and Lepidocy
clina (Eulepidina) do not always occur together, and
as the Middle Oligocene (Td) is defined by their
association it is possible that some of the samples
examined are in fact Middle Oligocene, lacking the
necessary faunal content to establish this age.

The first sample in the sequence of Early Miocene
(upper Te) age is 3416, with Miogypsina (Miogyp
sinoides ) bantamensis/ dehaarti, Borelis pygmaeus, A us
trotrillina striata, and Spiroclypeus margaritatus. Asso
ciated with 3416 are two samples (3415,3417) which
can be given only a general Te age (Late Oligocene
Early Miocene). Samples from the sequence above
this level contain an indefinite fauna, or a fauna giving
only a general Early-Middle Miocene age (upper Te
lower Tf). Sample 3423 is lower Tf based on values for
parameter F of Chaproniere (1980a, 1981 b) applied to
Lepidocyclina. Sample 3424, near the top of the
sequence, contains Lepidocyclina (Nephrolepidina)
ferreroi, indicating a late upper Te or lower Tf age.
The highest sample, 3425, is again a deeper-water
deposit with abundant planktonic foraminifera (Glo
bigerinidae), and is of indefinite age.

Following this limestone sequence is a second interval
lacking outcrop, again thought to represent the Lai
Siltstone, terminated by a fault and followed by a
second limestone sequence. The lower part of the
sequence is represented only by float samples whose
relative stratigraphic position is not known; they can
be grouped only according to age. Five samples are
considered to be of Middle Eocene (Tail) age; they
contain Discocyclina sp., Asterocyclina sp., Nummulites
sp., and planktonic foraminifera including Morozovella
spp. and Truncorotaloides types. Another five samples
are of Early Oligocene (Tc) age, with a fauna includ
ing Nummulites fichteli. The higher beds of the
sequence are represented by only two samples, one
float and one outcrop; each sample can be given only
a general Te age, Late Oligocene to Early Miocene.

SOUTH TEKIN SECTION

(localities 145-153, OK TEDI; Figure 3)

The Darai Limestone at the base of this section is
a fine-grained limestone containing planktonic and
benthonic smaller foraminifera and sponge spicules,
and is probably an outer shelf deposit. No definite age
can be given to samples from this unit. Higher in the
sequence, sample 3329 contains, among other species.
Lepidocyclina (N.) ferreroi, Austrotrillina striata (one
specimen), and planktonic specimens of the Praeor
bulina group, and is placed in the late upper Te.
Samples 3328 and 3330 can be given only an upper
Te-Iower Tf age, although 3330 is lower Tf on the
basis of parameter F of Chaproniere (1980a, 1981b).

This limestone sequence is followed by 1050 metres
of mudstone, silty mudstone, and silty sandstone, here
referred to the Lai Siltstone. The planktonic foramini
feral fauna includes Praeorbulina sicana, P. transitoria,
P. glomerosa group, Globigerinoides quadrilobatus
group, and Globoquadrina dehiscens dehiscens, indi
cating a zone N.8 age; reworked Late Cretaceous and
Paleocene specimens also occur. No change in age has
been observed throughout the sequence, but no struc
tural complication or repetition of the beds has been
observed.

This sequence is terminated by a fault, followed by
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Fig. 3. SfDuth Tekin section; based on an unpublished sec
tion compiled by M. Norvick.
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NONG RIVER SECTION

(localities 126-129, OK TEDI; Figure 4)

This section, measured on the northern side of the
Nong River, has at the base a thickness of about 30
metres of limestone and shale projected from localities
between the Nong River and Tifalmin. Three samples
from the Darai Limestone (5035, 5036. and 5037) are
regarded as Early to Middle Miocene (late upper Te
lower TO in age, based on the occurrence of specimens
of AlIstrotri/lina howchini and of specimens of the
Praeorblllina group; 5036 is lower Tf based on values
of parameter F of Chaproniere (l980a, 1981b). Two
samples from the Lai Siltstone, immediately overlying
the limestone, contain a planktonic foraminiferal fauna
indicating a zone N.8 age, uppermost Early Miocene.
These beds, of unknown thickness, are terminated by
a thrust fault, and above this is a light grey siltstone,
a sample (0869) of which contains a fauna of very
small planktonic foraminifera indicating only a general
Miocene age; reworked Paleocene specimens also occur.
There is then a gap in outcrop, followed by a sand
stone lacking foraminifera, then a second fault in the
sequence, probably a minor thrust fault. Above the
fault is another sequence through the Darai Limestone
(samples 0856-0868); most of these samples contain
an indefinite fauna, or a fauna indicating only a
general Late Oligocene-Early Miocene age (Te, undif
ferentiated). Two samples near the top of the sequence
(0858 and 0859) are Early Miocene (upper Te) in
age, based on the occurrence of specimens of the Mio
gypsina (M iogypsinoides) bantamensis/ dehaarti group.
Part of this sequence through the Darai Limestone
could be Late Oligocene (lower Te) in age, but this
cannot be confirmed with the observed fauna.

limestone, the lowest beds of which are Early Oligo
cene (Tc) in age, with NlImmulites fichteli. Following
a sample gap of about 20 metres, Late Oligocene
(lower Te) beds occur; this age determination is based
on the fauna of sample 3339, which includes Lepido
cyclina (ElIlepidina) ephippioides, Austrotrillina
striata, and specimens of the Miogypsina (Miogyp
sinoides) cOlnplanata/ bantamensis group. As with the
north Tekin section, there is no indication of beds
of Middle Oligocene (Td) age, and no break in the
sequence has been observed. The upper limit of the
Late Oligocene beds, and the position of the lower
Te/ upper Te boundary, cannot be fixed, as the suc
ceeding samples have only a general Te fauna, with the
appearance of an upper Te fauna in samples 3439,
3440, and by association 3342. The Early Miocene
(upper Te) age is based on the occurrence of Spiro
clypells margaritatlls, Miogypsina (M.) sp., and M.
(Miogypsinoides) bantamensis/ dehaarti. Beds of upper
Te age continue in the section at least to sample 3438;
above this sample, a fauna of Early-Middle Miocene
age (upper Te-lower Tt) occurs in samples 3437 and
3343, including Lepidocyclina (Nephrolepidina) sp.,
Miogypsina (M.) sp., and Cycloclypells (Katacyclo
clypellS) sp; 3343 is dated as lower Tf on the basis
of parameter F of Chaproniere (I980a, 1981b).

The limestone sequence is followed by beds referred
to the Lai Siltstone; the only sample available, 3344,
again contains a planktonic foraminiferal fauna indicat
ing a zone N.8 age. Another sequence of the Darai
Limestone is in faulted contact with the mudstone, but
no samples are available.
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Fig. 5. Profile of Tifalmin section; based on field notes by
H. L. Davies.

TIFALMIN SECTION

(locality 59, OK TEDI; Figure 5)
This cliff section (samples 1029-1042) passes

through beds which are probably of Late OIigocene
(lower Te) age. The fauna recorded from each sample
is given in Appendix 1. Several samples contain an in
definite fauna, others a fauna indicating only a general
Late Oligocene-Early Miocene (Te, undifferentiated)
age. The only possibility of a more definite Late Oli
gocene (lower Te) age determination is given by
specimens of Lepidocyclina (Eulepidina) cf. ephip
pioides in sample 1040, and by specimens of Mio
gypsina (Miogypsinoides) sp., with a long initial coil
similar to M. (M.) complanala, in sample 1031. Sample
1040 is near the base of the sequence and 1031 near the
top; these samples form the basis for regarding the
entire sequence as probably Late Oligocene in age.

1029
1030" \ 6250 It

1031---... (1905m)
1032,

1033,1034
1035
1036
1037-

1038/_ 5750 It
(1753m)

HINDENBERG WALL

(locality 175, OK TEDI)
This section through the Darai Limestone consists

largely of beds of Late OIigocene (lower Te) age,
between sample 1345 at the base and sample 1338,
about 320 metres topographically higher. The lower
Te age for this interval is based on the fauna of sample
1338, which includes Spiroclypeus margaritatus and
specimens of the Miogypsina (Miogypsinoides) com
planata/ bantamensis group; samples lower in the
section contain either an indefinite fauna, or a fauna
giving only a general Te, Late Oligocene-EarIy Miocene,
age, The next two higher samples, 1336 and 1337,
contain only planktonic foraminifera (Globigerinidae)
and indeterminable smaller foraminifera, and no
definite age determination is possible. Sample 1335,
about 480 metres topographically above the base of the
section, contains a limited fauna, including Miogypsina
(M.) sp., which indicates a general upper Te-Iower
Tf, Early to Middle Miocene, age; these beds are
probably upper Te on the basis of their stratigraphic
position, The last sample in the sequence, 1334, from
the top 3 metres of limestone, contains only one frag
ment of Lepidocyclina sp., and indeterminable smaller
foraminifera,

In addition to these outcrop samples, four samples
(3096-3099 inclusive) were collected from boulders at
the base of the section. Sample 3097 contains an upper
Te, Early Miocene, fauna including Miogypsina (M.)
sp., M. (Miogypsinoides) dehaarti, and Lepidocyclina
(Nephrolepidina) sp" and is from high in the sequence.
The remaining three samples contain only an indefinite
fauna, and it is not possible to relate them to any
particular part of the sequence.
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SEPIK RIVER HEADWATERS, EAST OF FERAMIN

(localities 134-136, OK TEDI)
This is a short section through a northeast-dipping

sequence; the sample interval is not known. In this
area the Darai Limestone (samples 0133-0135) over
lies shale referred to the Lai Siltstone (samples 0136
0138). The shale contains a planktonic foraminiferal
fauna including Praeorblllina sieana, P. transitoria, and
P. glomerosa curva, indicating a zone N.8 age. The
limestone contains a fauna of top Early Miocene to
Middle Miocene age, late upper Te to lower Tf, in
cluding Lepidocyclina (Nephrolepidina) jerreroi,
Cyclocly peus (Katacyclocly peus) annulatus, M iogyp
sina (M.) sp., and planktonic foraminifera, either
Orbulina suturalis or advanced specimens of the Prae
orbulina glomerosa group. On its stratigraphic position,
the limestone is most probably Middle Miocene (lower
TO in age; sample 0134 is also lower Tf on the basis
of parameter F of Chaproniere (1980a, 1981b).

Upstream from samples 0133 and 0134 in this sec
tion, stream boulders of a limestone (sample 0139)
were collected, containing a fauna including Nummu
lites fichteli, Borelis sp" and Halkyardia sp., this sample
is Early Oligocene (Tc) in age.

OK MANI SECTION

(locality 164, OK TEDI)

This section is in Pnyang Formation on a northern
tributary of the Ok Mani, and consists mainly of
sandy siltstone, with a marly limestone near the top of
the sequence; seven samples are available (in ascending
order, 6123, 6125, 6126, 6127, 6128, 6129B, and
6130). The planktonic foraminifera are poorly pre
served, and the fauna of most samples, which includes
Orbulina universa, indicates only the the beds are not
older than Middle Miocene (zone N.9). Sample 6127
contains one specimen of Globorotalia (Fohsella) cf.
peripheroronda, suggesting that the beds may range
from zone N.9 to zone N.ll in age (early Middle Mio
cene) .

The marly limestone from the top of the section is
represented by only one sample, 6129 B, which con
tains Miogypsina (M.) sp., Elphidium sp., and Car
penteria sp. or Sporadotrema sp. This fauna gives only
a general Early-Middle Miocene age, but the sample
is Middle Miocene (lower TO in age on its strati
graphic position. The complete sampled sequence can
be referred to the Middle Miocene, lower Tf, or zones
N.9-N.12 of the planktonic foraminiferal zonal scheme.

HEAD OF WOK FENENG

(locality 171, OK TEDI)

At the base of this cliff section is a sequence of silt
stones and silty sandstones of Iem Formation which
have not yielded foraminifera; a sample about 100
metres topographically above the base contains ostra
cods which suggest a general Mesozoic age (P. J.
Jones. BMR, personal communication, 1975).

The first outcrop sample containing foraminifera is
1195, one of three samples collected over the top 30
metres of limestone; this sample is of Early OIigocene
(Tc) age, containing NlImmulites fichteli, Halkyardia
sp., and ?Borelis sp. Of the other two samples collected,
1194 lacks foraminifera, and 1196 contains an inde
finite fauna. Higher beds in the section are represented
by only one float sample, 1193, which contains Borelis

pygmaeus, Sorites sp., ?Marginopora sp., and Austro
trillina sp. (poorly preserved), and can be given only a
general Te age.

The Tertiary part of this sequence, referred to the
Darai Limestone, is known to consist at least of Early
Oligocene, and Late Oligocene to Early Miocene beds.
As with the north and south Tekin sections, there is
no indication of Middle OIigocene (Td) beds, and the
upper stratigraphic level of the sequence has not been
established.

WOK FENENG, BELOW LIMESTONE GORGES

(localities 217 and 218, OK TEDI)

This section is of Middle Miocene age; it passes
through the Pnyang Formation, with limestone inter
beds of the Pnyang Formation or the Warre Limestone
Member. Marls, silty mudstones, and calcareous silt
stones at the base contain abundant planktonic fora
minifera including Orbulina lIniversa, and some samples
also contain specimens of Miogypsina (M.) sp. The
fauna indicates a lower Tf, Middle Miocene age, zones
N.9 to N.12 of the planktonic foraminiferal zonal
scheme. This interval extends from sample 1789 to
1792. Above this is an interval represented by samples
1793, 1794, and 1786, lacking foraminifera or with
an indefinite fauna; sample 1794 contains Miogypsina
(M.) and these samples can be placed in the Middle
Miocene on their stratigraphic position. Sample 1787
contains Flosculinella bontangensis, and the highest
sample in the sequence, 1788, contains an indefinite
fauna including ?Flosculinella sp., Operculina sp., and
Elphidium sp.

HEAD OF WONGOP RIVER

(locality 174, OK TEDI)

This section through the Darai Limestone, in a
landslide in the headwaters of the Wongop River, con
sists mainly of Early Oligocene (Tc) beds. Sample
6052, at the base of the section, contains an indefinite
fauna, and is followed by beds containing mainly
Nummulites fichteli, extending to sample 6057; one
sample, 6055, contains only Halkyardia sp., Operclllina
sp., and ?Borelis sp., and is placed in the Early OIigo
cene on its stratigraphic position. Younger beds in the
sequence are represented only by one float sample,
6056, which contains Allstrotrillina striata, Borelis
pygmaeus, Sorites sp., and Gypsina globlllus, and can
be given a general Late Oligocene-Early Miocene (Te)
age.

WABAG 1:250 000 SHEET AREA
(Fig. 7)

Early to Middle Paleocene

Only onc sample, 8084, is included here. The fauna
recorded is Globorotalia (Acarinina) praeclIrsoria prae
cllrsoria, G. (TlIrborotalia) inconstans, G. (T.)
hallllSbergensis, G. (T.) compressa COlllpressa, G. (T.)
pselldobulloides, G. (Globorotalia) ehrenbergi, Sub
botina triloclllinoides, and Chiloguembelina mid
wayensis midwayensis.

Blow (1970) referred briefly to a Palaeogene zona
tion and, in a later publication (Blow, 1979), gave a
detailed discussion of Palaeogene planktonic foramini
feral zones. Berggren (1971 a, 1972), although not
giving detailed definitions, showed the proposed
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Dentoglobigerina altispira altispira XX X X xx
o bafoemoenensis X et. X et. ef.

a dehiscens dehiscens X X X

a langhiana X I

0. veneluelana X
Globigerina bulloides bulloides X X X xx et.

G. bulloides group X
G. decoraperta et. X
G. praebulloides praebulloides
G. praebulloides pseudociperoensis
G. praebulloides group X X X X X

G. spp. XX X X XX X r
Globigerinita sp. X
Globigef/noides bollii X

G. obliquus extremus X
G. obliquus obliquus X
G. quadrilobatus immaturus XX )( XXX XX X X
G. quadf/lobatus irregularus XX X
G. quadrilobatus quadrilobatus XX X XXX X X
G. quadrilobatus sacculifer X X
G. quadrilobatus tf/lobus X .-
G. quadrilobatus group X X X X X XX X X X XX XX
G. sp.l ex.gr. G. quadrilobatus X
G. sp. 2ex.gr. G. quadf/lobatus

G. subquadratus subquadratus XX X X X
G. spp. X

Globorotalia (G.) cultrata group X

G. (Turborotalia) continuosa X
G. (T.) obesa cf. X X X XX X XX X
G. (T.) peripheroronda
G. (T.) siakensis XX X X XX X cf. X

Hastigef/na siphonifera praesiphonifera XX cf. cf.X et. X
Drbuhna suturalis

a universa XX X XXX XX XXX XX XXX XX XX X
Praeorbulina glomerosa circularis X

P glomerosa curva XXX et.
P glomerosa group
P sicafla sicana XX XX X X
P. transitofis XX X X

Sphaeroid/nellopsis sem/nulina seminuhna X X X

Fig. 6. Distribution of foraminifera in spot samples, Ok Tedi 1:250 000 Sheet area.

sequence of zones and related them to the chrono
stratigraphic scale. In terms of this zonation, sample
S084 is referred to the P.2-P.3 interval, latest Early
Paleocene to middle Paleocene. One difficulty is the
co-occurence of Globorotalia (G.) ehrenbergi and G.
(Turborotalia) inconstans, which according to Blow
(1979) do not overlap; ehrenbergi is given a range of
P.3-P.4, and incollstans P.I-P.2. Other publications
which discuss the occurrence of species recorded from
sample 8084 are those of Beckmann (1957), Berggren
(1965, 1969a, 1969b), Bolli (1957a), Bang (1969),
Olsson (1970a, 1970b), Gohrbandt (1963), and Sub
botina (1953).

These beds are the oldest Tertiary sediments known
from OK TEDI and WABAG. An older fauna was
recorded by Palmieri (1971) from Port Moresby.

