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REMARKS AND SUGGISTIONS REGARDING THE STRATIGRAPHY
AND MICROPALAEONTOLOGY OF THE TERTIARY OF AUSTRALIA.

by

W. F. Schneeberger.

BCORDS 1952/15,

A paper titled “'Three foraminiferal zonss in the
Tertiary of Australla® was published by L. 7. Glaessner in the
zgeo%ggioal Megazine, Vol. LXXXVIII, July-aAugust, 1951, pp.
3" 3-

Three zones, each cheracterized by a key foraminifer
are postulated, l.e. a Hantkenina alebamensis zone of Upper
Eocene age, a Victoriella plecte zone of assumed Chattizn (Upper
Oligocene) age, ond an Austrotrillina howchini zZone of Burdi-
gelian (Lower Miocene) age. A fourth zone with Sherboning of
Aquitanian (?Upper Oligocene) age is tentatively suggested.
These zones are correlated with the officiel 'stages’ of Victoria. .
However, attention is drawn to the fect that the '"Stages dight
be rock units (formations) rather than rock-time units.

, Shortly after the publication of Glaessner's paper the
"zone" fossils Hantkenins, Victorella, and Sherbonina were dis-
covered at the Bureau 1n rock specimens collected by Dr. Raggatt
and Miss Crespin in gne zone at the Bird Rock section, Torquay,
Victoria. Victoriella plecte moreover, was found associated
with Hantkenipa in Upper Eocene rocks between Johanna River and
Brown's Creek.

It appears that the discovery of these foraminifera
in @ suite of rocks which until quite recent time was assigned
a Lower Miocene age, has far-recching consequences for the
Tertiary of Victoria.  Provided Hantkenina in the Bird Rock
section is autochthonous, which apparently it is, the 2Zone in
which 1t occurs in association with Victorislla enc shesrbonina

.1s of Upper Eocene age. Consequently the Victorielle zone &as
postulated by Glaessner, is no longer v&lid. 23 Victoriells
plecte appears to be a local form which, s0 firhas not been
found outside of Victoria, excepting at Mount Gembier, the
assigning of a Chattian age to this form is fictitious.

Glaessner (1951) states that Austrotrillina howchini
‘"has not actually been recorded from any single seguence of strata
above the beds containing Victoriella™, by infercnce, however, he
places this zone above the "Janjukian',.

Austrotrillina howchini is an important key fossil in
the Indo-Pacific region, although its range varies in different
greas, Glaessner (19u35 in his table of ""Correlation of merine
Rocks in the Indo-Pacific Region' indicates its range as Te to F
Tf1-2. Van der Vlerk (1931) assigns it to Te with the possibility
of an extension of its range into Tfy. In his more recent table
(1948) he shows it ranging through the whole of Te into Tf;. Tan
Sin Hok (1939) lists it under the lower part of the Neogene (njy)
or Te. Glaessner (1951) places his Austrotrillina howchini zone
in the Burdigalian (approximately Ty

In the North-west Basin Miss Crespin (unpublished
information) found Austrotrillina howchini in association with
Flosculinella bontangensis, Katacycloclypeus, Cycloclypeus
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lndopacificus, smell Lepi docyclina (Neghro- and Trybliolepidina) :
and Mlogx9s1na. The co-occurrence of A, howchini and F.bontangensis
ls an interesting feature which allows quite @ close classification
of these rocks. According to van der Vlerk (1931) ¥.bontanzensis
ranges from Tf} to Tfz with a possible engn81on downward into Tess
Mohler (1949) was sblé to define the rang&/F, bontanzensis and

other species of Flosculinella more SDeClLlCdllj, %t lezst in one
area (South~west Borneo) i.e.

P, borneensis T
Alveolinella quoyi th2-3

F.bontangensis m
F. gl obulosa 'fl
Fereichelil : Te5.

His table which shows also the ranges of a number of
other large foraminifera in reletion to those of the above
Alveollnidae is attached as enclosure 3.

