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Lower Mississippian Ostracodes from
the Banff Formation, Alberta

ABSTRACT

Ostracodes are common in the Lower Mississippian Banff Formation and
equivalent strata in the Rocky Mountains and Peace River region of Alberta.

The type Banff Formation—divisible into three members—contains three,
possibly five, ostracode zones; a major faunal change takes place near the top
of the middle member. Northward from Banff a calcarenite unit, called Pekisko,
is intercalated between the middle and upper members. Ostracode faunas from
above the Pekisko unit in the Mountains and in the Peace River region are
correlative with those of the type upper member.

The basal Banff sandstone at Jasper contains a conodont fauna of earliest
Mississippian age. The ostracode faunas of the overlying Banff lower member
are thus considered to be of Kinderhook (Chouteau) age. The type Banff middle
member faunas are also considered to be Kinderhookian, and the Kinderhook-
Osage boundary is placed at the level of the faunal change near the top of the
middle member. The type upper Banff, Shunda-equivalent, strata are considered
to be of early Osage (Fern Glen) age.

Type Banff Formation strata are predominantly fine-grained limestones
with variable amounts of silt-size quartz. Chert nodules and siliceous segrega-
tions are common. The carbonate percentage increases upward through the
formation, and averages 78 per cent. Five main rock types afe recognizable:
(1) laminated, unfossiliferous micrite, (2) micrite with fine-grained organic
detritus, (3) micrite with up to 10 per cent larger bioclastic fragments, (4)
micrite with 10 to 50 per cent larger bioclastic fragments, (5) biocalcarenitd
with fine-grained matrix. Six rock units were established in the type Banff
Formation on the basis of these lithologic facies.

Ostracodes are absent from lithofacies 1 and 5, and are most common in
lithofacies 3. The five lithofacies reflect fluctuations in current sorting; the
mean size of ostracode valves varies with lithofacies, indicating current modifica-
tion of initial ostracode assemblages. Comparison of size-frequency distribution
data for theoretical death assemblages and observed assemblages indicates that
current-modified death assemblages may be recognizable.

Statistical analysis applied to the ostracode data differentiates three generic
groups of ostracodes; Group I comprises Amphissites, Beyrichiopsis, Coryellina,
Craspedographylus, Cribroconcha, Editia, Kirkbya, Knoxina, Mammoides, Para-
parchites, Rectobairdia, Silenites, Tetrasacculus and Waylandella; Group II com-
prises Cornigella, Glyptopleura, Kirkbyellina and Monoceratina; Group III com-
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prises Bairdia and Geffenina. Group I genera tend to be not associated with Group
II genera, and are prevalent in the type Banff upper member and in Plains sec-
tions. Group II genera occur predominantly in the type Banff lower and middle
members and in member A at Jasper; they are absent from Plains sections.
Regional differences in ostracode morphology also exist; these are consistent,
although not complete, and are believed related to environmental differences, the
more highly ornamented forms of any one taxon always being associated with
the darker, deeper water carbonates. It is concluded that Groups I and III forms
represent shallow-water shelf environments, possibly on a lime silt-sand sub-
stratum, and that Group II forms represent a deeper water, shelf-margin environ-
ment, possibly on a lime silt substratum.

The ostracode faunas are classified into 180 forms, of which 99 are new,
and 18 are conspecific or comparable with previously described species.

INTRODUCTION

The microfaunas of the Paleozoic rocks of Western Canada are
largely undescribed, the most detailed descriptions to date being
concerned with fusulinid foraminifera of British Columbia. Loranger
(1954, 1958) described a Late Devonian ostracode fauna and indi-
cated the probable zonal value of some Mississippian ostracodes, and
Copeland (1960) noted the occurrence of a Kinderhookian ostracode
fauna in the Crowsnest Pass. No comprehensive papers on the ostra-
code faunas have been published.

In order to compensate in part this deficiency in knowledge, a
study of ostracode and foraminiferal faunas of the Mississippian
rocks of Alberta was undertaken by the writer at the Research
Council of Alberta in 1956. This report presents the results of an
examination of the ostracodes of the type section of the Banff
Formation, and of a small number of incomplete sections elsewhere
in the province. Relatively detailed sampling was carried out through
the type section of the Banff Formation and sufficient microfossils
were recovered from the samples to indicate ranges of ostracode
species, evolutionary changes within and between species, and to
allow conclusions to be drawn concerning the local distributions of the
ostracodes and their probable zonal and ecological significance.
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STRATIGRAPHIC NOMENCLATURE OF THE
MISSISSIPPIAN ROCKS

The stratigraphic nomenclature of the Mississippian rocks of
Alberta has been widely discussed during the past few years (e.g.
Beales, 1950; Clark, 1949; Douglas, 1953 ; Moore, 1958 ; Penner, 1959).
Many names have been proposed for the various rock units of the
Mississippian System in Alberta; the confusion and partial duplication
of nomenclature prior to 1955 has been admirably summarized by
Moore (1958) and in large part clarified by him. Some of the out-
standing problems in correlation and nomenclature are discussed by
Nelson (1960, 1961) and Green (1962).

The name “Banff’ was applied by MecConnell (1887) to a
succession of thick limestone and shaly units in the Bow Valley
(Fig. 1), now known to range in age from Late Devonian to Triassic.
The term was restricted by Kindle (1924) to a sequence of dark
colored, argillaceous limestones (McConnell’s “Lower Banff Shales”),
overlain by massive light colored limestone—Rundle Formation—and
the north end of Mount Rundle (Fig. 1) was designated as the type
locality of both formations. Warren, in 1927, subdivided the type
Banff Formation into three members, with thicknesses, in ascending
order, of 308, 146, and 954 feet, the lowest member including the
35-foot thick Exshaw Shale. A re-examination of this section by Beales
(1950) resulted in his indicating different thicknesses for the three
members, namely 250 =+ feet, 600 =+ feet, and 550 to 600 feet, in
ascending order. Beales’ middle member is thug apparently four
times the thickness of Warren’s middle member. This discrepancy is
explicable in that Beales (ibid., p. 14) notes the presence of a more
resistant unit (unit 4, Table 1)—the “main middle Banff fossil zone”
—130 feet thick, at the top of the middle member. This unit is
particularly distinctive where it outcrops towards the foot of the north
end of Mount Rundle, and is the main cliff-forming unit in the middle
part of the Banff Formation. The lithology and fossiliferous nature
of the unit leave little doubt that it constitutes Warren’s middle Banff
member.