Late middle to Late Paleocene

Samples of this age are 1008, S136, 8142, 9039,
9041, 9042, 9060, F.342, F. 870-F. 872, F.900-F.905,
and F.913-F.917. Sediments include marls, siltstones,
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and fine-grained limestones. Species recorded include
Globorotalia (G.) pseudomenardii, G. (Acarinina)
convexa convexa, G. (Morozovella) velascoensis velas
coensis, G. (M.) aequa aequa, G. (M.) tadjikistanensis,
G. (M.) apanthesma, Subbotina triloculinoides, and
Muricoglobigerina mckannai. Sample lOOS is from a
fine-grained limestone containing abundant planktonic
foraminifera-Globorotalia (Morozovel/a) spp., includ~

ing the G. (M.) velascoensis group and the G. (M.)
aequa group, and Globigerinidae. These samples are
regarded as late middle to Late Paleocene, zones PA
to P.5 of Blow (1979).

Some additions and corrections are required to a
paper by Belford (1967) recording Paleocene plank
tonic foraminifera from Papua New Guinea. One
sample, F.275, is now regarded as probably Middle
Eocene in age; samples F.S71 and F.S72 at the base
of a section southwest of Laiagam, not previously in
cluded, are Late Paleocene in age. The fauna is limited,
and includes only Subbotina triloculinoides, S. velas
coensis, Globorotalia (G.) pseudomenardii, and G.

---------------------------_..
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(Morozovel/a) cf. pusilla laevigata. These samples are
overlain by beds of Early Miocene, zone N .8, age (see
Figure 12). Dow & others (1972) show a fault at the
base of this section which may separate the Paleocene
and Miocene beds.

A section on the Andebare River (samples F.900
F.9l2), given as section 7 by both Dekker & Faulks
(1964) and Belford (1967), is now considered to be
inverted. Dow & others (1972) show the Andebare
River section as being on the flank of a faulted and
overturned anticline. Samples F.908-F.912 are now
referred to the Eocene, and are discussed further later
in this Bulletin.

A section at Tibinini, shown as section 5 by Belford
(1967), has, at the base, a fine-grained limestone
(sample F .913) of Late Paleocene age, with abundant
planktonic foraminifera, including Globorotalia (Moro
zovella) of the valescoensis and aequa groups and small
Globigerinidae; sample F.912 should be deleted from
this section. Samples F.914 and F.915 are Late Paleo
cene in age; the two highest samples in the section,
F.916 and F.917, are also now regarded as Eocene,
and are discussed later.
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The sediments of Paleocene age have been named
the Lagaip beds, a term first used by Dekker & Faulks
( I964). This was given as a new name by Dow &
others (1972), but was first defined by Dow in Belford
(1967). The later paper gave a more detailed discus
sion, and also designated a type section, although no
section was measured. Similar Late Paleocene sediments
were mapped as Moogli Mudstone and Urubea Sand
stone by Jenkins & others (1969) and as 'Ta' by
Davies (1983).

The limestone shown as Tibinini in section 5 of
Dekker & Faulks (1964) and Belford (1967) is pro
bably not Tibinini Limestone, but is the same limestone
as that included in the Lagaip beds in section 7 of
these papers (now considered to be inverted-see
above). Unfortunately, no samples are available from
the limestone in section 5 and no conclusions regarding
its age can be given.

Late Paleocene-Early Eocene

One sample, Ab.81, with a limited and poorly pre
served planktonic fauna, is placed here. The fauna
includes Globorotalia (Morozovella) aequa aequa, Sub-
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Fig. 7. Sample localities, Wabag 1:250000 Sheet area; based on Davies (1983).

botina sp. of the triloculinoidesl linaperta group, and
Muricoglobigerina sp. of the soldadoensis group.

Early Eocene

One sample, F.184, is placed in the late part of the
Early Eocene, zones P.8 to P.9. The fauna is limited
and poorly preserved; species identified are Globoro
talia (Acarinina) pentacamerata, G. (A.) soldadoensis,
G. (A.) whitei, Subbotina linaperta, S. cf. boweri, and
S. cf. inaequispira.

Middle Eocene

Sample F.174 contains smaII poorly preserved speci
mens among which are Subbotina linaperta, S. jrontosa
boweri, Globorotalia (Acarinina) broedermanni, G.
(Morozovella) lensijormis, and G. (M.) sp. referable
to the aragonensis group. This sample is referred to
early Middle Eocene, zone P.IO.

Sample 9044 contains Subbotina jrontosa jrontosa,
Globorotalia (Morozovella) lehneri, Globorotalia
(A carinina) pseudodubia piparoensis, G. (A.) cf. bull
brooki, G. (Truncorotaloides) topilensis, G. (M.)
aequa aequa, and G. (M.) aragonensis. The age is
regarded as Middle Eocene, zone P.ll; the species
aequa aequa and aragonensis are possibly reworked
from a slightly older Early Eocene, zone P.8 or P.9
fauna.

Several samples from fine-grained limestones con
taining abundant planktonic foraminifera are regarded
as Middle Eocene in age. The fauna includes Globoro
talia (Morozovella) spp., Globorotalia (Truncorota
loides) spp., indeterminable Globigerinidae, and rare
Heterohelicidae. Species groups considered to be repre-

30

sented in the samples are: Globorotalia (Truncorota
loides) rohri, G. (T.) topilensis, G. (Morozovella)
aragonensis, G. (M.) renzi, G. (M.) cf. rex, G. (M.)
spinulosa, and a thick-walled globigerinid, closely
comparable to the Globigerinatheka index (Finlay)
group, or to G. senni (Beckmann); senni was referred
by Blow (1979) to the genus Muricoglobigerina. Hant
kenina sp. has also been observed rarely. Illustrations
of these specimens are given in Plate I.

Samples placed as Middle Eocene are: 0295, 1524,
1525, 1534, 1536,8085,8093,8095,8097,8098,8099,
8112, 8113, 8115, 8138, 8139, 8141, 8143a, 8146,
B.70, B.118, B.135b, B.135h, B.138, FAI, F.231,
F.275, F.868, F.908-F.912, F.916-F.917, and P.9401
P.9408.

Samples P.9401-P.9408 are not shown on the sample
locality map. They are from the lower cliff, Mount
Paiam, below Mount Kaijende, in the head of the
Porgera Valley, east of Porgera airstrip. The outcrop
from which the samples were taken is shown by Dow &
others (1972, pI. 8, fig. 2). The Eocene beds in this
section are referred to the Mendi Group. The only age
previously available for any part of the sequence was
the probable Te age given by Dow & others (1972)
for beds referred by them to the Tibinini Limestone
Member; these beds are placed by Davies (1983) in
the Darai Limestone. There may be a continuous
sequence in this area and Oligocene beds may be
present higher in the cliffs at the head of the Porgera
VaIIey.

Sample 1532 is probably Middle Eocene on its
association with samples 1534 and 1536. Sample 8145
is doubtfully included here; it contains only radiolaria

tr
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and sponge spicules, but is associated as colluvial
boulders with 8146, and is included for the sake of
completeness in the fauna I record.

The only samples collected in a sequence are F.908
F.912 and F.916-F.917. As already noted, samples
F.908-F.912 are in a sequence which, as shown by
Dekker & Faulks (1964) and Belford (1967), is now
considered to be inverted, and the samples are now
placed in the Middle Eocene and referred to the Mendi
Group. The best fauna is that of sample F.908, which
contains small specimens of Discocyclina sp., in addi
tion to planktonic foraminifera which include Globo
rotalia (Morozovella) spp., G. (Truncorotaloides)
spp., Globigerinidae, and indeterminable small rotaliid
foraminifera. The sequence contains a high proportion
of terrigenous material, and some samples have abun
dant specimens of small rotaliid foraminifera; plank
tonic foraminifera occur less frequently and consist
only of Globigerinidae. Sample F.9l6 is from beds of
this kind; sample F .917 contains abundant planktonic
foraminifera, with no benthonic forms. Sample F.275,
which was also placed by Belford (1967) in the Late
Paleocene, has a similar but less abundant fauna.

Sample F .289 contains abundant small planktonic
foraminifera and also abundant indeterminable rotaline
forms. The planktonic foraminifera are small, thick
walled bullate forms, possibly referable to the Globo
gerinatheka index or G. senni groups; F.289 is tenta
tively considered to be Middle Eocene in age.

Two samples, 9040 and 9051, yielded free specimens
of planktonic foraminifera (abundant in 9051). Species
recorded include Hantkenina (Aragonella) mexicana
mexicana, H. (A.) mexicana dumblei, Globorotalia
(Acarinina) broedermanni, G. (A.) pentacamerata,
G. (A.) wartsteinensis, Globigerinatheka mexicana
barri, G. mexicana kugleri, Globorotalia (Morozovella)
aragonensis, G. (M.) lehneri, G. (M.) lensiformis, G.
(Truncorotaloides) topilensis, G. (Acarinina) pseudo
dubia piparoensis, Subbotina frontosa frontosa, S.
frontosa boweri, and S. inaequispira; 9040 also contains
rare radiolaria. These two samples are regarded as
Middle Eocene in age; there are some inconsistencies in
reported stratigraphic ranges, but they can be placed
within the P.1O to P.12 zonal interval.

Early Oligocene (Tc)

Three samples, 0697, 2696, and Ab.43b are of Early
Oligocene (Tc) age; all are biomicrudites, containing
foraminifera, algae, and molluscan and coral fragments.
Sample Ab.43b is from a limestone pebble in a con
glomerate. Foraminifera occurring are Nummulites
fichteli, Borelis sp., Halkyardia sp., Heterostegina sp.,
Operculina sp., Carpenteria sp. or Sporadotrema sp.,
miliolids, and other indeterminable smaller foramini
fera.

General Oligocene age only (zones P.19-N.3)

One sample, 2672, yielded a limited fauna of plank
tonic species including Dentoglobigerina tripartita tri
partita, D. sellii, and Globigerinita dissimilis, s. I., in
sufficient for a definite age determination. Two samples,
P.9124 and P.9125, contain very poorly preserved fora
minifera including possible Dentoglobigerina sellii, and
cannot be dated more accurately than possible Oligo
cene.

Middle Oligocene-Middle Miocene (Td-lower Tt)

Two samples, 1106 and F.226, cannot be dated pre
cisely, but are within this stratigraphic interval. The

fauna includes foraminifera, algae, bryozoa, and echi
noids; the foraminifera are Lepidocyclina sp., (no sub
generic identification possible) and Elphidium sp.
Sample 1106 also contains A mphistegina sp., Gypsina
sp., and Planorbulina sp.

Late Oligocene-Middle Miocene (Te-lower Tt)

Sample 2701 contains a poorly preserved fauna, in
cluding fragments of Lepidocyclina sp., Sorites sp., and
?Operculina sp., and cannot be dated precisely within
this stratigraphic interval. Another sample, P.9173,
containing ?Lepidocyclina sp. and Borodinia septen
trionalis, is included here, but is given a general Te
Tf, Late Oligocene-Miocene, age.

Late Oligocene (lower Te)

Only one sample, 2700, is placed tentatively here.
The fauna recorded is: Lepidocyclina spp., generally
as small specimens or fragments, with one specimen
resembling the species L. (Eulepidina) ephippioides
Iones & Chapman; Operculina sp.; Heterostegina sp.;
and indeterminable small foraminifera.

Late Oligocene-Early Miocene (zone N.3-zone N.4)

Samples included here are: 2648; 2650; 2671; 2675;
2679; 9054; F.279-F.281 from a section south of
Crater Lake (Figure 10); F.449 and F.456-F.458
from a section south of Laiagam for which no details
are available; F.936-F.938 from the Laiagam section
(Figure 11); Ab.80; and Ab.82. The fauna recorded
includes Globigerinoides quadrilobatus primordius,
Dentoglobigerina tripartita tripartita, D. sellii, Globi
gerina ouachitaensis ciperoensis, Globigerinita dissi
mitis, Globorotalia (T.) opima nana and G. (T.)
kugleri. The fauna is similar to that recorded by Belford
(1974) from samples in the Ilaga Valley, Irian Iaya;
nothing can be added here to the discussion given in
that paper. Shafik & Chaproniere (1978) recorded
these species from the Ashmore No. 1 Well, Northern
Territory and commented on the delineation of the
01igocenel Miocene boundary.

Samples 2671 and 2679 do not contain Globigeri
noides and can perhaps be regarded as Late Oligocene
in age.

Probable Late Oligocene-Early Miocene

Numerous samples from fine-grained limestones con
taining only planktonic foraminifera are placed here.
The samples are: 2651, 2674, 2676, 2678, 2680, 5195,
8087,8096,8100, 8101, 8105, 8107, 8108, 8111, 8114,
8133, 8143, 9030, 9036A-B, 9047, 9048, 9049, 9050,
9055, 9056, 9057, 9058, 9059, F.I78, F.223, F.260,
F.283, F.284, F.410, F.412, F.450, F.459, F.460,
F.491, F.827, F.838, F.841, F.845, F.930, B.23, B.45,
B.83, B.111, B.113, B.120, B.135f, B.136a, and B.136b.

The fauna includes Globigerinidae, small biserial
forms here placed in Streptochilus sp., and small plani
spiral forms possibly referable to the genus Berggrenia
Parker, 1976. Two samples, F.283 and F.284, occur
in a section of the Crater Lake (Figure 10); planktonic
foraminifera from other samples lower in the sequence
indicate a Late Oligocene to Early Miocene age. Two
other samples, F.450 and F.459, occur in a section
south of Laiagam for which no details are available.
Planktonic foraminifera from other samples in the
sequence also indicate a Late Oligocene to Early Mio
cene age; these samples have been used as reference
samples to which all other samples given a probable
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Late Oligocene-Early Miocene age have been com
pared. Several samples occur as colluvial boulders
associated with boulders of fine-grained limestone of
Middle Eocene age, but this association has not been
found in outcrop; it is possible that there is a strati
graphic break between Middle Eocene and Late Oligo
cene in the fine-grained deep-water limestones repre
sented by these samples.

The recognition of the genera Streptochilus and
Berggrenia in these samples cannot be taken as firm.
Streptochilus has been recognised in Late Miocene
samples in the Kindan section; no apertural details can
be observed in thin section. The suggested reference to
Streptochilus is based on the general test form, and
the known stratigraphic range of the genus, which is
Early Miocene to Recent. The genus Berggrenia,
described from the Pliocene, is distinguished. from
Pseudohastigerina by its aperture and wall texture,
neither of which can be determined in thin section; no
free specimens which would permit a definite identifi
cation have been found.

Late Oligocene-Early Miocene (Te, undifferentiated)

Only one sample, 6058, is placed here; it is a bio
sparite, containing foraminifera, algae, and coral frag
ments. The foraminifera are recrystallised and poorly
preserved, and include Austrotrillina cf. striata, Sorites
sp., Elphidium sp., and miliolids.

Early Miocene

(a) Upper Te. Samples from carbonate sediments
included here are 3299, 3386, 8041, 8042, FA3 and
B.133a. The samples include biomicrudites and bio
sparites, with foraminifera, algae, bryozoa, molluscan
fragments, and echinoid spines. The more important
forms recorded are Lepidocyclina (Nephrolepidina and
Eulepidina) spp., Miogypsina (M.) sp., M. (Miogyp
sinoides) dehaarti, and Spiroclypeus margaritatus.
Samples 8041 and 8042 contain a fauna indicating an
upper Te to lower Tf age; they are placed in the upper
Te on the basis of the form number of specimens of
Lepidocyclina.

Sample 8042 yielded free specimens of Lepidocy
clina (Nephrolepidina) sp. The degree of curvature of
specimens ranges from 18.2% to 54.3%, with a mean
of 34.6%. The form number, a parameter introduced
by Chaproniere (l980a, 1981b) is 1 or 2, indicating an
early development stage. Free specimens of Miogypsina
(M.) sp. referable to the M. (M.) thecideaetormis
(Rutten) group also occur.

Specimens of Lepidocyclina from other samples
examined have a form number of 3 or 4 in beds
associated with a planktonic foraminiferal fauna of
zone N.8 age. It is possible that the specimens of
Lepidocyclina and Miogypsina in samples 8041 and
8042 are reworked, and that the age should be based
on the planktonic fauna. This association is not
regarded as reliable as evidence for the relationship of
the larger foraminiferal and planktonic zonal schemes
(see p. 40).

(b) Planktonic zone N.8. Samples placed here are:
2646; 8034; 8040; 8042; 8043; 8047; F.870-F.889 in
a section west-southwest of Laiagam near Mount Yangi;
FA33 and FA34 at the base of the Kindan section;
F.399 in the Burgers Mountain section; and F.934
at the base of the Laiagam section. The fauna of these
samples is given in Figures 8, 9, 12 and 16. Samples
8040, 8042, and 8043 contain ~pecimens of the Glo-
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bigerinoides quadrilobatus group, Praeorbulina sicana,
Globorotalia (T.) siakensis, G. (T.) birnageae, and
G. (Hirsutella) scitula praescitula; they are given an
early N.8 age. Other samples contain Praeorbulina tran
sitoria and the P. glomerosa group, and are given a
younger N.8 age.

Also present in samples 8040, 8042, and 8043 are
small, tightly coiled, four-chambered forms which in
gross morphology cannot be distinguished from the
Globorotalia (Turborotalia) opima nana morphotype
(see PI. 38, figs. 26-31). Blow (1969) referred to 4 to
5 chambered turborotaliid forms occurring in zones
NA and N.5, differing from G. (T.) opima nana in
apertural and umbilical characters. These distinctions
cannot be applied easily to the present forms; their rela
tionship requires further investigation. They lack the
high arched aperture of G. (T.) continuosa, which is
another form with similar gross morphology. Samples
F.863 and F.1001, both fine-grained limestones
examined only in thin section, contain planktonic fora
minifera possibly including the Praeorbulina glomerosa
group, and are included here as probably zone N.8 in
age.

(c) Miscellaneous (zones NA-N.8). Sample Ab.86
contains a planktonic foraminiferal fauna giving a
zone NA to N.6 age.

Sample F.239, containing only Globorotalia (Turbo
rotalia) kugleri, the Globigerinoides quadrilobatus
group, and the Globigerina praebulloides group, is
referred to the planktonic zone NA. Samples 2658
and 2659 are referred to the NA-N.6 zonal interval;
2658 contains the Globigerinoides quadrilobatus group
and Globigerinita dissimilis (ciperoensis type of Blow);
and 2659 contains the Globigerinoides quadrilobatus
group, Globigerinita unicava unicava, and the Globige
rina praebulloides group. A more varied fauna occurs
in sample 8035, referred to the N.6-N.7 zonal interval;
several subspecies of the Globigerinoides quadrilobatus
group are present, including altiapertura, and also G.
subquadratus, G loborotalia (Turborotalia) cf. con
tinuosa, Globoquadrina dehiscens dehiscens, Dento
globigerina altispira altispira, and H astigerina siphoni
tera, s. 1.

