LATE PALEOCENE IN THE OTWAY BASIN; BIOSTRATIGRAPHY
AND AGE OF KEY MICROFAUNAS

by Briaxn McGowrax®
SUMMARY

A planktonic foraminiferal fanna from below the Rivernook Member of the
Dilwyn Formation in Victoria is important in earliest Tertiary correlations and
age delerminations in the Otway Basin, This fauna and the Rivornook fauna
previomsly described are no younger than the Truncorotaloides acgua zone and
s equivalents in tropical and Mediterranean sequences, and no older than the
Truncoroteloides velascoensis zone. A review ol recent studies indicates that both
assemblages are older than Cuisian and that an Upper Palescene (Tlerdian) age
is still justificd. There is some doubt about the ancestry of Pscudohastigering,
and the important Pseudohastigerina Datum seems ta lie within the Upper
Paleocene rather than at the Paleocene/Eocene boundary.

INTRODUCTION

There are relatively few horizons in the earliest Tertiary of the Otway
Basin to which an age can be given. Two of the marine ingressions in a paralic
sequence were dated as Paleocenc but only one, the Rivernook Member of
the Dilwyn Formation, has a rcasonably common and diverse planktonic fora-
miniferal fauna (McGowran, 1965, 1965L, 1969).

Recognition of “Middle Palcocene™ and “Upper Paleocene” right across
the Otway Basin (mostly in the sub-surfuce) depends heavily on these age
determinations (Taylor, 1970a, b). Palynologicil biostratigraphy (Harris, 1965,
1970, pers. comm.) extends correlations far beyond the known occurrences of
planktonic or benthonic foraminifera, inte Tasmania to the south, Queensland
to the north, and the Lake Eyre region to the northwest. The next horizon
in the succession to which an age has heen given is regarded as early Middle
FEucene (Ludbrook and Lindsay, 1969; McGowrun, Iarris and Lindsay, 1970),

So long as planktonic foraminiferal assemblages are found only in sporadic
ingressions ( Taylor, 1967) they cannot be assumed to represent the total open
ocean fauna of the region at the time, nor can species ranges (as shown by
Ludbrook. 1967, fig. 2) be known meaningfully in the region. The open ocean
fauna furthermore was marginal to the tropices where species diversitics were
highest and potential biostratigraphic refinement greatest.

For all of these rcasons new data on planktonic foraminifera have a
pervading significance for local straligraphy. This paper discusses an assemblage
trom just below the Rivernook Member of the Dilwyn Formation at Prince-
town, Victoria, It is necessary uat the sume time to discuss recent studics on late
Pileacene chronostratigraphy so as to determine what can be meant by the
terms “Upper Paleocene™ and “Lower Eocene” and what is meant herc,

WANGERRIP GROUF

In the Pebble Point to Princetown scection in western Victoria ( Baker, 1953,
Singleton, 1967) the Pebble Point Formation is overlain by e Dilwyn Formation
(fig. 1). ANl samples studied palynologically by Harris (1965) included organic-
w:ﬁlcd microplankton, so that tfi’e environment was at least “marginal marine”
throughout. Episodic ingressions (Taylor, 1967) are manifested by horizons

* Ceological Survey, South Austrulian Department of Mines,

Trans. R. Soe, 8. Aust. (1970), Vel. 94,
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SECTIONI) LOCAL BIOSTRATIGRAPHY (2)

e — —— — — — ————— ——p——— — — — o ——— —— — — i ——

PRINCETOWMN MEMBER @ Planorotalites cf. pseudomenardii

"Trochocyathus Bed’ R Planorotalites chapmani s.s.

400 feet exposed.

RIVERNOOK MEMBER § Truncorotaloides aequa 13.4)

‘RIVERNOOK A° T Truncorotaloides aff. acuta (4)

DILWYN FORMATION
Dark carbonoceaus and pyritic sandy clays.
Approx.

PEBBLE POINT FORMATION

Faerruginous grits,. glouconilic sondsiones, sills, - - s
shales; Iwo unils wilh horizon of shelly fossils | Y Planoratalites chapmani ehrenhergi (3]

4l bose of upper. Approx. B0 feet.