If we assume thet F.bontangensis has the same
restricted range 1n the North-west Basin as it has in South-west
Bornea, then the A,howchini ~ F.bontanrensis association as it
ls found in the Tulkl end Trealla Limestone, must also be of Tfq
age. But even with the extended ranges, that is to say

Ae. howchini Te - T
E.bontangensxs Tfl - Tf’3

it 1s clear that their zone of overlap falls into Tfd

The underlying Cycloclypeus indopacificus -
Nephrolepidina - Trybliolepidina assemblaze in the uppermost part
of the Mandu Limestone, has also to be assigned a Tfy age, because
Gedndopacificus according to Tan (1930 and 1932), ranges from
Tf, to Tfz, and is not found in Te in the East Indies “(see also
van Bemme%en (1949), table on p. 87). :

L8 Ashowchini seems not to occur with the true
eulepidine fauna of the main part of the li.ndu Llimestone, it is
probeble that in the Tertiary seguence of sustreiic, ia pdarticular
that of the North-west Basin (Cape Ranie), this svecics has rmde
its appearsnce at a later time (lfl) than in the Bast Indies where
1t 1s alreedy found in assocliation with Bulepidina in Te. © The
upper limits of its range in Australia, however, are not definitely
known yet.

According to Miss Crespin (‘'Micropalaeontology of the
Gape Range irea®, unpublished report) there ils a marked contrast
in the comp051t10n of the essemblages found in the Trealla Lime-
stone of the Cape Range.,

The lower assemblage is characterized by Austrotrillina
howchini, Flosculinella bontangensis, Cycloclypeus indocpacificus,

Negbrolegldlna angulosa, Trybliolepidina gippslandica, T.martini,
Gypsina howchini ,and Marginopora vertebralis.

The higher assemblage "usually contains one of the

' zonal species A.howchini and F.bontangensis together with
Marginopora vertebralis, Sorites marginalis, Valvulina davidiana,
V. fusca and many smell miliolidae®,

It i1s apparent that, although the two zone foraminifera
A.bhowchini and F,bontangensis with which we are primarily concerned,
are present in both assemblages, the key foram C.indopacificus and
the assemdages of Nephro- and Trybliolepidina have disappeared in
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the higher assemblage and are replaced by an association of

forams of & younger &aspect such as Sorites, Valvulina and
miliolidae. 'This change must have been cazused by changing envir-
onmental conditions and is not likely to indicate a younger age,
for the following reasons: In the Bast Indies the subgenera
Nephrolenidina -and Trybliolepidipa range from Tey to Te
respectively right through to the top of Tf3. There, the incidence
of their stratigraphic disappearance is ldehtical with the Tf3/
boundary. There are of course some species which do not range
through the whole of Tf, as for instence Nephrolepidina borneensisg
(Te~f1)s<N.verbeeki (Te5-f ), Nesumatrensis (Tes-fo), Tryblio-
lepidina rutteni (Tfz). he subgenera Tryblio?ep,dina was found
to be genetically youUnger than Nephrolepidina and reaches its

peak in the younger stages of Tf. However, there is no evidence
at hand yet, that any of the species of Nephrolepidina znd Tryblio-
lepidina which are present in the Trealle Limsstone of the Cape
Renge, actually do hcve & range restricted to say Tf1 or T2, which
would be proof of their gtratigraphic disapnezrrnce within Tfp or
f5. Consequently for the determination of the cge »f the Trealla
L%mestone we have to rely on the zZone foraminiferea A.howchini ané |
F.bontangensis alons, As there is no evidence for an extended
range of these key forms, in the Cape Range area, their range of
overlap (Tf;) as it is esteblished in the Ezst Indies (South-west
Borneo? is adoepted. '

For the Gape Range arec the following stratigraphic-
palaeontologiceal subdivision can therefore be postulated:

Formation . Foraminifera .E. L.3tages Approx.Age.
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Hiatus comprising stages Tfo_x end younger (Mid. & Upper liocene)
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Flosculinella bontangensis :
abundant Marginopora, Jorites: :
Valvuline, small miliolidae : :

!
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It is apparent that a wide hiatus, comprising Tfo_3
and possibly younger time equivalents, geparetes the Trealla
Limestone from the overlying Yerdie Formetion, This gap was
csused either by non-deposition of post;Tfl erosion. Conseguently
the calcareous middle part of the Yardie Formation can not be an
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intercalation of Trealla Limestone &s this would be in conflict
wlth basic geologlcal principles. Text and plans of the Cape
Renge report should therefore be changed accordingly.

