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Speculations on the palaeoecology of selected larger foraminifera 

GEORGE C.H. CHAPROnIERE 

Chaproniere, G.C.H. 197 • Speculations on the palaeoecology of 

selected larger foraminifera. Alcheringa • 

A comparison between the lithologic and biotic characters of Oligo-Miocene 

sediments from several stratigraphic sections in Australia and those of 

modern counterparts has permitted tile palaeoecology of some fossil larger 

foraminifera to be evaluated. Eight larger foraminiferal fossil 

associations have been recognized, each representing a certain envircnmelit. 

Three of these \'lere typical of sea-grass communities at depths of less 

than 12 m: the Lepidocyclina (Euleuidina) ephippioides -- Heterostegina 

borneensis association in oceanic salinities but in sheltered situations; 

the Lepidocyclina (lTeuhrolepidina) hmoJ'chini Cycloclypeus eidae/carpenteri 

association in the same salinitites, but in open situations; the Lepidocycli,­

(Hephrolepidina) hO\"1chini - Marginopora vertebralis association in 

metahaline salinities. Two associations \..rere typical of high energy 

sandy substrates in depths of less thrm 30 m: the Operculina comnla,nata 

GY)?sina hO\'1chini association in oceanic salinities and the Austrotrillina 

hmoJ'chini -- Flosculinella bontanr,;ensis association in metahaline salinities. 

Three were typical of open situations with oceanic salinities: the 

Lepidocyclina (Eulepidina)badjirraensis -- Cycloclypeus eidae association 

lived in \laters deeper than 12 m, and the lower boundary overlapped the 

Cyclocl;ypeus eidae - Operculina complanata association, "lhich ranged 

to near the base of the euphotic zone at depths near 120 rn; the 

Operculina complanata -- smaller benthonic foraminiferal association 

was typical of depths near 120 m or greater. 

George C.H. Chaproniere, Bureall of Mineral Resources, Canberra Cit,y, 

A.C.T. 2601, Australia. 
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2. 

THE systematics or stratigraphic distribution of foraminifera have been 

extensively studied; but comparatively little has been published on their . 
ecology or palaeoecology. \'lith foraminifera, as with other fossil groups, 

it is necessary to study the relationship of living representatives to 

their environment (e.g. sediments, substrate, fauna, flora and water-mass) 

before valid conclusions can be made about fossil forms. During the 

last fe\ol years an increasing amount of information has been gathered on 

modern faunas, but much of this is generalized and the relationships to 

the physical and chemical regimes are often lightly treated. 

Sedimentological studies are often good sources of information: e.g. Logan 

& Cebulski (1970), Logan et ale (1970), "and Davies (1970) on the sediments 

from Shark Bay, He st ern Australia, awl Kendall &. Skipworth (1969) on the 

Persian Gulf. Some authors, dealing specifically Vii th foraminiferal fa1.L"laS, 

have used generalized techniques such as the plankton::i_c :benthonic ratio 

(e.g. Grimsdale & Morkhoven, 1955), triangular plots of the percentages 

of rotalines, miliolines, and textularines in the assemblage (Murray, 

1968, 1973), and the Fisher Diversity Index (Fisher, Corbett, & HilliarDS, 

1943) t all of \"lhich have proved very useful; the last requires identification 

of different species, but the others need only counts of easily identified 

suborders. 

Recent studies have shovffi that marine waters can be divided 

into four major types, three of l-lhich have been defined as follo\'18: 

oceanic l olaters Hi th salinities ranging between 36 and 40% , metahaline 

::,etween 40 "and 56% , and hypersaline from 56 to 70?b (Logan & Cebulski t 

1970) • 

!Ilurray (1968, 1973) and ldright & r"~urray (1972) have summari zed 

previous published data on the distribution of modern foraminifera on a 

triangular diagram (Fig. 6). Several distinct fields can be recognized 
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for different environments: 'hypersaline' (= metalmline in this study) 

shelf of the Persian Gulf, 'hypersaline' lagoon, normal marine lagoon, 

shelf sea of normal salinity, hyposaline and near-shore shelf sea and 

hyposaline lagoon. They also found that the diversity data (Fisher 

Diversity Index) sorted into similar fields. Because the smaller 

benthonic species have not been studied, the diversity indices could not 

be calculated for this vJOrk. 

Recently, Greiner (1969) has advanced the hypothesis that 

distribution of foraminifera may be controlled by their Viall-forming 

processes. He argues that porcellanous forms (milioline) do not need 

a nucleating surface for calcite precipitation and so require sea water 

to be supersaturated in calcium carbonate, a condition which is most 

commonly found in warm, very saline Hater. Rotaline and other hyaline 

forms are most abundant ,",here the concentration of calcium carbonate is 

lower, because calcite is secreted on an organic nucleating surface (these 

forms vlOuld not be able to secrete well-ordered crystals where calcium 

carbonate is abundant); the tests of agglutinated (textularine) forms 

contain little or no calcite, a feature which enables them to live in 

very 10vl concentrations of calcium carbonate. This hypothesis certainly 

explains the usefulness of the triangular plot method of Murray (1968, 

1973) for environmental interpretations. Modern distribution of 

miliolines and textularines, however, suggests that miliolines can 

tolerate higher and textularines lower calcium carbonate concentrations 

than those of oceanic salinities. 

Other generalizatlons can be made on distribution of smaller 

foraminifera. Miliolines, especially the larger forms, are typical of 

shallow water; they occur most abundantly in met~laline salinities, 

with some ranging into oceanic situations~ Hright & Kurray (1972, p.73) 
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noted that this group is usually associated 'with weeds and rocks or 

sandy substrates at depths of less than 30m'. Phleger (;960, pp. 

258-59) noted that 'thick-shelled, large species of Elphidium, Streblus 

and Miliolidae ••• and ••• large and robust arenaceous forms such as 

Textularia' are typical of depths less than 20 m in the nearshore turbulent 

zone. In the deeper \'Vaters of the continental shelf the number of 

planktonic species increase, and rotalines dominate the assemblages. 

Studies on the distribution of modern planktonic foraminifera 

have shown that they are stratified by depth (B~,1960; Douglas & Savin, 

1972; Emiliani, 1954, 1971; Frerichs, 1971; Hecht & Savin, 1972; Jones, 

1967, 1968). Although the juveniles of some species live in the surface 

waters and later migrate to deeper"levels, others may live at similar 

levels throughout ontogeny (Be, 1969). Douglas & Savin (1972) suggested 

that forms of the Globigerinoides guadrilobatus group are most numerous 

in the near-surface waters, Globigerina spp. at intermediate depths, and 

Globoguadrina spp.,Globorotalia spp. and other thick-walled genera 

(e.g. Sphaeroidinella) in deeper vlaters. Often size increases Hi th depth 

(Bru1dy, 1954), or the test wall thickens by addition of secondary calcite 

debosits (B~, 1965; B~ & Ericson, 1963). Lee et al.(1965) noted the 

presence of zooxmlthellae in Globigerinoides ruber, and their absence in 

Globigerina bulloides. They concluded that the former would be 

restricted to the euphotic zone and the latter to gr&ater depths. This 

agrees with the vertical distribution recorded by B6 (1960), Bradshaw 

(1959), and others, as \"lell as data from oxygen isotope palaeotemperature 

studies (Jones, 1967, 1968; Emiliani, 1954, 1971; Douglas & Savin, 1972). 

After reviewing the literature, Dietz-Elbrachter (1971) noted that 

Hastigerina pelaP.."ica, li. siphonifera, and Orbulina have also been recorded 

as ~aving a symbiotic relationship with green algae. 
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Coralline algae are good depth indicators. Jolmson (1961, p. 22) 

noted that 'algae do not grow at depths greater than light penetrates ••• 

very few types of algae extend dOvffi to the extreme limit of light'. He 

concluded that most forms live in strong light, near lmi-tide level, 

and the majority of these are restricted to less than 30 m; hO\1ever some 

species have been found living at 300 m. IJodular forms are not knmm beloH 

80 m. Johnson (1961) reported that articulated forms require fairly 

'brilliant' light; he considered that brilliant light occurs over depths 

of less than 30 m. 

The enclosing rock can give much information about the 

environment of deposition: the presence of syngenetic minerals can give 

information about the redox-potential; the presence or absence of mud 

and the degree of sorting, rounding, and size of the sedimentary particles 

can be used to estimate environmental energy; the preserved biota can 

allow depth to be estimated; palaeotemperatures can be gauged from 

measurements of oxygen isotopes extracted from calcium carbonate deposited 

by organisms. The possibility of reworking or post-mortem 

transportation can also be estimated from the amount of environmental 
I 

energy. The terminology advocated by Dunham (1962), based on the 

depositional texture of carbonate'sediments, has been used in this work. 

This paper is only part of a study of larger fora~iniferal faunas 

from Ol~go-Miocene rocks from Hestern Australia. A brief stratigraphic 

summary is followed by a discussion of the lithology of the 8ediments 

and their depositional environment. Past and present ideas on the 

environmental distribution of. larger foraminifera are revieHed, including 

some generalizations on certain smaller forms \"rhich are impo:rtant in the 

faunas studied. From this infot'mation an attempt is made to deduce the 

environmental ranges of large foraminiferal assemblages and the palaeoecolo~v 
. => ..... 
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of individual taxa recorded from the rock units. 

Thin sections of limestones used for illustration (Plates 1 to 3) 

prefixed UHA are deposited in the collections of the Geology Department, 

Universi ty of Uestern Australia, Perth. ~,o thin sections of limestones 

collected by staff of the Bureau of t!:ineral Resources, CR 77 and. 7164-0357, 

are not registered, but are stored in the collections of that organizatior.. 

Rock stratigraphy and larger foraminiferal assemblages 

The rock-stratigraphic nomenclature for the ITorth ~iest Cape area (Fig. 1) 

used in this paper is that of Condon et a1.(1955; 1956) and Quilty (1974) 

(Fig~. 2,4). An additional unit, the 'Bullara Limestone', is recognized 

informally and 'dill be described in another paper. The name denotes a sequence 

of massive, brO\ffi to :srey, poorly to well cemented bioclastic limestones that 

unconformably underlie the Trealla Limestone and disconformably overlie 

lateral equivalents of the Giralia Calcarenite in the subsurface of nough 

Range (Fig. 1). 'rhe inter-relationships of these units are illustrated in 

l"igure 2. The stratigraphy of Ash_more Reef No.1 (Fig. 1) has been discussed 

. by Craig (1968, unpublished) and is summarized in Fig. 3. Foster (1970) ;-Las . 

described the rock-stratigraphic setting of the Batesford Limestone (Fig. 5). 
I 

Eight assemblages of larger foraminifera have been recognized 

in the Horth Hest Cape area, and some of these can be recognized in Ashmo:re 

Reef Ho. 1 Hell and in the Batesford Limestone, demonstrating their valicli ty 

as biologioal entities. There are at least t i lO successive assemblages in 

each section; in those from Horth t'lest Cape (Fig. 4) and Ashmore Reef Eo. 1 

Hell (Fig. 3) the associations are in a similar order; those from the 

Batesford Limestone (Fi; . 5) ShOH a similar relationship, but occur in a 

different order. The assembla3es in the descendin ] stratigr aphic order 
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found in the lJorth I-lest Cape area are: 

Austrotrillina hOvlchini - Flosculinella bontan.o:ensis association. 