AT R e e

{Lower Cretaceous)

(1) See Baker 1953, Singleton 1968.
12) Toylur zonules, in Singlelon 1948 ond pers. comm. For polyno-biosirahigrophy, see Horris 1970,
{3) Founar described by McGowran 1965

(4) Planktonic lorominiferal ossembloges discussed herein,

57577 B McGowran S.A. Dept, of Mines
Fig. 1. Outcropping section at Princetown, Victoria.

with calearcous macrofaunas and microfaunas, The two forumimteral assem-
blages monographed (McGowran, 1965) come from the Pebhle Point Formation
and the Rivernook Member of the Dilwyn Formation. These and other
fossiliferous horizons are good evidence for sporadically open-marine conditions,
as shown briefly but clearly by Taylor (1967 ). Copiupite is common und appears
to have derived from pyrite; the possible relcase of sulphuric acid would
destroy caleareous tests (]Taylor, 1965), However, the “marine horizons™ appear
to be real and not merely relics from an initially more complete fossil record
because they are widespread in the Otway Basin and can be recognised in
borehole sections (Taylor, 1970a, b). The concept of periodic ingressions in a
paralic regime (Taylor, 1967) would seem more accurate than a relatively
simple transgressive-regressive cycle (Bock and Glenie, 1965, Glenic ct al.,, 1968).
Taylor's biostratigraphic scheme, based on the section in the Latrobe bore al
Princetown, was applied to the outcropping section (in Singleton, 1967) and
is included here in an updated form (pers. comm. from Mr, Taylor). Zonule Q
is acknowledged by Taylor as possibly Lower Eocene in age. ‘There is insufficient
evidence at present to date Zonules () and R; more material is needed particu-
larly of the name fossils,



-

LATE PALEOCENE IN THE QTWAY BASIN

PRE-RIVERNOOK PLANKTONIC ASSEMBELACE

Taylor's Zonule T (fig. 1) is based on a bed which he found below the
Rivernook Member and designated informally as “Rivernook A", Usually it is
concealed by beach sand and remained unknown since the first studies on the
section by C, S, Wilkinson a ventury ago. Taylor found a planktonic asseinblage
in Rivermook A, not so rich in specimens as the Rivernook (McGowran, 1965)
but excellently preserved. The rock is a distinctively green, slightly indurated
clay with silt, glauconite and mica.

Prolonged search yielded exeellent specimens although their number is low,
The following were identified (specimen numbers included); generic nomen-
clature is partly wfter MceCowran (1968a) in this list and in the following
discnssion.

Subboting patagonica (Todd and Kniker) (10); S. aff. linaperie (Finlay)
(1); Subbotina sp. (2); Planorotalites planoconica (Subbolina) (3); Pseudo-
hastigering  wilcoxensis  (Cushman and Ponton) sll); Truncoretalpides

Ar:arininaj esnaenyis (LeRoy) (7): T. (Acarinina) cl, nitida (Martin) (5);
runcorotaloides sp. (9); T. (Morozovella) wilcoxensis (Cushman and Ponton)
(16); T, (Morozevella) aequa (Cushmun and Renz) (3); T. (Morozovella)
aff. acuta (Toulmin) (3); Chiloguembelinag spp. (22) incluading morphotypes
crinita (Glaessner), wilcoxensis (Cushman and Ponton), midwayensis ( Cush-
mun ), frinitatensis (Cushman and Renz).

Briet taxonomic noles on Lhis assemblage are included ot the end of the
report; comiments are based alsn on the collections from the Rivermmnok Member
deseribed previously,

Hivernnok A contsins, in addition to typical Rivernook clements, the
important species Truncorotaloides aff. acula and Psendohastigering wilcoxensis,
one only of the latter having been recorded previously (as Globigerina pseudoiota
Hornibrook) from the Rivernook Member,

No namofassils were lound in a sample kindly prepared by Dr. H. Hekel
( Geol. Sury. Queensland ).

COMPARISON WITH THE BASHI MEMBER OF THE HATCHETICBEE
FORMATION IN ALABAMA

Currently (he Rivernook Member is correlated with the Truncorolaloides
velascoensis zone of low latitudes (MeGowran, 1968h, 1969 ), Previously attention
wus drawn to a considerable faunal similarity to the Nanatalia Formation in
Alabama (Planorotalites pseudomenardii zome). Figure 2 includes all the bio-
steatigraphic units mentioned io the following discussion.

The planktonic assemblages in the U.S, Culf and Atlantic coastal sections are
rich in acarininids, but all of those deseribed by Loeblich and Tappan (1537},
Olsson (1960) and Nogan (1964) contain P. pseudomenardii and so belong in
the zone of this name, None is known to oceur in the Truncorotalvides
velascoensis zone which, indeed, has not been clearly recogniscd (Berggren,
1985 ). There is one possible exceplion in New Jersey (Olsson, 1969 ). The Bashi
Member of the Hatchetighee Formation in Alabama, separated from the Nana-
falia Ly the Tuscahoma (without planktonics) has a rich acarininid fauni. The
presence of Truncorotaloides subbotinae, T, wilcoximsis and Psendghastigerina
wilcoxensis has caused Berggren (1465, 1969b) to place the Bashi above the
Truncorotaloides veluscoensis zone and to date it ax earliest Lower Eocene,