Early-Middle Miocene

(a) Upper Te-lower Tt. Several samples cannot be
dated accurately within this interval. These samples are:
0687, 069D, 0691,0694,0695,6064,6065,8029,8037,
8048, 8117, F.50, F.527, F.557, F.560, Ab.78,
Ab.1086a, and GA9. The main elements of the fora
miniferal fauna are Lepidocyclina (N.) spp. and Mio
gypsina (M.) spp. Other forms are Cycloclypeus (C.)
sp., Amphistegina sp., Elphidium sp., Planorbulinella
sp., A ustrotrillina sp., 0 perculina sp., Gy psina sp.,
?Flosculinella sp., and Carpenteria sp. or Sporadotrema
sp.

(b) Zones N.8-N.9. A sequence southwest of Laia
gam (samples FA42-FA48) contains a fauna referable
to this zonal interval. The faunal distribution (Figure
13) reflects the position of this section across a syn
clinal axis (Dow & others, 1972), with a core of beds
of N.9 age surrounded by beds of N.8 age.

(c) Middle Miocene (zones N.9-N.13). One sample,
P.9 I 7 I, contains a poorly preserved foraminiferal fauna
indicating an age within this interval.

(d) Miscellaneous (zones N.4-N.14). Sample 8036
cannot be dated precisely within the N.5-N.I2 zonal



interval; it contains the Globigerinoides quadrilobatus
group, G. subquadratus, Globoquadrina altispira alti
spira, and Globorotalia (Turborotalia) toliata.

Sample Ab.83 is placed in the interval N.5-N.13;
it contains only forms of the Globigerinoides quadrilo
batus group, G. subquadratus, and Dentoglobigerina
?venezuelana.

Sample Ab.43, containing the Globigerinoides quad
rilobatus group and Globorotalia (Turborotalia) sia
kensis, is placed in the N.4-N.14 zonal interval.

Early-Late Miocene (zone N.8 to zone N.17 or
younger)

The Kindan section (F.42Q-F.439; see Figure 9)
extends over this stratigraphic interval. It has not been
possible to recognise all the zonal divisions over this
interval, either because of insufficient fauna or lack of
outcrop.

The Burgers Mountain section (F.398-Fo405; F.451
Fo455; F.46I-F.47I ) includes beds referable to zone
N.8, and to zone N.17 or younger, but no intervening
zones have been recognised. The planktonic foramini
fera in several samples from this section have been
observed only in thin section, and in other samples
are so poorly preserved as to be indeterminable. The
section was measured in a structurally complex area,
with overturned beds and faulting.

Middle Miocene

(a) Lower Tt. Four samples, F.329, F.846, P.9174,
and KJ.IO (not shown on the sample locality map),
are placed here. F.329, from the Marimuni River
section, yielded free specimens of Lepidocyc!ina
(Nephrolepidina) sp., referable to the L. (N.) howchini
group. Measurement of the degree of curvature of
these specimens gave a mean of 6504%, which would
place this sample high in the Middle Miocene. For
parameter F (the form number), introduced by Chap
roniere (1980a, 1981 b), the specimens are placed in
categories 3 and 4.

Sample F.846 contains, among other species, Lepi
docyc!ina (Nephrolepidina) terreroi, Miogypsina (M.)
sp., and Cycloclypeus (Katacyc!oc!ypeus) sp. Sample
P.9174 contains Lepidocyc!ina (N.) sp., Borodinia
septentrionalis, M arginopora vertebralis, ?Flosculinella
sp., and ?Miogypsina (M.) sp. Sample KJ.1O (collected
near the summit of Mount Kaijende by Dr P. Williams,
then of the Australian National University, Canberra)
contains Miogypsina (M.) sp., Austrotrillina sp. (poorly
preserved), and A lveolinella ?quoyi.

(b) Zone N.9. Four samples, 6060, 6061, 6062,
and 8049, are placed here. The age determination is
based on the occurrence of the species Orbulina uni
versa, O. suturalis, Praeorbulina glomerosa circularis,
and P. transitoria; the total fauna for each sample is
shown in Figure 16.

Not older than Middle Miocene (zone N.9)

Several samples contain a poor fauna including only
Orbulina universa and specimens of the Globigerinoides
quadrilobatus group. It is not possible to date these
accurately, and they are given only as not older than
Middle Miocene. These samples are: 0480, 0485, 0486,
1101,1107,1108,1109, lilO, 1121, 1122, 1473, 1475,
2662,2664,2665,2667,2668,8031,8046,8050,9031,
9032, F.1005, and B.117.

Beds in the Maramuni River section (see Figure 14),
above sample F.313, are also not older than Middle

Miocene. Faunal control of this section is limited; it is
discussed in more detail on page 38.

General Miocene age only

Samples placed here contain only long-ranging
species which do not permit any precise age determina
tion within the Miocene. The fauna of each of the
samples is shown in Figure 16. These samples are:
1474, 2685, 8060, 9003, F.286, F.416, F.441, F.932,
F.1004, F.1006, and F.1013.

Late Miocene (zone N.17-zone N.18)

One sample, 1478, contains a limited planktonic
fauna; species occurring are Orbulina universa, O.
suturalis, Globorotalia (G.) cf. tumida plesiotumida,
and G. (G.) cf. quasimiocenica sp. novo In the absence
of any species indicating a Pliocene age, this sample is
placed in the Late Miocene. Another sample, 2653,
containing Globigerina bulloides, the Globigerinoides
quadrilobatus group, and Globigerinita sp., is of Late
Miocene or younger age.

General Miocene or younger age

These samples contain an indefinite fauna of plank
tonic foraminifera or benthonic smaller foraminifera,
seen both in thin sections and as free specimens. The
planktonic foraminifera are Globigerinidae (including
occasionally Orbulina), and the benthonic forms
Amphistegina sp., Elphidium sp., Operculina sp.,
Sorites sp., Marginopora sp., ?Borelis sp., Ammonia
sp., Pararotalia sp., Cellanthus craticulus, and Alveo
linella sp. Some of these samples may be Pliocene or
younger in age, but no definite age determination is
possible. Samples included here are: 0390, 0466, 0470,
0471,0482,0483,0484, 1102, 1103, 1104, 1105, 1115,
1117,1118,1119,1567,2654,2655,2656,2657,2660,
2661, F.48, F.681, B.137a, and B.137b.

Samples ot indefinite age

Last to be considered are -those numerous samples
which contain an indefinite fauna either not permitting
any age determination or at best indicating only a
general Tertiary age. The fauna of these samples may
be seen from Appendix 2. Samples included here are:
0294,0389,0476,0689, 1100,1120,2647,2670,6005,
6066, 8009, 8091, 8094, 8119, 8145, 9045, 9052, F.1,
F.39, F.197, F.493, F.564, F. 753, B.36, B.79, B.116,
B.133b, B.133d, B.133e, B.135a, B.135c, B.135d, and
B.135e.

BURGERS MOUNTAIN SECTiON

(locality 16, WABAG; Figure 8)

No foraminifera have been found in a coarse-grained
tuffaceous sandstone at the base of the section. A grey
limestone above the sandstone contains fragments of
igneous material, coral fragments, and rare planktonic
foraminifera insufficient for definite age determination.
Sample F.452 from a tuffaceous reef bed contains rare
planktonic and benthonic foraminifera, without any
particular age significance. Sample F.451 near the base
of a thin-bedded micaceous siltstone sequence contains
abundant planktonic and benthonic smaller foramini
fera, the planktonic component indicating an age not
older than zone N.17. Calcareous benthonic forms are
abundant, and agglutinated genera also occur. Sample
F.405 contains mainly planktonic forms, with rare
agglutinated genera. A similar fauna occurs up to and
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Fig. 8. Foraminiferal distribution chart, Burgers Mountain section; section from Dekker & Faulks (1964).

including sample FA03. Sample FA02 has an assem
blage very similar to that of FA5!, but with a less
diverse calcareous benthonic element and more agglu
tinated forms. Samples FAO! and FAOO have mainly
planktonic and agglutinated forms. In this part of the
sequence there is no indication of age younger than
zone N.!?

Above sample FAOO there is a large sample gap
before sample F.399, which contains abundant plank
tonic, calcareous benthonic, and agglutinated forms, the
planktonic species indicating a zone N.8 age. Above
sample F.399, no faunal information is available, only
fragments of possible planktonic foraminfera being
observed.

The ages defined by the planktonic foraminifera
imply a structural complexity in the section between
samples FAOO and F.399. An inferred fault is shown
on the geological map of the area by Dow & others
(1972); this may have been the cause of beds of N.8
age occurring in the sequence above Late Miocene.
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KINDAN SECTION

(locality 100, WABAG; Figure 9)

At the base of the section, sample FA33 contains
small planktonic foraminifera, rare agglutinated genera
(Ammodiscus sp., ?Hyperammina sp., Glomospira sp.),
and rare small calcareous forms (Gyroidina sp. and
Heterolepa sp.). In a mudstone above this sample is
an abundant planktonic and benthonic fauna, the ben
thonic component including both calcareous and agglu
tinated forms. Calcareous genera present include
Anomalinoides, Gyroidina, Heterolepa. Laticarinina,
Siphonina, Baggina, Alabamina, Sphaeroidina, Ramu
lina, Fursenkoina, Brizalina, Trijarina, Uvigerina,
Bulimina, Nodosaria, and Frondicularia; agglutinated
genera include Ammodiscus, Ammobaculites, Textu
laria, Gaudryina, Martinottiella, Hyperammina, Trip
lasia, and Karreriella.

A lithological change to a calcareous sandstone is
also reflected in the fauna; planktonic foraminifera,
which form the bulk of the assemblage, are reduced
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)( Ve'Yrare(I-2 specimens) + Rare (J-5 specimens) 0 Frequent (6-10 specimens) • Common (11-25 specimens) • Abundant (>25 specimens)

Fig. 9. ForaminiferaI distribution chart, Kindan section; section from Dekker & FauIks (1964). 20/854/7
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in number, and benthonic forms are rare. This limited
fauna continues up to sample F.426, which contains
mainly the one benthonic species, 'Eponides' prae
cinctus. Samples F.425 and F.424 have rare planktonic
forms, dominated in F.425 by Sphaeroidinellopsis semi
nulina. Sample F.423, from a massive grey mudstone,
shows a return to an abundant planktonic and ben
thonic fauna; this continues up to and including sample
F.432. Above this there is again a reduced fauna in a
calcareous siltstone, with both planktonic and benthonic
forms rare.

Complete zonal subdivision of the Kindan section is
not possible, because of the sparse fauna over much
of the section. The base of the section is of zone
N.8 age, and the boundary between zone N.8 and zone
N.9 can be placed between samples F.434 and F.435.
The evolutionary development of Orbulina cannot be
followed in detail because of the large sampling
interval, but it would appear to follow the same
sequence as reported from other areas.

The next zonal boundary to be recognised is the N.9/
N.1O boundary, between samples F.435 and F.436,

based on the appearance of Globorotalia (G.) cultrata
cultrata. The appearance of an abundant fauna in sample
F.423, including G. (G.) tumida plesiotumida, marks
at least zone N .17. No other zonal boundaries can be
recognised in the section, and the age of the upper beds
of the sequence, which contain a sparse fauna, is not
known.

On a geological map published by Dow & others
(1972) this section is shown as crossing a faulted and
overturned anticline and syncline. No indication of
either faulting or overturning is shown by the fauna,
which, as far as can be observed, follows a normal
sequence. There is a break in outcrop and a sparse
fauna near the base of the section, which together
could obscure faunal indications of structural compli
cations. The same applies to the sparse fauna in the
upper part of the section above sample F.432.

SECTION SOUTH OF CRATER LAKE (LAKE RAU)

(locality 147, WABAG; Figure 10)
Beds at the base of this section (samples F.279

F.281) are Late OIigocene to Early Miocene (zone

Fine-grained white limestone Thin-bedded calcareous shale
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Fig. 10. Foraminiferal distribution chart, section south of Crater Lake (Lake Rau); section from Dekker & Faulks (1964).
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Fig. 11. Foraminiferal distribution chart, Laiagam section; section from Dekker & Faulks (1964).
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N.3-zone N,4) in age, containing Dentoglobigerina
tripartita tripartita, Globigerina ouachitaensis cipe
roensis, G. woodi, G. euapertura, Dentoglobigerina
se/lii, Globorotalia (Turborotalia) kugleri, Globige
rinita dissimilis, Globigerinoides quadrilobatus primor
dius, and Globoquadrina dehiscens dehiscens.

These beds are followed by fine-grained planktonic
foraminiferal biomicrites (samples F.283 and F.284)
containing abundant small Globigerinidae, rare small
biserial forms referred to Streptochilus sp. and small
planispiral forms tentatively placed in Berggrenia.
Sample F.284 also contains sponge spicules and rare
radiolaria. These samples are regarded as probably
Late Oligocene-Early Miocene in age. Above this is a
calcareous shale (sample F.286) containing rare speci
mens of the Globigerinoides quadrilobatus group and
Sphaeroidinellopsis seminulina seminulina; only a
general Miocene age can be given to this sample.

LAIAGAM SECTION

(locality 118, WABAG; Figure 11)

A limestone at the base of this section contains
abundant planktonic foraminifera (Globigerinidae) ;
the specimens, which have been observed only in thin
section, show characteristics of the Praeorbulina
glomerosa group or P. sicana, and of P. transitoria (see
illustrations in PI. 11). The limestone is regarded as
probably zone N.8 in age.

Following an interval of no outcrop, samples from a
calcareous grey mudstone contain abundant planktonic
foraminifera, with a limited calcareous and agglutinated

benthonic fauna. Planktonic species are Dentoglo
bigerina tripartita tripartita, D. venezuelana, Globige
rina ouachitaensis ciperoensis, Globigerinoides quad
rilobatus primordius, Globigerinita dissimilis, Globoro
talia (Turbo rotalia) kugleri, G. (T.) siakensis, and G.
(T.) cf. opima nana. This fauna is given a Late Oligo
cene-Early Miocene (zone N.3-zone N,4 age).

If the limestone in this section is correctly inter
preted as zone N.8 in age, then there is either struc
tural complication of the section, or the section as
shown by Dekker & Faulks (1964, section 3, pI. 4) is
inverted.

SECTION SOUTH OF LAIAGAM

(locality 136, WABAG)

This section is represented by samples F,449, F,450,
and F,456 to F,459; no detailed information is
available. The sequence begins in beds of Late Oligo
cene-Early Miocene age, zone N.3-zone N,4 (sample
F,449). Species occurring include Dentoglobigerina
tripartita tripartita, the Globigerina praebulloides group,
the Globigerinoides quadrilobatus group, Globigerinita
dissimilis, G. unicava unicava, and Globoquadrina cf.
dehiscens. Reworked specimens of Late Cretaceous and
Paleocene age also occur. An overlying fine-grained
planktonic foraminiferal limestone (sample F,450)
contains abundant small Globigerinidae, specifically
indeterminable. Beds above the limestone (samples
F,456, F,457) are also of Late Oligocene-Early Mio
cene age (zone N.3-zone N,4), species occurring addi
tional to those already mentioned being Globigerina
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Fig. 12. Foraminiferal distribution chart, section west-southwest of Laiagam; section details not available.
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ouachitaensis ciperoensis, G. woodi, Globorotalia
(Turborotalia) opima nana, and G. (T.) siakensis;
reworked Late Cretaceous and Paleocene specimens
again occur in sample F.456.

Sample F.458 contains a fauna of indefinite age
including Globoquadrina cf. praedehiscens, Globigerina
woodi, G. cf. ouachitaensis ciperoensis, and the Glo
bigerinoides quadrilobatus group. It is followed by a
second fine-grained planktonic foraminiferal limestone
(sample F.459) containing abundant small Globige
rinidae and frequent small biserial forms.

SECTION WEST-SOUTHWEST OF LAIAGAM

(locality 103, WABAG; Figure 12)

This section is in the Andebare River area; no
stratigraphic column is available. At the base, two
samples, F.871 and F.872, have a sparse, poorly pre
served Late Paleocene fauna, including Subbotina tri
loculinoides, S. velascoensis, G loborotalia (G.) pseudo
menardii, and Globorotalia (Morozovella) cf. pusilla
laevigata; rare benthonic species also occur.

~ NC"'l <tLn <0 .... 00

SPECIES <t<t <t<t <t<t<t
;tLl: ;I;I ;I;I ;I

Globigerina praebulloides praebulloides • ++ +0
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G subquadralus subquadralus • ++ +
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)( Vel)' rare(I-2 specimens)
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• Common (11-25 specimens)

• Abundanl (>25 specimens)

Fig. 13. Foraminiferal distribution chart, section
southwest of Laiagamj section details not avail

able.
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The fauna recorded from the remainder of the
sequence is zone N.8 in age; species recorded include
Praeorbulilla transitoria, P. glomerosa curva, P. sicalla,
the Globigerinoides quadrilobatus group, Globorotalia
(Turborotalia) siakensis, G. (T.) obesa, G. (T.) peri
pheroronda peripherorollda, G. (T.) birnageae, Glo
bigerilla praebulloides praebulloides, G. praebulloides
pseudociperoensis, Dentoglobigerina altispira altispira,
Globoquadrilla dehiscens, and Hastigerina siphonitera
praesiphonitera. One sample, F.883, has reworked Late
Cretaceous and Late Paleocene specimens.

Dow & others (1972) show this section as crossing
a faulted and overturned syncline. The faulting may
separate the Paleocene and Early Miocene beds, and
both the faulting and overturning may explain the
thickness of beds referable to one planktonic fora
mini feral zone.

SECTION SOUTHWEST OF LAIAGAM

(locality 108, WABAG; Figure 13)

This sequence, on the Wage River (samples F.442
F.448, locality 108, WABAG) was measured across a
syncline; no stratigraphic column is available. These
beds are referable to planktonic zones N.8 and N.9.