The two nominate species and Marginopora vertebralis dominate; rare 

specimens of Sorites sp., Peneroplis sp., Borelis pygmaeus, Operculina 

complanata, Q. venosa, Cycloclypeus (Cycloclypeus) sp. cf. Q. carpenteri, 

GyPsina dobulus, Q. hOt"lchini, Q. mastaelensis, and Lepidocyclina 

(lJephrolepidina) sp. cf. ~. hOvlChini may also be present. 

Lepidocyclina (Hephrolepidina) hO\-lchini - ~!arginopora vertebralis . 

association. In addition to the two nominate species, Hhich dominate 

the assemblages, there are less common forms including Austrotrillina 

hovTchini, Borelis py,n;maeus, Operculina comnlanata, Q. venosa, 

Cycloclypeus (Cycloclypeus) sp. cf. Q. carpenteri, Miof,-ypsina 

(Lepidosemicyclina) sp. cf. H. thecideaeformis, Amphistegina guoii, 

Borodina septentrionalis, Gypsina globulus, Q. hOHchini, Q. mastaelensis; 

Cycloclypeus (Katacycloclypeus) sp. cf. Q. annulatus is very rare. 

Lepidocyclina (lTephrolepidina) hOHchini Cycloclypeus (Cycloclyneus) 

eidae / carpenteri association. This assemblage is dominated by 

~. (IT.) hm"lchini and Q. (Q.) eidae or Q. (Q.) carpenteri, with smaller 

numbers of Operculina comnlanata, l!iiogypsina (Lepidosemicyclina) 

I 
thecideaeformis, Amphiste.'jina auoii, G;ypsina r;lobulus and Q. hOvlChini present, 

and rare Heterosts»;ina suborbicularis, Miog.ynsina (IHogypsinoides) dehaarti, 

Borodina septentrionalis, Carpenteria alternata, and Q. proteiformis. 

Lepidocyclina (Eulepidina) badjirraensis - CycloclYreus (Cycloclypeus) 

eidae association. The nominate species characterize t}lis assemblage. 

In addition less com~on specimens of Opcrculina complanata, Amphistegina 

Quoii, GyPsina -!:,;lobulus, Carpenteria alternata, and Lepidocyclina 

(!~ephrolepidina) hm·Jchini may be present •. 

Cycloclypeus (C.ycloclypeus) eidae -- Onerculina compl~ata association. 

ThE; t\"lO nominate species dominate the assemblages, vIi th rare specimens of 
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GyPsina ~lobulus, Carpenteria alternata, and juvenile Lepidocyclina 

(Eulepidina) badjirraensis. 

Operculina comnlanata -- smaller benthonic foraminiferal association. 

Rare specimens of juvenile Cycloclypeus (Cycloclrpeus) eidae and very 

rare juvenile Lepidocyclina (:Culepidina) badjirraensis may be present 

in faunas dominated by smaller benthonic foraminifera. 

Lepidocyclina (Eulepidina) ephippiodes -- Heteroste~ina borneensis 

association. In addition to the two nominate species, .!!. Q"ephrolepidina) 

sumatrensis and Amphiste,gina bikiniensis dominate the assemblages. Rare 

specimens of Operculina complanata, GyPsina globulu3, and Q. howchini, 

and very rare Austrotrillina SPa cf. !.·striata, Sorites sp., Borelis 

pygmaeus, and Halkyardia spo cf. lie minima may be present. 

Operculina complanata -- Gypsina hOylchini associe.tion. The two nominate 

species dominate. Rare specimens of Lacazinella SPa cf • .!!. wichmanni, 

probably reworked from the underlying lateral equivalents of the Giralia 

Calcarenite, are also present. 

Lithology of the sediments 

North Hest qape Area 

J:L<\.rJdu Calcarenite. The Mandu Calcarenite consists of poorly sorted 

bioclastic packstone and.. quartzose bioclastic Y.'ackestone (PI. 1, Figs. A-D). 

The sand-size fraction of the "Jackestone falls within the fine to very fine 

sand range on the :']entHorth Scale; small angular quartz grains dominate J 

and for.aminifera (smaller benthonic and planktonic) are the most common 

bioclasts. The grainsize of the packstone is coarser, ranging from fine 

to coarse sand, al thougL individual bioclasts may ranZe to 50 mm. r,;ost of 

these are angillar, but some are subrounded. In the uppermost parts of the 

formation, the sediments are characterized by skeletal fragments of coralline 

algae, and.. encrusting and.. larger foraminifera, suggesting deposition 

influenced by the presence of seag-rass at depths of less than 12 m (see p. ). 
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The older sediments of the Mandu Calcarenite do not contain this fatma. 

'Bul1ara Limestone'. The 'Bullara Limestone' consists of poorly to 

moderately well sorted, bioclastic grainstone and packstone (Pl. 1
J
Figs. 

E-G), of which the bioc1asts are subangular to subrounded and range from 

medium to coarse sand-size, Hi th some reaching 5 mm. 'rhe biota is 

dominated by shallo\'J-\-/ater forms, chiefly coralline algae and foraminifera 

(encrusting and larger forms become abundant towards the upper parts). 

Some of the bioclasts are stained black, but no authigenic minerals such 

as pyrite have been recorded. The packstone contains a much lower mud 

content than do equivalent sediments of the Mandu Ca1carenitel 

Tulki Limestone. The cycle of sedimentation that started with the 

deposi tion of the Mandu C2.lcareni te continued \.Ji th the Tulki Limestone. 

Bioclastic packston~ (Pl. 2, Figs, A,B) which is almost identical with that 

of the uppermost lvlandu Calcarenite predominates, and contains the same 

biotic association Lepidocyclina (Nephrolepidina) hO\-TChini -

Cyclocl;ypeus (Cycloclypeus) sp., suggesting that it Has deposited under 

similar conditions. In contrast to the sediments of the underlying 

Mandu Calcarenite, bioclastic grainstone., probably deposited in cha.'1nels 

or' banks, is also present, indicating that environments \vere less uniform. 

The lower Tulki Limestone is characterized by a red colour 

produced by red soil particles and fossils (Pl. 2, Fig. D), derived by 

subaerial erosion from an adjacent coastline. The derived fauna, 

identical \Vi th that from the uppermost r,f;andu Calcarenite, suggests that 

it '''las being eroded \-,hile the Tulki Limestone was being laid dmm, a 

suggestion l'lhich is supported by the presence of a minor disconformi ty 

(see Fig. 3 and Plo 2, Fig. A) marking the boundary bet\veen' the two units 

in the Badjirrajirra Creek area. Further evidence for subaerial exposure 

is the presence of solution channels in the Mandu Calcarenite, immediately 
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under the disconformity. The absence of the intense recrystallization 

features that characterize the uppermost Tulki Limestone (Pl. 2, Figs, C, E, F 

below the regional disconformity separating it from the Trealla Limestone 

(Fig. 2) suggests that the f,:andu Calcarenite vias exposed for a short time 

only. This is supported by the similarity of the planktonic faunas found 

immediately below the base of the Tulki Limestone and those from the top 

of this unit at the same locality, wher:e re\·lOrked forms have not been 

recognized. 

Trealla Limestone. The sediments of the lower parts of the Trealla 

Limestor.e are identical vii th thos;:; from· the uppermost Mandu Calcarenite 

and contain a very similar biota. It is concluded, therefore, that these 

beds Here depo.sited under comparable conditions. Hhile they were being 

laid dovm, a protective barrier to the vlest may have begun to form by the 

deposition of the Pilgramunna Formation. This barrier possibly permitted 

the development ~f lagoonal facies, in vlhich packstone (Pl. 2, Fig. C) 

accumulated. Grainstone (Pl. 2, Fig. H) predominates in the upper parts of 

the Trealla Limestone in the Cape Range area, and elsewhere in the 

Carnarvon Basin. It l'las probably laid dOlVD under similar conditions to 

the 'Bullara Limestone'. 

Pilgramunna Formation. The Pilgramunna Formation consists of well sorted 

quartzose bioclastic grainstone (Pl. 3, Fie. B) interbedded \<lith rare 

bioclastic packstone (PI. 3, Fig. A). All grains are vlell rounded and. 

range from medium to coarse sand-size. The bioclasts, which make up 

only a small volume, are very similar to those found in the lOvler part 

of the Trealla Limestone. The coarse grainsize, absence of mud, degree 

of sortins, and roundint~ sue:,~est that it viaS deposited in a high-energy 

environment. The Pilgramurma Formation is a strongly linear deposit, 

stretching north-northeast along the vlest side of Cape RanGe, and, 
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as has been suggested, may have formed a protective barrier, on the 
. 

east side of I'Thich the Trealla Limestone accumulated. The quartz was 

probably carried in a direction approximately parallel to the present 

coast-line by longshore currents, and mixed with bioclastics derived 

from nearby accumulations of Trealla Limestone. 

Ashmore Reef No. 1 ':!ell 

The sediments of the 'Cartier Beds' in Ashmore Reef No. 1 Hell are 

almost identical \,Ti th those from the lower l;:andu Calcarenite, except 

that they are darker (Pl. 3, Fig. C), probably because of the presence 

of terrigenous clay minerals. Those of the unnamed calcarenite (Pl. 3, 

Figs D-G) are very similar to the upper 1;1andu Calcarenite, both 

lithologically and faunally. These factors suggest that the sediments 

of both units originated under similar environmental settings to those 

for the I,Tandu Calcarenite •. 

Batesford Limestone 

Bowler (1963) and Foster (1970) have described the sedimentology of the 

Batesford Limestone. Foster (1970) noted that the limestone was composed 

of skeletal grainstone (Pl. 3, Fig. II), with most bioclasts being 

fragmented. Both cmthors concluded that the limestone was deposited 

in high-energy shallow water. 

Ecology of modern larger foraminifera - a review 

Relationship of alrae to larger foraminifera 

It has been known for some time that certain invertebrates are 

associated Hith symbiotic algae. Until recently, feH algal ::;ymbionts 

had been recorded from the foraminifera. Winter (1907) described them 

in the soritid Peneroplis pertusus. Rhurnbler (1909) and Lee et ale (1965) 

recorded a similar association in some planktonic forms. Cushman (1922) 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
.1 
,1 
.1 
I 
I 

12. 

reported green algae in the protoplasm of Orbitolites (=Sorites) and 

Cyclocl;ypeus. In a later paper (Cushman, 1930), he suggested that the 

families Camerinidae, Feneropliidae, and Alveolinellidae contain 

representatives that maintain a symbiotic relationship with green algae, 

similar to hermatypic corals. Doyle & Doyle (1940) recorded zooxanthellae 

from Orbitolites duplex and noted that they were not evenly distributed 

through the protoplasm. Grimsdale (1959) speculated that the fossil 

'orbitoidal' foraminifera maintained similar relationships, in 

explanation of the convergent evolution seen in these forms. Boltovskoy 

I 
(1963) reported analogous relationships in several genera of smaller 

foraminifera. Lee & Zucker (1969) studied symbiotic algae in the soritid 

Archaias, noting that they were concentrated under thin \'Iindmv-like chamber 

walls and appear to enable the host to utilize Ca++-ion more effici~ntlyj 

these vITi tel's also shovled that the host \.,.as able to ingest other micro-

organisms for food. " Both Dietz-Elbrachter (1971) and Rottger (1972a; bj 

1973) found that Heteroste,gina depressa was mobile and able to grow and 

reproduce vii th(mt food other than that supplied by symbiotic algae. 