A sample of Bashi from Ozark, Alabamu, has a rich planktonic faunga, 1t
includes Pseudohastigerina wilcoxensis gCushman and Ponton), acarininids
matching the morphotypes Truncorotaloides (Acarinina) pseudotopilensis,
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Fig. 2. Ein;tratigraplly and chrorostratigraply pertinent to correlation and age of Rivernook
OTIZONS,

esnaensis, soldadoensis, pentacamerata, gravelli and others, T. (Muorozovella)
wilcoxensis (Cushman and Ponton), 7. aequa (Cushman and Renz), T.
subbotinae (Morozova), T. pusilla laevigata Bolli, T. aff. acuta (Toulmin),
Chﬂngu;smbelina wilcoxensis (Cushman and Ponton), Ch. milwayensis (Cush-
man ) §.L

The only significant absence, with respect to the Rivernook assemblages, is
Chiloguembelina trinitatensis. The main components not fonmd in Rivernook or
Rivernook A are some acarininid morphotypes and the keeled Truncorotaloides
subbotinae-formosa group.

The Rivernook and Rivernook A assemblages compare more closely with this
assemblage than with the assemblage from the Nanafalia illustrated by Loceblich
and Tappan (1957).

CORRELATION AND AGE

There are several problems involved in the decision between a Paleocene
and a Lowcr Eocene age for Rivernook A and the Rivernook Member.

(1) Somc important species are absent or poorly represented. Comparisons
are best with other assemblages outside the tropical belt and the Bashi assem-
hlages now seems closest. Correlations with hiostratigraphic sequences in ez
the Carbbean (Bolli, 1957) or Mediterranean (Luterbacher, 1964; Cita et n!i.
1668) are made rather difficult. That there is u climatic imprint on these mid-
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futitude Faunas is indicated by the abundant acarininids (although there is gond
evidence that regressivencss has a converging cffect), The absence of a particular
species is less likely to mean that an assemblage lies outside Its time range, so
that negative evidenee can be more misleading than in the troples,

(2) Unless a correlation can be made directly with a classical stratotype of
importanee i time-steatigraphice classification (a frst-order correlation; Reiss
1566) then the thlem of age remains, It is not sufficient to correlate an horizon
with e.g. the “Truncorotaloides telascoensis rzone”, no natter how good the
correlation may be; palviologists, basin-study compilers and all other workers
need the age, eg. “Upper Paleocene”. This link in the chain of correlations back
to classical sections involves other fossil groups. Recent studies on calearecus
mannofossils ure relevant here. as well as in indicating that the Bashi is some-
what older than has been concluded on the planktonic Fcraminifcral evidenee,

As noted above, Berggren lus suggested that the Bashi correlates with the
“Glohorotalia rex” zone in Trinidad (Bolli, 1957), 7. (M.) subbotinac (=rex)
and T. (?M.) wilcoxensis being common o both and veither ocewring in the
Truncorotaloides velascoensis zone, Known “specics” ranges show a pattern of
extinction and radiation in keeled gln]mmtal?icdq with the welescoensis-acuta-
occlusa (shmulatilis) group being replaced by the newly radiating sublrotinae-
1??:1:1.*,‘-1’!‘:0 entatu-formosa group (Berggren, 1968). But there is a distinet overlap
in the Truncorotaloides velascoensis and T. acqua zones (Luterbacher, 1964,
1966, Cita et ), 1968), Berggren (1969 a, b) has noted that the last members of
the velascoensis-acuta group overlap with the fivst subbotinue. The association of
T. uft. acuta with T, subbotinue-marginodentata in the Bushi suggests that this
asscmblage is no vounger than this interval of overlap.

Since T. aff. acuta occurs in Rivernook A the same eriteria apply. The appar-
ent absence of 1. off, ucuta from the Rivernook Member could mean that it is
slightly but signilicantly younger (by binstratigraphic analysis; obviously it is
younger by superposition ), but in & mid-latitude, paralic sequence Uns reasoning
is dangerous.