Douglas (1953) gave the name “Pekisko” to a 440-foot thick
unit of the Livingstone Formation in the Mount Head area (Fig. 1)
south of Banff. The Livingstone Formation constitutes the basal
unit of the Rundle Group in the Mount Head area, and this term is
also applied to the massive, coarse-grained, crystalline, fragmental
limestones at the base of the Rundle Group in the Banff area. North-
eastward from the Mount Head area a dark-colored limestone or
dolomite unit is intercalated between the Pekisko and the overlying
Turner Valley Members of the Livingstone Formation. Farther
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northward this “dark lime” unit attains sufficient significance to
warrant a separate name and the term Shunda is applied to it. In
the Bow Valley the Pekisko and Shunda Members become successively
less distinctive when traced westward through successive fault blocks,
and are only doubtfully recognizable westward from Exshaw (Fig. 1).
Moore (1958) has suggested that the Pekisko of the Turner Valley
and Moose Mountain areas is “at least partly homotaxial with” and
an age equivalent of the Banff middle member of Warren (1927) and
Clark (1949) (not of Beales, 1950) and that the Shunda is probably
homotaxial with the upper member of the type Banff Formation.

North of the Bow River, in the central Foothills region, both
Pekisko and Shunda units are given formational status. They are
recognizable northward to and beyond the Athabasca River. In the
Mount Greenock area (Fig. 1), adjacent to the Athabasca River near
Jasper, Moore (1958) and Nelson and Rudy (1959) recognized
probable Pekisko and Shunda equivalents in the lower part of Brown’s
(Brown, 1952) “Rundle Formation”. Nelson and Rudy traced these
units southward through the Mountains to where the Pekisko
Formation lenses out about 10 miles north of Banff. On the basis
of their study they consider that the Pekisko and Shunda Formations
of the central Foothills and Mountains are faunally equivalent to the
upper member of the type Banff Formation only. At Mount Greenock
the Banff Formation below the Pekisko Member was divided by
Nelson and Rudy into two members, denoted “A” and “B”. These
units are equated with the lower and middle members, respectively,
of the type Banff Formation.

As in its type area the Pekisko Member is the basal unit of the
Rundle Group, the base of this group is placed at the base of the
Pekisko Member in the Mount Head area and at the base of the
Pekisko Formation of the Plains and Foothills. On the other hand,
at Banff the base of the Rundle Group is placed at the base of the
Livingstone Formation (the top of the type Banff Formation).
Accepting either Moore’s or Nelson and Rudy’s correlation, or both,
it is apparent that the Banff Formation of the Jasper area and of
the Plains—that below the Pekisko Formation—can be a time
equivalent of only a part of the type Banff Formation. On this basis,
Penner (1959) has proposed that “in order that it conforms to Plains
usage” the Banff-Rundle contact be placed at the base of the Pekisko
Formation of the Plains and, accepting Moore’s (1958) correlation,
at the base of Warren’s middle member of the type Banff Formation.
The redefined type Banff Formation must thus become the present
lower member, 250 feet thick (Beales, 1950), plus the lowest 450 feet
of the middle member of Beales.
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Table 1. Rock Unit Nomenclature of the Type Banff Formation
and Equivalent Strata
Banff area Sunwapta Pass area Mount Greenock area | Peace River region
Livingstone Formation Turner Valley Formation | Turner Valley Formation | Debolt Formation
Upper S ©° Upper Shunda Shunda
Member - Member Formation Formation
.:E! 0
§ 8
‘g‘ Middle . ‘g Pekisko Member Pekisko Formation Pekisko Formation
S =2 o
4 .
o«
& - E Member c Member
2 Member DE ™ | @ B K B Banff
5
b w
5« Member & Member
k- A & A Formation
5~ Sandstone unit
Exshaw Exshaw Exshaw
Formation Formation Formation

This suggested usage is incorrect for several reasons:

(1)

(2)

(3)

(4)

if the procedure is accepted, the type Banff-Rundle
contact becomes potentially variable in position, de-
pending upon which correlation of the Plains Pekisko
Formation with the type section is accepted (cf. Moore,
1958; Nelson, 1961 ; Green, 1962) ;

the proposed redefinition of the Banff and Rundle
makes these formations time-rock units; a misuse of
terminology ;

any redefinition should be made with respect to the
type localities of the Banff and Rundle Formations;
the type section of a formation should not be redefined
with respect to other sections of the same formation;

redefinition would make both the type Banff and type
Rundle non-mappable units, for Penner’s proposed type
Banff-Rundle contact is a much less easily recogniz-
able horizon than the original one.

Use of the mechanism of the arbitrary cutoff, as recommended
by Moore (1958), is supported herein, and thus the Banff-Rundle
contact is placed at the top of the type Banff Formation, and at the
base of the Pekisko Formation where that unit is overlain by a forma-
tion of Shunda lithology.
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DESCRIPTIONS OF COLLECTING LOCALITIES

Sections of the Banff Formation were sampled on Mount Rundle
and Sulphur Mountain near the Town of Banff (Fig. 1). The lower
member of the Banff Formation was also sampled near the Village of
Exshaw (Fig. 1), and the exposed portion of the Banff Formation
and the Pekisko and Shunda Formations were sampled at Moose
Mountain, west of Bragg Creek, and at Morro Creek, north of the
Town of Jasper. Descriptions of the stratigraphic successions at the
various localities are given below.

Mount Rundle: Localities RG 56-1, 56-3, 56-4

The section of the type Banff Formation sampled on the north
face of Mount Rundle (Fig. 2) is composite, consisting of three parts
which are located in three partially scree-filled gullies in Lsds. 6, 7, 8,
9, 10, Sec. 80, Tp. 25, R. 11, W. 5th Mer.

Access to the north face of Mount Rundle is from the golf course
along the top of the Palliser Formation scarp, and across a series of
scree-filled gullies; sections RG 56-1, RG 56-3 and RG 56-4 are located
in the fourth, third and second gullies, respectively, the upper part of
each section being a vertical cliff.

Approximately 200 feet between the base of section RG 56-1 and
the top of the Devonian Palliser Formation are covered; this interval
includes the Exshaw Formation. Section RG 56-1 is approximately 400
feet thick, and includes the upper part of the lower member and the
lower part of the middle member of the Banff Formation. The upper-
most bed sampled was traced westward along the base of the cliff at
the top of the section into the next gully to the west in which section
RG 56-3 was measured. Section RG 56-3 covers approximately 300
feet of strata, and extends to the top of the middle member of the
Banff Formation. Section RG 56-4, some 600 feet thick, extends
through the upper member of the Banff Formation and into the lower
beds of the Rundle Group. Samples were taken at equal intervals
throughout each of the three sections. Each sample consisted of
chips taken over a 1-foot interval, and the unsampled interval aver-
aged 4 feet.