" Rottger (1972a) also noted that the symbionts can be passed on to 

daughter cells during multiple fission; he also related the very high 
I . 

population densities often associated with this species to its 

relationship with algal symbionts. Ross ()972) recorded zooxanthellae 

in Marginopora vertebralis and Alveolinella QUoyi j he noted that 

?:Iarp;inopora \·las quite mobile and able to ingest other food sources, 

and also that the algae v,ere concentrated under the thin \'lalls of the 

lateral chamberlets. 

Haynes (1965) has related the evolution of radial wall structure 

to the presence of zooxanthellae, noting that many near-shore, thin-Hclled. 

spGcies appear to be hosts to e;reen algae. He also related the evolution. 
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of chamberlets, annular groT:lth, and structures such as the marginal cord 

in some larger foraminifera to the acquisition of symbiotic algae, noting 

(p. 42) that these features enable the organism 'to reduce the tendency 

to pile up laminae of shell material into a thick mass', 'olh).ch \oJOuld 

impede penetration of light. He has suggested (p. 42) that the shape of 

larger foraminifera 'can be explained as a compromise between hydrodyn~nic 

factors and the requirements of metabolism involving symbiosis'. The 

sphericity of Gypsina is explained as a 'perfect adaptation of high energy 

reefal conditions'j discoidal tests increase their hydrodyna~ic stability 

by the addition of secondary calcite deposits in the form of pillars, 

thickened septa, and umbilical bosses. These features strengthen the 

test without altering its shape and at the same time maintain thin outer 

chamber walls. Haynes found that in water less than 4.6 m deep the rate 

of photosynthesis in diatoms fell rapidly, probably as a reslut of 

damage from increased short-wave radiation. He suggested that the random 

arrangement of calcite crystals in the ,.,ralls of porcellaneous forms 

scattered da.maging radiation, permitting photosynthesis in e.>ctremely 

shallow water. 
I 

Many tropical shallovl seas are 101;[ in nutrients (Ryther, 1963; 

Beers et al., 1968): in such places the presence of algal symbionts 

would provide the host organism vlith a ready source af food, even though 

its depth range is limited to the euphotic zone. Once the need for 

foraging is removed, a bilateral symmetry is no longer necessary. RadiCl~ 

symmetry permits growth in all directions and produces a habit more 

suited to sedentary life. There are many examples in biology of sessile 

forms that have a basic bilateral symme.tr:y on which is superimposed 

raoial symmetry e.g. cirripeds and serpulid Norms. It is well known that 

almost all larger foraminifera pass through bilateral into radial 
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symmetry early in ontogeny, and throughout phylogeny the bilateral 

condition is gradually reduced. 

In conclusion, the test of larger foraminifera is ideally suited 

to house symbiotic algae, and hence for sedentary life. Indeed, almost 

all extant forms are now 1mown to have this association and habit. As 

the tests of extinct and modern forms are similarly constructed, it is 

almost certain that extinct forms too maintained a similar life style. 

This provides a logical explanation for the evolutionary trends tOvlard 

radial symmetry and increasing size and surface area in all groups of 

larger foraminifera. 

Ecology of modern lar"er foraminifera 

Because of the presence of algal symbionts most of the larger foraminifera 

are restricted to the euphotic zone, Ivhich in clear warm Haters extends 

to depths of about 120 m. Some of the simpler forms (those in which 

bilateral symmetry is still the main habit) are probably able to live in 

depths beyond the euphotic zone, for their reliance on algal symbionts 

for food may not be sufficient to restrict the distributions. 

The few studies that have been made suggest that the 

al veol inids are typically found in high-energy, mud-free, meta.hal ine 

environments in depths of 0 to 6 m. Reiss & Gvirtzman (1966) have 

recorded Borelis schlumberp;eri at depths bet~veen 1.5 to 20 m, most 

abundantly below 3 m. Logan (1959) and Davies (1970) have recorded 

Alveolinella guoyi from similar environments in Shark Bay, Hestern 

Australia. Jell et al.(1965, p. 277) have recorded this species from 

'the chanJ1el betvJcen Heron and Histari Reefs', frol:: depths ranging 

from 18 to 30 m in sanel, much of ",hich has been derived from the 'reef. 

edge and reef flat' (r.laxHell et al., 1961, p. 225). The enrolled 

test of this species 1.8 well suited. to high-energy conditions. Greiner 
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(1969) considered that porcell~neous forms tended to be more typical 

of metahaline waters for reasons given earlier (p. ). 

Archaias spp., Marginopora vertebralis, Sorites spp., 

and Peneroplis spp. typically occur in metahaline conditions as epibionts 

attached to the leaves of sea grasses (Blanc-Vernet, 1969; Davies, 1970; 

Grant et alo, 1973; Illing, 1952; Lee & Zucker, 1969; Logan, 1959; 

Hurray, 1970, 1973). However, Mar.c;inopora vertebralis is also recorded 

as being attached to a solid substrate, or living loosely on unconsolidated 

reef detritus (Ross, 1972), or associated \vith bro1rm' algae (Jell et al., 

Ross (1972) has also noted that this species tends to increase 

in size with depth, because reproduction is either delayed or inhibited 

if it is sHept outside its optimum range; in either case the organism 

continues to grO\v. Logan (1959) and Davies (1970) recorded this 

species down to depths of 8 m in metahaline salinities; Ross (1972) 

recorded it from oceanic \-;aters. The forms appears to be euryhaline, 

the only environmental restriction, other than depth, being the 

. requirement for a supstrate, suitable for attachment, which is also 

exposed to solar radiation. 

Graham & l;:ili tante (1959) recorded Heteroste£>:ina suborbicularis 

from the littoral zone dmID to depths of 32 m in the Philippines. Lutze 

et ale (1971) found B. depressa in shallm"/ waters near islands in the 

shallo\1 ,vlaters near islands in the Central Basin of the Persian Gulf, 

at depths ranging from 15 to 35 m, in association \vith Amnhiste,dna 

" mada~ascarellsis and 0perculina ammonoides. TIottger & Berger (1972 p. 89) 

recorded.IT. depressa from 'clear, shallow seas of the tropics ••• [i"q lives 

on firm substrate and epiphytic on algae'. " Rott2er (1973) and Spindler 

" , & Rottger (1973) showed that this species is attached to the substrate 

by cion :::ctoplasrnic sheath, throu~h \oJhich the pseudOPodia conld penetrate, 
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and from ",hich the animal could escape at will. After revievIing the 

literature to that time, Adams (1965, p. 305) concluded that 'most species 

~Of Heteroste~ina~ are commonest atless than 40 fathoms ~7 m-1.' 

Hm"ever, most of the records failed to distinguish between living and dead 

" specimens. The evidence of Graham & r.~ilitante (1959), Rottger & Berger 
II 

(1972), and Rottger (1972a, 1973) suggests that Heteroste~ina can live 

only \'1i thin the shallovler parts of the euphotic zone j for this reason 

any records belo"l about 50 m are probably of dead specimens that ha~e 

been redistributed after death. Cole (1957a, p. 751) concluded that 

Heteroste,'Sina (in common \iith Alveolinella and Borelis) 'requires warm, 

shalloh" protected situations'. 

There are very few records of Cycloclypeus from Recent seas, 

and only one of living specimens - that of Cushman (1922) from the 

Philippinesj this record probably refers to an earlier publication 

(Cushman, 1921) in \Vhich he recorded Q. guembeli2.l1'\J.s from a depth of 

44 m in Buton Strait and from 68 m on a hard sandy bottom near Romblon. 

Adams (1965, p. 305), on reviewing the literature on Recent and fossil 

occurrences, concluded that Cycloclyneus can 'tolerate a wide depth 

range, but on the I-Ihole favour deeper Hater, from 50 to 200 fathoms 

~91 to 316 m_7'. If Cycloclyneus does contain zooxanthellae, as 

studies on living specimens of this and other genera suggest, it is 

unlikely that it can live at greater depths than 120 m, and records from 

deeper waters are probably of dead specimens vlhich have been redistributed 

after death. 

Operculina is probably the earliest 8,nd therefore the most 

primiti ve form of the numrnulitids (Bannink, 194[>,) and for t ~:is reason is 

probably the least specialized and least reliant on algal symbionts as 

a food source. 'I'herefore, it would l)e expectcrl to have a 1,-Jider 
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environmental ranee than either Heteroster:;ina or Cycloclypeus, and to 

live at depths beyond the range of green algae. Cushman (1921) observed 

that species of Onerculina are more typical of fairly shallow Hater, ;.lith 

some large forms reaching considerable depths. rJo distinction was made 

bettveen living and dead. specimens, so it is impossible to ascertain the 

depth range of living forms from his records. Graham & Eilitante (1969) 

recorded Operculina from depths of 2 to 32 m in the Philippines. Cole 

(1957a) and Adams (1965) both considered that this genus tolerates cooler 

and deeper vlater than other numnmli tids, and. Adams noted that some specie::> 

seem to be more sensitive to depth; Q. bartschi (=Q. complanata) 

has been reported abundantly betvleen 30 and 90 m, and Q. venosa in depths 

of less than 50 m. A study of the available literature indicates that 

the more complanate and evolute forms tend to occur in shalloHer water 

than the more compactly coiled, involute species. 

The nummuli tids all appear to be stenohal ine, being restricted 

to oceanic waters. 

There have been few records of Gypsina from Recent seas, a..'1d 

most of these are of Q. globulns. This species is most commonly found on 

sandy substrates (Graham & r.iilitante, 1959), although it has been recorded 

on muddy bottoms (Blanc-Vernet, 1969). The structure of the test appears 

to be adapted for high-enerGY environments (Haynes, 1965). Under such 

conditions, Q. elobulus i'lOuld be readily transported, and its vlide dept:1. 
" . 

range seems to support this co~.lusion. Todd (1965) considered the.t it 

is typical of shallovl \iater, and most records, which are from less thar! 

100 m, support this (Brady, 1884; Cushman, 1921 j Graham &. Militante, 

1959). It has been found at much greater depths, d01'ffi to 582m by 

Cushman (1921), but forms from such depths are almost certainly re1-lOrked 

from shallow waters. Q.. globulus appears to be typical of Harm shaHoN 
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waters near reefs and in lagoons (Cushman, 1921; Cushman et al., 1954; 

Graham &, liIilitante, 1959; Todd, 1965), but· it can survive in cooler 

"rater (nyholm, 1962). Q. vesicularis has been reported only from 

warm shallo\·; vlaters (Brady, 1884; Cushman et a1., 1954). Hovlever, 

some authors (e .g. nyholm, 1962) failed to distinguish betv;een the 

two forms, and others (e.g. Todd, 1965) suggested that they are 

conspecific. Both arguments imply that Q. vesicularis may have a similar 

range to Q. globulus. Nyholm (1962) has f01.U1d Gypsina attached to 

stones and bottles, and because Q. ~lobulus lacks an attachment area, 

the species was probably G. vesicularis. Adams (1965, p. 3P6) - : 

concluded that Gypsina 'occurs at all depths: no accurate depth 

zonation is possible at present', but as noted above, it seems to be 

most abWldant in \-larm shallow seas. 