MARAMUNI RIVER SECTION

(locality 17, WABAG; Figure 14)

This is a thick sequence of siltstone, sandstone, con
glomerate, greywacke, and volcaniclastic sediments for
which there is little faunal control, particularly in the
lower two-thirds of the section. Details of the fauna
recorded are given in Figure 14. The occurrence of
Orbulina in sample F.313 indicates that the beds from
which F.313 was taken are at least of Middle Miocene
age. Globorotalia (Turborotalia) continuosa occurs in
sample F.317, indicating only that the beds are not
younger than zone N .16, the early part of the Late
Miocene. Sample F.319 contains indeterminable glo
bigerinids.

Above sample F .319 there is an interval from which
foraminifera have not been recorded. Abundant fora
minifera occur in sample F.329, which yielded free
specimens of Lepidocyc!ina (Nephrolepidina) sp.
referred to the howchini group. Measurement of the
degree of curvature for these specimens gave a range
from 50% to 77.8%, with a mean of 65.4%. Para
meter F, the form number (see Chaproniere 1980a,
1981 b), is category 4 for most specimens, with some
specimens being placed in category 3. The values for
degree of curvature, and the form number, place sample
F.329 in the Middle Miocene (lower Tt). Also occur
ring are Cyc!oclypeus (Katacyc!oc!ypeus) et. annulatus,
and Nummulites (Palaeollummulites) sp., similar in
median section to Operculinoides bikiniensis Cole.

Above sample F.329 the faunal evidence is not suffi
cient to enable any age determination to be made.



F318 Indeterminable globigerinids and benthonic smaller foraminifera.

F317 Globigerino/des quadrilobatus group; Globorotalia (T.) cont/nuosa; indeterminable benthonic smaller foraminifera.

No foraminifera

F338

Not examined

F340 Rare benthonic smaller foraminifera; Elphidium sp., Operculina sp.

F339

F324

F337

F336

F334
F335 No foraminifera
F333 Not examined

F332 Frequent benthonic larger foraminifera.
F331} .
F330 Not examined

F329 Abundant benthonic larger foraminifera; Lep/docyc!ina(N} sp., Cyc!oc!ypeus(Katacyc!oc!ypeus} sp.

SAMPLE
NUMBER

Lo", "-7".,,"7.l

< v ..... <:

1"" 7" V

t" V., <'

"7" '"'" '"v .... ..., 'l"

> ,.. r ...

> "<
... < .... >

>" <, v

.;" ..;"., 'C'"

, 7 >
> < ,

"7 r ..., ~

v ,. <' ....
o >

v 7 >
"7 L ...I A

..J ., L .,

"1 '" 1\ >
L ...l ., V

1\ < L ')

F328

F327
,.. ..... ··,·"',L F326

F325

F323

"'...,.'.....' ... ,\- F322

F321

,.. ' r- F320
F319

~
4000

~
Cl>

EO
-S:'
""c: '"c c:,,'-

'"H........ ~
Cl> c:
c: '"c-
~Cl.