Coming back to Glaessner's (1951) paper it can be said
that his Austroirillina howchini zone and its chronological
position is the only zone which can be accepted as correct. There-
fore hls paper can not be considered an improvement on the ‘
exlsting stage of stratigraphic knowledge of the Tertiary of
Australla, On the contrary, the postulation of three foraminiferal
zones of Upper Bocene, Chattian and possibly Aquitanian age
respectively, the key foraminifera of which occur together in
Upper Eocene rocks, in undoubtedly erroneous. .

It does not clarify the confused state of the Tertiary
stratigraphy which largely was caused by incorrect field correl-
atidns based on incomplete and disconnected stratigraphical
seotions, the application of stage names to lithological (rock)
units, the premature postulastion of foraminiferal zones and hasty
cgorrelation with European Tertiery stages, before the range of -
the key foraminifera within the Australian Tertiary sequence was
proper.y established.

This state of smbigulty and confusian €ould have been
avolded through the application of sound stratigraphical principles,
In our opinion a sound stratigraphicel investigation of a new area
comprises the following logical steps:

a) The measuring, describing and graphical representation of the
most complete section within the area as the standard section,

Rock units are established and their conticts defined. snzcial
attention is pald to changes in litholozy, brecks in sedimentation,
mode of deposition, whetbar uniform, cyclic or irreguler. Cloge
sampling is essential. :

b) Search for the lateral extension o the esteblished strati-
graphic sequence, measuring, describing and graphic representation
of additi-nal sections, comparison and correlation with the
standard section. Correlation is based on marker horizons and,

if present, on the cyclic development of the stratigriphic sequence.
The rock-units are given formetion names according to the
Australian Code of Stratigraphic Nomenclature, The facts are
presented in a geologlcal map of adequate scale, and 1f possible

an lsopach map, columnar sections and facies dlagrams.

Within a comparatively small and lithologlcal uniform
area it can be assumed that the planes of formation boundaries
are coindident with time planes, i.e. gat 11 d&ological boundaries
are rock-time unit boundaries. Such a8 essumption, however, is
no longer permissible in an area of large extent, where onlap and
offlap conditions caused by a transgressive and regressive sea
-are possible or suspected.

A time measure therefore has to be introduced which
is independent from lithological variations caused by changing
depositional conditions. It is usually found in the co-existing
faunae - in the case of the Australian Tertiary sediments the
foraminifera - although it is realized that certeain forms are
more susceptible to changes in environment than others. The
incidence of their appearance and disappearance cean QBtura;ly
suggest an event which could be taken as having occurred simult-
aneously throughout the arees, whereas 1n fect it is in close
connection with a lithological change, which might not be
contemporeneous throughout the area..

Apart from the typical fecies indicators, there srcd,
however, a large number of forms which &re not suscentible to
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such changes. Their range is defined by biological faoctors -
mutation and evolution, They are the time markers, not so

much 1n the renge of one single species or sub-species, but in
their typical assemblages. Their ranges usuvally overlap within
the time units, but there ere also forms the ranges of which are
restricted. They represent true zZone fossils. ‘

In the accompanying theoretical facies diagram (encl, 1)
the rock units, the time units and the ranges of foraminifera are
shown. On the western side of the area five rock units (form-
ations a-e) are defined, whereas on its eastern margin only three
rock units (formations a-c) are present, Formation b indicates
near-shore conditions. Its position within the stratigrephical
column is not constant. It progresses from a lower position in
the west to & higher position in the column in the east, indicsting
a progressive shifting of these near-shore conditions to the sast,
which means & transgressive sea or onlap.

The range of the foraminifera x and y 1s clearly &
function of environment. These forms are facles indicators and
have no stratigraphic significance.. However, a number of species
and sub-species of foraminifera, the ranges of which re indicuted
on the right hand side of the diagram, are assumed to be uninflu-
enced by facies changes, It is to be secn that sceh time unit or
stage is oharacterized by an essenmblage of certain {foris, & numbder
of which are true zone fossils, whereas others huve & ronce which
i1s wlder than one time unit. Therefore it is possible to define
time units A, B and C by their respective foram assemblages within
the area represented by the facies diagram and quite independent
from other areas, either adjasent or more distant.