Some smaller forms dominate a fe\-l of the fossil assemblages 

studied, and so are here considered briefly. Amphister;ina has a i-:ic.e 

range of test she.pe, from flat and lenticular to inflated and gi boose j 

there is also a large variation in number of chambers. 1"l'llether or not 

is is possible to differentiate individual species on these characters is 

open to debate. The test shape is adapted for moderat e ly high-enerJY 
I 

conditions (Logan, 1959; Logan & Cebulski, 1970). Amphistes?;ina is 

stenoh&.line, being restricted to oceanic salinities (Bandy, 1954; 

Bla!!c-Vernet, 1969; Loga"YJ., 1959; Logan &, Ce bul ski, 1970; EcKee et a1., 

1959; Seigle, 1970). HouboH (1957), i·':cKee et ale (1959), a"YJ.d Blanc-

Vernet (1969) have recorded dead tests in larg e numbers in mud-free 

sands. McKee et &. (1959) recorded f:.. madalSascariensis in reefal 

areas dor.'ffi to depths of 8 m. Grah2.JTl & r.1ili tante. (1959) reported this 

species from the littoral zone do,'m. to 32 m in the Philippines. 

Ble.nc-Vernet (1969) f01.U1d the Same form in thf:l Mediterranean Sea, li vine 

in areas of sea grasses and coralline alGae, in shallo\'l water. She also 
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noted that it was easily transported after death. Lutze et ~. 

(1971) recorded it from depths of 15 to 35 m in the Persian Gulf. 

!. lessonii appears to prefer deeper waters than!. mada.c;ascariensis (Blanc­

Vernet, 1969). Dandy (1954) found!. lessonii dO\'ffi to c1.epths of 122 m, a'ld 

l~cKee et ale (1959) noted that it is fairly rare at less than 30 m, but . 

abundant to about 65 m. Logan (1959) did not give depth ra.nges, but 

recorded it from shalloi'l channels and reaches, and stated that it is also 

associated with sea-grass areas in the oceanic parts of Shark Bay. 

Cushman (1950) and Dietz-Elbrachter (1971) listed Amphistegina as one of 

several species of foraminifera \vhich have algal symbionts. I This is 

supported by its depth distribution, which appears to be less than 100 m. 

T(urray (1973) considered that the principal range is from 5 to 20 m. 

Rota lia seems to be restricted to shallO\'I1 high-energy \iater associ ~,ted. Hi th 

reefs; r·:urray (1973) ga'/e the main uepth r ange as 0-40 m. Eol tovskoy 

(1963) has found zooxanthellae in the protoplasm of this genus. 

Elphidium is another sho,llO',v-.,.,ater form .,.,hich has been found in 

association vd th sea grasses in both oceanic and metahaline areas by 

Blanc-Vernet (1969) and Logan & Cebulski (1970). Boltovskoy (1963) and 

Haynes (1965) have both recorded symbiotic algae in associat ion .... !i th 

I 
El nhidimn. Very li tUe is knoHn about the modern distribution of 

Anoma l inella, , a1 though it is commonly very abundant in some fossil 

assemblages. klomalinella appears to be restricted to the Indo-FacifiG 

region ( Cushman et al., 1954; Belford, 1966); Brady (1884) found it 

at depth's of 60 rn, 2~nd Graham & r'Tili tante (1959) reported i·~ from 1.4 to 

27 m (occurring abundantly bet\-leen 4.6 and 6.4 m). Recent records 

of Carpenteria are very fe\,l, and only those of 2,. nroteif orl.lis (the 

l.Iodern species v!hich is most similar to fossil species in this study) 

have be en used in this \·/ork. Brady (188Ld c.nd Cushman (1921) have 

documented this species from 30 to 1628 m, but Cushman et d. (1954) 
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found it typical of reef flat or beach areas. 

Depositional environments 

Some of the methods outlined on p. ,such as the triangular diagrams 

illustrating the ratios of rotalinG, milioline, and terlularine forms 

(Fig. 7) and the percentage of planktonic (%p) Crable I) and benthonic 

(~bB) individuals in the faunas from the various sections studied have 

been employed to reconstruct the environments in vlhich the rock units and 

faunal associations discussed above l-Jere deposited. Tables II a~d III 

summarize the main litholoGic and biotic criteria of the relevant rock­

stratigraphic units. 

Vandu Calcnrenite 

LOVler nart. I'(;uddy sediment s are typical of 101'l enerS'Y envi ronment s, ",here 

sorting and "/im!o\'ling by current and Have action are minimal. Such 

environments are typical of lagoonal, back-reef, or some other setting 

protected by a barrier (for sediments of shallovl-vlater origin) I or at 

1 evel s in deeper '-Tat er, vlell be 10vl l'lave-base. 

The average ' j;P for the lower Eandu Calcarenite is }6, Hhich 

accordinG to Phleger (1960) is typical of values found on the outer 

continentc:tl shelf, in depths of 60 to 100 m, Ivhere values rc:mge from 10 

to 50 percent. The presence of globigerine and eloborotaline planktonic 

forms is indicative of such depths (Douglas & Savin, 1972). The absence 

of coralline algae, larger foraminifera, and other forms 10101"ffi to have a 

symbiotic relationship vrHh green algae, suggests that these sediments 

were deposited below the eup~otic zone. The fauna plots in the rotaline 

field of the triangular plot (Fig. 7), ",hich i:3 \-lithin the same area a s 

that for faunas from 'shelf seaS; (:Iri:::ht &; r.;urray, 1972, Fig. 6); this 

indicates that oceanic salinities prevc-.i led at the time of dcpo:::itio~l. 
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In sununary, t~e evidence sug:,,;ests that the lOvler Illandu Calcarenite 'Nas 

deposi ted at depths just belo\v the euphotic zone, that is, probably a 

little deeper than 120 m. The initial appearance of larger foraminifera 

at the top of this lovler part (vThich is the first appear2.Ilce of Operccii!'.a 

complanata) implies that depths Here approachi rg, or possibly Hi thin, 

the 10Her part of the euphotic zone. 

Upper part. The presence of a rich shallou-water biota and the absence 

of deep-Hater features in the packstone (Pl. 1, Figs B-D) of the upper 

Mandu Calcarenite indicate that these sediments Here deposited in Im'T-

energy shallow Hater. As there is no evidence for any form of barrier 

(reefal or otherwise) to the "'lest of Cape Range at the time of deposi -tion 

behind VJhich fine-grained sediments could accumulate, some other mechal1ism 

must be invoked to explain the origin of these rocks. Davies (1970) noted 

that sediments characterized by skeletal fragments of coralline algae, 

encrusting foraminifera, and bryozoa, and. \d th a high mud content, are 

typical of sea-grass communities, in vihich mud produced by skeletal 

breakdo\,ffi in high-energy conditions is trapped by a leaf baffle that 

subsequently dec2.ys Hithout leaving any trace. Because the sediments of 

the topmost beds of the upper r.landu Calcarenite have the same characteristics 

as those described above, it is concluded that they.,rere deposited as a. 

direct result of the influ.ence of sea gra sses. A baffle can 2.100 be 

produced by other orgc:.r1isms such as Halimeda or other large forms. Tb,e 

muddy sediments that contain a shallo\·l-water fa1U1a, \vi th fmv encrusting 

foraminifera~ rare coralline algae, and abundant large discoidal fora­

minifera (pI. 1, Fig. B), were probably deposi'ted in depths belovl the range 

of sea Grasses, under a baffle produced by the large tests of Lepidocydina 

(Eulepidina) or C,yclocl,ypeus. 

'rhe %p for the upper lIandu Calcarenite ranges from 3 to 33, 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
,I 
I 
I, 

I 
I 
I 
,I 

I 
I 
I 

22. 
/ 

,-lith the 1m-lest values at the top. The hi,;her values are typical of depths 

less than 100 m, and the lower ones of depths less than 60 m (Phleger, 1960). 

This is supported by the presence of large populations of Globirerinoides, 

~'lhich are most abtmdant at less than 100 m in modern seas (Be, 1960; Jones, 

1968). Coralline algae are present throughout, but only become abundant in 

the uppermost beds. rrtu abundance of larger and smaller foraminifera Hhich 

are knol-m to contain symbiotic algae at the present day (e.g. C,ycloclypeus, 

Operculina, Amnilister:;ina, fu"lOmalinella, notalia, etc.) supports the conclusion 

that deposition took place I-Ii thin the euphotic zone, that is in depths of less 

tha.n 120 m. The presence of sea-crass communities in the topmost beds 

indicates very shallm-l water. Davies (1970) found that sea grasses extend to 

12 m but are best developed in depths of less tha~ 7.6 mo Ginsburg (1956, 

po 2409) stated that 'turtle grass has no bathymetric limit in the back-reef, 

the de.1se carpets are most abm1clant in water deeper thEm 6 feet [2 mJ' j 

the back-reef area in Florida Bay is no deeper than 12 m. Lynts (1966) 

found turtle grass in depths shallovier than 2.7 m, but gave no 101-1er limit. 

Thus the appearance of typical sea-grass deposits in the uppermost l}andu 

Calcarenite (Pl. 1, Figs. C,D) suCCests that it ~"as deposited in depths of 

less than 12 m. 

'Bullara Li!:l8stone' 

j':ost of the '3ullara Limestone' vIa::; deposited in a moderately high-energy 

environment, Hhere most or all of the nru.d fraction t",as removed by the 

action of currents or I'laves. In such a setting, mixing of faunas from 

different en-vironments may be expected. The presence of articulated 

coralline alga,e and encrusting foraminifera suggests that some of the fauna 

was derived from adjacent sea-grass cO!7lmunities, and indeed, the presence 

of packstone (PI. 1, FitSo G) 8ue-zests that sea grasses may have been 

directly rO:::l,:)oJlsible for the accumulation of some of the limestone. 

Some of the smaller miliolicls Shovl eviclcnce of boring by blue-green 
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I algae and there are filany pellets Hhich shoH evidence that they rna,)' have 

I. been produced by the alteration of miliolids or coralline algae as 

I 
desribed by Kendall & Skipworth (1969). Such blue-green algae are co~~on 

at 30 m in coastal \.,raters at Hoods Hole, USA, and have been found at a 

I depth of 75 fil in the Caribbea.n Sea (Golubi~, 1973, p. 470). '1'heyare 

commonly fOl.'.l1d in conditions of increased salinities (Kendall & Skip"!crth, 

I 1969i Davies, 1970). The presence of stenohalir:.e forms, typical of 

I 
oceanic salinities (Anmhisteo;ina, Heteroste?,'ina a'1d Operculina) , suggests 

that the pellets I'lere derived from a different environment. The 

I presence of Lacazinella and Halkyardia suggests that Eocene rocks vlere 

exposed to subaeri2.l erosion at the time of deposition of the 'BU:llara 

I Limestone'. Hodular coralline algae are present (PI. 1, Figs. G,H)i 

I 
these forms are typical of higlrenergy ccndi tions and are commonly fomrl 

in areas of mud-free sands at depths of less than 30 m (Johnson, 1961). 

I They may be in situ, and if so, indicate depths Hithin the euphotic zone. 