{JClS
c:-'<
'" "'" '"Z 1::l~

0 Cl>"'-

f= :g~<t
~~~~

3000a: ' '""'-<::0 et/)u.
(f) "a: Cl>
w -'?
<.::> coa:
:::>
ell

F316 Globigerino/des quadrilobatus group, Oentoglobigerina venezuelana. Globorotalia (T.) siakensi~' rare benthonic smaller foraminifera.

F315 Globigerinoides quadrilobatus group; indeterminable benthonic smaller foraminifera.

2000

F314 Globigerinoides quado!obatus immaturus; Oentoglobigerina venezuelana; benthonic smaller foraminifera -Gyroidina sp..
Ehrenbergina pacifica; Bolivina sp.

F31 3 Orbulina universa; GlobigerinOldes quadrilobatus immaturu~' 6. q. ? trilobus; Oentoglobigerina venezuelana; be nt hon ic sm a II er
foraminifera - Karreriella sp.. Ouinqueloculina spp., Haplophragmoides sp.

F301 Rare indeterminable smaller foraminifera.

F312

F311

F310

F309

F308

F307

F306

F305

F304
F303

F302

Poorly preserved globigerinids, including Glob/gerino/des quadrilobatus group; rare benthonic smaller foraminifera.

Globigerinoides quadrilobatus immaturus; GQ irregularu~' Oentoglobigerina venezuelana; 0. altispira altispira.· Globorotalia (T.) obesa;
6. (T.) siakensis;Hastigerina siphonifera praes/phonifera;abundant benthonic foraminifera-Gyroidina. Planulina. Brizalina, etc.

Poorly preserved globigerinids, including.Glob/gerinoides quado!obatus group; rare benthonic smaller foraminifera.

Poorly preserved globigerinids and benthonic smaller foraminifera.

Globigerinoides quadrilobatus group, Glob/gerinita sp., Globorotalia (T.) siakensi~ Oentoglob/gerina venezuelana.·
benthonic smaller foraminifera.
Globigerinoides quadrilobatus group; rare benthonic smaller foraminifera - Bulimina sp.. Pullenia sp., HaplophragmOldes sp.

Rare, indeterminable smaller foraminifera.

Globigerinoides quadrilobatus group; frequent benthonic smaller foraminifera -Melonis 'p.. Gyroid/na sp..
Textulaoa sp., lagenids.
Indeterminable agglutinated bethonic smaller foraminifera.
Poorly preserved globigerinids -7Globigerina praebulloides group; rare benthonic smaller foraminifera

Rare benthonic smaller foraminifera - Textulaoa sp.

F300 Globigerinoides quadrilobatus group; Globigeona sp; rare benthonic smaller foraminifera.

20/B54/5

Fig. 14. Foraminiferal distribution chart, Maramuni River section; section from Dekker & Faulks (1964).
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NOTE ON LARGER AND PLANKTONIC FORAMINIFERAL TIME SCALES

8040

4 -------------=--

The Darai Limestone is mainly of ,Late Oligocene to
Middle Miocene age, but Early Oligocene and Middle
to Late Eocene faunas have been recorded from some
beds referred to this formation. In five areas, the north
and south Tekin sections (Figures 2 and 3 respectively),
the Nong River section (Figure 4), a short section
east of Feramin, and southeast of Mount Kaijende
(Figure 15), the Darai Limestone is in contact with
mudstones containing a planKtonic foraminiferal fauna
of zone N.S age. The limestone is below zone N.8 beds
in the Tekin sections and the Nong River section, above
zone N.8 beds in the section east of Feramin, and
within zone N.8 beds east of Mount Kaijende.

Findlay (1974) showed the Darai Limestone in the
laro Syncline, south of the Kubor Range, divided into
two tongues separated by terrigenous clastic rocks
of the Aure Group. This relationship was investigated
from the point of view of the correlation between the
larger and planktonic foraminiferal zonal schemes.
Because of the indefinite nature of the fauna, it is often
not possible, using traditional biostratigraphic methods,
to make a more definite age determination than Early
to Middle Miocene (upper Te-Iower Tf) for the Darai

DEPTH LITHOLOGY SAMPLE
(rnl NUMBER20.

8039
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Fig. 15. Section southeast of
Mount Kaijende; based on
field notes by H. L. Davies.
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Limestone. Arnold & others (1979, part 2, p. 52)
referred to the apparent contradiction implied by
strata of zone N.8 age overlying lower Tf beds, and
suggested that this indicated a problem with prevail
ing correlations of planktonic and larger foraminiferal
zones. The only difference observed in the fauna of
the limestone above and below zone N.8 beds is the
occurrence of Austrotrillina striata, or specimens inter
mediate between A. striata and A. howchini, below
zone N.8 beds.

Although it is not possible to determine a precise
age for the limestone by traditional methods, a bio
metric method introduced by Chaproniere (1980a,
1981 b) using parameter F, the form number, in the
genus Lepidocyclina, gives a more definite indication.
The F number has been determined mainly from
uncentred vertical sections, using the criteria outlined
by Chaproniere (1981 b) .

In the south Tekin section, sample 3343 contains
specimens with an F number of 4; 3330, in the same
section, gives an F number of 3 to 4. Other samples,
3328 and 3329, contain specimens of planktonic fora
minifera referable to the Praeorbulina group. In the
north Tekin section, sample 3423 has specimens with
an F number of 3. In the Nong River section, speci
mens in sample 5036 have an F number of 3; this
sample also contains specimens of the Praeorbulina
glomerosa group. East of Feramin, specimens of Lepi
docyclina in sample 0134 have an F number of 4 to 5;
this sample also contains specimens of the Praeorbulina
group. Sample 0135 has specimens with an F number
ranging from 3 to 5. In the one sample, 8041, east of
Mount Kaijende between beds of zone N.8 age, no
value can be determined for the F number.

Studies by Chaproniere (1980a, 1981 b) indicate that
specimens with an F number of 3 or higher are from
strata of lower Tf age. Although accurate values for
parameter F cannot be obtained from random thin
sections, some indication of values can be obtained.
In three areas, beds of lower Tf age underlie beds
with a zone N.8 planktonic fauna. In a fourth area,
the lower Tf beds are above zone N.8 beds, but the
limestone contains planktonic foraminifera indicating
a zone N. 8 age. Chaproniere (1981 b) has recorded
from Trian Jaya a fauna of lower Tf age containing
Flosculinella bontangensis and overlain by beds con
taining a zone N.8 planktonic fauna.

Thcse results from Papua New Guinea and Irian
Jaya indicate that the presently accepted correlation
of the Te/Tf boundary with the N.8/N.9 zonal
boundary requires revision. Chaproniere (1981 b) has
discussed this problem, and from these data, and data
from other areas, has concluded that the Te/Tf boun
dary should be placed within the N .6-7 zonal interval.

Larger foraminifera and planktonic foraminifera
occur together in samples 9041 and 8042 (locality 106,
WABAG). However, in this case there is a possibility
that the larger foraminifera are reworked, and this
occurrence is regarded as unreliable for the purpose of
relating the larger and planktonic foraminiferal scales.



SAMPLES LISTED ACCORDING TO AGE,
OK TEDI 1:250000 SHEET AREA

Samples of indefinite age, or with a fauna giving an age over a wide stratigraphic interval, are not listed
here but are discussed in the text, and the faunas are listed in Appendix l. The locality number is given in
brackets after the sample number.

Late Paleoeene 1345 (175) Early-Middle Mioeene P.4700(43)

,-- J.
0756 (67) 1644 (90) (upper Te-lower Tf) P.4804 (98)

1682 (110) P.4811 (99)
Eoeene 1829(141) 0131 (138) P.4814 (101)
0661 (65) 1986 (106) 0133 (136) P.4816 (108)
3410(143) 3110 (201) 0134 (136) P.4818 (108)
3426 (144) 3114(201) 0135 (136) P .4826 (103)
3428 (144) 3127 (200) 0459 (158) P.4828 (112)
3429 (144) 3141 (199) 1231, part (170) P.4838 (120)
3430 (144) 3340 (145) 1335 (175) P.4839 (115)
3431 (144) 3347 (140) 1602 (226) P.4882 (6)
04NG0517 (157) 3355 (138) 1631 (47) P.4883 (5)
04NG0523, part (68) 3415 (143) 1636 (72) P.4885 (4)
P.5016 (17) 3417 (143) 1640 (72) P.4973 (73)
Early Oligoeene (Te) 3427 (144) 1651 (77) P.4984 (83)
0139 (136) 3442 ( 145) 1681 (92) P.4986 (84)
0200 (187) 3443 (145) 1684 (110) P.5001 (13)
1195 (171) 3475-3480 (222) 1690 (196) P.5012 (26)
1641 (72) 3498 (222) 1794 (217) P.5022 (18)
3017 (70) 6011 (183) 1809 (184) P.5023 (19)
3105(176) 6056 (174) 1811 (185) 76294158 (97)
3337 (145) 68691631 (113) 3029 (69) 76294159 (105)
3338 (145) 68691634B (173) 3278 (205) 76294179 (193)
3354(138) 68691636B (169) 3280 (205) 76294183 (80)
3411 (143) 68691642B (28) 3282 (205) 76294196 (54)
3432 (144) 68691644A (3) 3328 (151)

3433 (144) 68691647A (14) 3330 (150) Middle Mioeene (lower Tf)
3434 (144) 68691649 (123) 3342(145)

1048 (27)
3435 (144) 68691651B (121) 3343 (145)

1231, part (170)3351 (138)3436 (144) 04NGI008 (63)
3353 (138) 1654 (76)

3444 (145) 04NG 1009 (64)
3407 (147) 1688 (196)

6052 (174) 76294197 (21)
3408 (147) 1786-1792 (217,218)

6053 (174) P.4624 (38)
3422 (143) 1828 (66)

6054 (174) P.4880 (9)
3423 (143) 1989 (207)

6055 (174) P.5017 (16)
3424 (143) 3261 (210)

6057 (174) P.5025 (34)
3437 (145) 3264 (210)

6131K (96) P.5027 (32)
5035 (126) 3269 (211)

68691650A (123) Late Oligoeene (lower Te) 5036 (126) 3361 (137)
04NG0519 (71) 1031 (59) 5037 (127) 6120D (236)
04NG 1013 (132) 1040 (59) 6019 (181) 7001 (211)
P.4641 (56) 1043 (60) 6022 (181) 68691627D (94)
P.5670 (61) 1338 (175) 6023 (181) 68691628 (94)
Sample collected by 1583 (24) 6111 (235) P.4812 (100)

Chawner (1939); (219) 3021 (70) 61298 (164) P.4836 (119)
Sample collected by 3339 (145) 7000 (211 ) P.5142 (194)

Zehnder & de Caen 3412(143) 7006 (214)(1955); (220) 3413 (143) 68691621 (95) Early Miocene (zone N.8)
Late Oligoeene-Early 3414 (143) 68691626A (93) 0136-0138 (136)
Miocene (Te, undifjeren- 68691651C (121) 68691627C (94) 0199 (186)
tiated) P.4622 (38) 68691638B (79) 1835 (131)
0864 (129) P.4884 (7) 68691639 (46) 3321 (155)
0865 (129) P.5669 (62) 68691640B (50) 3322 (155)
0866 (129) Early Miocene (upper Te) 68691640F (50) 3332 (148)
1032 (59) 0624 (37) 68691643C (8) 3333-3335 (146)
1033 (59) 0858 (129) 04NG0514 (188} 3344 (145)
1034(59) 0859 (129) 04NG0518 (156) 3345 (146)
1036 (59) 3097 (175) 04NGIOIO (133) 3346 (142)
1037 (59) 3329 (151) P .4645 (125) 3359 (137)
1038 (59) 3416 (143) P.4661 (I I) 5034 (126)
1040 (59) 3438(145) P.4668 (51) 5038 (128)
1041 (59) 3439 (145) P.4670 (88) 6015 (182)
1047 (27) 3440 (145) P.4671 (88) 6044 (179)
1149 (229) 6018(181) P.4677 (82) 6045 (180)
1150 (229) 68691 640E (50) P.4678 (82) P.4658 (11)
1151 (229) 68691643B (8) P.4679 (82) P.4659 (11 )
1152 (229) 68691644A (3) P.4680 (82) P.4663 (11)
1156 (228) 68691646A, B (114) P.4681 (81) P.4676 (82)
1193 (171) P.4716 (195) P.4691 (48) P.4695 (45)
1343 (175) P.5019 (15) P.4699 (44) P.4749 (23)
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Oentoglobigerina altispira altispira X X

D. selh, XXX
D. tripanita tripanita et. X XX cf. et

D. veneluelana X
Chiloguembelina midwayensis m/dwayensis

610bigerina bulloides bulloides X

G. falconensis

6. ouachitaensis ciperoensis X I

G. praebulloides occlusa I ,
G. praebulloides praebulloides

G. praebulloides pseudociperoensis

G. praebulloides, 5.1. X X
610bigerinatheka mexicana barri

G. mexicana kugleri

610bigerinita dissimJlis. 5.1. X XX
6. UniC8Va..unicava X

61obigerinoides quadrilobatus altiapenura cl.

G. quadrilobatus immaturus X X

G. quadrJlobatus irregularus
G. quadrilobatus primordius XX
G. quadrilobatus quadrilobatus
G. quadrilobatus sacculifer
G. quadrilobatus triloba
G.. quadrilobatus group XX XX XX XX X XX )( X )(

G. subquadratus

61oboquadrina dehiscens dehiscens )(

61oborotalia (Acarinina) broedermanni broedermanni
G. (A) bullbrooki
G. (A) convexa convexa
G. (A) pentacamerata

G. (A) praecursoria praecursoria
G. (A) pseudodubia piparoensis

G. (A) warrsteinensis
G. (A) whitei

61oborotalia (G.) ehrenbergi
G. (G.) pseudomenardii

G. (G.) tumida plesiotum/da ~f.

G. (G) quasimiocenica f.

6Ioborotalia(Turborotalia) compressa compressa
G. (T.) continuosa I

G (T.) foliata
G. (T.)'haunsbergensis

G. (T) inconstans
G. (T.) kugleri

G. (T.) obesa X
G (T.) opima nana ~
G. (T.) pseudobulloides

G (T.) pus/lla
G (T.) scitula praescitula

G (T.) siakensis f. )( X X
G. (T.) variospira
G (Morolovella) aequa aequa
6. (M) angulata angulata
6. (M) apanthesma

G (M) aragonensis
G (M) lehneri "
6. (M) lensiformis

G. (M) occlusa acutispira
G. (M) occlusa occlusa
G (M) spinulosa coronata

G (M) spinulosa spinulosa
6. (M) subbotinae gracilis
G (M) subbotinae marginodentata

G. (M) tadjikistanensis
6. (M) velascoensis acuta
G. (M) velascoensis parva

G (M) velascoensis pasionensis

Fig. 16. Distribution of foraminifera in spot samples, Wabag 1:250 0(10 Sheet area (continued on pp. 44 and 45).
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G. (M) velascoensis velascoensis
G.(M) sp. 1

G. (M)sp. 2
Hantkenina (Aragonel/a) mexicana mexicana

H. (A) mexicana dumblei

HaSligerina siphonifera, s. I. X X ,.
Muricoglobigerina aquiensis

I
M mckannai

M soldadoensis sngulosa

Orbulina suturalis X
a univers8 XX XX XX XX XX XX xx XX XXX

Praeorbulina glomerosa circularis

P. glomerosa curva I
I

P. sicana sicana X I
P. transitoria

Sphaeroidinel/opsis seminulina seminulina X I

SuMotina frontosa boweri

S frontosa frontosa

S inaequispira

S linaperta

S pseudoeocaena
S triloculinoides

S velascoensis
f-

S sp. 1
S sp. 2

Ssp.3

Ssp.4
Ssp.5

Truncorotaloides tooilensis i

P.4756 (22) Early-Middle Miocene 1998 (165) Middle Miocene (zone
P.4817 (108) (zone N.6-N.14) 2395 (203) N.9-N.14)
P.4819 (108) 76294157 (162) 2396 (203) 1530 (130)
P.4820 (108) 2399 (204) 1643 (90)
P.4825 (104) 6123 (164) 1687 (196)
P.4833 (117) Middle Miocene or younger 6125 (164) 6135 (107)
P.4834 (118) (zone N.9 or younger) 6126(164)

Late Miocene-PlioceneP.4840 (115) 1148 (230) 6127 (164)
P.4919 (29) 1578 (208) 6130 (164) (zone N16-N.2l)
P.4932 (31) 1632 (47) 7003 (212) 1693 (233)
P.4934 (35) 1642 (90) 7007 (215) 1804 (191)
P.4935 (36) 1659 (75) P.4703 (197) 1853 (168)
P.4948 (91) 1805 (176) P.4827 (102) 1854 (168)
P.4974 (74) 1810 (185) P.4992 (86) 3259 (209)
76294199 (55) 1845 (192) 76294156 (163) Pliocene76294201 (53) 1846 (192) Sample collected by White 1605 (232)76294203 (52) 1990 (207) (1972); (234) 1608 (232)

LIST OF LOCALITY NUMBERS WITH CORRESPONDING SAMPLE NUMBERS,
OK TEDI 1:250000 SHEET AREA

Locality Sample(s) Locality Sample(s) Locality Sample(s) Locality Sample(s)
1 1980 18 P.5022 35 P.4934 52 76294203
2 P.5080 19 P.5023 36 P.4935 53 76294201
3 68691644 A, B 20 P.5024 37 0624 54 76294196
4 P.4885 21 76294197 38 P.4622-P.4624 55 76294199
5 P.4883 22 P.4756 39 1981 56 P.4641
6 P.4882 23 P,4749 40 P.4648 57 P.4776
7 P,4884 24 1583 41 P,4652 58 P.4775
8 6869143 B, C 25 76294192 42 1648 59 1029-1042
9 P.4880 26 P.5012 43 P,4700 60 1043

10 68691645 A-D 27 1047-1048 44 P.4699 61 P.5670
11 P.4658-P.6443 28 68691642 B 45 P.4695 62 P.5669
12 1289 29 P,4919 46 68691639 63 04NGI008
13 P.5001 30 P,4916 47 1631-1632 64 04NGI009
14 68691647 A 31 P.4932 48 P.4691 65 0661
15 P.5019 32 P.5027 49 P,4689 66 1828
16 P.5017 33 P.5028 50 68691640 B, E, F 67 0756
17 P.5016 34 P.5025 51 P.4668 68 04NG0523

44



,/

<t1O~

1O O~ "'~ <t1O COO "'M CO ..... eno O<t CO", M~ eno -'" <t~ <to <t<t en", CO~ <t COM O~ "'M CO", "' ....."'0 0<t CO CO CO CO CO~
CO CO CO COM MM M<t <t<t <t<t <t1O CO CO M<t OM M<t <t<t <t1O lOCO ..... CO M<t ~<t MO O.

.ci~
en en

CO 00 00 00 00 00 00 00 00 00 00 00 00 00 "'M <t<t en~ ~ .c .0.0 ..ciD

'" CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO CO en en en en en en en en en en u.:u..: u.:u.: u..:u..: u.:u.: U:<l: <l:<l: <l:<l: <l:Cl. a..: a..:
xx X X X

X

X

X I
X

"X XX xx X XXX X X

X
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X I cf.
XX
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XXX XX
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X cf. X

X XX I I

X X

X X

xx
X X X et. et.

XX cf.

X
I XXX X X X X

XX X cf.

• X

X

i X

X

X X

\i X X 20/854/9

69 3029 103 P.4826 137 3359,3361 171 1193, 1195, 1196
70 3017,3021 104 P.4825 138 3351-3355 172 1217
71 04NG0519 105 72694159 139 3350 173 68691634 B
72 1636, 1639-1641 106 1986 140 3347 174 6052-6057
73 P.4973 107 6135 141 1829 175 1334-1345,
74 P.4974 108 P.4816-P.4820 142 3346 3096-3099
75 1658-1659 109 68691622 B, C 143 3410-3425 176 3105
76 1653-1655 110 1682-1684 144 3426-3436 177 6034
77 1651 111 68691623 145 3337-3344, 178 6033
78 1650 112 P.4828 3437-3444 179 6044
79 68691638 B 113 68691631 146 3333-3335, 3345 180 6045
80 76294183 114 68691646 A, B 147 3407-3409 181 6018-6023
81 P.4681 115 P.4839-P.4840 148 3332 182 6015
82 P.4676-P.4680 116 P.4832 149 3331 183 6010-6011
83 P.4984 117 P.4833 150 3330 184 1809
84 P.4986 118 P.4834 151 3328-3329 185 1810-1811
85 P.4989 119 P.4836 152 3325-3326 186 0199
86 P.4992 120 P.4838 153 3327 187 0200
87 P.4674 121 68691651 B, C 154 3323 188 04NG0514
88 P.4670-P.4671 122 2610 155 3321-3322 189 04NG0509
89 P.4669 123 68691649, 156 04NG0518 190 1678-1679
90 1642-1644 68691650 A 157 04NG0517 191 1804
91 P.4948 124 P.4644 158 0459 192 1845-1846
92 1681 125 P.4645 159 76294225 193 76294179
93 68691626 A 126 5034-5036 160 1667 194 P.5142
94 686971627 C, D; 127 5037 161 68691630 B 195 P.4716

68691628 128 5038 162 76294157 196 1688, 1690
95 68691621 129 0856-0869 163 76294156 197 P.4703
96 6131 K 130 1530 164 6123-6130 198 68691633
97 7629, 158 131 1835 165 1998 199 3141,3146
98 P.4804 132 04NGI013 166 1805 200 3127
99 P.4811 133 04NGI01O 167 1807 201 3110-3111,

100 P.4812 134 0133-0139 168 1853-1854 3113-3114
101 P.4814 135 0132 169 68691636 B 202 04NG0501
102 P.4827 136 0130-0131 170 1231 203 2395-2396