The composite Banff section sampled totaled 1,321 feet, which,
with the estimated 200-foot covered interval at the base, gives a total
thickness for the Banff and Exshaw Formations of 1,451 feet, a figure
that agrees closely with the 1,408-foot and 1,470-foot measurements
of Warren (1927) and Beales (1950), respectively.
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Exshaw: Locality RG 56-2

As most of the lower member of the type section of the Banff
Formation was obscured, a relatively complete section through this
unit, and through the lower half of the middle member, was sampled
in the vicinity of Exshaw (Fig. 1). The section is exposed along the
old Calgary-Banff highway one-half mile west of the Exshaw cement
plant quarry (NW. 14, Sec. 24, Tp. 24, R. 9, W. 5th Mer.) and begins
in the massive silty beds immediately overlying the Exshaw Forma-
tion. The beds are relatively well exposed, and dip westward at
approximately 45 degrees. The sampled interval totaled 540 feet and
sampling was carried out at 5-foot intervals as on the type Banff
section. The uppermost, intermittently exposed beds were not
measured or sampled. Beach (1943) states that the section along the
Banff highway west of Exshaw measured 614 feet (p. 43), and that a
section three-quarters of a mile west of Exshaw totaled 584 feet

(p. 44).

Moose Mountain: Locality RG 57-9

The section of Mississippian strata exposed in the Moose
Mountain dome along Canyon Creek (Secs. 28, 29, Tp. 22, R. 6, W.
5th Mer.) (Fig. 1) has been examined by a number of geologists. In
the centre of the dome the basal beds of the Banff Formation are not
exposed, but well logs indicate them to be about 200 feet thick (Beach,
1943; Woodward et al., 1959). Beach’s measurement of the Banff
Formation (up to the base of the Pekisko Formation) indicated a
total thickness of 510 feet; Woodward et al. (1959) indicated an
exposed thickness of close to 400 feet, and the measurement on the
east side of the dome during the course of sampling for this study
gave a thickness of 427 feet. Thus Fox’s (1954) figure of 205 feet
of exposed beds on the east limb of the dome appears somewhat low.

Through the Moose Mountain section 1-foot channel samples
were collected, in the manner previously indicated, at 5- or 10-foot
intervals or at significant changes in lithology. The Pekisko and
Shunda Formations, with thicknesses of 340 and 187 feet, respectively,
were sampled in the same manner.

Jasper: Localities RG 57-10, RG 60-1

A relatively complete section of the Banff, Pekisko and Shunda
Formations was sampled on Morro Creek, a tributary of the Atha-
basca River (W. 14, Sec. 8, Tp. 47, R. 1, W. 6th Mer.) (Fig. 1). In
this area the Exshaw Formation is absent and, as indicated by DeWit
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and McLaren (1950), a thin sandstone bed at the base of the Banff
Formation rests directly on the Devonian Palliser Formation. Brown
(1952) measured the section along Morro Creek and his publication
was used as a guide in sampling. The top of the lower member of the
Banff Formation (member A) was placed at 177 feet above the base,
following the usage of Nelson and Rudy (1959). Samples (RG 60-1)
were taken at 20-foot intervals through the section, or at each distinct
change in lithology. The total sampled interval comprised some
1,020 feet, positioning of the upper limit of the Shunda Formation
being somewhat arbitrary.

In addition, spot samples (RG 57-10) were taken from an isolafed
outcrop of lower Banff beds 1,200 feet east-southeast of Athabasca
Point. These beds lie 80 to 40 feet above the base of the Banff
Formation and are exposed approximately one-half mile north of the
Morro Creek section.

Sulphur Mountain: Locality RG 57-6

The section measured on Sulphur Mountain was described by Fox
(1955), and is situated in the SE. 14, Sec. 23, Tp. 25, R. 12, W. 5th
Mer. (Fig. 2). The sampled section measured 1,424 feet, including
some 100 feet of beds placed in the Exshaw Formation by Harker
and McLaren (1958). On this basis the Banff Formation has a thick-
ness of 1,324 feet. Samples were taken systematically at 10-foot
intervals throughout.

Nigel Peak: Locality RG 57-11

A complete section of the Banff Formation is exposed on the
west flank of Nigel Peak (Fig. 1), a mountain situated on the east
side of Sunwapta Pass and on the boundary between Banff and Jasper
National Parks. This section was described by Spreng (1953) who
gave a thickness of 1,755 feet for the Banff Formation. The basal
250 feet of the formation are predominantly limy shale, above which
limestone becomes more common in the next 630-foot interval.
Spreng’s “Cliff 17, 280 feet thick, is a coarse-grained crinoidal lime-
stone and is probably the Pekisko equivalent (Green, 1962) (Table 1).
Above this unit lie 740 feet of alternating shales and limestones;
within this sequence, in the interval 1,180 to 1,310 feet above the
formation base, a rich crinoid fauna is present, which has been
described by Laudon, Parks and Spreng (1952).

This section was not sampled in detail, but a number of spot
samples were taken throughout the sequence.
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Peace River Region Wells

Samples from several wells in the Peace River region (Fig. 1)
were examined during the course of this study.

In Bear Villa No. 1 well (Lsd. 7, Sec. 8, Tp. 74, R. 14, W. 5th
Mer.), much of the Mississippian portion of the section was cored;
the rock units penetrated in this well include the lower part of the
Debolt Formation, the Shunda equivalent, the Pekisko, Banff and
Exshaw Formations. The cored intervals ranged from 5 to 20 feet,
and one composite sample from each interval was studied.

An incomplete set of 32 drill-cuttings samples was obtained from
Canadian Petroleums Peace River No. 2 well (Lsd. 1, Sec. 11, Tp. 85,
R. 21, W. 5th Mer.). The intervals sampled ranged from 1 to 5 feet,
and were of the Debolt, Pekisko and Banff Formations, and of the
Shunda Formation equivalent. Limited numbers of ostracode-bearing
drilling cuttings were also obtained from three other wells: nine
samples from Forest Shell Peace River No. 14-29 well (Lsd. 14, Sec.
29, Tp. 85, R. 18, W. 5th Mer.), seven samples from Shell Cadotte
No. 1 well (Lsd. 16, Sec. 23, Tp. 85, R. 19, W. 5th Mer.) and two
samples from Hudson’s Bay Union Salt Creek No. 1 well (Lsd. 12,
Sec. 9, Tp. 79, R. 13, W. 5th Mer.).
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LABORATORY TECHNIQUES

The majority of the samples of Banff Formation sediments from
the Mountains sections consisted of fine-grained, hard, brittle, carbon-
ate rocks with a varying silica content. Standard micropaleontological
techniques, such as crushing to obtain disaggregation, were unsuc-
cessful in separating microfossils from these rocks and an acid
disintegration method, found to be the most successful, has been
generally applied.