The rarity of encrusting and larger foraminifera in the 10\ver parts of t~e 

I. . 
'Bullara Limestone' suggests that it 1\'2.S deposited farther from sea-grass 

I 
communities, probably in deeper \"Jaters. Plenktonic forms are almost 

completely absent, Hhich is a feature of the very shallov1 nearshore 

I turbulent zone in depths of less than 20 m (Phleger, 1960). '1'he f a1.~la 

plots in the field for 'normal marine lagoons' of Hright & 1.1urray (1972) 

on the triang'ular dia£,rram (Pig. 7). Thus, it is concluded that the 

I 
'Bulla::,: Limestone' was deposited in a shallol'l high-energy environment, 

\'lith oceanic salinities, and Hithin the euphotic zone in depths lvhich Inay 

I have-been less than 20 m. The upper parts were laid dOlfll in shallOl'ler \·;ater 

than the 1 Olver. 

I 
rl\l.lki LiJllei:;tone 

I The bioclastic packstone (Pl. 2, Fig. B) from the 'fulki Limestone is similar 

I 
to that of the upperr.i;)st Va.'1du Calcarenite (Pl. 1, Figs'. C,D) 
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and .Has probably deposited under the same conditions. The packstone 

from the lower part contains the same Lepidocyclina (Eephrolepidina) 

hmvchini - C'ycloclyPeus (Cyclocl,ypeus) eidae or Q. (Q.) carpenteri 

association as that of the uppermost Eandu Calcarenite (Table II). 

HOVlever, as noted on page 

from the 10'rler unit. 

, much of this appears to have been ret'lOrked 

The bioclastic grainstone (Pl. 2, Fig. D) contains the same 

larger foraminiferal association as the packstone. The l1T\).d-free 

lithology suggests that it vJaS deposited on a current- or Have-sHept 

bottom. The avera.-,;e /~p is less than 2, suggesting very silalloH water 

(Phleeer, 1960). The faUl1a plots in the 'hypersaline lagoon' or 

'normal marine lagoo:r.' fields of 1"iright &. r,:urray (1972) (Fig. 7). This 

suggests that the faune, has been derived from both oceanic and metahaline 

sea grass communities. The sediments cOl1"~ain uell rounded. bioclasts, 

.. ,hich are fairly \;'ell sorted, and may represent sands laid down in very 

shallow H2.ter or even as a beach deposit. 

The bioclastic packstone from near the top of the Tulki 

Limestone contains the Lenicloc;ycl ina (Eephrolepidina) hOlrjchini -

Nar.~inopora vertebralis a3socic~tion, ~'Thich is a different larger 

foraminiferal assemblaZe from that from similar sediments in the 10Her 

parts of the unit. Hm.,rever, neither the 7bp or the tri2.ne,ular plots 

differ ,appreciably from these of the top of the Ii:andu Calcarenite, "Thich 

suggests little cha.n~e in overall environmental concli tions. 

The presence of a large population of re\wrked forms, some 

sediments Hhich ,,,ere probably d.eposited under a S82.-grass ba.ffle, and 

others deposited on a bank or beach, or in 2. char-nel, SU0J ~);:;t that the 

TuH::i Limestone vIas deposited in crd.te" shalloN \'mter, probably less than 
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12 m, with salinities commonly oceanic but occasionally metahaline. 

The absence of rCHorked forms at the top of the unit may indicate a 

slight increase in water depth or a zreater distance from shore, but \·,i th 

water depths still less than 12 m. 

Trealla Limestone 

LOl'rer uart. Bioclastic packstone (Pl. ,2, Fig. G) from the 10\"ler Trealla 

Limestone is restricted to the Cape Range area, and contains a typical 

Lepidocyclina (Fepholepidine.) carpE"mteri - l.'arginopora vertebralis 

association. 'l'he averaSe ~~P is 2, sugGesting depths of less than 20 in 

(Phlegel', 1960). 'rhe fauna plots in the 'shelf seas' field of l-Iright 8: 

J.Iurray (1972) (Fig. 7). The presence of stenohaline forms such as 

Amphiste~ina, Cycloclyueus, and Operculina indicates ocea~ic conditions. 

Both fauna and sediments are similar to those from the top of the I~~az1.-iu 

Calcarenite and Tulki Limestone, and 2['8 typical of sea-Grass areas. 

The bioclEl,stic packstone ivas deposited under a sea-grass baffle, 

in normal oceanic salinities, in conditions protected by a barrier Hhicn 

was being formed to the Hest. Depths \"lere probably less t:1an 12 m. 

Upper part. The faun2,s, \vhich contain large populations of miliolines, pIa":; 

in the milioline field of the triangular diagram (Fig. 7). 'rhe presence 

of textularine forms has caused the plots to f8,11 outside the 'hypers<" ine 

lagoon' field of Uright (~; lTurray (1972); this suggests that textularir.e 

forms may not be typical of metaha.line communities. However, such feres 

are COr.1Jnon throughout the grainstone of the Trealla Limestone (Plo 2, 

Fig.·H); so some arenaceous forms could presu.mably survive in these 

881 ini ties. The absence of. planktonic forn;::; cay be the result of 

restricted circulation, and this I tOJether vlith the ra.ri ty of OCG;::L"lic ~~'o::,'r::s 

such as Anmhister-;ina, Cycloclypeus, and Operculina, and the presence 

of boring blu8-8Teen algae, suggests metahaline salinities; the boring 
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algae are indicative of depths of less than 75 m (Golubi6, 1973); tbis 

gives credence to the suggestion made on page that a protactive barrier, , 

the Pilgre.munna Formation, restricted circulation of sea Hater, permitting 

salinities to rise during the deposition of the grainstone of the upper 

Trealla Limestone. The grainstone also contains nodular algae, and 

alveolinids '(:3orelis aYld Flosculh"lellC",), and these, together vlith the 

row1dness of the bioclasts, indicate accumulation in hiGh-energy .conditions 

Hi thin the 8ha110"Jer part s of the euphot ic zone. The presence of 

encrustine and attached forms, I:;are:inopora vertebralis, Sori t,es spp., 

Pcneroplis app., and articulated coralline algae, suggests.that sea-

grass communi ties '\'lere important contributors to the sediment. 

Pilgraimmna Ii'orr!ELtion 

The fauna from the PilD'amurma Formation is very poor; the bioclasts 

consist of rotmded frazments of foraminifera, other invertebrates, 

a~d articulated coralline algae (Pl. 3, Figs, A,B). The larger 

'foraminifera are typical of the Lepic10cyclina (lTephrolepiclina) hOHchini 

l';arp;inopora vertebral~ association, Hhich vlaS probably c.erived fror.1 

post-mortem transportation from the packstone of the'lo'ller 'l'reaJ.la 
I 

Limestone. The \V'ell sorted quartzose sands appear to have been 

transported by longshore currents (see p. ), from outside the Eorth 

Hest Cape area. The Pilgramunna Formation vlaS deposited in high-enert,-y 

conditions in very slw.110", vlater; the carbonate grains Irlere probably 

derived from nearby, sea-grass communities, Hhich 110\'1 are represented 

by the deposits forming the 10Her Trea11a Limestone. 

Other areas 

'rhe palaeo..;cology of the 'Cart ier Ilcc~s' a.l1d W1l1arned calca.renites l:(! 

Ash.more TIeef J:o. 1 11ell and the :3atesford Limestone in Victoria he.s been 
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discussed on page 

Conclusions 

The changing assemblages of larger foraminifera Hi thin the Ca_pe Ranee S-Yld 

Yardie Groups in the Forth Hest Cape area are related to chan,zing 

environmental conditions. For this reason the presence of a particula~ 

faunal assemblage can be used for environmental interpretation, provided 

sedimentological evidence is taken into account. 

'rhe follovling conclusions can be made (see also Pig. e): 

Operculii1a comph_nata - e,y-osina hm-/chini association: this i:;> typiccl of 

high-energy conditions, indicated by the presence of nodular coralLi_ne 

algae. Depths \vere probably less than 30 m (see p ). 

.Lepidoc,yclina (Eulepiclina) ephippi-oides '- Heteroste.dna borneensis 

association: the abundance of encrusting a.nd attached forr;;s suggests 

that this assembla..;e Nas typical of sea-grass cor.ununi ties at depths 

of 12 m or less, in sheltered situations. 

Opcrculina .££!!lI2.1anata - smaller benthonic foraminiferal association: 

the sed.iments are typical of lmv-enerc;y conditions and "lere probably 

deposi ted belo\'l '-lave-base. 'Larger foraminifera are . never abunclant, and 

tBe prevalence of juveniles suggests that they ,-.rere swept into .,ater too 

deep for their survival. This, together with the absence of coralline 

algae, indicates depths near the base of the euphotic zone, that is, 

close to 120 m. 

Cycloclypeus (Cycloclypeus) eidae - Operculina comnlanata association: 

the sediments are typical of 10w-energ'Y conditions, and in this respect 

the association is very similar to that of (3). Hm'lever the presence 

of large adult specimens of Q;;rclocl;rpens su.::;gests that depths Here sn2_11m-:.2r, 

being Hithin tbe euphotic zone and, therefore, less theon 120 m. "Tl:e 

rari ty of coralline algae, VJhich "lere probably transported. from shallo~-!er 
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I Hater, may indicate that depths \;lere near the base of the euphotic zone. 

I The upper limit of thls association overlaps \1ith (5) beloH. 

(5) Lepidocycl ina (Zu18Pid.ina) bacl,i irraerisi s - Cycloclyp8us (CycJ.oc lype1.1s) 

I eidae association: the sediments contain a high proportion of mud, 

I 
suggesting similar conditions to (3) and (4) above. Hm'lever, large ntllTlOerS 

of the large discoidal fora.minifera Lepidoc,yclina (;Zulepidina) may rove 

I provided an effective baffle Hhich could trap fine-grained sediment derived 

from skeletal breal::clovffi in a fairly high-energy environment. The large 

I tests are found only in the lOTder parts, and size gradually diminishes to\·lar::s 

I 
the top. Ross (1972) recorded an increase in size and aCEl of Eo.r,o,;inopore. 

\dth increasing depth of Hater. The same explanation is advanced h81'e. 

I Coralline algae are quite rare in the 10l01er parts, but become common 

higher. It is concluded that clepths were more shallO\;I than for (4), but 

I greater than 12 m, overlapping \-lith (4) in deeper \-Jater. 

I 
(6) Lepidocyclina (Fephrolepidina) hOHchini - CycloclyPeus (Cycloclypeus) 

eidae/carnenteri association: as noted on pages , the 

I fauna and sediment contain·characterics typical of sea-crass commmities, 

implying depths of less than 12 m, and oceanic salinities in open situatio~s. 

I Le-oidocyclin2. (Fephrolepidinr:) hOFchini Ib.r9:inopora vertebrEtl is 

I 

I 
association: as noted on page ,both sediments and fauna of -Chis zone 

are typical of sea-grass communities, and therefore vIere probably 

I deposited in less than 12 m. The presence of Marr;inopora vertebralis 

differentiates this association from (6). ;,;ven though this form is 

I euryhalin8 in moclern seas, and oceanic forms such as Anmhist8;:-ina and 

CycloclYDeus are also present, the last t~:JO are much less common t~le.n in 

(6). This may imply that the salinities \-lere metahaline o 

I (8) Au~~trotrillina l10c!cnini - :r.'loc.:c-ulinella bont.:'21··;ensis association: 

I 
the absence of mud is indicat i VG of fairly hieh e!1Vironmento.l enerGies, 

a conclusion Hhich is mrpported by the presence of alveolinic18 

I 
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(Borelis and FlofJculinelb,) and nod.ular coralline at gae. f,jiliolines 

dominate the assemblages, and ShOI'1 evid~nce of alteration by boring algae. 