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Locality Samplers) Locality Samplers) Locality Samplers) Locality Samplers)
204 2399 213 7005 220 Sample collected 228 1156-1157
205 3Z78, 3280, 3282 214 7006 by Zehnder & 229 1149-1152
206 2394 215 7007 de Caen (1955) 230 1148
207 1989-1990 216 1988 221 1777 231 1147
208 1578

217 1788-1794 222 3475-80; 3498 232 1605, 1608
209 3259

218 1786-1787
223 1774-1776 233 1693-1695

210 3261,3264 224 1131-1134 234 Sample collected
211 3266,3269, 219 Sample collected 225 1604 by White (1972)

7000-7001 by Chawner 226 1602 235 6111
212 7003 (1939) 227 1210-1211 236 6120 D

SAMPLES LISTED ACCORDING TO AGE,

WABAG 1:250 000 SHEET AREA ..
cl

Samples of indefinite age are not listed, but are discussed in the text, and the faunas are listed in Appen-
dix 2. The locality number is given in brackets after the sample number.

Early Paleocene F.916-F.917 (37) 9049 (71) F.399 (16)
8084 (112) P.9401-P9408 (not shown; 9050 (70) F.863 (95)

see text) 9055 (57) F.870-F.889 (103)
Late middle to Late 9056 (57) F.934 (118)
Paleocene Early Oligocene (Tc) 9057 (57) F.I00l (96)
1008 (2) 0697 (32) 9058 (57)
8136 (47) 2696 (92) 9059 (57) General Early Miocene age
8142 (35) AbA3b (91) F.I78 (82) (zones N.4-N.8)
9039 (65) F.223 (53) • 2658 (131)
9041 (63) Middle Oligocene-Middle F.260 (144) 2659 (132)
9042 (62) Miocene (Td-lolVer Tf) F.283 (147) 8035 (98)
9060 (153) F.226 (51) F.284 (147) F.239 (59)
F.342 (97) FAIO (55) Ab.86 (13)
F.870-F.872 (103) Late Oligocene-Middle F.412 (68)
F.900-F.905 (105) Miocene (Te-lolVer Tf) FA50 (136)

Early-Middle MioceneF.913-F.917 (37) 2701 (93) FA59 (136)
(upper Te-lolVer Tf)FA60 (138) 0687 (28)Early Eocene Late Oligocene (lolVer Te) FA91 (79)
0690 (30)F.184 (80) 2700 (94) F.827 (40)
0691 (30)

F.838 (48)
0694 (31)Middle Eocene Late Oligocene-Early F.841 (38)
0695 (31)0295 (3) Miocene (zones N3-N.4) F.845 (36)
1106 (26)1524 (I) 2648 (120) F.930 (119)
6064 (22)1525 (I) 2650 (129) B.23 (156)
6065 (22) !1532 (43) 267 J (168) BA5 (85)
8029 (86)1534 (43) 2675 (137) B.83 (145)
8037 (52)1536 (43) 2679 (125) B.l11 (173)
8048 (110)8085 (113) 9054 (56) B.1l3 (172)
8117(162)8093 (4) F.279-F.281 (147) B.120 (114)
F.50 (161)8095 (4) FA49 (136) B.135f (44)
F.527 (155)8097 (5) FA56-FA59 (136) B.136a-B.136b (41) F.557 (164)8098 (5) F.936-F.938 (118)
F.560(163)8099 (5) General Oligocene age only Ab.78 (7)8112 (50) Probably Late Oligocene- (P.19-N.3)
Ab.l086a (20)8113 (50) Early Miocene (see text) 2672 (140)
GA9 (90)8115 (158) 2651 (129)

8138 (47) 2674 (139) Late Oligocene-Early
Zones N.8-N.98139 (46) 2676 (128) Miocene (Te, undijJeren-
FA42-FA48 (108)8141 (46) 2678(126) tiated)

8143a (35) 2680 (124) 6058 (22)
Zones N.4-N.I48145-8146 (49) 5195 (6)

9040 (64) 8087 (67) Early Miocene (upper Te) 8036 (98)
9044 (61) 8096 (5) 3299 (34) AbA3 (91)
9051 (69) 8100 (5) 3386(21) Ab.83 (12)
B.70 (81 ) 8101 (5) 8041 (106)
8.118 (107) 8105 (11) 8042 (106) Zones N.8-N.n
B.135b (44) 8107 (14) FA3 (150) FA20-FA39 (lOO)
B.135h (44) 8108 (14) B.133a (44) F.398-FA05 (16)
B.138 (45) 8111(50) FA51-FA55 (16).
FAl (151) 8114(50) Early Miocene (zone N.8) FA61-FA71 (16)
F.174 (77) 8133 (154) 2646 (123) F.329 (17)
F.231 (54) 8143(35) 8034 (99)
F.275 (146) 9030(143) 8040 (106) Middle Miocene (lolVer Tf)
F.289 (116) 9036A, B (60) 8042 (106) F.329 (17)
F.868 (101) 9047 (73) 8043 (106) F.846 (39)
F.908-F.912 (105) 9048 (72) 8047 (110) KJ.I0 (not shown; see text)
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Zone N.9 2662 (135) F.441 (102) 1102 (26)
6060 (22) 2664(141) F.932 (119) 11 03 (26)
6061 (22) 2665 (141) F.l004 (104) 1104 (26)
6062 (22) 2667 (171) F.l006 (104) 1105 (26)
8049 (109) 2668 (170) F.l013 (33) 1115(26)

8031 (86) 1117(26)
Not older than Middle 8046 (11l) Late Miocene (zones N.17- 1118 (26)
Miocene (zone N.9) 8050 (109) N.I8) 1119(26)
0480 (25) 9031 (148) 1478 (75) 1567 (165)
0485 (25) 9032 (148) 2653 (129) 2654(129)
0486 (25) F.l005 (104) 2655 (129)
1101 (26) B.117 (166) General Miocene or younger 2656 (129)
1107 (26) age 2657 (130)
1108 (26) General Miocene age only 0390 (23) 2660 (133)
1109(26) 1474 (76) 0466 (24) 2661 (134)
1110 (26) 2685 (84) 0470 (25) F.48 (160)
1121 (26) 8060 (175) 0471 (25) F.681 (89)
1122 (26) 9003 (58) 0482 (25) B.137a (42)
1473 (76) F.286 (147) 0483 (25) B.137b (42)
1475 (76) F.416 (78) 0484 (25)

LIST OF LOCALITY NUMBERS WITH CORRESPONDING SAMPLE NUMBERS,

WABAG 1:250 000 SHEET AREA
Locality Sample(s) Locality Sample(s) Locality Sample(s) Locality Sample(s)

1 1524-1525 41 B.136 A, B 87 P.9171 133 2660
2 1008 42 B.137 A, B 88 P.9173-P.9174 134 2661
3 0294-0295 43 1532, 1534, 1536 89 F.681 135 2662
4 8091,8093-8095 44 B.133 A, B, D, E; 90 0.49 136 F.449-F.450,
5 8096-8101 B.135 A-H 91 Ab.43, Ab.43b F.456-F459
6 5195 45 B.J38 92 2696 137 2675
7 Ab.78 46 8139,8141 93 2701 138 F.460
8 Ab.80 47 8136,8138 94 2700 139 2674
9 Ab.81 48 F.838 95 F.863 140 2672

10 Ab.82 49 8145-8146 96 F.IOOl 141 2664-2665
11 8105 50 8111-8114 97 F.342 142 B.79
12 Ab.83 51 F.226 98 8035-8036 143 9030
13 Ab.86 52 8037 99 8034 144 F.260
14 8107-8108 53 F.223 100 F.420-F.439 145 B.83
15 6005 54 F.231 101 F.868 146 F.275
16 F.398-F.405, 55 F.410 102 F.441 147 F.279-F.286

F.451-F.455; 56 9054 103 F.870-889 148 9031-9032
F.461-F.471 57 9055-9059 104 F.1004-F.1006 149 B.36

17 F.300-F.340 58 9003 105 F.900-F.912 150 F.43
18 P.9124 59 F.239 106 8039-8043 151 F.41
19 P.9125 60 9036 A, B 107 B.118 152 F.39
20 Ab.1086 A 61 9044 108 F.442-F.448 153 9060
21 3386 62 9042 109 8049-8050 154 8133
22 6058,6060-6062, 63 9041 110 8047-8048 155 F.527

6064-6066 64 9040 111 8046 156 B.23
23 0389-0391 65 9039 112 8084 157 F.564
24 0466,0469-0471, 66 F.197 113 8085 158 8115

0476,0480, 67 8087 114 B.120 159 8119
0482-0486 68 F.412 115 9045 160 F.48

25 8009 69 9051 116 F.289 161 F.50
26 1100-1110, 70 9050 117 9052 162 8117

1115-1122 71 9049 118 F.934-F.938 163 F.560
27 0686 72 9048 119 F.930, F.932 164 F.557
28 0687 73 9047 120 2648 165 1567
29 0689 74 1478 121 8135 166 B.117
30 0690-0691 75 1475 122 2647 167 B.116
31 0694-0695 76 1473-1474 123 2646 168 2671
32 0697 77 F.174 124 2680 169 2670
33 F.l013 78 F.416 125 2679 170 2668
34 3299 79 F.491 126 2678 171 2667
35 8142,8143, 80 F.184 127 2677 172 B.113

8143 A 81 B.70 A, B 128 2676 173 B.l11
36 F.845 82 F.178 129 2650-2651, 174 F.l
37 F.913-F.917 83 F.753 2653-2656 175 8060
38 F.841 84 2685 130 2657
39 F.846 85 B.45 131 2658
40 F.827 86 8029,8031 132 2659
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PLATE 1
(All figures X80 unless otherwise indicated)

Figs.
1 Globorotalia (MorozovelIa) aequa aequa Cushman & Renz

CPC 21591, sample 71521008.
2 Globorotalia (MorozovelIa) velascoensis velascoensis (Cushman)

CPC 21592, sample 71521008.
3, 4 Globorotalia (MorozoveUa) spp.

CPC 21593 and 21594, sample. 71520756.
5 Globorotalia (MorozovelIa) sp.

CPC 21595, sample 71528138.
6 Globorotalia (MorozovelIa) sp.

CPC 21596, sample 71523410.
7 Globorotalia (MorozovelIa) cf. rex Martin

CPC 21597, sample 71521536.
8 Globorotalia (MorozovelIa) aragonensis Nuttall

CPC 21598, sample 71521524.
9 Globorotalia (MorozovelIa) subbotinae gracilis Bolli

CPC 21599, sample 71528085.
10 Globorotalia (MorozovelIa) sp.

CPC 21600, sample 71520661.
11 Globorotalia (MorozovelIa) renzi Bolli

CPC 21601, sample 71521524.
12 Globorotalia (MorozovelIa) sp.

CPC 21602, sample P.9403.
13 Globorotalia (Truncorotaloides) topilensis topilensis (Cushman)

CPC 21603, sample P.9402.
14 Globorotalia (Truncorotaloides) topilensis topilensis (Cushman)

CPC 21604, sample B.138.
15 Globorotalia (Truncorotaloides) topilensis topilensis (Cushman)

CPC 21605, sample 71528085.
16 Globorotalia (Truncorotaloides) cf. topilensis topilensis (Cushman)

CPC 21606, sample 71523431.
17 Globorotalia (Acarinina) pseudodubia (Bandy) group

CPC 21607, sample 71523426.
18 Globorotalia (TruncorotaIoides) topilensis topilensis (Cushman)

CPC 21608, sample 71520295.
19,20 Globorotalia (Acarinina) pseudodubia (Bandy) group

CPC 21609 and 21610, sample 71521536.
21 ?Globorotalia (Acarinina) pseudodubia (Bandy) group

CPC 21611, sample 71520756.
22 Globorotalia (Acarinina) cf. pseudodubia (Bandy) group

CPC 21612, sample 71523428.
23 Globorotalia (Turborotalia) sp.

CPC 21613, sample 71520661.
24 Globorotalia (Truncorotaloides) cL topilensis topilensis (Cushman)

CPC 21614, sample P.9402.
25,26 Globorotalia (Acarinina) cf. pseudodubia (Bandy) group

CPC 21615 and 21616, sample P.9402.
27-29 Globigerinatheka senni (Beckmann) group

CPC 21617 to 21619, sample 71528085.
30 ?Chiloguembelina sp.

CPC 21620, sample 71523429; X 180.
31 ?Chiloguembelina sp.

CPC 21621, sample 71523410; X 180.
32 ?Chiloguembelina sp.

CPC 21622, sample 71521536.
33,34 ?Pseudohastigerina sp.

CPC 21623 and 21624, sample 71520661.
35 Radiolarian

CPC 21625, sample 71528138.
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PLATE 2
Figs.

1,2 Nummulites cf. javanus Verbeek
CPC 21626 and 21627, sample 71523410; X20.

3 Nummulites cf. javanus Verbeek
CPC 21628, sample 71523428; X40.

4, 5 Lacazinella sp.
CPC 21629 and 21630, sample 71523431; X40.

6 Gypsina sp.
CPC 21631, sample 71523431; X30.

7,9 Discocyclina (D.) sp.
CPC 21632 and 21633, sample 71523431; X30.

8 ?Asterocyclina sp.
CPC 21634, sample 71523428; X30.

10 ?Asterocyclina sp.
CPC 21635, sample 71523426; X30.

11 Discocyclina (Aktinocyclina) sp.
CPC 21636, sample 71523431; X20.

12-14 Nummulites (palaeonummulites) sp.
CPC 21637 to 21639, sample 71523431; X30.

15 Heterostegina sp.
CPC 21640, sample 71523431; X35.

16 Heterostegina sp.
CPC 21641, sample 71523439; X35.

17,18 Nummulites fichteli MicheJotti
CPC 21642 and 21643, sample 71523337; 17, XlO; 18, X30.

19 Nummulites fichteli Michelotti
CPC 21644, sample 71520139; X40.
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PLATE 3
Figs.

1 Borelis cf. inflata (Adams)
CPC 21645, sample 71520139; X75.

2, 3 Borelis sp.
CPC 21646 and 21647, sample 71523433; X30.

4 Halkyardia sp.
CPC 21648, sample 71526055; X80.

5 Halkyardia sp.
CPC 21649, sample 71521195; X90.

6 Halkyardia sp.
CPC 21650, sample 71520139; X90.

7 Halkyardia sp.
CPC 21651, sample 71523435; X80.

8, 9 Sporadotrema cf. cylindricum (Carter)
CPC 21652 and 21653, sample 04NG0519; X30.

10-13 Heterostegina sp.
CPC 21654 to 21657, sample 71523444; 10 & 11, X30; 12 & 13, X40.

14 Heterostegina sp.
CPC 21658, sample 71523433; X30.

15 Heterostegina sp.
CPC 21659, sample 71526055; X30.
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PLATE 4
Figs.

1,2 Nummulites (Palaeonummulites) sp.
epe 21660 and 21661, sample 71521583; x30.

3-5 Heterostegina sp.
epe 21662 to 21664, sample 71521043; X30.

6-8 Miogypsina (Miogypsinoides) complanata (Schlumberger)
epe 21665 to 21667, sample 71523339; x60.

9 Miogypsina (Miogypsinoides) complanata (Schlumberger)
epe 21668, sample 71521338; x60.

10 Miogypsina (Miogypsinoides) complanata (Schlumberger)
epe 21669, sample 71523339; X30.

11 Miogypsina (Miogypsinoides) complanata (Schlumberger)
epe 21670, sample 71521031; X40.

12 Elphidium sp.
epe 21671, sample 71521503; X50.

13 Lepidocyclina (Eulepidina) ephippioides Jones & ehapman
epe 21672, sample 71521583; X 10.

14, 15 Lepidocyclina (Eulepidina) ephippioides Jones & ehapman
epe 21673 and 21674, sample 71521043; X 10.

16 Archaias cf. angulatus (Fichtel & Moll)
epe 21675, sample 71523113; X40.

17 Archaias cf. angulatus (Fichtel & Moll)
epe 21676, sample 71521032; X40.





PLATE 5

8

7

6

16

11

Spiroclypells margarit.atus (Schlumberger)
CPC 26177, sample 04NG 1008; X30.
Austrotrillina striata Todd & Post
CPC 21678 and 21679, sample 71521149; X40.
Amphistegina sp.
CPC 21680 and 21681, sample 71523114; X40.
Heterostegina sp.
crc 21682, sample 71521037; X30.
Heteroslegina sp.
crc 21683, sample 71523114; X30.
Sporadotrema cf. cylindricum (Carter)
crc 21684, sample 71523330; X 20.

9 Borelis pygmaeus Hanzawa
CPC 21685, sample 71521047; X30.

10 Borelis pygmaeus Hanzawa
crc 21686, sample 71521151; X30.
AlIstrotrillina striata Todd & Post
CPC 21687, sample 71523416; X40.
Miogypsina (Miogypsinoides) bantamensis/ dehaarti
CPC 21688 to 21691, sample 71520859; X40.
Miogypsina (Miogypsinoides) bantamensis/ dehaarti
CPC 21692, sample 71523416; X40.
Miogypsina (Miogypsinoides) cf. dehaarti van der Vlerk
CPC 21693 and 21694, sample 71520624; X40.

2,3

4,5

Figs.
1

12-15

17, 18
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PLATE 6

7

8

11

18

Carpenteria sp. or Sporadotrema sp.
ere 21695, sample 71520624; X30.
Elphidium sp.
ere 21696 and 21697, sample 71520859; X40.
Elphidium sp.
ere 21698 and 21699, sample 71520624; X40.

6 Lepidocyclina ( ephrolepidina) cf. pan'a Oppenoorth
ere 21700, sample 71523097: X40.
Miogypsina (M.) thecideaeformis (Rutten)
epe 21701, sample 71523438; X40.
Miogypsina (M.) cf. kotoi Hanzawa
epe 21702, sample 71520624; X 30.
Miogypsina (M.) sp.
epe 21703 and 21704, sample 71520858; X40.
Elphidium sp.
epe 21705, sample 71520624; X40.

12 Heterostegina sp.
epe 21706, sample 71528048: X20.
Archaias cf. angulatus (Fichtel & Moll)
ere 21707 and 21708, sample 71520624; X40.

15 Flosculinella globulosa R utten
ere 21709, sample 686916438; X40.
Borelis pygmaeus Hanzawa
epe 21710 and 21711. sample 71521032; X40.
Austrotrillina cf. striata Todd & Post
epe 21712, sample 71521032: X40.

19 Austrotrillina howchini (Schlumberger)
ere 21713, sample 71525035; X40.

20 Lepidocyclina ( ephrolepidina) cf. inflata Provale
epe 21714, sample 71523408; X35.

4,5

2,3

9,10

16, 17

13, 14

Figs.
1





PLATE 7

9

11

13

5-7

Cycloclypeus (Katacycloclypeus) cf. annulatus Martin
epe 21715, sample 71525036; x20.

2 Flosculinella globulosa Rutten
epe 21716, sample 71520459; X 50.
Planorbulinella sp.
epe 21717 and 21718, sample 71520687; X50.
Miogypsina (M.) sp.
epe 21719 to 21721, sample 71521335; X60.
Elphidium sp.
epe 21722 and 21723, sample 71521640; X40.

Elphidium sp.
epe 21724, sample 71521602; X40.
Lepidocyclina ( ephrolepidina) cL parva Oppenoorth
epe 21725, sample 71523437; X40.

12 Lepidocyclina (Nephrolepidina) cf. parva Oppenoorth
epe 21726, sample 04NG0514; X40.
Amphistegina sp.
epe 21727, sample 71520134; X40.

14 Miogypsina (M.) thecidcaeformis (Rutten)
epe 21728, sample 71528048; X20.
Miogypsina (M.) thccidcaeformis (Rutten)
epe 21729 and 21730, sample 71520694; 15, 16, X20; 17, same specimen
as fig. 16, X65.

3,4

8,10

15-17

Figs.

1
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PLATE 8

3

17

5,6

10-12

Cycloclypeus (C.) sp.
cpe 21731, sample 71520135; X20.

2 Lepidocyclina (Nephrolepidina) ferreroi Provale
ere 21732, sample F.846; X20.
Lepidocyclina ( .) ferreroi Provale
ere 21733, sample 715261200; X20.

4 Lepidocyclina ( .) ferreroi Provale
epe 21734. sample 71520131: X40.
AustrotriIlina howchini (Sehlumberger)
epe 21735 and 21736, sample 71521048; X55.

7 Cycloclypeus (Katacycloclypeus) sp.
ere 21737. sample F.846; X20.

8 Cycloclypeus (K.) cf. annulatus ifartin
epe 21738, sample 71520135; X20.

9 Cycloclypeus (K.) cf. annulatus Martin
epe 21739, sample 71528048: X20.
Cycloclypeus (K.) ef. annulatus Martin
epe 21740 to 21742, sample F.329; X20.

13 Sorites sp.
epe 21743, sample 71521048; X25.

14 Flosculinella bontangensis (Rutten)
epe 21744, sample 71521048; X50.

15 Amphistegina sp.
ere 21745, sample 71523261; X40.

16 Elphidium sp.
epe 21746. sample F.329; X40.
Alveolinella quoyi d'Orbigny
epe 21747, sample B.137a; X20.

Figs.
1
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Figs.
1-8

9-13

PLATE 9

Lepidocyclina (Nephrolepidina) sp.
CPC 21748 to 21751, sample 71528042; 1-4, X30; 5-8, same specimens as
figures 1-4 respectively, X80.
Lepidocyclina (N.) howchini Chapman & Crespin group
CPC 21752 to 21754, sample 71521989; 9-J I, X30; 12, 13, same specimens
as figures 9, 10 respectively, X80.



6

12

7

13



Figs.
1-2

3-9

10-15

16

17-20

PLATE 10

Lepidocyclina (Nephrolepidina) howchini Chapman & Crespin group
CPC 21755 and 21756, sample 71521989; X30.
Lepidocyclina ( .) howchini Chapman & Cre~pin group
crc 21757 to 21760, sample F.329; 3-5, 9. x30: 6-8, same specimens as
figures 3-5 respectively, X80.

ummulites (Palaeonummulites) sp.
CPC 21761 to 21766, sample F.329; X20.
Operculina complanata (Dcfrance)
CPC 21767, sample F.329; X20.
Miogypsina (M.) thecideaeformis (Rutten)
crc 21768 and 21769, sample 71528042; 17,19, X40; 18,20, same specimens
as figures 17, 19 respectively, X80.
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PLATE 11
(All figures X80 unless otherwise indicated.)

6

7

Lepidocyclina ( ephrolepidina) cf. angulosa Provale
CPC 21770 to 21772, sample 68691628; 1-2, X40; 3, X30.
Orbulina suturalis Bronnimann
CPC 21773 and 21774, sample 71523164.
Praeorbulina glomerosa (Blow) group
CPC 21775, sample 71523330.
Praeorbulina transitoria (Blow)
CPC 21776, sample F.889.
Praeorbulina glomerosa (Blow) group
CPC 21777 and 21778, sample F.889.
Praeorbulina glomerosa (Blow) group
CPC 21779 and 21780, sample 71525036.
Praeorbulina transitoria (Blow)
CPC 21781 and 21782, sample 71520134.

14 Praeorbulina glomerosa (Blow) group
CPC 21783, sample 71520134.
Globigerina sp.
CPC 21784, sample F.260.

15

8,9

4-5

Figs.
1-3

10, 11

12, 13
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PLATE 12

3

18

23

21

Praeorbulina glomerosa (Blow) group
ere 21785, sample 71529055; X80.

2 ?Globigerinatheka sp.
ere 21786, sample 7 L529055; X 80.
Globigerina sp.
ere 2L787, sample F.260; X80.

4 Globoquadrina dehiscens ehapman, Parr & Coli ins group
epe 21788, sample F.934; X 80.

5 ?Berggrenia sp.
ere 21789, sample F.410; X 160.
?Berggrenia sp.