It is less clear that the Bashi and Rivernook A are no older than the
“Globorotalia vex” zone. T, pusilla lnevigata in the Bashi compares exoellently
with fopotypes, and this species is regarded as distinctively Paleocene (¢g.
Berggren, 1968, fig, 1), T. wilcoxensis 15 regarded generally as a post-Truncoro-
taloicles velascoensis zone species (e.g. Berggren, 1938) bt the aequa-wilcoxensis
assemblage in the northern Caucasus (Alinarina, 1963) correlates in part with
the Truncerotaloides velascoensiy zone ( Luterbacher, 1964). T, subbofinge and
T. formosa gracilis are vecorded herein from the Baghi, but their distinetness from
1. murginodentatad and T, aff. formosa gracilis ( Luterbacher, 1964, 1966) 15 too
terwous 1o allow conlident discrimination between the T. celascoensis and T
uequa zoncs,

The acarininid elements typical of Lower Eocene taunas and found i the
Bashi have much in common with similar assemblages in the Planorotalites
pseucdlomenardii zone, as noted wbove, and the complex was well established in
the Truncorotaloides velascoensis zone (e.g. Berggren, 1969¢). Acarining and
Truncorctaloides s.s. seem lo have persisted in higher latitudes beyond the level
of cxtinction in the tropies (Berguren, 1869h). There is evidence lor thix
preference for cooler waters in the Middle-Upper Paleocene range of this group.
Acarinimds are richer amd more diverse in the US. Cult and Atlantic coastal
region than in Trinidad. As a broad generalisation the Lower Eocene is relatively
more regressive than the Upper Paleocene or the Middle Eocene throughout the
world. This may have a climatie basis with acarininids becoming more character-
istic of low-altitude sequences by invasion at about the time tropical clements
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( pirticularly the T. veluscoensis group) were declining. A “marginal”™ assemblage
eould have a4 Lower Eoeene aspect yet be sliit_;hll}- older, and phyletie lincages in
Acarinina ure not known well cnough to exclude this possibility. Assemblages fo
which it applies include the Bashi and Rivernook, and wlso the Globorotalia
subbotinae zone in New Jersey ( Olsson. 1964),

It is concluded on foraminiferal evidence that the Rivernook A fauna is uo
younger than the Bashi, and that the Bashi is no younger than the Truncoro-
taloides arqua zone (sensy Lulerbacher; see fie. 2) but ecould well be of the samnc
hge as the T. velascoensis zone.

Thus the toraminiferad evidence need not contradict nanuotossil evidence for
correlating the Bushi with the T. velascoensis zonc. Bronnlette wind Sullivan (1981)
regarded the Bashi nannoflorat as bamsitional between their Discoaster multi-
radiofus and D. tribrachiatus zones with greater similarity to the former { Upper
Paleocene ), Hay (1964) placed thee Bashi tentatively near the top of the
Muarthasterites contortus zone { which is shown to 61l a gap between the Bramlette
and Sullivan zones; Hay et al., 1967, fig. 2) and slightly above the "Globorolalia
rex” zome in Trinidad, More recently (Hay and Mohler. 1967, Hay ct al., 1967)
the Bashi is placed in the Discoaster multiradiatiis zone, which includes also the
Truncorotaloides velascoensis zane in Trinidad and northern Ttaly (but see Cita
et al, 1868), and this zonc and the Planorotalites pseudomendardii zone in the
Velasco Shale in Mexico. Indeed, on the correlation of zones presented by Hay
and Mohler (1969) the Bashi would full low in the T. velascoensls zone. The
“Globorotalia rex” zone in Trinidad was said to have a nannofossil assemblage
characteristic of the upper purt of the Marshasterites contartus zoae.

The Paleocene/Eocene boundary was placed at the top of the Truncoro-
talvides veluscoensis zone (Bolli, 1957, 1966), Berggren (1969 a-c) has moved it
slightly higher hecause of the important overlap noted above, to within subzane
Péa  (subbotinee-velascoensis) (Rg. 2). This is regarded as being also the
Thanetian/Ypresian Stage boundary, bul the evidence for correlating stratotypes
of these or other stages ( Spirnacian, Landenian) with planktonic foraminiferal
zones is very weak, and the evidence from nannoforas shows a gap. Sequences
in north-west Europe pertinent to chronostratigraphic classification have, at best.
restricted cooler-water and/or regressional assemblages donsinated by acarininids
and poor or lacking in significant keeled globorotaliids ( Berggren, 1960, 1969b,
Bronnimann et al., 1968; Moorkens, 1968; El-Nagger, 1969), Nonc of the specics
identified and discussed by Moorkens from the Ypresian demonstrate that this
stage 15 vounger than the Thanctian (as it clearly 15); several, indeed, occor as
low s the Planorotalites psendomenardij zone, The nunnofloras indicate that the
tvpe Thanctiain lies in the Heliolithus riedeli zone and that the tvpe
Ypresian is as low us the Discoaster binodosus zone (Hay and Mohler, 1967;
Bignot and Lezard, 1969),