These features indicate depths of less than 30 m (see p ), metahaline 

salinities, and high-energy co~ditions. J,1arr;inopora and Penel'oplis 

could \"lell have been derived from adjacent sea-grass communi ties. 

Palaeoecology of selected larger and other fora~inifera 

lalio1inaceae 

Austrotrillina. lio representatives of this genus are extant. In 

the north Hest CC:epe area it is quite rare and is confine d to the grainstones 

of the 'l3ullara' and Trealla Limestones. Because these sediments, in 

particular the latter, ,<[ere deposited in shallOt-I, metahaline conditions, 

it is concluded that Austrotrillina vIas restricted to metahaline 

sal inities, in common with most modern milio1ids. 

Lacazinella. As i10ted earlier (p ), Lacazinella has probably been 

revrorked from the middle Eocene Giralia Calcarenite. The shape of the 

test,uhich is very similar to the alv801inids, suggests that it Has 

adapted for hie;h energy conditions. 

Bore1is and P10scu1ine11a. A1veolinids in modern seas are confined to 

TtJarm, shallow, metahaline '-la"ters of fairly high energy. 

A1 veo1 i nell::>-, as noted on page is knO\m to have a symbiotic 

relationship \Ji tIl green algae, uhich l-lou1d conr-ine it to shallOl-1 vlaters. 

Bore1is is found only in the grainstones of the 'Du11ara' and Trealla 

Limestones, arld F10scu)inella iG confined to the upper Treal1a Limestone. 

As noted earlier the LeDidoc,yc1ina (Eulepidina) ephippioides - Heterosterdna 

bornee!:.sis association may have been de:cived.. from different environL";ents, 

includint; i:le"t.3,haline ones. 

Flosculinella oont an;-,e::-!sis a~Jf;ociaticn is typical of metahaline conditions, 
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I vlhich implies' that Boreli s and Ii'losoulinE:lla, in comwon Hi th Austrotrilli~_::., 

I has similar environmental ranges to modern alveolinids. 

I 
Peneroplis t Sorites! a.'1d r';arginopora. These three eenera are 

represented in Recent seas, ~'1d their environmental ranges have already 

I been discussed (pP# ) . Both Penero.:£lli and Sorites ,3.re confined 

to the upper 'Bullara' and Trealla Limestones. The upper Trealla 

I Limestone contains a t,ypical metahaline assemblage, and for this reason 

I 
it is assumed that the h.,ro forms have had similar environmental ranges 

up to the present dqf. 

I r.iarginopora., vlhio11 is a eur"halir.e form in modCl'll seas, is 

I attached to a variety of substrates and is confined to ,He.rm, shallol-! 

';Jater. It has been recorded Hi th a meta.hal ine fauna from the top of the 

I 'Bullara Limestone', v,7hich contains a typical 10\ver Tertiary;:, assemble.,ge. 

I 
Adams (1970) noted that i tis common in 'Tertia ry f sed.iments, a conclusion 

, -
Hhich is supported by this study, for r.;are:inopora is very common in t!.le 

I Trealla Limestone. Its presence in both the Lepidocyclina (rephole'Dicli"a) 

hO\vchi11i - Varo:inopora vertebralis and the Austrotrilline. h0\'1c11ini -

I Flosculinella bontam;ensis associations indicates that it has maintai,"ed 

I 
a similar environmental ranee to the present d2.;}r. Thus, ee.rly in its 

evolution, Ear.r:h:opor2. Ha,s probably restricted to metahali11e environf.1ents, 

I in cor"mon uith its l~ele.tives the peneroplids tL'1U. soritids; ,:md during 

the time of l,ovler Tertiary f it e.dapted to oC82.nic coneli tions, permitting 

I its surviva.l in a ,,!ieler ranGe of 112.'Oi tats. 

I Yummuli tici.J.e 

I 
OpercuJ.ina. This €::enus i~l found in all the larger for:::.:,', iniferal 

8.sGociations 2.nd so has a very \lido distribu'tion. in 

I the upper 'rrec:lla Lime:::;tone, and ~'!as prob2..hly, therefore, stenohal i11e, 

I 
prefGrrinc oceanic s.;,J,ini ties a3 it does in the Recent. Its strati~rap~ic 
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ran:::;e also implies that it !":ii~ht not have been confined to the euphotic 

zone, but had a Hide depth rcmge. 

Heterostec:ine,. 

oceanic ~.oJaters. 

Eodern species are confined to very shallou .sheltered 

ii.:nnhistc(dna is present in the upper 'Bullara Limestone t 

i'li th Eeteroste!;ina borneensis, indicating that they both had similar ranges. 

.li. cf. suborbicularis is found only in the .!:.£!?l..doc,yclina (pephrolepidinf.:.) 

hO"lchini-CycloclYP8US (C;vcloclypeus) ei(lae/carpeI)teri association, "ih~re it i::. 

extremely rarej this also seems to have had a similar range to modern 

forms. 

Cycloclypeus. In modern seas, CYGlocl;vpeu~ seems to be restricted to 

the deeper parts o'f the euphotic zone. HOHever, in the lTorth Hest C2.pe 

area, it is found in the larger foraminifera assemblaees of the 

uppermost T~undu Calcarenite and Tulki .:..nd louer Trealla Limestones. 

As noted earlier (p ), the CycloclyPeus (Cycloclypeus) eidae 

Operclllina compla.nata association ~Tas probably near the base of the 

euphotic zone, Hhereas the associC',tiOl:S of .Lepidoc.y':clin3, (rTc.phrol.£,EicJ.ina) 

hot-lChini - Ea.r.'7inopora vertebralis Here typical of depths of less than 

12 m. Thus Cycloclypeus ma.y have had a l>Tider environment~.l ra.'1ge in the 

past, ~'1d today is confined to the deeper parts of its earlier range. 

The sediments in i·ihich both of thc association~ based on Lepiclocyclil1a 

(Yephrolepidina) h01"lchini occur are typical of sea-grass communities, end 

. it is postulated that C;ycloclypeus i-laS attached to the leaves of such 

plants, .. in a similar manner to !{eterosterrina toda.y • Cycloclypeus 

is also present in the Batesford Limestone, the fauna of Hhich iias 

derived from a hard substrate (Foster, 1970). This genus may have been 

able to survive on a \-lide range of substrates I provided thc'.t they Viere 

sui table for attachment I o.nd was probably stenohaline, being confined 

to oceanic "\oTaters, as it is today " 

Miop;ypsina 
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In common \'lith other larger foraminifera, the glassy test Hall of 

MioGY]?sina is Hell adapted to enclose zooxanthellae. '1'he production 

of lateral cha.mbers and pillars t-lould provide a strong test that Hould 

resist erosion in high energy environments, but at the same time maintain 

thin lateral Halls that allovled easy penetration of liGht. Hence the 

production of strengthening features, such as thicker laminae or pillars, 

might indicate the degree of environmental energy. 

li. (r,1iogypsinoides). This subgenus is confined to the Lepidocyclina 

(:£','ulepidina) badjirraensis - Cycloclypeus eida.e and Lepiclocyclina 
t 

(Fephrolepidina) ho\"lchin~ - Cycloclypcus associations. Both assem"blages 

are thought to have lived in less than 50 m depth and in oceanic sali~ities. 

(Lepidosemicyclina). This subgenus is confined to the two 

associations based on Lepidocyclina (lIenhrolE]2idina) hOHchini and has not 

been found in the same sample as rio (r,Iiogypsinoides). It is thought to 

have inhabited shalloH-uater, particularly those of sea-grasses in oceanic 

salinities. 

A.'11Ohiste,o;ina 

AIhphistc'dna is ahvays associated vii th oceanic forms such as glubigerinids, 

and has maintained a similar stenohaline t shalloH-liJater renge throughout 

its existence. 

Gyp Gin a 

The spherical shape" of Q • . ,,:lobulus is believed to be a sound indicator 

of high-energy environm(~nts. This species is most numerous in the 

Lepidocyclina (!Tephrolepid.ina) hov.Jchini - Cyclocl,iJ?eus (Cycloclypeus) 

eidae/c2.rncnt~ri association, Hhich lived in ::;hallovl 1"laters of fa.irly 

hieh ener£;y. Because it is found in almost all larger f or~ .. mil1 if eral 

assemblages, it must have had a 'vlide environmental range, 2.S it has tod.ay: 
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Q • . hOHchini is very similar morphologically to the modern 

G. vesicularis. It is found in the 'Bullara Limestone' a.nd also in the 

ti'lO associations based on Lepidocyclina (Heph1'olepitlina.) hOT,lchini, 'tihich 

suggests that it Has associated I'lith sea-grass communities; it is also 

found in the Batesford Limestone, vihere it occurs Vii th a fauna derived 

from a solid substrate. 'rhis implies that Q. hm'lchini \'Ins probably 

stenohaline, living in oceanic conditions, Hhere a suitable substrate or"to 

\'lhich it could become attached i"laS available. 

Q. mastaelensis is very rare in the 10Her Trealla Limestone, 

but is more common in the upper. Its morphology indicates that it Has an 

attached form, and the failure to find it attached to another object 

suggests that it Has living on a surface vlhich has subsequently deca;yed, 

or t!1at the method of cementatiun l"las organico The association with a 

fauna known to contain forms that no\." live on sea grasses might imply that 

it, too, lived on such plants. Its absence or rarity in oceanic asser:1bla.ges 

indicates that it vlaS typical of metahaline environments. 

Carpenteria 

Carpenteria is most numerous in assemblages of the uppermost Eandu 

Calcareni te and Tulki Limestone, althouGh it is found to ra."YJ.ge into 

the 10H8r It'Iandu Calcarenite. It vIas obviously attached to a solid s'..lbstrate, 

Hhich mayor may not be preserved. In modern times it is most typical 

of shalloiV"-vlater conditions, Hhich probably \"las also true for the pasto 

Lepidocyclina 

Lepidocyclina is most common in assemblages typical of oceanic salinities. 

It is rare in the grainstone of the upper Trealla Limestone, ruld specimens 

are all small and broken, suegesting- that it v!a.s displaced into an 

environment in i·Jhich it could not survive. 'rhe thin lateral vTalls of the' 

chambers and la1',=:;e dincoidal test are characters typically developed in 
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forms that maintain a symbiotic relationship \"lith algae.. Indeed, 

its confinement to the shallo1:1er water deposits supports this conclusion. 