ere 2 L790 and 21791, sample F.838; X 80.
?Berggrenia sp.
ere 21792 and 2L793, sample F.223; X80.

10 ?Berggrenia sp.
ere 21794, sample F.260; X 160.
?Berggrenia sp.
epe 21795 and 21796, sample FAIO; X160.
?Berggrenia sp.
ere 21797 to 21799, sample F.827; X 160.

16 ?Breggrenia sp.
ere 21800, sample 71529055; X160.

17 ?Sphaeroidinellopsis sp.
ere 21801, sample F.450; X80.
?Sphaeroidinellopsis sp.
ere 21802, sample FAIO; X80.
Streptochilus sp.
epe 21803 and 21804, sample F.838; X160.
Streptochilus sp.
epe 2L805, sample FAIO; X 160.

22 Streptochilus sp.
epe 21806, sample FA59; X 160.
Streptochilus sp.
ere 21807, sample F.260; X 160.

24 Streptochilus sp.
epe 21808, sample FAIO; X 160.

8,9

6, 7

19,20

Figs.
1

13-15

11,12
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Figs.
1-5

6-8

9-14

15-21

22-26

PLATE 13
(All figures X80 unless otherwise indicated.)

Chiloguembelina midwayensis midwayensis (eushman)
I, ere 21809, sample 71528085.
2, 3 ere 21810, same sample.
4,5 ere 21811, same sample; Figs. 3, 5 x175.
Globorotalia (Acarinina) broedermanni broedermanni eushman & Bermudez
ere 21811, sample 71529051; 6, ventral view; 7, dorsal view; 8, edge view
Globorotalia (Acarinina) bullbrooki Bolli
9-11, ere 21813, sample 71529051; 9, ventral view; 10, dorsal view; 11, edge
view.
12-14, ere 21814, same sample; 12, ventral view; 13, dorsal view; 14, edge
view.
Globorotalia (Acarinina) convexa convexa Subbotina
15-17, ere 21815, sample 71529039; 15, ventral view; 16, dorsal view; 17,
edge view.
18-20, ere 21816, same sample; 18, ventral view; 19, dorsal view; 20, edge
view.
21, epe 21817, sample 71529060, edge view.
Globorotalia (Acarinina) pentacamerata Subbotina
22-24, epe 21818, sample 71529051. 22, ventral view; 23, dorsal view; 24,
edge view.
25,26, ere 21819, same sample; 25, ventral view; 26, edge view.



3

5

21

26



Figs.
1-12

13-18

19-26

PLATE 14
(All figures X 80.)

Globorotalia (Acarinina) praecursoria praecursoria (Morozova)
1-3, ere 21820, sample 7152808.+; 1, ventral view; 2, dorsal view; 3, edge
view.
4-6, ere 2182 I, same ~ample; 4, ventral view: 5, dorsal view; 6, edge view.
7-9, ere 21822, same sample; 7. ventral view; 8, dorsal view; 9, edge view.
10-12. ere 21823, same sample; 10, ventral view; 11, dorsal view; 12, edge
view.

Globorotalia (Acarinina) pseudodubia piparoensis (Bronnimann & Bermudez)
13-15, cre 21824, sample 71529051; 13, ventral view; 14, dorsal view;
15, edge view.
16-18, cpe 21825, same sample; 16, ventral view; 17, dorsal view; 18, edge
view.

Globorotalia (Acarinina) wartsteinensis Gohrbandt
19-21, cre 21826, sample 7152905 I; 19, ventral view; 20, dorsal view; 21,
edge view.
22-24, ere 21827, same sample; 22, ventral view; 23, dorsal view; 24, edge
view.
25. 26, cpe 21828, same sample; 25, ventral view; 26, edge view.
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PLATE 15
(All figures X80.)

Figs.
1-4 Globorotalia (Acarinina) whitei Weiss

1-3, CPC 21829, sample F.184; 1, ventral view; 2, dorsal view; 3, edge view.
4, CPC 21830, same sample, ventral view.

5-10 Globorotalia (Globorotalia) ehrenbergi Bolli
5-7, CPC 21831, sample 71528084; 5, ventral view; 6, dorsal view; 7, edge
view.
8-10, CPC 21832, ame sample; 8, ventral view; 9, dorsal view; 10, edge
view.

11-15 Globorotalia (Globorotalia) pseudomenardii Bolli
11-13, CPC 21833, sample 71528142; 11, ventral view; 12, dorsal view; 13,
edge view.
14, 15, CPC 21834, same sample; 14, ventral view; 15, edge view.

16-20 Globorotalia (Morozovella) aequa aequa Cushman & Renz
16-18, CPC 21835, sample 71528136; 16, ventral view; 17, dorsal view;
18, edge view.
19, 20, CPC 21836, same sample; 19, ventral view; 20, edge view.

21-23 Globorotalia (Morozovella) angulata angulata (White)
CPC 21837, sample 71528142; 21, ventral view; 22, dorsal view; 23, edge
view.





Figs.
1-8

PLATE 16
(All figures X80.)

Globorotalia (Morozovella) apanthesma Loeblich & Tappan
1-3, ere 21838, sample 71528142; 1, ventral view; 2, dorsal view; 3, edge
view.
4, 5. ere 21839, same sample; 4, ventral view: 5, edge view.
6-8. cre 21840, sample 71529039; 6, ventral view; 7, dorsal view; 8, edge
view.

9-16 Globorotalia (Morozo\'ella) aragonensis ( ullall)
9-11, ere 21841, sample 71529051; 9, ventral view; 10, dorsal view; 11,
edge view.
12, 13. ere 21842. same sample: 12. ventral view; 13, edge view.
14-16, ere 21843, same sample; 14, ventral view; 15, dorsal view; 16, edge
view.

17-22 Globorotalia (Morozovella) lehneri Cushman & Jarvis.
17-19, ere 21844, sample 71529051: 17, ventral view; 18, dorsal view; 19,
edge view.
20, 2l. epe 21845. same sample; 20, ventral view; 21, edge view.
22, epe 21846, same sample, ventral view.





Figs.
1-5

6-13

14-21

22-26

PLATE 17
(All figures X80.)

Globorotalia (Morozovella) lensiformis Subbotina
1-3, epe 21847, sample 71529051; 1, ventral view; 2, dorsal view; 3, edge
view.
4, 5, epe 21848, same sample; 4, ventral view; 5, dorsal view.
Globorotalia (Morozovella) occlusa occlusa Loeblich & Tappan
6-8, epe 21849, sample 71528136; 6, ventral view; 7, dorsal view; 8, edge
view.
9-11, epe 21850, sample 71528142; 9, ventral view; 10, dorsal view; 11,
edge view.
12, 13, epe 21851, same sample; 12, ventral view; 13, edge view.
Globorotalia (Morozovella) occlusa acutispira Bolli & eita
14-16, epe 21852, sample 71529039; 14, ventral view; 15, dorsal view;
16, edge view.
17,18, epe 21853, same sample; 17, ventral view; 18, edge view.
19, 20, epe 21854, same sample; 19, ventral view; 20, edge view.
21, epe 21855, same sample, edge view.
Globorotalia (Morozovella) spinulosa spinulosa eushman
22-24, epe 21856, sample 71529051; 22, ventral view; 23, dorsal view;
24, edge view.
25, 26, epe 21857, same sample; 25, ventral view; 26, edge view.





Figs.
1-3

4-9

10-17

18-23

PLATE 18
(All figures X 80.)

Globorotalia (Morozovella) spinulosa coronata Blow
epe 21858, sample 71529051; I, ventral view; 2, dorsal view; 3, edge view.
Globorotalia (Morozovella) subbotinae gracilis Bolli
4-6, epe 21859, sample 71529039; 4, ventral view; 5, dorsal view; 6, edge
view.
7-9, epe 21860, same sample; 7, ventral view; 8, dorsal view; 9, edge view.
Globorotalia (Morozovella) subbotinae marginodentata Subbotina
10-12, epe 21861, sample 71529039; 10, ventral view; 11, dorsal view; 12,
edge view.
13, 14, epe 21862, same sample; 13, ventral view; 14, edge view.
15-17, epe 21863, same sample; 15, ventral view; 16, dorsal view; 17, edge
view.
Globorotalia (Morozovella) tadjikistanensis Bykova
18-20, epe 21864, sample 71529039; 18, ventral view; 19, dorsal view; 20,
edge view.
21-23, epe 21865, same sample; 21, ventral view; 22, dorsal view; 23, edge
view.





PLATE 19
(All figures X80.)

Figs.
1-10 Globorotalia (MorozovelJa) velascoensis velascoensis (Cushman)

1-3, CPC 21866, sample 71529039; 1, ventral view; 2, dorsal view; 3, edge
view.
4,5, CPC 21867, sample 71528142; 4, ventral view; 5, edge view.
6-8, CPC 21868, sample 71529039; 6, ventral view; 7, dorsal view; 8, edge
view.
9, 10, CPC 21869, sample 71528142; 9, ventral view; 10, edge view.

11-15 Globorotalia (MorozovelJa) velascoensis acuta Toulmin
11-13, CPC 21870, sample 71529039; 11, ventral view; 12, dorsal view; 13,
edge view.
14, 15, CPC 21871, same sample; 14, ventral view; 15, edge view.

16-18 Globorotalia (Morozovella) velascoensis parva Rey
CPC 21872, sample 71528142; 16, ventral view; 17, dorsal view; 18, edge
view.

19-23 Globorotalia (Morozovella) velascoensis pasionensis (Bermudez)
19-21, CPC 21873, sample 71529039; 19, ventral view; 20, dorsal view; 21,
edge view.

22, 23, CPC 21874, same sample; 22, ventral view; 23, edge view.
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Figs.
1-3

4-8

9-13

14-21

22-27

PLATE 20
(All figures X 80.)

Globorotalia (Morozovella) sp. 1
epe 21875, sample 71529039; 1, ventral view; 2, dorsal view; 3, edge view.
Globorotalia (Morozovella) sp. 2
4-6, epe 21876, sample 71528142; 4, ventral view; 5, dorsal view; 6, edge
view.
7, 8, epe 21877, same sample; 7, ventral view; 8, edge view.
Globorotalia (Truncorotaloides) topilensis topilensis (eushman)
9-11, epe 21878, sample 71529051; 9, ventral view; 10, dorsal view; 11,
edge view.
12, 13, epe 21879, same sample; 12, ventral view; 13, dorsal view.
Globorotalia (Turborotalia) compressa compressa (Plummer)
14-16, epe 21880, sample 71528084; 14, ventral view; 15, dorsal view; 16,
edge view.
17-19, epe 21881, same sample; 17, ventral view; 18, dorsal view; 19, edge
view.
20, 21, epe 21882, same sample; 20, ventral view; 21, edge view.
Globorotalia (Turborotalia) haunsbergensis Gohrbandt
22-24, epe 21883, sample 71528084; 22, ventral view; 23, dorsal view; 24,
edge view.
25-27, epe 21884, same sample; 25, ventral view; 26, dorsal view; 27, edge
view.





PLATE 21
(All figures X80.)

Figs.
1-12 Globorotalia (Turborotalia) inconstans (Subbotina)

1-3, epe 21885, sample 71528084; I, ventral view; 2, dorsal view; 3, edge
view.
4-6, epe 21886, same sample; 4, ventral view; 5, dorsal view; 6, edge view.
7-9, epe 21887, same sample; 7, ventral view; 8, dorsal view; 9, edge view.
10-12, epe 21888, same sample; 10, ventral view; 11, dorsal view; 12, edge
view.

13-16 Globorotalia (Turborotalia) pseudobulloides (Plummer)
13-15, epe 21889, sample 71528084; 13, ventral view; 14, dorsal view; 15,
edge view.
16, epe 21890, same sample, ventral view.

17-19 Hantkenina (Aragonella) mexicana mexicana eushman
17, epe 21891, sample 71529051, side view.
18, 19, epe 21892, same sample; 18, side view; 19, edge view.

20-22 Hantkenina (Aragonella) mexicana dumblei Weinzierl & Applin
20,21, epe 21893, sample 71529051; 20, side view; 21, edge view.
22, epe 21894, same sample, side view.





Figs.
1-3

4-8

9-12

13-18

19-27

PLATE 22
(All figures X80.)

Muricoglobigerina aquiensis (Loeblich & Tappan)
CPC 21895, sample 71528142; I, ventral view; 2, dorsal view; 3, edge view.
Muricoglobigerina mckannai (White)
4-6, CPC 21896, sample 71528142; 4, ventral view; 5, dorsal view; 6, edge
view.
7, 8, CPC 21897, same sample; 7, ventral view; 8, edge view.
Muricoglobigerina soldadoensis angulosa (Bolli)
9-11, CPC 21898, sample F.184; 9, ventral view; 10, dorsal view; 11, edge
view.
12, CPC 21899, same sample, ventral view.
Subbotina frontosa frontosa (Subbotina)
13-15, CPC 21900, sample 71529051; 13, ventral view; 14, dorsal view; 15,
edge view.
16, 17, CPC 21901, same sample; 16, ventral view; 17, dorsal view.
Subbotina frontosa boweri (Bolli)
19-21, CPC 21902, sample 71529051; 19, ventral view; 20, dorsal view; 21,
edge view.
22-24, CPC 21903, same sample; 22, ventral view; 23, dorsal view; 24, edge
view.
25-27, CPC 21904, same sample; 25, ventral view; 26, dorsal view; 27, edge
view.





Figs.
1-8

9-15

16-21

PLATE 23
(All figures X80.)

Subbotina inaequispira (Subbotina)
1-3, epe 21905, sample 71529039; 1, ventral view; 2, dorsal view; 3, edge
view.
4-6, epe 21906, same sample; 4, ventral view; 5, dorsal view; 6, edge view.
7,8, epe 21907, same sample; 7, ventral view; 8, edge view.

Subbotina linaperta (Finlay)
9-11, epe 21908, sample F.184; 9, ventral view; 10, dorsal view; 11, edge
view.
12-14, epe 21909, same sample; 12, ventral view; 13, dorsal view; 14, edge
view.
15, epe 21910, same sample, ventral view.
Subbotina pseudoeocaena (Subbotina)
16-18, epe 21911, sample 71529051; 16, ventral view; 17, dorsal view; 18,
edge view.
19-20, epe 21912, same sample; 19, ventral view; 20, edge view.
21, epe 21913, same sample, ventral view.
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PLATE 24
(All figures X80.)

Figs.
1-5 Subbotina triloculinoides (Plummer)

1-3, CPC 21914, sample 71528084; 1, ventral view; 2, dorsal view; 3, edge
view.
4, 5, CPC 21915, sample 71529039; 4, ventral view; 5, edge view.

6-14 Subbotina velascoensis (Cushman)
6-8, CPC 21916, sample 71529039; 6, ventral view; 7, dorsal view; 8, edge
vIew.
9-11, CPC 21917, same sample; 9, ventral view; 10, dorsal view; 11, edge
view.
12-14, CPC 21918, same sample; 12, ventral view; 13, dorsal view; 14, edge
vIew.

15-17 G loborotalia (Turborotalia) variospira sp. nov.
Holotype, CPC 21919, sample 71529039; 15, ventral view; 16, dorsal view;
17, edge view.
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Figs.
1-7

8-10

11-13

PLATE 25
(All figures X80.)

Globorotalia (Turborotalia) variospira sp. novo
1-3, paratype A, CPC 21920, sample 71529039; 1, ventral view; 2, dorsal
view; 3, edge view.
4,5, paratype B, CPC 21921, same sample; 4, ventral view; 5, edge view.
6, 7, paratype C, CPC 21922, same sample; 6, ventral view; 7, dorsal view.

Subbotina sp. 1
CPC 21924, sample 71529039; 8, ventral view; 9, dorsal view; 10, edge view.

Subbotina sp. 2
CPC 21925, sample 71529015; 11, ventral view; 12, dorsal view; 13, edge
view.





Figs.
1-3

4-11

12-16

PLATE 26
(All figures X80.)

Subbolina sp. 3
ere 21926, sample 71529051; 1, ventral view; 2, dorsal view; 3, edge view.
Subbolina sp. 4
4-6, ere 21927, sample 71529039; 4, ventral view; 5, dorsal view; 6, edge
view.
7-9, ere 21918, same sample; 7, ventral view; 8, dorsal view; 9, edge view.
10, 11, ere 21929, same sample; 10, ventral view; 11, edge view.

Subbolina sp. 5
12, 13, ere 2 1930, sample 7 I529051; 12, ventral view; 13, edge view.
14-16, ere 21931, same sample; 14, ventral view; 15, dorsal view; 16, edge
view.





Fig.
1-5

6-11

12-14

15-25

26-29

30-34

PLATE 27
(All figures X80.)

Globigerina bulloides bulloides d'Orbigny
1-3, ere 21932, sample F.432; I, ventral view; 2, dor al view; 3, edge view.
4, 5, ere 21933, sample F.420: 4, ventral view; 5, edge view.
Globigerina decoraperta Takayanagi & Saito
6-8. ere 21934, sample F.421: 6, ventral view; 7, dorsal view; 8, edge view.
9-11, ere 21935, same sample; 9, ventral view; 10, dorsal view; 11, edge
view.
Globigerina euapertura Jenkins
ere 21936, sample F.280; 12, ventral view; 13, dorsal view; 14, edge view.
Globigerina falconensis Blow
15-17, ere 21937, sample F.434; 15, ventral view; 16 dorsal view; 17, edge
view.
18-19, ere 21938, sample F.432; 18, ventral view; 19, edge view.
20-22, ere 21939, sample F.434; 20, ventral view; 21, dorsal view; 22, edge
view.
23-25, ere 21940, same sample; 23, ventral view, 24, dorsal view; 25, edge
view.
Globigerina foliata Bolli
26-28, ere 21941, sample F.434; 26, ventral view; 27, dorsal view; 28, edge
view.
29, ere 21942, same sample, ventral view.
Globigerina ouachitaensis ciperoensis Bolli
30-32, ere 21943, sample F.279; 30, ventral view; 31, dorsal view; 32, edge
view.
33, 34, ere 21944, same sample; 33, ventral view; 34, dorsal view.
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Figs.
1-2

3-7

8-13

14-16

17-21

PLATE 28
(All figures X 80.)

Globigerina praebulloides occlusa Blow & Banner
1, epe 21945, sample F.436, ventral view.
2, epe 21946, sample F.434, ventral view.
Globigerina praebulloides praebulloides Blow
3-5, epe 21947, sample F.434; 3, ventral view; 4, dorsal view; 5, edge view.
6,7, epe 21948, same sample; 6, ventral view; 7, edge view.
Globigerina praebulloides pseudociperoensis Blow
8-10, epe 21949, ample F.434; 8, ventral view; 9, dorsal view; IQ, edge
view.
11-13, epe 21950, same sample; 11, ventral view; 12, dorsal view; 13, edge
view.
Dentoglobigerina sellii (Borsetti)
epe 21951, sample F.281; 14, ventral view; 15, dorsal view; 16, edge view.
Dentoglobigerina tripartita tripartita (Koch)
17-19, epe 21952, sample F.279; 17, ventral view; 18, dorsal view; 19, edge
view.
20,21, epe 21953, sample F.396; 20, ventral view; 21, dorsal view.
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Figs.
1-3

4-9

10

11-16

17

18-22

23-25

PLATE 29
(All figures X80.)

Dentoglobigerina venezuelana (Hedberg)
epe 21954, sample F.434; 1, ventral view; 2, dorsal view; 3, edge view.
Globigerina woodi Jenkins
4-6, epe 21955, sample F.280; 4, ventral view; 5, dorsal view; 6, edge view.
7-9, epe 21956, same sample; 7, ventral view; 8, dorsal view; 9, edge view.
Globigerinatheka mexicana barri Bronnimann
epe 21957, sample 71529051, ventral view.
Globigerinatheka mexicana kugleri (Bolli, Loeblich & Tappan)
11-13, epe 21958, sample 71529051; 11, ventral view; 12, dorsal view; 13,
edge view.
14-16, epe 21959, same sample; 14, ventral view; 15, dorsal view; 16, edge
view.
Globigerinita dissimilis (eushman & Bermudez)
epe 21960, sample F.936, ventral view.
Globigerinita incrusta Akers
18-20, epe 21961, sample F.420; 18, ventral view; 19, dorsal view; 20, edge
view.
21,22, epe 21962, same sample; 21, ventral view; 22, edge view.
Globigerinita unicava unicava (Bolli, Loeblich & Tappan)
epe 21963, sample F.936; 23, ventral view; 24, dorsal view; 25, edge view.
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Figs.
1-5

6

7-9

10-16

17-18

19

20-23

24-25

26-29

PLATE 30
(All figures X80.)

Globigerinoides bollii Blow
1-3, epe 21964, sample F.420; 1, ventral view; 2, dorsal view; 3, edge view.
4,5, epe 21965, same sample; 4, ventral view, 5, dorsal view.
Globigerinoides obliquus extremus Bolli & Bermudez
epe 21966, sample 71526193, ventral view.
Globigerinoides obliquus obliquus Bolli
epe 21967, sample F.420; 7, ventral view: 8, dorsal view; 9, edge view.
Globigerinoides quadrilobatus altiapertura Bolli
10-12, epe 21968, sample F.436; 10, ventral view; 11, dorsal view; 12, edge
view.
13-15. epe 21969, sample 71522646; 13, ventral view; 14, dorsal view; 15,
edge view.
16, epe 21970, sample F.436, ventral view.
Globigerinoides quadrilobatus immaturus LeRoy
epe 21971, sample F.434; 17, ventral view; 18, dorsal view.
Globigerinoides quadrilobatus irregularus LeRoy
epe 21972, sample F.432, ventral view.