This line of approach was followed by van der Vlerk
(1931) and others in the East Indies. It resulted in the letter
classification system there. In the beginning it was based on
incomplete stratigraphical dsta and therefore stood under severe
eriticism by Shell geologists who were in a position to work out
the stratigraphy of the Tertiary seqguence with all the refinement
of modern field methods, and also by Government geologists who
covered much wider ground tlna the Zast Bornea survey, where van der
Vlerk's type sections were loocated., The late Tan Sin Hok (1939}
pointed out some weaknesses of the letter classification and
extended the range of several genera, as for instance Spiroclypeus
end Assilina.

In its rectified form van der Vlerk's scheme was
extensively and satisfactorily applied not only in the former Dutch
Fast Indies but ‘also in Sarawek and British North Bornea, by
various oll companies operating in those areas, and in the
Philippines, * :

. It was also used by Glaessner in Papua-New Guinea for
A.P.Cy and I,E.C., who replasced it later by locel stage names.

Various authors'correlated the letter classification
with Buropean stratigraephic nomenclature as follows: ‘

++s Pliocene

.+s Pliocene or Miocene

ess Miocene

«ss Lower Miocene or Upnner Olizocene
(Aguitanian)

ese Oligocene

«ss Lower Oligsocene

«es» KoOcCene

Tertiary

o @ o

0T oM

Uncerteinty exists as to the correct correlation of Tg
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which some authors consider as uppermost Miocene, whereas others
(Tan, 1939) include it in the Pliocene. The position of Te
depends on the question whether the Aquitanian be included in the
Miocene or the Upper Oligocene, whereby the Chattian is sometimes
taken as a time eguivalent of the Lower Aquitanian.

Judging by tha discrepancies in the existing literaturse
it is clear that the time has not come yet for an unguestinable
world~-wide correlation of the Tertiary sediments based on large
foraminifera. Such discrepancies cre reveiled by & comparison
of almost any two palaeontological public.tions wnd are so obvious
and numerous that reference to any of them can be dispensed with.

Whereas van der Vlerk's letter classification is based
on the distribution of large foreminifere, extensive work has been
done on small foraminifera for local correlation by micropal-
aeontologists of various oil companies and the former Netherlands
Bast Indies Mining Service (Dienst van Mijnbouw).. For several
reasons thelr work was mainly confined to the younger :Tertiary
sequence, which had been subdivided by Oostingh (1938) with the
help of molluscs into five local stages (in descending order:
Bantamian, Sondian, Cheribonian, Preangerian and Rembangian).

The two lower stages show Miocene, the three upper stages Pliocene
affinities, In the last decade or so several authors have tried
to correlate the East Indian Tertiary with the European classific-
ation, but it has to be realized that such correlations on small
foraminifera are bound to be incorrect.. _

Caudri (1934) describing a Young Tertiary fauna of
small foraminifera from the island of Soembe (Lesser Sunda
Islands) says: "The ®ast Indies have been an indepsndent region
during the whole Tertiary" (this is questioned by Tan Sin Hok
(1939) for the Eocene) "inhabited by an indigenous marine fauna
and the stages in the ®Wast Indian Archipelago can never be =:i-
directly correlated in detail with accurate synchronous 1limits
with classic Western Burope.'" Therefore 'the relative value of
correlation and limits must never be forgotten'. .