In most populations there are specimens, flattened or even concave on one 
If 

side, that may have been attached. Ross (1972), Rottger (1973), and 

" Spindler &. Rottger (1913) have described the meclla.nism by Hhich 

!'I!arr;inopora and Heterostegina are attached to the substrate. According 

to these authors, neither is cemented to the surface, but is attached by 

a sheet of rigid ectopl2.sm \ihich can be absorbed or left behind. \1hen the 

animal needs to move to 3....'1other loca.li ty. I\. similar mechanism is sug~;ested 

for Lepidocyclina, \'Thich vlOuld allO\-1 the organism some free movement, and 

permit its reorientation to light. HONever, it is apparent that not all 

specimens of Lepidocycl ina Here attached, a characteristic it shared Vii th 

Recent M2.r t':inopora. In some forms (those from Ashmore Heef Fa. 1 :-le11 t 

core 2 - Pl. 3, Fi:::.;. F) the test is almost spherical, vJith a thick central 

zone surrounded by a narrOvl peripheral flange somevlhat reminiscent of 

Gynsina globulusj this spheric ity is probably an ada,ptation to high-energy 

environment s .. "here sui table substrates vlere absent or attachment vle.S 

difficult to maintain. rCoreover, the degree of pillar development can 

also be relClted to the amount of environmental stress, for it provides 

a strengthening of the test and greater resistance to erosive action, 

while at the same time it ma intains thin lateral vlalls to the chambers. 

In 10Hor-energy regimes the test does not need the S3ll1e protection and 

so pillars are not developed. In all popUlations, a t"ide range of 

variation is foundj some forms have well developed pillars, in others 

the pillars <:!.re t.;reak or absent. A feature of evolutiona rily advanced 

populations is the development of specimens v:ith radiatinG ridges 

extending from the centr2-1 zcme to the peripheral flange, 1:111ich Zi ve t he test 

a stellate pattern. Ti.lese rids:es are formed hJ a loed.l incrcccc;e in -the 

number of lateral chambers, and ':It the same time there are ICHor in thE: 

intervening are2.8. The effect i s to produce s 'i;I'C11 1thencd ridGes ~lh ich 
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I \'lould pr'ovide protection emd support for the delicate areas in bet~'reent 

\'ihere the thin \'Talls so produced \"Tould provide a larger area over I·!hich 

I photo:::ynthesis (by the contained zooxanthellae) liOuld take place. "', -.:.nl.S 

I 
hypothesis explains the function of a fea.ture Hhich is obviously of great 

evolutionary importance, and has been specifically selected by 

I evolutionary pressure. Such features must have a signific2nt part to 

play in the evolution o·r eny group of orGanisms and so require some 

I explanation. 

I !!. (Eulepidin~). '.Phis subgenus is confined to the upper 'Bulla.ra 

I 
Limestone' and part s of the upper r,~andu Calcarenite. In the former it 

is associated Hith species that are f01md in sea-grass assemblages, D-'I1der 

I oceanic conditions. Since it is larcer than the accornpanying specimens 

of !!. (lTephrol~pidina), !!. (J~ulepidina) may not have been attached to 

I sea grasses, but may have lived freely on the bottom mud. Em-lever, SO!T:e 

I 
specimens figured by other authors (e.g. Yabe & Hanzawa, 1929; Cole, 

1957bj 1957) arc very concave on one side, and so Liay have 

I been attaohed to some object. In the upper Kandu Co.lcareni te, 

1;. (Eulenidina) becomes progressively larger tm·rards the base. Ross 

I (1972) has noted that the size of Var,~inopora increases '.-lith depth of H2.ter. 

I 
'fhe same e:{p12.nation is ad.vanced for the large specimens of 1;. (~~u.leDidir:"), 

and this is supported by the gradu2.1 disappearance of coralline algae 

I tOHards the base. 'rhe size of the embryc'conch associated. \"i th the larger 

tests also increases, implying the same relationship to depth. Thus r 

I it is concl'J.ded that this subgonus \-Tas living at depths belOH the level 

I 
of sea f,Tasses, but VIi thin the euphotic zone. J-I01'/evel~, during the earl ier 

periods of its stratigraphic rEme;e, b- (L'ulepidin:),) may hnve lived in 

I shallm·!er 1[.,ra.tcr. As noted earl ier, Cyclocl;ypeus is no ';1 fcund only at t!2e 

deeper level::: of its former depth rimce, Hhich sngGests that tOHards the 

I end of their biostrnti~raphic history, some larger foraminifera move 

I 
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progressively. to the deeper part of their environmental r~~ge, possibly 

as a response to il1'lasion of similar environments by ne\-11y evolving forms, 

\'1i th Nhich they \'1ere unable to compete. 

1. (nephrolepidina). This subgenus is restricted to the upper '3ullara 

Limestone', uppermost I,!andu Calcarenite, and Tulki and Trealla Limestones. 

In the upper Trealla Limestone it is alt-lays very small and very rare, 

suggesting that it \,.;as S\olept into e.nvironments where it could not surVive. 

In all the other zones it is associated with sea-grass assemblaee3. 

HO\-/ever, the sole population of 1. (:rJephrolepidina) that is associated "lith 

large specimens of 1. (Eulepiclina) is of a different species, uhich 

apparently c01.cld tolerate deeper I'iater, and may have been attached to the 

tests of !;. (Eulepidina). 1. (Fephrolepiclina) is present in the Batesford 

Limestone, the fauna of which may have been derived from forms attached 

to a hard .oottom and not sea--grasses. 'rhus this subgenus probably Has 

able to live on a variety of substrates, but \-las confined to shallm'l 

1:/aters (possibly less than 12 m ), similar to the modern distributiO"il of 

Harginoporo .• 
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Table I. 

Table II 

45. 

Percentages of the various foraminiferal elements found in the 

rock units of the North West Cape area. (gnst.cgrainstonej 

pkst.=packstonej wkat.cwackestone). 

Lithologic ~~d biotic characteristics of the rock units of the 

North West Cape area. 

wkst.=wackestone). 

(gnst.=grainstonej pkst.=packstone; 

Table III. Lithologic and biotic characteristics of the Batesford Limestone 

and the rock units in Ashmore Reef No.1 Well. (gnst.=grainstonej 

pkst.=packstonej wkst.=wackestone). 

Fig. 1 Locality map shol-ling the areas treated in this paper. 

Fig. 2 Diagrammatic east-west cross-section of the North West Cape 

a~ea, showing the stratigraphic relationships between the 

Oligo4hocene rocks. 

Fig. 3 

Fig. 4 

Fig. 5 

Fig. 6 

Fig. 7 

Stratigraphic summary of the Oligo-loiiocene section in Ashmore 

Reef No o 1 Well, Bonaparte Gulf Basin. 

pkst.=packstone; wkst.=wackestone). 

(recry.=recrystallizedj 

Composite stratigraphic sections from three localities in the 

North West Cape area. 

Stratigraphie summary of the Batesford Limestone, Batesford 

(modified after Carter, 1964, fig. 15). 

Triangular plot based on Recent faunas from three different 

environments (modified after Murray, 1913, fig. 102). 

Triangular plots for foraminiferal assemblages from four rock­

stratigraphic units in the North \-lest Cape area. 
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Fig. 8 

Plate 1. 

Fig. A 

Fig. B 

Fig. C 

Fig. D 

Fig. E 

Fig. Fo 

Fig. H 

Plate 2. 

Fig. A 

46. 

Diagrammatic reconstruction of the environments occupied Qy 

the larger fora~iniferal associations discussed ir. this paper. 

Figs. A-D, Mandu Calcarenite; Figs. E-II, 'Bullara Limestone'. 

Quartzose-bioclastic \tlackestone. Sample U\'IA 70543. x 4.5 

Bioclastic packstone t·ri. th numerous tests of Lepidocyclina 

(EUlepidina) badjirraensis. Sample ffivA 68313. x 3 

Bioclastic packstone tri th Lepidocyclina (Nenhrolepidina) 

howchini and Amphistegina guoii. Sample ffivA 68324. x;4.5 
! 

Bioclastic packstone \tlith Lepidocyclina (Nephrolepidina) 

hO~'lchini, Cycloclypeus eidae!carpenteri, and Amphistegina 

quoii. Sa'l1ple m1A 68321. x 4.5 

Fine grained bioclastic grainstone. Sample UHA 536740 x 4.5 

Biocb.stic. packstone with Lepidocyclina (Nephrolepidina) 

sumatrensis, Heterostegina borneensis, and Amphistegina 

bikiniensis. Sample UHA 70600. x 4.5 

Bioclastic packstone with Operculina .22E1Dlanata, Gypsina howchini, 

and Amphistegina bikiniensis. Sample UWA 53675. x 305 

Slightly recrystallized bioclastic grainstone with coralline 

algal fragments and rounded lithoclastso Sample UHA 53676. x 4.5 

Figo A, Mandu Calcarenite; Figs. B-F, Tulki Limestone; Figs. G,H, 

Trealla Limestone. 

Bioclastic packstone wHh Lepid~syc1ina (Nephrolepidina) 

hm'lchini, Cycloclypeus eidae!carpenteri, Operculina. complanata, 

and Amphistegina quoii overlying a minor disconforn:i ty on bioclst ic . 

packstones containing a similar fauna; note the truncated 

fragments of Halimeda. Sample UlIA 683240 x 4 
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Fig. B 

Fig. C 

Fig. D 

Fig. E 

Figo F 

Fig. G 

Fig. H 

Plate 3 .• 

47. 

Bioclastic packstone with Lepidocyclina (Neohrolepidina) 

hO"'Tchini, Cycloclypeus eidae/cCI..rpenteri, and Halimeda. 

Note the solution channels linking the bioclasts. Sample 

UWA 70473. x 4.5 

Recrystallized limestone from immediately beloH the regional 

unconformity separating the Tulki and Treal1a Limestones. 

Note the altered specimen of Lepidocyclina. Sample UHA 

51903. x 6.5 

Bioclastic grainstone Lepidocyclina (Nephrolepidina) howchini 

and Operculina complanata. Note the presence of re~.Jorked 

fossils with dark infilling and rounded soil fragments 

(dark li thoclasts). Sample UHA 51893. x 4.5 

Recrystallized limestone similar to Fig. C above. 

68349. x 4.5 

Sample UWA 

R~crystallized limestone similar to Figs C and E above. 

Bioclasts are not identifiable but their ou"tlines have been 

preserved. Sample 7164-0357. x 4 

Bioclastic packstone ,dth Lepidocyclina (Nephrolepidina) howchini, 

Cycloclypeus (CycloclyPeus) sp., £. (Katacyclocl:ypeus) sp., . 

and Amphistegina quoil. Note the nodular coralline alga infilled 

\'1i th spar. Sample UHA 68342. x 4.5 

Bioclastic grainstone vii th Flo8culinella bontangensis, Sorites sp., 

and numerous smaller miliolines and rounded lithoclasts. 

Sample UHA 51909. x 4 .. 5 

Figs. A-B, Pilgramunna Formation; Figs. C-G, Ashmore Reef 

No. 1 \-1e11; Fig. H, Batesford Limestone. 
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Fig. A 

Fig. B 

Fig. C 

Fig. D 

Fig. E 

Fig. G 

Fig. II 

48. 
/ 

Quartzose-bioclastic packstone with fragments of coralline algae 

and foraminifera. Sample UHA 68353. x 4.5 

Quartzose-bioclastic grainstone \f/ith similar biocla.sts to 

Fig. A above. Sample CR 11. x 4.5 

Bioclastic wackestone from the 'Cartier Beds'. 

10610. x 4 

Sample UWA 

Bioclastic packstone with Lenidocyclina (Eulenidina) badjirraensis, 

Cyclocl}Teus eidae, Operculina complanata, and Amuhistegina ~oii, 

from the lm.;er unnamed calcarenite. Compare \-/i th Plate 1, Fig. B. 