Samples were crushed to fragments less than one inch in
diameter, and 200 to 300 gram portions were placed in dilute (5 to 10
per cent by volume) hydrochloric acid. New acid was added as the
rate of reaction decreased. When the sample had disintegrated, or
when new acid failed to induce effervescence, the residue was gently
washed through sieves, dried, and examined for microfossil content.
Of the samples from the type Banff Formation, over 75 per cent
contained silicified organic fragments. Of 13 selected samples from
the Sulphur Mountain section only one contained silicified organic
fragments; for this reason the Sulphur Mountain section was not
studied in detail.

The samples from the Moose Mountain section typically consisted
of hard, well-indurated rocks with no silicified organic material, and
little success has been achieved in extracting microfaunas from these
sediments.

Most of the light-colored shaly rocks from the Peace River
region were easily broken down by boiling in water. The hardest,
more limy samples were disintegrated by crushing, or by soaking in
water, boiling and then agitating in a Waring blendor. Considerable
damage was inflicted on the microfossils during extended periods of
agitation in the blendor.

In general, the silicified microfossils are preserved in white
translucent silica, commonly with adventitious silica grains adhering
to the surface. Details of structure and ornamentation were often
difficult to discern and evaluate initially. Much of this difficulty was
overcome by coating the fossil material with ammonium chloride for
general study purposes, as well as for photography.

The photographs of the microfauna reproduced herein were taken
with a Zeiss Photomicroscope, using a Leitz 42 mm. Microsummar
lens ; two spotlights gave incident illumination.



14 RESEARCH COUNCIL OF ALBERTA, BULLETIN 11

CARBONATES OF THE TYPE BANFF FORMATION

Mineral Composition

Data obtained from microscopic examination, X-ray diffraction
powder patterns, and acid treatment of selected samples show that the
rocks of the Banff Formation are predominantly fine-grained lime-
stones, commonly with significant amounts of silt-size quartz, and
with minor amounts of dolomite, clay minerals, feldspar, pyrite and
organic matter.

The most abundant detrital constituent is very fine grained
calcite which has been mixed with minor amounts of clay minerals
and silt-size corroded quartz and feldspar to form fine-grained to
finely laminated micrites (Folk, 1959). Varying amounts of coarser
bioclastic fragments may also be present. The origin of the calcite
matrix is uncertain, but some may have been derived from the break-
ing up of fossil debris; part appears to have been derived by
recrystallization, as in some instances “ghosts’” of fossil fragments
are discepnible.

The proportion of quartz to feldspar is uncertain, although
interpretation of X-ray diffraction powder patterns indicates that
quartz is the more abundant constituent. Some feldspar grains show
cross-hatch twinning characteristic of microcline, but the mineralogic
nature of most grains has not been determined.

An X-ray diffraction powder pattern of the oriented clay fraction
of one untreated sample shows that clay minerals of the illite group
are present in association with trace amounts of chlorite. The
presence of illite-group minerals was also indicated in most X-ray
diffraction powder patterns of acid-insoluble residues. Detrital
grains of micaceous minerals were noted in some samples.

Finely disseminated organic carbon is a ubiquitous constituent,
and from some samples small quantities of kerogens have been
recovered (R. M. Elofson, pers. comm.). The organic matter probably
does not exceed one or two per cent, but it is this component that
imparts the dark grey to black color to the rocks.

Some of the rocks show selective replacement by silt-size dolo-
mite rhombs, although the mineral does not exceed about five per
cent in most samples. The other main authigenic constituent is pyrite
or marcasite, present as small octahedra and crystal aggregates in
most samples, and commonly partly altered to red iron oxides.
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Selective replacement of organic fragments by single quartz
crystals or crystal aggregates is a common feature. The amount of
replacement varies among samples, ranging from nil to complete
replacement of all organic fragments; replacement of individual
fragments varies from complete to incomplete. Some replacement of
patches and lenses of the calcite matrix by quartz erystal aggregates
is apparent, and some samples are predominantly acid-insoluble; in
these it is difficult to determine whether the rock was originally a
siltstone, or whether it constitutes an almost complete replacement
of a calcite rock by silica.

Dark-brown to black chert nodules, discrete or in layers, and
siliceous or cherty segregations are common. Lamination is con-
tinuous from the adjacent carbonate through the chert nodules, and
the only differences in appearance between the nodules and the
adjacent carbonate are the darker color of the nodules and the
common presence of sponge spicules within the nodules. Contacts
between the carbonate and the chert nodules are typically gradational.
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FIGURE 8. Variation in carbonate content of nine selected samples from the
type Banff Formation. The tenth (lowest) sample is considered
representative of the basal siltstone unit and was obtained from
the section west of Exshaw.
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Variation in Carbonate Content

A general idea of the vertical variation in carbonate content of
the rocks was obtained from acid treatment of nine selected samples.
The weight of the soluble residue, assumed to be carbonate minerals,
averages 78 per cent, ranging between 58 and 96 per cent. A tenth
sample, from the basal silty unit of the Banff Formation at Exshaw,
contained an estimated 33 per cent carbonate. The carbonate content
appears to increase upward through the type section (Fig. 3), and is
over 95 per cent where the Banff Formation grades into the overlying
Livingstone Formation.

With the exception of the sample from Exshaw, all samples fall
within the category of limestone. It is thus apparent that application
of the term “shale” to the Banff strata is based upon the thin-bedded
nature and dark color of the rocks and upon their platy or shaly
weathering habit.

Lithologic Facies

Illing (1959) and Walpole and Carozzi (1961) made lithological
studies of Alberta Mississippian sediments, established a number of
facies classes, and interpreted these in terms of depositional environ-
ment.

In the Moose Mountain section (Illing, 1959) much of the Banff
Formation consists of “limy and silty shales and argillaceous cherty
limestone composed of a lime-paste with scattered fossils and fossil
relics”. These sediments (Phase A) are considered to be normal
marine limestones formed under anaerobic bottom conditions, and
below wave base. The black nodular chert and preservation of
silicified fossil debris are considered to indicate an early diagenetic
origin for the chert. Illing considers that the sediments become
lighter colored, coarser grained, and contain more organic fragments
(Phase B) towards wave base.