The same warning was sounded by LeRoy (1941) i.e.
"The terms Pliocene, Miocene, Oligocenz and Zocene, as aprlied
to the Tertiary sequence of Zurope, have been used freguently
by authors in designating the age of sediments ecnd faunas of
the Indo-Pacific Region, European stege nouies o8 ourdijalian
and hAquitgnian have also been employed. . The assignment of such
terms on the basis of small foraminifera to the “est Indian faunal
and sedimentological units should be mzde with reservation, as
the data are believed far too ingdequete to denote time correlations
between the two regions. More knowledge of the stratigraphy,
distribution of the faunas, and facies relationships must be
available before this is done,"

Environmental conditions as controlling factors for
the distribution of foraminifera are tightly considered by some
authors as of prime importance for benthonic assemblages.  In
their opinion such assemblages might refleot simllar facies
conditions in different areas rather than contemporaneity. It
appears that better results might be expected of a correlation
which is based on the occurrence of planktonic (pelagic’) forms,
which are less subjected to environmental conditions and posseSs
a greater mobility, allowing a more rapid dilstribution, than the
benthonic forms. A step in this direction was done by LeRoy
(1948) whose findings for instance suggest that Orbuling
universa probably is an almed world-wide key fossil for the
Miadle Tertiary. Also the significance of. Globotruncana for
the Upper Cretaceous is generally recognised. .

However, as far.as we see the problem at the moment,
neither the large nor. the small foraminifera can be used yet as
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time markers for world-wide correlations, although they are
invaluable for correlations within & single sedimentary province,

The qguestion now arises what line of apvnro&ach should
be followed for the stratigraphic classification of the Australian
Tertiary sediments, While introducing his letter classifioation
van der Vlerk was in the fortunate position to brsak new ground.
Although there was.a falr amount of preliminary work doas on
large foraminifera by authorities such as Douville, Rutten and
Provale, it was based on carefully sampled standard sections,
whereas the regional mapping as asarried out by Mining Service was
based on the mapping of rook units (formations) snd therefore no
confusion was introduced by the adoption of ‘'stage” names, In
Viotoria and South Australia we sre encumbered by an inherited
system which was proved to be hardly workable and urgently needs
revision.

. There are three possibilities open: (a) to apply
van der Vlerk's letter classification, b% to introduce & new
l.es Australian letter classification, (c¢) to &o9ly rock unit
(formation) names which later, i.e. when the stratigraphy and the
spread of zone foraminifera is definitely known, can be replaced
by time unit (stage) names.

(a) Van der Vierk's letter classifigstion:

This classificetion has been successfully applied
outside of the East Indies (Papua~New Guines, Philippines).- AS
far as Miss Crespin's work on the large foraminifera of the North-
west Basin (Cape Range) has shown, strong effinities with the Zast
Indies exist there. The epicontinental seas transgressing unto
the margins of the VWestern Australia stable area, must have been
in direct connection with the Bast Indian idiogeosynclines. Such
connection is still apparent in South Australia and parts of
Victoria, However, with increasing distance from the type area
(Bast Indies) more and more locel forms make their appearance and
correlations, based on & few common forms, might become more
"difficult. There might also be a gradual shifting of the ranges
caused by the time lapse necessary for long distence migration
and a certain degree of uncertainty as to the synchroneity of ,
specles ranges is not altogether to be excluded. However,
notwithstanding these drawbacks, in our opinion reference to the
Bast Indian letter classification can advantageously be made,
instead of referring to the more distant European Tertiary
terminology.

(b) An Australian letter classification:

The advantage of such & clessification would be a
complete break with the past. It would allow the gra@ua% wuilding
up of a sound stratigraphy. Conflict vith the inheritsd c :nfused
"stage' system would be avoided, beccuse 1t wwuld ve based on
the ranges of foraminifera species which are¢ indepentent from
faclies ohanges, '

However, there is a lerge amount of informaﬁlon on
the Tertiary stratigraphy collected over many years, which when
critically sifted, might stlll form a sound basis oh which

to gradually build up a new stratigraphy.

(o) Rook Unit (formation) nemes and subseguent adoption of local
stage names. \ C

This procedure is followed by the Bureau in the
present field mapping campaigns. It is very suitable method
for the mapping of the Tertiary sequence in the North-west Basin.
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If the pitfalls of hasty correlation and orematnre introduction
of stage names are avoided, it should be possible with the Ielp
of the numerous foraminiferel faunae with strong East Indian
affinities, to build up an integrate stratigraphy there.