Globigerinoides quadrilobatus primordius Blow & Banner
20, 21, epe 21973, sample F.936; 20, ventral view; 21, dorsal view.
22,23, epe 21974, same sample; 22, ventral view; 23, dorsal view.
Globigerinoides quadrilobatus quadrilobatus (d'Orbigny)
epe 21975, sample F.434; 24, ventral view; 25, dorsal view.
Globigerinoides quadrilobatus sacculifer (Brady)
26, 27, epe 21976, sample F.421; 26, ventral view; 27, edge view.
28, 29, epe 21977, sample F.432; 28, ventral view; 29, edge view.
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PLATE 31
(All figures X80.)

Globigerinoides quadrilobatus triloba (Reuss)
ere 21978, sample 71523359, ventral view.
Globigerinoides sp. I, ex. gr. G. quadrilobatus (d'Orbigny)
2-4, ere 21979, sample F.·B4; 2, ventral view; 3, dorsal view; 4, edge view.
5-7, ere 21980, same sample; 5, ventral view; 6, dorsal view; 7, edge view.
8.9, ere 21981, same sample; 8, ventral view; 9. edge view.
Globigerinoides sp. 2, ex. gr. G. quadrilobatus (d'Orbigny)
10-12. ere 21982, sample F.875A; 10, ventral view; 11, dorsal view; 12,
edge view.
13-15, ere 21983, same sample; 13, ventral view; 14, dorsal view; 15, edge
view.
Praeorbulina sicana sicana (de Stefani)
epe 21984, sample F.434, ventral view.
Globigerinoides subquadratus Bronnimann
17-19, ere 21985, sample F.434; 17, ventral view; 18, edge view; 19, dorsal
view.
20, 21, ere 21986, same sample; 20, edge view; 21, dorsal view.
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18-23

PLATE 32
(All figures X80.)

Dentoglobigerina altispira altispira (Cushman & Jarvis)
1-3, CPC 21987, sample F.434; I, ventral view; 2, dorsal view; 3, edge view.
4, 5, CPC 21988, same sample; 4, ventral view; 5, edge view.
Dentoglobigerina baroemoenensis (LeRoy)
6-8, CPC 21989, sample 71520199; 6, ventral view; 7, dorsal view; 8, edge
view.
9-1 I, crc 21990, same sample; 9, ventral view; 10, dorsal view; 11, edge
view.
Globoquadrina dehiscens dehiscens (Chapman, Parr & Coli ins)
12-14, crc 21991, sample F.434; 12, ventral view; 13, dorsal view; 14,
edge view.
15, CPC 21992, same sample; ventral view.
16, 17, crc 21993, same sample; 16, ventral view; 17, edge view.
Dentoglobigerina langhiana (Cita & Gelati)
18-20, crc 21994, sample F.876; 18, ventral view; 19, dorsal view; 20, edge
view.
21-23, CPC 21995, sample F.886; 21, ventral view; 22, dorsal view; 23, edge
view.





PLATE 33
(All figures X80.)

Figs.
1-9 GloborotaJia (Clavatorella) prolata sp. novo

1-3, holotype, ere 21996. sample F.434; 1, ventral view; 2, dorsal view; 3,
edge view.
4-6, paratype A, ere 21997, same sample; 4, ventral view; 5, edge view;
6, dorsal view.
7, para type B, ere 21998. same sample; ventral view.
8, paratype C. ere '21999. same sample; ventral view.
9, paratype D, ere '2'2000, same sample; ventral view.

10-16 Globorotalia (Fohsella) peripheroacuta peripheroacuta Blow & Banner
10-12, ere 22002, sample F.436; 10, ventral view; 11, dorsal view; 12, edge
view.
13, 14, ere 22003, same sample; 13, ventral view; 14, edge view.
15, 16. ere 2200.+, same ample; 15, ventral view; 16, edge view.

17-26 Globorotalia (Fohsella) peripheroacuta pristina subsp. novo
17-19, holotypc, ere 22005, sample F.434.
17, ventral view; 18, dorsal view; 19, edge view.
20-22, paratype A, ere 22006, same sample; 20, ventral view; 21, dorsal
view; 22, edge view.
23, 24, paratype B, ere 22007; same sample; 23, ventral view; 24, edge view.
25, 26, para type e, ere 22008, same sample; 25, ventral view; 26, edge view.
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PLATE 34
(All figures X80.)

Globorotalia (Fohsella) peripheroronda Blow & Banner
1-3, epe 22010, sample F.434; I, ventral view; 2, dorsal view; 3, edge view.
4, 5, epe 22011, same sample; 4, ventral view; 5, edge view.
6, 7, epe 22012, same ample; 6, ventral view; 7, edge view.
8,9, epe 22013, sample F.436; 8, ventral view; 9, edge view.
Globorotalia (Fohsella) quinifalcata Saito & Maiya
1D-12, epe 22014, sample F.434; 10, ventral view; 11, dorsal view; 12, edge
view.
13, 14, epe 22015, same sample; 13, ventral view; 14, edge view.
15, 16, epe 22016, same sample; 15, ventral view; 16, edge view.
17,18, epe 22017, same sample; 17, ventral view; 18, edge view.
Globorotalia (Fohsella) wabagensis sp. novo
19-21, holotype, epe 22018, sample F.888; 19, ventral view; 20, dorsal
view; 21, edge view.
22, 23, paratype A, epe 22019, same sample; 22, ventral view; 23, dorsal
view.
24, 25, paratype B, epe 22020, same sample; 24, ventral view; 25, edge view.
26,27, paratype epe 22021, same sample; 26, ventral view; 27, edge view.
28, paratype D, epe 22022, same sample; ventral view.
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6-9

10-16

17-19

PLATE 35
(All figures x80.)

Globorotalia (Globorotalia) cultrata cultrata (d'Orbigny)
1-3, CPC 22024, sample F.421; 1, ventral view; 2, dorsal view; 3, edge view.
4, 5, CPC 22025, sample F.423; 4, ventral view; 5, edge view.
Globorotalia (Globorotalia) cultrata menardii (Parker, Jones & Brady)
6-8, CPC 22026, sample F.423; 6, ventral view; 7, dorsal view; 8, edge view.
9, CPC 22027, same sample; ventral view.
Globorota1ia (Globorotalia) merotumida Blow & Banner
10-12, CPC 22028, sample F.423; 10, ventral view; 11, dorsal view; 12, edge
view.
13, 14, CPC 22029, same sample; 13, ventral view; 14, edge view.
15, 16, CPC 22030, sample F.422; 15, ventral view; 16, edge view.
GloborotaJia (Globorota1ia) praemenardii archeomenardii Bolli
CPC 22031, sample F.445; 17, ventral view; 18, dorsal view; 19, edge view.





Figs.
1-11

12-16

PLATE 36
(All figures X80.)

Globorotalia (GloborotaJia) quasimiocenica sp. novo
1-3, hoJotype, CPC 22032, sample F.432; 1, ventral view; 2, dorsal view; 3,
edge view.
4, 5, paratype A, CPC 22033, same sample; 4, ventral view; 5, edge view.
6-8, paratype B, CPC 22034, same sample; 6, ventral view; 7, dorsal view;
8, edge view.
9-11, paratype C, CPC 22035, same sample; 9, ventral view; 10, dorsal view;
11, edge view.
GloboTotalia (Globorotalia) tumida plesiotumida Blow & Banner
12-14, CPC 22037, sample FA22; 12, ventral view; 13, dorsal view; 14, edge
view.
15, 16, CPC 22038, sample FA23; 15, ventral view; 16, edge view.
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Figs.
1-7

8-9

10-17

18-22

23-26

27-31

PLATE 37
(All figures X80.)

Globorotalia (Globorotalia) sp. 1 ex. gr. G. (G.) tumida (Brady)
1-3, CPC 22039, sample FA22; 1, ventral view; 2, dorsal view; 3, edge view.
4, 5, CPC 22040, same sample; 4, ventral view; 5, edge view.
6, 7, CPC 22041, same sample; 6, ventral view; 7, edge view.
GloborotaJia (Globorotalia) sp. 2
CPC 22042, sample FA32; 8, ventral view; 9, edge view.
Globorotalia (Hirsutella) scitula planaria subsp. novo
10-12, holotype, CPC 22043, sample FA21; 10, ventral view; 11, dorsal view;
12, edge view.
13, 14, paratype A, CPC 22044, same sample; 13, ventral view; 14, dorsal
view.
15-17, paratype B, CPC 22045, same sample; 15, ventral view; 16, dorsal
view; 17, edge view.
Globorotalia (Hirsutella) scitula praescitula Blow
18-20, CPC 22047, sample F.888; 18, ventral view; 19, dorsal view; 20, edge
view.
21, 22, CPC 22048, same sample; 21, ventral view; 22, edge view.
Globorotalia (Hirsutella) scitula scitula (Brady)
23-25, CPC 22049, sample FA22; 23, ventral view; 24, dorsal view; 25, edge
view.
26, CPC 22050, sample FA21; ventral view.
Globorotalia (Hirsutella) sp. 1
27-29, CPC 22051, sample FA35; 27, ventral view; 28, dorsal view; 29, edge
view.
30, 31, CPC 22052, same sample; 30, ventral view; 31, edge view.
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23-31

PLATE 38
(All figures X80.)

Globorotalia (Turborotalia) acostaensis acostaensis Blow
1-3, epe 22053, sample F.421; I, ventral view; 2, dorsal view; 3, edge view.
4, 5, epe 22054, sample F.420; 4, ventral view; 5, dorsal view.
Globorotalia (Turborota)ia) birnageae Blow
6-8, epe 22055, sample F.888; 6, ventral view; 7, dorsal view; 8, edge view.
9, 10, epe 22056, same sample; 9, ventral view; 10, edge view.
Globorotalia (Turborotalia) continuosa Blow
11-13, epe 22057, sample F.421; 11, ventral view; 12, dorsal view; 13, edge
view.
14-16, epe 22058, same sample; 14. ventral view; 15, dorsal view; 16, edge
view.
Globorotalia (Turborotalia) kug)eri Bolli
epe 22059, sample F.280; 17, ventral view; 18, dorsal view; 19, edge view.
Globorotalia (Turborotalia) obesa Bolli
epe 22060, sample F.434; 20, ventral view; 21, dorsal view; 22, edge view.
Globorotalia (Turborotalia) opima nana Bolli
23-25, epe 22061, sample F.937; 23, ventral view; 24, dorsal view; 25, edge
view.
26-28, epe 22062, sample 71528043; 26, ventral view; 27, dorsal view; 28,
edge view.
29-31, epe 22063, same sample: 29, ventral view; 30, dorsal view; 31, edge
view.





Figs.
1-12

13-19

20-24

PLATE 39
(All figures X80 unless otherwise indicated.)

Globorotalia (Turborotalia) siakensis (LeRoy)
1-3, CPC 22064, sample F.434; 1, ventral view; 2, dorsal view; 3, edge view.
4, CPC 22065, same sample; ventral view.
5,6, CPC 22066, sample 71520137; 5, ventral view; 6, dorsal view.
7-9, CPC 22067, sample 71528042; 7, ventral view; 8, dorsal view; 9, edge
view.
10-12, CPC 22068, same sample; 10, ventral view; 11, dorsal view; 12, edge
view.
Globorotalia (Turborotalia) subscitula Conato
13-15, CPC 22069, sample F.421; 13, ventral view; 14, dorsal view; 15, edge
view; all X 160.
16, 17, CPC 22070, same sample; 16, ventral view; 17, edge view; both X 160.
18,19, epc 22071, sample F.432; 18, ventral view; 19, edge view; both X160.
Globorotalia suteri BolIi
20-22, CPC 22072, sample F.436; 20, ventral view; 21, dorsal view; 22, edge
view.
23, 24, CPC 22073, same sample; 23, ventral view; 24, edge view.





PLATE 40
(All figures X80 unless otherwise indicated.)

16

13

8-9

17-18

Hastigerina siphonifera praesiphonifera Blow
1-3, epe 22074, sample F.434; 1, 2, opposite sides; 3, edge view.
4, epe 22075, same sample; side view.
5, epe 22076, same sample; side view.
6, 7, epe 22077, same sample; 6, side view; 7, edge view.

Orbulina suturalis Bronnimann
8, epe 22078, sample F.445.
9, epe 22079, sample F.436.

10 Orbulina universa d'Orbigny
epe 22080, sample F.420.
Praeorbulina glomerosa circularis (Blow)
11, epe 22081, sample F.444.
12, epe 22082, same sample.
Praeorbulina glomerosa glomerosa (Blow)
epe 22083, sample F.444.
Praeorbulina glomerosa curva (Blow)
14, epe 22084, sample F.442.
15, epe 22085, sample 71520137.
Praeorbulina transitoria (Blow)
epe 22086, sample F.434.
Sphaeroidinellopsis seminulina seminulina (Schwager)
17, epe 22087, sample F.436.
18, epe 22088, same sample.
Streptochilus globigerum (Schwager)
19, epe 22089, sample F.420; side view; X 190.
20,21, epe 22090, same sample; side view; 20, X190; 21, X300.
22, 23, epe 22091, same sample; side view; 22, X 190; 23, X300.
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Foramlnlferal fauna
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East of Mount Fubllan

East of Mount Fubl lan

East of Mount Fubllan

Ok Ted I

Ok Tedi

Ok Ted I

Ok Too i

Ok Too I

Ok Too I

M'OgY£m,na (M.) sp., Opercul Ina sp., Elphldlum
sp., phlsfeglna sp., Planorbuilna sp.

Planktonic foramlnlfera (Globlgerlnldae, Includ
Ing Orbullna)

~pslna (M.) sp.,Planorbullna sp.,
AmpfiTsfeglna sp., Elphldlum sp., Indeterminable
smaller foramlnlfera

Lepldocycl Ina sp. (subgen. Indet.), Elphldlum
sp., Amphlsfeglna sp.

Planktonic foraminifara (see Fig. 6)

Planktonic foramlnlfera (see Fig. 6)

Lepldocycllna (N.) sp., MI09y~slna (M.) sp.,
Amphlsfegina sp., planktonic oramlnlfera
Including Orbu!lna, Indeterminable smaller
foramlnlfera

Lepldocycllna (N.) ferrerol, L. (N.) sp~,

Mlogyps na (M.) sp., car~enterla sp. or
Sporadotrema sp., Cycloc Yr8US (katacycloclyreus)
sp., Amphlsfe~ina sp., Sor tes sp., Indeterm nable
smaller foram nlfera

Early-Mlddle Mlocene
(upper Te-Iower Tf)

Middle Mlocene or younger
(Zone N.9 or younger)

Early-Mlddle Mlocene
(upper Ta-lower Tf)

Middle Ollgocene-Mlddle
Mlocene (Td-Iower Tf)

Top of Early Mlocene
(Zone N. 8)
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Middlp Mlocene (lower Tf)

Early-Middle Mlocene
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P.4840 Oc Tmp 115 WR Ok Tedi Planktonic foramlnlfera (see Fig. 6) Top of Early Mlocene
(Zone N.8)

P.4880 Oc Tr 9 TS Upper Bun River l.ep Idocyc I Ina (E.) sp., Splroclypeus sp., Late 01 Igocene-Early Miocene
Reterosteglna sp. <Te, undifferentiated)

P.4882 Oc Tr 6 TS Upper Bun River Lepldocycllna (N.) spo, Mlogypslna (M.) spo, Early-Middle Miocene
Elphidium sp., o~ercul Ina sp., Indeterminable (upper Te-Iower Tf)
smaller foramlnl era

P.4883 Oc Tr 5 TS Upper Bun River r~logypsina (Mo) sp., ?Borells sp., Early-Middle Miocene
Austrotrl I I Ina cf. striata, Elphidium spo, (upper Te-Iower Tf)
Sorltes sp.
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76294201 Oc Tmt 53 WR Fellm River Planktonic fo!"'amlnlfera (:.oe Fig. 6) Top of Early Mlocene
(Zone N.8)

76294203 Oc Tmt 52 WR Fellm River Planktonic foram In Ifera (see Fig. 6) Top of Early Mlocene
(Zone N.8)

76294225 Oc Tmr 159 WR Headwaters of Cellanthus cratlculatus, Ma~no~ora sp., General Mlocene orOk Tarlm Sigmoldel la elegantlsslma, on asp., younger age only
Planorbullna sp.
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Planorbullna sp.
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APPENDIX 2

FAUNAL LIST OF SAMPLES FROM THE

WABAG 1: 250 000 SHEET AREA

LEGEND

Tma = Aure Group
Tmb = Burgers Formation
Tmc = Laialam Limestone
Tmt = Tarua Volcanics
Tmo = Orubad i Formation
Tmm - Ma Ia Limestone
Tml = Lai Siltstone
Tomc) = Kera FormationToms)
Tr = Darai Limestone
Tem = Mend i Group
Ten = Nebi Iyer Limestone
Tet = Tongul Ca Ic i Iut ite
Tev = Salumei Formation, part
Ta = unnamed Late Paleocene
KTsm = Salumei Formation
KTq = unnamed Late Cretaceous to Late Eocene
Kuc = Chim Formation

TS = Thin section
WR = Washed residue

Oc = Outcrop
FI = Float
Cl = Float close to outcrop
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Sample Sample Form- Local ity Method of Loeallty description Foraminiferal fauna .2.no. ~ ation no. stuqy

8.135e FI Tr? 11 TS Colluvial slope below Abundant small poorly preserved planktonic Indefinite; general Tertiary
cliffs of Mount Kaijende, foraminlfera (Globigerinldae) age only
Ti I ia Va' Iey, in the Tuba
River, where a track
branching north from
Taylor's Camp-Tibinini
track crosses river at
1740 metres

8.135f FI Tome 11 TS Coil uvia I slope below Abundant planktonic foraminlfer~ (Globlgerinidae, Probab Iy late 01 igocene-
cliffs of Mount Kaijende, Heterohel icidae, rare ?8erggrenia) Early Miocene
Ti I ia Valley, In the Tuba
River, where a track
branching north from
Taylor's Camp-Tibinlnl
track crosses river at
1740 metres

8.135g FI Tr? 11 TS Colluvial slope below Rare planktonic foraminifera (Globigerlnidae; Indefinite
cl iffs of Mount Kaijende, rare indeterminable smaller foramlnifera)
Ti I ia 'la I Iey , in the Tuba
River, where a track
branching north from
Taylor's Camp-Tibinini
track crosses river at
1740 metres

8.135h FI Tem 11 TS Coil uv ia I slope below Abundant planktonic foraminlfera (Morozove I Ia Eocene, probably Middle Eocene
cliffs of Mount Kaijende, spp., Truncorotaloides spp.)
Ti I ia Va I Iey , In the Tuba
River, where a track
branching north from
Taylor's Camp-Tibinini
track crosses river at
1740 metres

B.136a FI Tomc 41 TS Col!uvial debris, north Abundant planktonic foraminlfera (GloblgeriniJae; Probab Iy late oI IgOCt 11e-
of Tuba River, about 1374 rare Heterohel Icidae) Early Miocene
metres up slope from river
crossing of 8.135

B.136b FI Tome 41 TS Co II uv la I debris, north Abundant planktonic foraminlfera (Globlgerinldae; Probab Iy late 01 igocene-
of Tuba River, about 1374 rare Heterohel Icidae) Early Mlocene
metres up slope from river
crossing of B.135

B.137a ?Oc Tr 42 TS Cl ift face south of Alveol inel la guoyl, Sorites sp., Opercul Ina sp., Late Miocene or younger
Tibinini Peneroplis sp., mil lollds and other indeterminable age only

benfhonlc smaller foraminifera
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Ti I ia Valley, In the Tuba
River, where a track
branching north from
Taylor's Camp-Tibinlnl
track crosses river at
1740 metres

8.135g FI Tr? 11 TS Colluvial slope below Rare planktonic foraminifera (Globigerlnidae; Indefinite
cl iffs of Mount Kaijende, rare indeterminable smaller foramlnifera)
Ti I ia 'la I Iey , in the Tuba
River, where a track
branching north from
Taylor's Camp-Tibinini
track crosses river at
1740 metres

8.135h FI Tem 11 TS Coil uv ia I slope below Abundant planktonic foraminlfera (Morozove I Ia Eocene, probably Middle Eocene
cliffs of Mount Kaijende, spp., Truncorotaloides spp.)
Ti I ia Va I Iey , In the Tuba
River, where a track
branching north from
Taylor's Camp-Tibinini
track crosses river at
1740 metres

B.136a FI Tomc 41 TS Col!uvial debris, north Abundant planktonic foraminlfera (GloblgeriniJae; Probab Iy late oI IgOCt 11e-
of Tuba River, about 1374 rare Heterohel Icidae) Early Miocene
metres up slope from river
crossing of 8.135

B.136b FI Tome 41 TS Co II uv la I debris, north Abundant planktonic foraminlfera (Globlgerinldae; Probab Iy late 01 igocene-
of Tuba River, about 1374 rare Heterohel Icidae) Early Mlocene
metres up slope from river
crossing of B.135

B.137a ?Oc Tr 42 TS Cl ift face south of Alveol inel la guoyl, Sorites sp., Opercul Ina sp., Late Miocene or younger
Tibinini Peneroplis sp., mil lollds and other indeterminable age only

benfhonlc smaller foraminifera
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