Walpole and Carozzi (1961) recognized essentially the same
lithofacies classes as did Illing. Their “microfacies 1”, the equivalent
of Illing’s “Phase A”, consists of dark-grey, argillaceous, thin-bedded,
very fine grained biocalcarenite to biocalcisiltite. Crinoid fragments,
sponge spicules and ostracode fragments are stated to be the most
abundant detrital components. The dark color of the rock is derived
from the groundmass, which is either a very fine grained bioclastic
matrix (comminuted organic detritus), or a cryptocrystalline cement
—suggested to be the product of recrystallization of the bioclastic
matrix. Argillaceous and pyritic material may be present. These
authors suggest that all of the bioclastic components are trans-
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ported seaward from shoal areas by wave and current action, apparent
differences of biologic association in different facies being accounted
for by current sorting. Thus in “microfacies 1” sponge spicules and
ostracode fragments may be present in substantial quantity.

The major portion of the sediments of the type Banff section
may be placed in Illing’s “Phase A” and Walpole and Carozzi’s
“microfacies 1”. Only in the uppermost 100 feet do shallower-water
facies appear, gradational to the coarse-grained biocalcarenites of the
overlying Livingstone Formation. Within the open-marine limestone
facies several distinctive but intergradational subfacies can be
recognized. These are as follows:

(1) very fine grained limestone and silty limestone, well
sorted, laminated, unfossiliferous

(2) very fine grained limestone and silty limestone, well
sorted, partly laminated, with fine-grained organic
detritus, mainly spines

(8) fine-grained limestone and silty limestone, well sorted,
unlaminated, with scattered larger organic fragments
in a groundmass of fine-grained organic detritus

(4) fine-grained limestone and silty limestone, containing
10 to 50 per cent larger fossil fragments.

In the laminated, unfossiliferous limestones any finely comminuted
organic detritus originally present is no longer recognizable due to
recrystallization.

In the very fine grained rocks with recognizable organic detritus,
spines predominate, with lesser quantities of ostracode valves and
echinoderm fragments. Sponge spicules were seldom recovered from
insoluble residues, and most of the cylindrical objects consist of fine
hollow spines, up to 1 centimetre in length. From some of the coarser-
grained rocks, fragments of brachiopod valves with attached fine
spines were recovered, and it is thus considered that the hollow spines
are predominantly brachiopod detritus. Sponge spicules were recog-
nized mainly in thin sections cut through chert nodules.

The fine-grained limestones with organic fragments of several
sizes are the most common lithologic type in the Banff Formation.
The predominant fine-grained organic detritus consists of hollow
spines, ostracodes and crinoid fragments, while crinoid, echinoid,
brachiopod and bryozoan fragments comprise the larger organic
fragments. The ostracodes are present mainly as single valves, but
in some instances as complete carapaces. Little evidence of attrition
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is apparent, as fine spines, frills and other delicate features of surface
ornament are commonly unbroken. Crinoid ossicles and columnals
are generally disarticulated, but in many cases show little evidence
of wear. Complete shells of embryonic brachiopods are not uncom-
mon, but single, broken valves of mature individuals are typical.
Bryozoan fragments are also present.

The fine-grained limestones with significant amounts of larger
organic fragments are gradational to the biocalcarenites with fine-
grained matrix. The kinds of organic fragments present are
essentially the same as in the other lithologie types, but the propor-
tions differ. Crinoid fragments are the most abundant, and echinoid
and brachiopod remains are also common. Ostracodes are common
in some samples, and typically consist of somewhat different forms
than in the finer-grained limestones, larger species predominating.
Bryozoa, gastropods, pelecypods and single corals may be present,
either complete or as fragments. Evidence of attrition is more
abundant in those rocks with higher percentages of large organic
fragments.

Stratigraphic Variation of Lithologic Facies

The basal beds of the type Banff Formation were not exposed
in the section measured. Samples from other sections suggest that
these strata are probably calcareous siltstones with a moderate clay
content.

The upper beds of the lower member (unit 2, Fig. 4) are
predominantly very fine grained, laminated, silty limestones with
fine-grained organic detritus. In the lower 300 feet of the middle
member (unit 3, Fig. 4) these very fine grained silty limestones
still predominate, but alternate with fine-grained, silty limestones
with scattered larger organic fragments. This latter lithologic type
predominates from about 300 to 500 feet above the base of the
middle member, where silt content decreases, and in the upper 100
feet (unit 4, Fig. 4) of the member larger fossil fragments and
complete fossils become more common.

Through the lowest 100 feet of the upper member (unit 5,
Fig. 4) there is a relatively sharp return to very fine grained,
laminated, unfossiliferous limestones alternating with silty lime-
stones of the same class. This lithologic type and the laminated
limestones with fine-grained organic detritus predominate through
the lowest 350 feet of the upper member, their silt content being
variable. The upper 250 feet of the upper member (unit 6, Fig. 4)
exhibit a gradual and continuous change from limestones with fine-
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grained organic detritus to biocalcarenites with a fine-grained
organic matrix in the uppermost beds of the formation. In general
the silt content decreases, but uncommon beds of calcareous and
dolomitic siltstone to fine-grained calcareous sandstone are present
in the upper half of this unit.

Dolomite is present throughout the formation, but in significant
amounts probably only in certain beds of the upper member. Thus
the qualifying adjective “dolomitic” may be applicable to a number
of the lithologic terms for this member.
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DISTRIBUTION OF OSTRACODES IN THE TYPE
BANFF FORMATION

Knowledge of the distribution of ostracodes in the rocks of the
Banff Formation is limited by the methods used to determine their
abundance in individual samples. Thus, although population counts
are based on silicified material from acid-treated samples, microscope
examination (p. 15) shows that secondary silicification of organic
remains ranges from complete through partial to nonexistent. How-
ever, in 13 samples from which no silicified ostracodes were obtained,
thin-section examination indicated the absence of ostracodes in 11 of
these. Both samples containing nonsilicified ostracodes came from
the uppermost 150 feet of the formation. It is then reasonable to
assume that ostracode distribution data based on their silicified
remains are correct for about 85 per cent of the samples.