Sample filA 10606. x 4 

Bioclastic packstone \.'li th Lepidocyclina (Hephrolepidina) 

howchini, Cyclocl:ypeus eidae/carpenteri, Miog;vpsina (Lepiclosem'i­

cyclina) thecideaeformis, and crustose coralline algae, from the 

unnamed calcareni teo Sample U'i'TA 10603. x 4 

Bioclastic packstone with microspheric specimens of Lepidocyclina 

(Nephrolepidina) hOvlchini from the upper unnamed calcarenite. 

Sample 1JI.IA 12226. x 4.5 

Bioclastic grainstone with Lepidocyclina (Nephrolepidina) 

howchini, Cycloclypeus carpenteri, Operculina comulanata, 

Q.ypsina hOHchini, and Arnphistegina quoil. Sa.'YIple 1J\'IA 10653. x 4 
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To ble I 
0/0 

>- 0 
0' <f) <f) L.. 

ROCK ~ 
Q) <f) <f) u ... Cl> 
C Cl> Q) 

C Cl> -.-
0 c C 0' 'c UNIT ... .E .c 0 .- .- L.. ... 0 0 -"" 0 E .- :; 
...J 0 

c ...J 0 
~ . - 0 ... 
Cl> '2 a:: Cl 0 
l- lL 

mean 9 · 9 45 ·3 44 ·8 0 12·3 
gns! 

TREALLA Range. 9-12 Il-78 II ·-73 0 4 -21 

liMESTONE mean 6·9 7·4 85·7 22 23·7 
pks! 

Rqnge 2-12 2-27 60-94 0-3 5·45 

mean 13 · 0 16· 8 70 · 2 1 · 6 6 · 7 
gns! 

TUL KI Range 4-24 10-27 62-79 1- 2 6-8 

LIME STONE mean 4·7 3 · 3 92 · 0 0 · 7 34·1 i 
pkst 

Range 0-12 0-4 84-99 0-3 16-67 

mean 1·0 0·5 98 · 5 14 · 6 19·4 
pkst 

MANDU Range 06-3 0-3 94 - 99 3-33 3 -42 

CALCAREN IT E 
pZ 

mean 06 0 99·4 356 0 

wkst Range 0-7 0 93-100 2-68 0 

mean 0-4 10 -4 89 · 2 04 14 -4 
gns! 

., BULLARA Range <I 2-19 80-9 8 <I 1-20 

LIMESTONE" 
p% 

mean 5 · 4 28 · 1 66 · 5 0 0·8 

gns! 
Range 5-6 19-38 57-75 0 0-2 

Record 1974/195 W/A/282 
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Percenta ge 

In the rock 

of the various foraminiferal elements found 

units of the North· West Cape area. 
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>- KEY FIELD LARGER c..? OTHER 

ROCK 0 OF MAIN FAUNAL ELEMENTS 
-l PLANKTONIC FORAMINIFERAL FLORA FAUNAL UNIT 0 TRANGULAR STILL EXTANT 
I 

PLOF (Fig.8) t- GENERA ASSOCIATION ELEMENTS 
-l 

Qtz -
Articulated Corals 

Pi Igra mu nna bioclastic 
M arqinopora Lepidocyclina (N) howchini-

Coralline Bryozoans none 
Formation Sorites Marginopora vertebralis 

gnst Algae Echinoids 

bioclastic Milioline Peneroplis, Soriles,Marginopora A I/slrotrillin a houchini - Nodular + Articulated Corals Bryozoans, 

Trealla upper none 
/ Rotaline Borelis, encrusting forms. Flosculinella bonfongensis 

Coralline algae 
gnst Boring blue-green algae Molluscs, Echinoids 

Limestone lower bioclastic Orbulina 
Operculina I Marginoporo, 

pkst Globinerin(udes Lepidocyclina (N) howchini- Nodular + Articulated Corals, Bryozoans, 
W Cycloclypeus J Gypsina, 

bioclastic Praeorbulino 
Marqinopora vertebralis Coralline, algae Molluscs, Echinoids 

Tulki upper Amphisteqina, encrusting forms 
pkst Globigerinoides 

biodastic Z 

Limestone lower 
pkstl. Globigerino/des Operculina, Cycloclypeus, Articulated Bryozoans, Lepidocyclina (N) howchini -gnst 

Gypsina, Amph/steqina, Rotalia, 

- encrusting forms . 
Cycloclypeus eidae /carpenteri 

Coralline algae Echinoids 

Mandu bioclastic Globiqerino/des 

-:..I Operculina, Cycloclypeus,GYPsino 
Lepidocyclina (E.)badjirraensis-

none Bryozoans, Echinoids 
Cicloclypeus e/dae 

upper Globorotalia Amphistegina, Anomalinella 
obesa J 

Elph/dium 
Cycloclypeus eidae - none Bryozoans, Echinoids 

« Operculina complanoto .; 

pkst .. 
Globigerina .; 

..... 

Operculina, E/phidium,Anomolina Operculina complanata - none Bryozoans, E~hinoids 
Gyroidinoides 1 Eponides Smaller bethonic foraminifera , 

t-
Calcarenite 

bioclastic Globorota I fa 
lower Kugleri Smaller benthonic forms only none none Bryozoans 

wkst Globigerina -
0 

bioclastic Globorotalia Sorites, Borel/s,Operculina Lep/docyclina (E.Jephippio/des- Nodular + Articulated Bryozoans, Molluscs, 
" Heterostegino, Gyps/no, Amphi- Coralline algae Bullara upper gnst Globigerina steqina,Elphidium, encrusting f. Heferosteqina borneensis 

Boring blue- green algae Echinoids 

bioclastic cr: Operculina, Gyps/no. Opercu/ina comp/anala - Nodular + Articulated 
Limestone" lower pkst none Bryozoans, E(!hinoids 

/gnst A mphistegina,Rola/i(J, £ Iphid/um Gyps/no howC/lini Corolline algae 
W/A!283 

litho!nqic C'nrl biotic characteristic of the rock units of the North West r.ono area ( rnin<, tnn 0. nnr.k<;tonp wnrk<;tnnp 
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-- Table ill 

>-
<.9 

KEY LARGER OTHER 0 
ROCK ..J 

PLANKTONIC 
MAIN FAUNAL ELEMENTS 

FORAMIN I PERAL FLORA FAUNAL AREA 0 

UNIT I 
f- GENERA STILL EXTANT ASSOCIATION ELEMENTS -
..J 

bioclastic Morqinopora 1 Opercu/ina, L epidocyc/ina (N.) 110 wchini - Crustose + Articulated 
-l Unnamed upper -I none Cyc/oc/ypeus, Gyp sin a Bryozoons 
W pkst forms. Marqinapara vertebra/is Corolline algae 3: Amphisteqina, encrusting 

, -
.0 

.bioclastic L epidocjiclina (N) howchini -Z , Operculina 1 Cyc!aelypeus, 
Cy::/oclypeus eidoe/eorpenteri Crustose + Articulated 

IJ... Calcarenites lower Globiqerinoides G.vpsina 1 . Amphisfegina, to EChinoids w 
w . pkst Lepldoeyclina (EJbadjirroensis-

Coralline algae a:: encrusting forms 
Cyc/oc/ypeus eidoe • 

w 
Cyc!. eldoe - Operc. complanoto a:: 

Operc u/in a , Cyc/oclypeus 1 0 
"Cartier G/obiqerinO/des 

to 
~ upper . bioclastic Opere. complonota- Smaller 
I Gypsino 1 Amphisteqina bethonic foraminifera. 
(f) Globiqerino none Bryozoans 
<t. 

" 
,', pkst 

Beds lower ·'· I Globorotalia Amphisteqina 1 E/phidium none 
'. wkst 
-: 

0 !: 
Lepidocyc!ina (N) howehini -a:: ., 

0 " bIoclastic Glob/qerinolde s Opercu/ina 1 Cycloclypeus Cycloclypeus carpenfari Articulated Bryozqans 
lL. Batesford .' (f) 

I Gypsino 1 Amphisfeqino 1 or Corolline Mol!uscs W 
f- Li mestone gnst Praeorbulina 

encrusting Opercu/ina camp/anato - Algae Ecnir.oids <t forms. 
(l) . Smaller benthonic foraminifera 

W/A/2B4 

Lithologic and biotic 
Record 1974/195 
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qi~ara cterlst ICS of the Batesford Limestone and the rock units in Ashmore Reef N° I Well. 
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Giralia Range Rough Range Cape Range 

East West 
? .. . . . . . . . .. ? 

? 
? ~-=--=----------------- -~~~~~~~~~ 

8 
7 
6 
5 
4 

3 
2 

LARGER 

., 
" 

" 
.\ 

FDR A M I NIFERAL 

ASS 0 </1 A T ION 
i 

::, 
~I 
',I 

Austrotri//ina howchinl - F/oscu/ine//a bontongensis 
Lepidoeyelina(N) howeh:ini - Morginopora vertebra/is 

Lepidoeyelina(N) howehin /- - Cye/oclypeus eidae /carpenteri 
Lepldocyc/ino(£) bodjir)pensis - Cyc/oc/ypeus eldae 

Cye/oclypeus eidae - Op,ereulino comp/onata 

Opercu/ina comp/anola '- Smaller benfhonic foraminifera 
. r 

Lepfdocyclino (E) ephipp,:oi des - Heferosfegino bomeensis 

Opercu/ina . eomplanat~ - Gyps/no howch/ni 

r:'::';"':'::1 V/aming 
~::::!?:.:.~ Sandstone 

~Exmouth 
. L.:iJ Sandstone 

Fm. 

~ upper} Treol/a 

p ~ J ~ I Lower Limestone 

~ Tu/ki Limestone 

§ Mandu Calcarenite 

I~J f I H 'Bu//oro Limestone" 

8 Gira/fo Calcarenite 

I -I Unnamed /ate!o/ equiv. 
~ --- of Gira/fo Ca/corenite 

W/A/286 
·f 

Fig . 2 Diagrammatic east -west crass-section of the North West Cape area, showing the stratigraphic · relationships be tween the 
Record .1974/195 Obligo - Miocene rocks. 
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Plank- -Lith - Larger Foraminiferal Rock Unit 
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0 

1968 ) Zone -
Q) 
~ 

0 
u 

Plioc I I Unnamed 

W Limestone 
I 

?N8? J Lep.(N.)howchini-Morg. ver tebr. 

Recry 
r------- - --

I I 
I 

I 

b-L,-L 
/ / / 

Unnamed 

b=-~7~ (recrystallised) 

-7 
Lep.(N)howchini-

Cycl. eidoe /corpenteri 
LL LL / 2 pkst 

I / 
Recry 

I-~ . ..L,- 3 pkst r------
I N6 tJ--1-I-r 

'. Calcarenites 
4 pkst Lep.(E)bodjirroensis - (unaltered) 

wkst Cycl. e/doe 
N5 

1------- Cycl.e/doe - Opere. complonato 
r-----------

Opere. complonoto-
lIeartier Smaller benlhonics 

N4 
Beds " 

7 wkst 1----------

N3 
--

~~-8 
metres 

IlHiber nia 

~@ Beds " 

W/A/287 

Fig.3 Stratigra phic summary of the Obligo - Miocene. 
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summary of the · Batesfor Limestone. 
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four rock- stratigraphic units in the r\lorth West Cape area. 
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