In the Taris Basin, the nummulitid and alvealinid faunas of the Cuisiun Stuge
can be conielated with faunas in the Mediterrancan region and integrated wath
evidence from plktonic microfossils. The Paleovene/Eocene boundary has been
drawn at the base of the Cuisian Stage, at the base of the parallel zones of
Aleeolina oblonga and Nummulites plansdalus (Iottiuger and Schaub, 1860,
Hottinger, Lehmann and Schaub, 1964), The Herdian stage of Hottinger and
Schaub then is the highest cheanostratigraphic unit in the Paleocene. With respect
to the biostratigraphic systems based on planktonic microfossils, this boundary
has been placed at three closelv spaced but rather distinet levels (fig. 2). The
Nisumulites planulatus zone has been identified in the Schlierenflysch fn Switzer-
land within the Marthasterites tribrachiatus zone (Iay and Mahler, 1967, and
refs, therein) and within its middle part (Hay, 1969), The latter zone is relatively
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large (1lay and Mohler, 1969) and the base of the Cuisian could be as high as
the Truncorotaloldes aragonensis zone. Toweyer, Bignot and Le Calvez (19649)
have recorded T, subbotinae-marginodentata from the Cuisian (see alsa Brénni-
mann et al. 1968) indicating that (he Cuisian should include at least purt of the
Truncorotaloides formosa zone: this is consistent with the range of the Ierdian
according to Hillebrandt (1965) and Luterbacher (1969). Finally, Schaub (in
Cita ¢t al, 1968) has identified the basal Cuisian at an horizon within the Dis-
coaster hinodosus zone, at about the top of the Truncorotaloides aequa zone.

Clearly, there are still problems in relating biostratigraphic systems to a
consistent chronostratigraphic framework. In clironostrutigraphic enquiry there
must be, ultimately, a1 balance between historical weight and practical value (i.e.
circumglobal recognition) and a formal decision as to the best position for the
boundary between two stages. 1t would seem at present that, of the altematives
for a Paleocenc/Focence boundary, the Herdian/Cuisian boundary is the most
useful und promising for binstratigraphic correlation, the [lerdiun fulfilling strati-
graphie requirements (Schaub, 1968, 1969; Luterbacher, 1969). The Truncovo-
talvides aequa zone is in the Derdian. This means that the Bashi Marl in Alabama
}smd the Rivernook and Rivernook A assemblages in Victoria are Upper Paleocenc
n age.

THE PSEUDOHASTIGERINA DATUM

The current trend in Tertiary biostratigraphy is somewhat away from the use
of zones, defined in the various ways listed in endes and texts, The differences
hetsween mid-latitudes and the tropics, and between nearshore and deep-sea
assemblages, account for much of the confusion among existing biostratigraphic
svstems and the typological, agnostic (“nbjective”) approach to morphatype
recognition and definition accounts for some more. Greater attention is being
pend to “datun lines” (or “surfaces”) particularly as marked by the emergence
of a species from a known ancestor in a well-documented phyletic series (either
successional shift in observable morphological range or bifureation, speciation).
Total-range zones are the best if the index species hus o short range in tine
(“Kte”) but the lower boundary is the better in any case bevause it repzesents a
unique event in evolution, whereas the upper boundary is based om extinclion
which is a “plane” only until demonstrated otherwise. (In practice, some
extinctions such as the mass extinction of planktonic species at the top of the
Muastrichtian have excellent correlational value,) '

One sueh datum is represented by the first appearance of Pseadohastigering
wilcoxensis at or close to the Palcocene/Eocene boundary. It was considered to
coincide with the extinction of Truncorotaloides veluscoensis (Berggren, 1964).
umd still marks the base of the Eocene even though the ranges of certain otler
species are changed slightly ( Berggren, 1968¢) (fig, 2), The value of the datum
hes farther in the occurrence of Psendohastizering at latitides and in Ffacies
where important specics are not [ound, and also in that the immediate ancestry
has heen inferred (Berggren et al., 19671, In the following discussion doubt is
vast on the ancestry and on the time of the first appearance.