Two hundred samples from the type section of the Banff
Formation were acid treated to obtain silicified organic residues. Of
these samples 158 were fossiliferous, and 121 contained ostracodes.
Eleven samples came from the lower member and of these, 9 (82 per
cent) contained ostracodes. From the middle member 67 of 100
samples contained ostracodes, and 45 (50 per cent) of 89 samples
from the upper member. Thus, for the whole formation, 61 per cent
of the samples contained silicified ostracodes.

The number of individual valves obtained from a 300-gram
sample averaged about 30, and ranged from zero to approximately
600. These figures are much lower than those obtained by Echols
and Gouty (1956) for ostracodes in four samples from the Fern Glen
Formation of Missouri, which contained approximately 150 to 800
valves per 300 grams of sample. Relative numerical distributions of
silicified ostracode valves are indicated in figure 5.

Ostracodes were recovered in small numbers from the very fine
grained, even-grained limestones composed largely of comminuted
organic detritus and in larger numbers from the fine-grained lime-
stones with scattered (1-10% by area) larger organic fragments (cf.
Figs. 4 and 5). Recovery was variable from fine-grained limestones
with 10 to 50 per cent organic fragments; in general, smaller
numbers of ostracodes were present in those rocks with the higher
percentages of organic fragmental material. No ostracodes were
obtained from the very fine grained, laminated limestones and silt-
stones, nor from the biocalcarenites in the uppermost 150 feet of the
formation. Little secondary silicification is present in the bio-
calcarenites, and it also appears that delicate organic material such
as ostracode tests was comminuted in those rocks containing
abundant large fossil fragments.
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Factors Controlling Distribution

The data show that there is a definite relationship between
ostracode frequency and rock types of the Banff Formation. The
underlying causes of this relationship are not, however, immediately
obvious, as the observed distribution of the fossils is a function of:

(1) Dbiological (genetic) factors

(2) environmental (ecologic) factors

(3) processes of sedimentation (current sorting)
(4) preservation (silicification).

The initial population size-distribution of the organisms is first
determined by biological and environmental factors and is then
modified by physical and chemical processes of sedimentation and
lithification to produce that distribution now observed in the rocks.
It is therefore necessary to evaluate the effect of sedimentary
processes and lithification on the present distribution of the organ-
isms before attempting to interpret their evolutionary and ecologic
significance.

The gross lithologic facies of the Banff Formation appear to
reflect fluctuations in current sorting, giving rise to a series of
gradational rock types largely characterized by differences in grain
size and thus in part by bioclastic content. As the ostracode
carapaces and valves are also bioclastic “grains”, they would presum-
ably be carried by currents along with the other detritus, their initial
size-frequency distribution being modified by processes of sorting.
If this theory is correct, the mean size of the ostracodes should vary
with changes in lithology.

To test this hypothesis, the sizes of silicified ostracodes from
three types of rock were measured. The ostracodes are from six
samples, two from each of the three main lithologic facies: very fine
grained, well-sorted limestones; fine-grained limestones with less
than 10 per cent large organic fragments; and fine-grained lime-
stones with 10 to 50 per cent large organic fragments. For each
sample the long dimension of more than 100 randomly selected
ostracodes was measured (Table 2), and size-frequency histograms
and curves of the data were constructed (Fig. 6).

The mean sizes of the ostracodes in the samples (Fig. 6) do
show a variation with change in lithology and visual inspection of the
histograms suggests that the size distributions of the ostracodes also
differ among the three lithologies. The significance of these differ-
ences was determined by grouping the data of table 2 into the 8 x 5
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Table 2. Size-Class Distributions of Long Dimensions of Ostracodes
from Six Selected Samples of the Type Banff Formation
Class Lithofacies 2 Lithofacies 3 Lithofacies 4
int 1
My | 56-12  56-1-42 | 56-3-12  56-3-40 | 56-4-26A  56-4-75
Freq. % Freq. % |Freq. % Freq. % |Freq. % Freq. %
0.1 - 0.2 1 07 o0 00} 1 08 0 00| 1 05 0 00
02-03 {11 73 2 10| 7 58 1 08| 9 45 4 19
03-04 | 15 100 12 60| 14 11.7 8 53| 7 35 14 6.7
04 - 05 32 213 73 365|399 326 49 326| 25 125 38 18.1
05 - 0.6 41 273 80 40.0| 24 200 36 240| 43 215 28 133
0.6 - 0.7 23 153 18 9.0 | 10 83 20 133| 23 115 22 105
0.7 - 0.8 16 10.7 10 50| 12 100 17 11.1| 25 125 28 133
08 - 0.9 10 6.7 5 2.5 6 5.0 9 60| 25 125 21 10.0
0.9 - 1.0 1 07 — — | 2 17 3 201 55 13 62
10-11} - — — —| 3 25 & 2018 90 11 52
11-12 | — — — —1 0 00 O o00| 4 20 7 33
1.2 - 13 —_ — —_ — 1 0.8 1 0.8 3 1.5 8 3.8
13-14 | — — — —| 1 08 2 13| 3 15 3 14
14-15 | — — — —| = = 0 00| 0 00 o0 0.0
15-16 | — — — —|— — 1 08| 1t 05 4 19
16-17|] — — — —|— — — —] 0 00 1 05
7-18( — — - —|= — — —=| 1 05 2 10
1.8 - 1.9 — —_ - —_ | — — — — 1 0.5 1 0.5
1.9 - 2.0 — —_— — — | — _ - — | — — 3 14
20-21 | — — — —}l—- - — == - 0 0.0
25-26 | — — — —|— — — —|— — 1 05
26-27| — — — —|— — —~— —|— — 1 05
Total |150 100.0 200 100.0 [120 100.0 150 100.0 [200 100.0 210 100.0
Mean size 0.54 0.563 0.55 0.60 0.71 0.77
(mm.)
s(1) 0.16 0.11 0.21 0.21 0.28 0.39

(1) standard deviation

contingency table shown in table 3, and by applying a chi-square test
The calculated value of chi-square is

to the resulting frequencies.

156.14, which for 8 degrees of freedom has a probability of less than

0.01.

Thus, the size-frequency distributions of ostracodes in the

three rock types are significantly different, the most conspicuous
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Table 3. Contingency Table Showing the Size-Frequency Distribu-
tion of Ostracodes with Respect to Lithologic Type

Ostracode Lithofacies
size-class Total
interval
(mm.) 2 3 4
0.1 - 04 41 31 35 107
04 - 0.6 226 148 134 508
0.6 - 0.8 67 59 98 224
0.8 - 1.0 16 20 70 106
>1.0 0 12 73 85
Total 350 270 410 1030

Chi-square = 156.14**; p < 0.01 for 8 degrees of freedom

differences occurring in the larger-size classes. As expected, most
of the larger ostracodes are present in the two coarser-grained rock
types, particularly in that with 10 to 50 per cent bioclastic detritus,
thus indicating that at least some of the ostracode carapaces and
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FIGURE 7. Theoretical size-frequency curves llustrating unmodified ostracode
death assemblages.
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valves were transported into their present positions in the rocks
wherein they are now preserved.