. In Victoria and South Australia, however, we are
facing an entirely different situation, because of the confused
state of the stretigraphy there, In order to make this method
& working proposition, the pseudo-stage concept should be
discarded altogether. In its stead rock unit (formation)
names should be adopted and the foraminiferal assemblages of
each of these formations should be defined., All surface and
subsurface (well logs) sections should be compiled end plotted
as columnar sections $ogether with the graphs showing the
vertical zonation of foraminifera, If proper care is taken to
eliminete facies indicators from time markers, the ranges of
species and subspecies can be established not only in each
column, but also from one column to the other. Thereafter a
correlation of the different formations should be possible and
time unit (stage) names can be introduced, implying & redefin-
ition of all the conventional, mostly fictitious ‘stages',

All references to disconnected occurrences of. one
single species should be avoided and should only be made in case
the stratigraphic range of such a species 1s properly established.
This would eliminate possible confusion as to the actual range of
single species, In this respect Glaessner's (1951) paper is an
outstanding example of sweepling stmtements and correlations based
on lnsufficient and largely erronenus stratigraphic-palacontolog-
ical data (see loc.cit. chapter IV *“The place of the foraminiferal
zones in the standard Tertiary sequence’), :

Such a systematic compilation of existing and new
stratigraphic and palaeontological informetion is to be done
independently for each basin, and only aftcr correlation within
egch of these basins is establishé% beyond reasonable doubty
should inter-basinal correlation be attempted.

The necessity of the palacontologist being intimately
familiar with the local stratigraphic sections can not be over-
emphasized., Only in this wey is it possible to eliminate facles
forms and key forms. The influence which, for instance, a
cyclic development of the sedimentary sequence can have on the
vertical range of foraminifera assemblages, can be understood
and demonstrated only by a close comparison of the faunae with
the lltho-facies, In micropalaeontology the time has come when
a mere inventory of foraminiferal assemblages is no longer the
sole aim, but when ecological considerestions are coming more and
more in the foreground. There exists an extensive literature on
the ecology of present day foraminifers, the principles of which
can be applied and is being applied to fossil foraminiferal
populations, The benefit which the geologist can derive from
such data is invaluable for the reconstruction of environmental
conditions which have obteined during the deposition of a
sedimentary seguonce.

Only as o last stage of the investigations, and only
in case definite affinities of the Australian Tertiary faunae
(and not only single species) with extra-Australian rcgions are
established, should a wider correlation be attempted. This
means of course that for a long time to come the sustralian
Tertiery stretigrzphy, in particular that of Victor?a & né §outh
Australia,; would not figure prominently in international strat-
igraphic and micropalaeontological litercturc, However, the
contribution to the knowledge of world-wide relationship of
Tertiary foraminiferal faunse would undoubtedly be more valuable
"and lasting, if the results of these investigeations would only
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be made known to international science, cfter ©ll the pains-.

teking work of intra-basinel and inter-basinal correlation.
1s completed. :

(4. F. 3chneeberser)

6th Februery, 1952, L S

Lnclosures:
1) Theoretical facies dlagram showing rock- and time units and
ranges of zone foraminifersc,

2) I.M. van der Vlerk (1948), Stratigraphy of the Caenozoic of
the Best Indies based on foraminifera,

3) Mohler, The Stratigrephic distribution of Alveolinidae and

some other large foraminifera in the Oligocene and Miocene
of Bornea., :
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STRATIGRAPHY OF THE CAENOZOIC OF THE EAST
.INDIES BASED ON FORAMINIFERA '

By I. M. van der VLERK
Netherlands

ABSTRACT

Owing to the autochthonous nature of the Caenozoic fauna of the East Indies, it iS\premature to use European’
names in their subdivisions. The * letter-classification * introduced by Van der Vlerk and Umbgrove (1927) has proved
of practical value but is somewhat obsolete. A more detailed subdivision as proposed by Leupold and Van der Vlerk
(1931) was based on the distribution of different species of foraminifera. As, however; nearly every investigator has his
own opinion about species-characteristics this subdivision ‘'has more or less failed. It would be better, perhaps, to found
more exact stratigraphy on morphogenetic research (Tan Sin Hok, Cosijn, Bannink). In the stratigraphical table here
proposed eight divisions of the Caenozoic era are distinguished, each of them defined by different combination of 26
genera and subgenera. Only 2 characteristic species, both of them transition forms between two gengra, are used. The
most important assemblages to be mentioned in this abstract are:—
(a) Flosculina—Discocylina—Assilina—Nummulites— Pellatispira.
(b) Discocyclina—Assilina—Nummulites—Pellatispira—Biplanispira.
(c) reticulate Nummulites without the above-mentioned genera.
(d) reticulate Nummulites with Lepidocyclina (Eulepidina and Lepidocyclina s. str.)
(e) Lower part: Austrotrillina—Miogypsina (Miogypsinoides and Miogypsina s. str.)—Lepidocyclina (Eulepidina)—
Lepidocyelina (Nephrolepidina) isolepidinoides—Heterostégina borneénsis—Spiroclypeus.