According to Berggren et al. (1967 ) Plenorotalites chapmani (Parr) is the
immediate ancestor ot Pseudohastizerina iwilcorensis. The latter species includes
distinetly trochospiral as well as pseudoplunispiral forms (nates on species,
below). Occasional specimens witl'ln) slightly more compressed chambers than
tsual (Berggren ot al, 1967, text—fig. 2d-f) are the only published, visual
evidence of ancestry in P. chapmani, although Berggeen (1964-1969¢) has
recorded the range of P. chapmani as overlapping slightly with P. wilcoxensis
with some intergradalion (e.g. in the Bashi).
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This raises the question of the identity and morphological range of Planore-
talites chapmani. In the original material (MceGowran, 1964) this species has a
compressed test with rather acute periphery, giving arrowhead-shaped chambers
in profile, and it has an imperforate marginal band (McGowran, 1968a, pl. 4,
fi. 15, 16), Globorotaliu troelseni Loehlich ad Tappan is a junior synonym uod
this compressed form appears not to range above the Planorotalites pseudo-
menardid zome (Berggren, 1964). *G. elongata Gliessner™ auctt. iy also synony-
mons with P. champani, at least in part (McGowran, 1964). Recently {?i[gurcd
specimens of P. chapmani frow the Planorotalites pseudomenardii zone (Berggren
ct al,, 1967, pl. 1) agree with typical P, chapmani except that a fully perforate
margin is shown (drawing only. not photograph or thin scction) an tLo speci-
mens are small, There secan to be no convineing records published to support the
contention that P. chapmani ranges well above the P. psendomenardi zone, In
Western Australia P. chapmani is replaced in the P. simplex zone (correlated
with the Truncarotaloides velascoensis zone, McGowran, 1965h) by a closely
related but distinct specics identifed as  Planorofalites  simplex Haque
(McGowran, 19634, pl, 4, hig, 19-20, 22), P, siniplex occurs at the same level in
West Pakistan (Haque, 1958; see McGowran. 1968b), and in Austria (G,
elongata”™ of illebrandt, 1962). Hillehrandt (1965) recurds P. simplex rom the
Planorotalites pseudomenardii and Truncoretaloides veluscoensis zones in Spain.
Although Hay (1960) rccords “Globorotalia elonzate Glacssner”™ from  the
Truncorotaloides velascoensis zone in Mexico, Berguren ot al. aote the similarity
of a figured specimen (Loeblich and Tappan, 1456, pl. 83, fig. 21 to Clabuno-
maline simplex; it is not a typical P. ehepmani. Typical P. simplex appear lo
range down to within Planorotalites pseudonienardii zone bnt, particularly on
the Western Australian evidence, I simplex appears to be distinet from aud
mostly snecessional to P. champani rather than a “morphological variant” of the
latter as suggested by Berggren et al. Very small speeimens in the Bashi are not
convineing evidence of a % champani—P. wilcoxensis phyletic transition, which
remains inferential, Specimens identified as Cloborotalia umitata Subbotina (see
esperially Loeblich and Tappan. 1957 McGowran, 1965) show very close simi-
larity to Pseudohastigerina of the more Lrochospical, asymmelrical type, and
suggest this species as & likely ancestor. A similarily in wall thickness increases
this sturdlarity, in contrast to P. chapmani { McGowran, 19684, pl. 4). However,
in the carly Middle Evcene of South Auwstralia assemblages of P, wileoxensis
include ndividuals, seemingly intergrading with the typical form, which wonld
fit quite easily in o Paleocene population of P. imitata. Cordey et al. (1970 ).
however, maintain the alternative view that . chopmani 15 the aucestor of
Pseudohustigerina,

P. wilcoxensis is well known in the Truncerotaloides aequa zone and its
equivalents (Berggren et al. 1967; Berggron, 1969-¢; Beckmaim et al., 1969,
Hillebrandt, 1965). A few poor specimens have been found in a sample from the
“Cloborotalia rex” zone in Trinidad. Reasons given ubove tor making the Terdian/
Cuisiair boundary the Paleacenc/Locene boundary mean that these ovcurrenees
are of Paleocene tather than Eocene age, Nannofossil evidence for corvelating the
Bashi with the Truncorotaloides velascoensis zone mdicates a shll lower st
oceurrence. There is other evidence tor this. Globanomalina pvalis Haque ss. is &
poarly known taxon (see especially Berggren ct al., 1967 ) but must he very close
to Psendohastigering, yet it is associated near the base of its runge (Salt Hun?:,
Pakistun) with Planorotalites peeudomenardii  (sec McGowran, 1968b for
discussion oo Haque, 1956). latif (1964) records “Hastigerinag pseudoiota
(Hornibrook)” from probable Upper Paleocene, also in Pakistan ( McCowran,
19681, “Globorotalia ( 1'urborotelia ) cf. pseudoiota” was found associated with
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Planorotalites pseudomenardii in the equatorial Atlantic (Cifelli et al.,, 1968),
Charrler and Lahsen (1968, 1969) recorded a planktonic ussemblage from the
lower Agua Fresca Formation, southern Chile, with Globanomalina pesudoiota,
G, compressa (Plummer) and “G. membranacea (Fhrenberg)” (see notes on
species, below). This assemblage bas a Paleocene aspect. No  Subbotina
patagonica were reportcd whercas this species is characteristic of the Apua
Fresca (Ilerm, 1966) and associated with Igemlcahmh‘gerfna wilcoxensiy, indicat-
ing a Lower Eocene age for the upper part (Berggren, 19691}, Thus, negative
evidence alse indivates a Paleocene age tor Charrier and Lahsen’s assemblage.
On the other hand, the assoeiated nannofossils have an early Eocene aspect, and
the presence of Discoaster tribrachiatus suggests an age of ne older than D.
binedosus cone. The first occurrence of Pseudolastigering wilooxensis in New
Zealand is one of Jenking' main datnm planes (Jenkins, 1966) but its actual
position is difficult to evaluate from published ranges (Jenkins, 19651, The
Globanomaling wilcoxensis zone was correlated with the Truncorotaloides “rex’-
1" formosa interval in Trinidad. However, the vange of the T, veluscoensis gronp
appears to be mare restricted in New Zealand than Jenkins allows becanse P.
psendomenardii extends above it thus there is no evidence for a Truncorotalpides
velascosnsis zone, Lither important species are restricted or missing for cliinatic
reasons, or part of the section iy missing, That is, the problems appear to be the
sume as in Victoria,