If current sorting be accepted as a modifying factor, then there
is question as to whether any one fossil assemblage represents an
unmodified death assemblage. To answer this, a series of frequency
curves was constructed (Fig. 7), which portray theoretically non-
sorted (unmodified) assemblages. The curves are based on theor-
etical death rates and theoretical initial instar sizes, with an assumed

growth rate of 1.25 in the length

RG 56142 ___ dimension from one instar to the
sor g g ggj‘; ;’ ——- next. Also, a similar frequency
8.j0nes: (ac tual) curve was constructed from

N\ # o« (theoretical) ... . ,
Spjeldnaes’ (1951) data on

3
o
T

Beyrichio jonest Boll (Fig. 8), the
theoretical curve being based upon
a growth factor of 1.28 and a mean
death rate of 82 per cent. All of
these curves are markedly skewed
= ‘ towards the larger-size classes, the
or o5 os 13 w7 2+ 25 length of the “tail” varying in
Length (mm) size and shape. None of the fre-
quency curves based on ostracode
FIGURE 8. Comparison of actual and assemblages from the Banff For-
theoretical size - frequency curves mation closely resembles the theo-
for Beyrichia jomesi (Boll) with  yetical curves (Fig. 8), and thus it
gize-frequency curves for Banff
Formation ostracodes. The data for may be concluded that none of
Beyrichia jonesi (Boll) were obtain- those assemblages represents an
ed from Spjeldnaes (1951). unmodified death assemblage.

Per cent frequency
S

It then remains to be determined whether the size-frequency
curves based on the observed data represent modified death assembl-
ages or wholly resorted assemblages deposited in a foreign environ-
ment. This is a question of determination of the degree of modifica-
tion of the original natural assemblages by current action. If a death
assemblage on the sea floor is modified by a current action, then the
following situations may prevail :

(1) strong currents: complete removal of the ostracodes,
sorting, and redeposition in a foreign environment;

(2) moderate currents: removal of the small- and medium-
size fractions of the assemblage; new material may be
added to the large-size fraction;

(3) gentle currents: removal of the small-size fraction,
possible addition of new material to the medium-size
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fraction; the large-size fraction remains essentially un-
modified;

(4) very gentle currents: possible addition of new material
to the small-size fraction; the medium- and large-size
fractions remain essentially unmodified.

The original fossil assemblages will thus be wholly destroyed by
strong current action, but only partly destroyed by moderate to weak
currents. However, in order to interpret ecological variation among
assemblages, the original and extraneous elements of the modified
assemblages must be differentiated.

After modification by moderate currents, an assemblage may well
consist of large individuals originally from one or several different
environments. The original elements of such a mixed assemblage
cannot be differentiated per se. The action of gentle currents leaves
the large-size fraction unmodified, and very gentle currents leave both
the large- and medium-size fractions unmodified. Thus, for assembl-
ages affected by gentle to very gentle current action, the “tails” of the
observed size-frequency curves should approximate that of a theor-
etical curve. If such an approximation is recognizable, then at least
the large individuals of the assemblages should have ecologic
significance. The comparison made in figure 8 suggests that the
assemblage from lithofacies 4 (sample RG 56-4-75) is only slightly
modified, and that that from lithofacies 3 (sample RG 56-3-40) has
undergone somewhat more sorting modification.

Consideration should also be given to the ostracode material that
is removed by current action. If this material is deposited in an
environment where indigenous assemblages are already present, then
it will augment certain size-fractions of those assemblages, as in-
dicated above. If the ostracode material is carried into environments
deleterious to ostracode life, then it will be deposited probably as
moderately well sorted size fractions. Redeposited ostracode material
will be recognizable as such in the small- and medium-size fractions by
the absence of the large or adult individuals of the unmodified death
assemblage, such as those of lithofacies 2 (see Fig. 6, samples RG
56-1-2, RG 56-1-42). An assemblage of predominantly large, well-
sorted individuals, however, may be extraneous to the rocks in which
it is now preserved or may represent the unmodified remnant of an
autochthonous death assemblage.

Limits of the Ostracode Environment

The absence of ostracodes from the very dark, very fine grained,
laminated limestones (lithofacies 1, Fig. 4) is of significance with
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respect to the environments in which the ostracodes lived. These
laminated strata, as evidenced by their lithology, were deposited
probably well below wave base in an environment with little water
circulation and thus with a paucity of oxygen. Such an environment
would not be conducive to ostracode life. The ostracode assemblages
from lithofacies 2 (Fig. 4) are indicated above to be foreign to that
lithofacies, which, by the absence of an indigenous assemblage, also
congsists of sediments deposited in an environment not conducive to
ostracode life. The assemblages from lithofacies 3 and 4 (Fig. 4)
have been categorized above as modified death assemblages. Litho-
facies 5 consists of sediments of medium to coarse grain, which rarely
contain ostracode valves. Lithofacies 6, consisting of coarse-grained
sediments, also lacks ostracode valves. While it is theoretically
possible that ostracodes lived in and adjacent to the sediments of
these last-mentioned two lithofacies, the fact that the average grain
size of the organic fragments of these calcarenites is considerably
greater than the average size of ostracodes precludes the presence of
relatively thin shelled crustaceans, at least during the time of sedi-
ment deposition.

It may then be concluded that the life environment of most of the
Banff Formation ostracodes was in or adjacent to the fine-grained
(silt size) and fine- to medium-grained (silt to sand size) sediments of
lithofacies 3 and 4. The ostracodes were absent from the very fine
grained (fine silt to ?clay size) sediments of lithofacies 1 and 2
because of unsuitable ecologic conditions. They were also predomin-
antly absent from the medium- to coarse-grained (medium to coarse
sand-size) sediments because of an unsuitable substratum and prob-
able strong water agitation.