(e) Upper part: the same assemblage without Heterostégina borneénsis but with Flosculinella and Lepidocyclina
(Multilepidina and Trybliolepidina).

(f) Lower part: the same assemblage as upper ** f* but without Eulepidina and Spiroclypeus and with Miogypsina
(Conomiogypsinoides)—Cycloclypeus (Katacycloclypeus) and other species of Nephrolepidina.

(f) Upper part: Flosculinella—Alveolinella—Miogypsina s. str. —Nephrolepzdma—Tryblmleptdma (abundant) and

several subspecies of Cycloclypeus.

(¢) Upper Caenozoic and Recent: Alveolinella—Cycloclypeus s. str.

WING to the autochthonous nature of the Caenozoic fauna in the East Indies, it has not been
possible to use the recognized European stratigraphical nomenclature. An extensive examination
of Caenozoic molluscs had lead K. Martin (1914) to this conclusion. For elucidating the strati-

graphy of thil.area the fauna, still living, was the only material available to work on. Martin used the

same percentage method for the Caenozoic of the East Ind ies 3s did Lyell and Deshayes, in the first part

of the nineteenth century, in subdividing the Caenozoic of Western Europe. He soon realized, however, .
that the percentages to be used here were very different from those used in Europe. Since the

beginning of the Eocene there had been considerable fluctuations in climate in Europe, which was not

the case in the East Indies. Consequently the changes in the East Indian fauna will have been smaller

than in the European. This means that the percentages characteristic of the various epochs of the

East Indies ought to be higher than those of the same geological age in Europe. How much higher

they should be, still remains an unsolved problem. Thus it will at once be seen that a correlation of

this autochthonous area with the Caenozoic of Europe and, by the same token, of America is not yet

possible. There is therefore, every reason to use a special nomenclature for the stratigraphy of the
Caenozoic of the East Indies.

In 1927 I (Van der Vlerk 1927) proposed the use of a simple letter-classification, which, however,
was not founded on the molluscs but on the foraminifera. Seven divisions (Caenozoic * a-g’) were
established, each of them defined by a different combination of genera of foraminifera. This sub-
division was only based on a small collection of samples collected in stratigraphical order. In
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subsequent investigations, however, it was found that this stratigraphical table provided a valuable
basis of correlation throughout the East Indies region.

Some years later Leupold and Van der Vlerk (1931) published a more detailed subdivision bued
on the vertical distribution not only of genera, but also of subgenera and species. The epoch “a”
was divided into two, the epochs “e¢” and “f” into fiye and three parts respectively. This subdivision
was as yet not wholly satisfactory. In the ﬁrst‘%ﬁce it was founded largely on stratigraphical
investigations which were executed exclusively in East Borneo; secondly, however carefully the work
was carried out, the personal factor was bound to play too big a part in the determination of species.
The vertical distribution shown in the table below keeps to a mean between those of 1927 and 1931.
Only the epochs ‘e and “f are subdivided, not into five and three parts respectively, but each of
them into a lower part and an upper part.