In conclusion, it can be said that there is still room for legitimate doubt about
the immediate ancestry of Pseudoliastigerina, although there is no doubt that it
arase from the carly Tertiary genus Planorotalites. Further studics on its phylo-
ceny and classification are needed. It seems, however, to have emerged during
the Upper Paleocene and below the top of the Truncorotaloides velascoensis
zome,

NOTES ON SPECIES AND MORPHOTYPES

Subbotina putagonica (Todd amd Kniker): agrees well with original
description and recently identified Lower Eocene [orms (Berggren, 1969b)
exeept that the aperture can he even higher.

Subbotina aff. lineperta (Finlay): Most Rivernook specimens are wot so
compressed laterally as specimens of S, lnaperte from the Bortonian of New
Zealand and the refigured holotype from the same level (Homibrook, 1958a);
this comment applies to most pre-Middle Eocene records of S. linaperta. S.
trivialis (Subbotina) may be added to the list of morphotypes given previously.

Planorotalites planoconica (Subbotina): probably @ better nume for most of
Rivernook P. chapmani (Parr). Close to but distinet from Pebble Point P.
chapmant compared with ehrenbergi (Bolli) or haunshergensis (Gulirbandt).
The lutter iy closer to, but seemingly distinet sample-wise from, P. australiformis
(Jenkins ) from the Middle Eocene of South Australia. It is also probably identical
with “Globorotalia membranacea (Ehrenberg)” ot Chamrier -‘mg Lahsen (1968).
Since P, mustraliformis is recorded from the Upper Paleocene to early Middle
Eocene in New Zealand (Jenkins, 1983) the signilicance of the Pebble Paint
sprcies s a Middle Paleocene indicator is reduced. Whercas Planerotalites
c'mpma—ni ehrenbergi/haunshergensis occupies u fuirly clearcut position in tropical
scctions (Middle Paleocene; ancestor of P, pseudomenardii), and in New Jerscy
(Olsson, 1969), a lineage extends to the Middle Eocene in mid-latitudes and
needs detailed study.

Pseudohastigerina wileoxensis ( Cushman and Pc-nton[f: a%rc\ex with Clobn-
gering psencloiote Hornibrook (1958 a, b). Aperture and coiling show strong
asymmetry ( see also Hornibrook, l,e.; Latiff, 1964; Charrier and T.ahsen, 1968, et
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Planktonic foraminifera from the Rivernook A horizon. Each specimen shown in
three views; 1, Truncorotaloides (Morozovella) aff. acuta (Toulmin). 2, 3,
Pseudohastigerina wilcoxensis (Cushman & Ponton) of the asymmetrical, pseudoiota
type. 4, 7, Planorotalites planoconica (Subbotina). 5, Subbotina patagonica (Todd
& Kniker). 8, Truncorotaloides (M.) wilcoxensis ( Cushman & Ponton ). 8, Truncoro-

taloides (Acarinina) esnaensis (Leroy). 9, Truncorotaloides (M.) aequa (Cushman
% Renz).
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and there are none of the almost planispiral variants of P. wilcoxensis figured
from New Zealand and New Jersey assemblages ( Berggrem et al., 18967) and
observed together with the others in topotype materinl (Bashi Member of
Hatchetighee, Alabama). This primitive aspeet persists into the early Middle
Eocenc in South Australia.