These conclusions must, however, be qualified by two other points
not yet considered. The first is that the observed size-frequency
distribution curves of the ostracodes represent only a selected part of
the total clastic fraction of the sediments considered, except for the
assemblages from lithofacies 2. Thus the ostracode valves form only
part of a relatively well sorted sediment, and it may be that the
resemblance of the size-frequency distribution curves to those of
theoretical modified death assemblages is purely fortuitous. If this
should be the case, then no ostracode assemblage is necessarily indica-
tive or representative of the former indigenous population, nor can
they be used with confidence to make any interpretation of original
ecologic conditions. The preservation of delicate ornamental features,
however, militates against the probability of the ostracodes having
been transported far from their original habitat or habitats.

The second point to be taken into account is that the data on
which the discussion is based have been affected by other factors not
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considered, such as speciation, variation in growth rates, in initial
instar sizes and in death rates, differences in ecologic association,
variation in valve shape and form, the destructive effects of
scavengers, imperfect sampling techniques, and so on. It is not
possible to consider all of these factors in interpreting the size-fre-
quency distributions of the Banff ostracodes using the data at hand,
and the interpretation of the distributions discussed above must there-
fore be considered somewhat tentative.

Even so, the rationality of part of the discussion is difficult to
refute: that the life environment of the ostracodes lay between the
depositional environments of the coarse-grained calcarenites and of
the fine-grained laminated limestones. This being so, then it is entire-
ly possible that modified death assemblages might be present in the
rocks representing the intervening lithofacies and environments.
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ASSOCIATIONS AMONG THE OSTRACODES

The work of several investigators (Benson, 1959; Swain, 1955;
Elofson, 1941) indicates that Recent marine ostracodes typically
characterize distinct biocoenoses. Benson’s work off the west coast
of Mexico illustrates the possibility of recognition of biofacies in
recent sediments on the basis of ostracodes alone. Benson (ibid., Fig.
11) presents quantitative data on the Recent ostracode distributions,
but makes qualitative interpretation of them. On the other hand, John-
son (1962) has applied statistical analysis to quantitative data for a
Recent molluscan community to illustrate applicability of the pro-
cedure and ecologic significance of the results. He next applied the
same technique to data for Pennsylvanian fossils from western
Illinois. As Johnson pointed out, it is the exception rather than the
rule that evidence of original or primary association is found in fossil
assemblages. Thus some objective method or methods must be used
to determine the existence and significance of any recurring associa-
tion of fossil taxa. A statistical analysis is the best method of
achieving this.

Johnson stated (p. 33), “The method of analysis used here is
based on the simple assumption that animals that lived together will
more often be preserved together than animals that lived apart.
Ecological factors are expected to affect the joint occurrences of two
species in a more consistent way than factors influencing acecumula-
tion and preservation. The forces and processes involved in the trans-
portation and preservation of shells can be selective with regard to
s1ze, shape, and composition of remains. It seems unlikely that such
processes could result in a large number of joint occurrences of two
species that had not lived together. It is less probable that such
processes could produce the consistent associations of many species as
found in this study.” This statement is particularly applicable to the
data for the Banff Formation ostracodes, as these comprise a fossil
group of essentially the same type and size range, and as such will be
less strongly affected by sorting processes than will a fossil group
composed of several taxa with a wider range of size and shape.

On this basis then, although it has been shown in the previous
section that most of the death assemblages of the Banff Formation
ostracodes have been modified, and that some—if not all—assembl-
ages have been brought into the rocks in which they are now
preserved, it is still probable that associations of various taxa will
have some ecologic significance. Evaluation of this significance for
the data available has been made by use of a chi-square test using the
same procedure as that of Johnson (1962). For any two taxa, data
are grouped in a 2 by 2 contingency table, based on their presence
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in and absence from the total number of fossiliferous samples (Table
4). In the example given, species of the genus Geffenina are present
in 385 out of 75 samples in which ostracodes are identifiable;
Cribroconcha is present in 12 samples. Species of the two genera
occur together in 10 samples and are absent from 38 samples. The
calculated value of chi-square is 6.06, which for one degree of freedom
has a probability of less than 0.05. Thus the occurrence together of
species of these two genera is significant, and the null hypothesis that
they are not associated is rejected. A significant value of chi-square
may also be obtained (Table 5) if two taxa tend not to be associated

(negative association).

Table 4. Contingency Table Showing the Distribution of Geffenina
and Cribroconcha in Seventy-five Banff Formation Samples

Geffenina
TAXON present absent Total
present 10 2 12
Cribroconcha
absent 25 38 63
Total 35 40 7%

Chi-square = 6.06*; p < 0.05 for 1 degree of freedom

Table 5. Contingency Table Showing the Distribution of Geffenina
and Beyrichiopsis glyptopleuroides in Seventy-five Banff

Formation Samples

Geffenina
TAXON present absent Total
present 11 23 34
Beyrichiopsis
glyptopleuroides
absent 24 17 41
Total 36 40 7%
Chi-square = 6.22*; p < 0.05 for 1 degree of freedom

A qualitative aspect must be introduced, by necessity, into this
statistical interpretation, for as has been pointed out by several
workers (e.g. Fager, 1957; Johnson, 1962) two taxa that are present



32 RESEARCH COUNCIL OF ALBERTA, BULLETIN 11

in a large number of samples will show little or no association, whilst
two taxa that occur together rarely may show significant association
if they are absent from a large number of samples. Chi-square
values may be determined from table 6, following the method used
by Siegel (1956, p. 107), by use of the formula illustrated. If N is
large, then a large chi-square value is dependent upon a large value
of AD (positive association) or of BC (negative association). Where
two taxa are present in most samples and are commonly associated,
D is small, AD approaches BC and thus chi-square is small. Where
two taxa occur only rarely, D will be large, AD will be large, and thus
a large chi-square value will be indicated. The qualitative aspect is

Table 6. Contingency Table Showing Distribution of the Terms of
the Chi-square Equation

A B AB

C D C+D

A4+C B4D| N

N [(AD—BC) e %] ’

(A+B)(C+D) (A+C)(B+D)

chi-square —

introduced in determining the lower limit of frequency of occurrence
of any one taxon above which chi-square values may be considered
as not distorted or inflated. As indicated by Johnson (ibid.), no test
of significance for this has yet been devised.

A number of modifying factors also affect the frequencies of oc-
currence of the ostracode genera. The most important of these is
probably that of preservation: where preservation was imperfect,
then the strongly ornamented forms were the most easily identifiable,
either on a specific or generic level, whilst smooth forms were in some
cases wholly indeterminate. Also, in the finer-grained sediments
where sorting action has been significant, small instars of the pre-
dominantly smooth species were not always identifiable. Thus
smooth ostracodes tended to be specifically determinate more com-







































































































































































































































































































































































































































































































































































































