Lepidocyclina (Nephrolepldma) Lepldoclma (Nephrolepidma) isolepidinoides
Lepidocyclina (Eulepldma) { [ Lepndocyclma (Multllepudma)
Lepidocyclina (Lepvdocyclma) 1‘ | I | Lepidocyclina (Trybliolepidina)

LepldOCyCHﬂa(POly|EDIdlha) Discocyclina
Miogypsina (Muogypsma)
|

Miogypsina (Muogypsmoudes) [

|
|

‘ Nummulites
! | | & ! Assilina
Miogypsina(Conomiogypsinoides) | Pellatispira

Alveolinella | | Biplanispira
, |

Flosculinella i | || | Heterostegina

|
|
i
|
{ [
| i
| | |
Neoalveolina | ‘y ' | j = Fradl Heterostegina borneensis
Borelis‘ ko fi e “ Spiroclypeus
! Cycloclypeus (Katacycloclypeus)

|
|
L

Flosculina

Lacazina‘ | Cycloclypeus(Radiocyclociypeus)
Austrotrillina | - | Cycloclypeus(Cyclociypeus)
Recent and most I‘
upp:rr;' %aaretnoozlo [ | STRATIGRAPHY OF
- — THE CAENOZOIC
e N Y OF THE EAST INDIES
tower (f1) B i
ol | e = BASED ON THE
€ IOWEI_‘(!“-4) TE N DISTRIBUTION OF
™ GENERA, SUBGE -
a | -NERA AND SOME
- ] r MORPHOGENETIC
| IMPORTANT SPFCIES
" ‘OoF
PR FORAMINIFERA
; %
a [ M.v.d Vierk. 19%0

FIG. |.—Stratigraphy of the Caenozoic of the East Indies based on the distribution of Genera, Subgenera
and some morphogenetic important species of Foraminifera.

(

Lepidocyclina, Assilina, Spiroclypeus and Cycloclypeus are shown to have a wider stratigraphical
distribution than was indicated in the older tables. Again the genus Biplanispira, sihce discovered,
appears to be a good index-fossil for Caenozoic—*‘b”". The main additions to the 1927 table, however,
are shown in the distribution of the subgenera of Miogypsina, Lepidocyclina and Cycloclypeus. The
subgeneric characteristics are sufficiently clear to avoid the tedium of specific identification which is
not necessary for this stratigraphical work. Lepidocyclina (Nephrolepidina) isolepidinoides and
Heterostegina borneénsis (Van der Vlerk 1929) are the only species added to the table. The first of these
can be considered as a transition-form between the subgenera Lepidocyclina s. str. and Nephrolepidina.
Its stratigraphical position is quite in harmony with this view. The second was originally considered
to be a transition-form between Heterostegina and Spiroclypeus. In 1933 however Spiroclypeus was
also found in Caenozoic—b (Tan-1937). Careful morphogenetic research on the genera Heterostegina

62



|4

VAN DER VLERK: FORAMINIFERA: CAENOZOIC OF EAST INDIES

and Spiroclypeus will have to be made before the true value of the above mentioned species of
Jieterostegina can be judged. The stratigraphical importance of the two species may, however, be an
indication of the direction in which research must proceed in order to compose a more exact
subdivision.

When describing a new species of Cycloclypeus from E. Borneo (Van der Vlerk 1923), I pointed out
that a clear evolunon in the structure of the nepionic stage could bc observed. This suggestion
was worked out by Tan Sin Hok (1932) in an excellent monograph on this genus, a study
in which the stratigraphical signification of the morphogenetic method of research was clearly
demonstrated. Investigations by the same author (Tan 1936, 1937) on Miogypsina-a, b, by Cosijn
(1938, 1942) on Lepidocyclina, Cycloclypeus and Globorotalla and by Bannink (1948) on Operculma
have each in turn completely confirmed this opinion.

From the addition to our knowledge of the vertical distribution of genera and subgenera Tan
(1936) claimed the non-autochthony of the Indo-Pacific region during the Eocene. This conclusion
however, based on the presence of the subgenus Polylepidina in only one locality in East Borneo,
seems to be premature. It is true, that Spiroclypeus is now also known from the Eocene of Borneo,
but on the other hand the occurrence of this genus in the Eocene of Venezuela seems to be doubtful
(Caudri 1944). The fact that genera and subgenera such as Biplanispira, Austrotrillina, Flosculinella,
Miogypsinoides, Trybliolepidina, Katacycloclvpeus, Radiocycloclypeus and a number of species of the
other genera are restricted to the Far East is too important to doubt of the autochthony of this district.
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