Berggren ct al. suggested that G. psendoiota should be placed in synouymy
with P. wilcoxensis, but %urlher study (Cordey et al, 1970) indicated that it may
be belter placed in P, sharkriverensis Berggren and Olsson. The early members
of the lincage are rather problematical, especially in Australia as acknowledged
by Cordey et al, and the name P. wilcoxensis is tentatively maintained here
Eemling further clarification. Incidentally, these anthors’ discussion of my (1968,

g 1) “view on the phylogeny of the pseudohastigerinids”™ gues well beyond the
original intention; the "view” was merely to use sugicicnt morphotypes to indicate
an evohitionary trend for the purposes of genus-group and family-group
classification,

Truncorotuloides (Acarining): acarinimids are notoriously variable and
intergradational in the Upper Paleocenc and Lower Eocene (see, however, uscful
discussion of synonymy by Berggren, 1968). T. (A,) esngensis and 7. (A.) of,
nitida in Rivernook A may be distinet, but much larger assemblages in Rivernook
proper range from pentacamerata Subbotina or soldudeensis Bronnimann through
a “central” group of esnaensis, intermedia Subhoting, e, to tripler Subboting,
pseudetopilensis Subbotina. ele. Tightly coiled pre-Middle Eocene forms referred
by several authors to primitiva Finlay can mostly be distinguished from this
.‘i]_)“t“lf‘ft'-

Truncovotaloides sp.: small, five-chambered, rounded (ef. pentacamerata
Subbotina) or truncate and Hattened spirally (cf, apanthesma Loeblich and
Tuppan ). Oceurs in Rivernook and also Bashi.

Truncorotaloides (M.) aequa and T. (M.) wilcoxensis: lumped previously,
but specimens in Rivernook praper compare very well with topotvpes of both
lrwais, Same in Bivernook A.

T. (M) aff. acuta: strongly truncate, highly conical chambers, angular and
slightly keeled margin, nmbilical shoulders with slight thickening. Compares well
with topotypes of T. acuta but lacks strong thickening of shoulders scen in largest
and in those closest to velascoensis (Cushman) (see e.g, Loeblich and Tappan,
1957). Not feund in Rivernook proper but occurs in Bashi, Very similar to
specinwens in Planorotalites pseudamenardii zone in south India which in tum
provide link with T. conicotruncata (Subbotina),

Chiloguembelina spp.: morphotypes listed appear to be matched in Rivernonk
A und Rivernook proper (see Beckman, 1957), but consistent separution into
coherent taxa is rather doubtful even with excellent material,

CONCILUSIONS

(I) The Rivernook A assemblage is similar to the Rivernook assemblage
except that there are fewer specimens. Truncorotaloides alf. acufa s present and
Pseudohastizerina wilcoxensis is relatively well represented.

(2) Both assemblages are characteristic of wearininid-rich, mid-latitude
faunas in the curly Tertiary, and the similarity with the Bashi Member of the
Hatchetighee Formation in Alabamu is particularly striking,

GS) Receut studies of calcarcous mannofossils indicate that the Bashe
correlates with the planktonic foraminiferal zone of Truncorotaloides velascoensis
rather than slightly higher. It is concluded on foraminiferal evidence alsa that the
Hushi and Bivernook asscmblages nced be wo younger, but that a range in
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possible correlation including the Truncorotaloides velascoensis zone and (?lower)
Truncorotaloldes aequa 7one is the most precise presently justified.

(4) The 1lerdian/Cuisian boundary seems to be the best position for the
Paleocene/Focene houndary. Both of the assemblages from the I}I{Jwyn Formaltion
ure Herdian and therefore Upper Paleocene in age.

(5) The evolution of Pseudohastigerina wilcoxensis from Planorotalites
chapmani has nol been demanstrated completely and remains inferential,
Planorelalites imitata is a possible alternative ancestor, The Pseudohastigering
Datum lies within the Upper Paleocene, not at the Paleocene/Eocene boundary.
It could be close to the base of the Herdian,
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AGE DETERMINATION OF POUCH YOUNG AND JUVENILE
KANGAROO ISLAND WALLABIES.

BY CLARE R. MURPHY* AND JANCE R. SMITH*

Summary

Repeated measurement of head, leg and foot lengths were made during the development of young
Kangaroo Island wallabies (Protemnodon eugenii) of known age. The measurements were used to
construct age regressions. Size was fairly closely correlated with age until the young were 320 days
old but thereafter it had little value for age determination. The reliability of using the regressions to
determine the age of young wallabies has been tested by using them to estimate the age of 14 young
of known age. The largest error between the estimated and actual age of the young was about 5%.
Growth proportions of captive and ficld-reared young were compared and these were found to be
similar until the young were about 350 days old.
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