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ABSTRACT

Fifty-three species and subspecies of Porasinifera
recovered from the Hasler Pormation on the Peace and Pine ‘
Rivers in-northeasfern British C§1uibia are fiéuted and
described. The benthonic assemblages contain: Bathysiphom (2
species), Hippocrepins (2). Hypesamaiaa (1), Raamaoaphasca
(V) ., Saccammioa (2), ZThurammipeides (V). Ammodiscus (2),
Glomospira (1), BReokbax (1), Miliammina (4), RPsamminopelta
(1),  Haplophragmoides (7).,  Irechammipoides (M,
Aamcbaculites (7). Ammomarginylina (1), Haplophragmium (2).
Bseudobolivipa (1), Blectokscucveides (1), Irechammina (6),
Yerneuilina (1), ®Gawdivina (1), Qviderinamaiza (1),
Yerpeuilipoides (1), Arsmobulimipa (1), and Gravellipa (3).

!
’

Three sections represent the 1lowver part of the

Miliampipa mapitobemsis Zopve, the upper part of the
Haplophragmoides giqgas Zone, and the jAmmodaculites wehonghae

Subzone, all iamportant stratigraphic markers in yystern

Canada. These suites indicate Arctic copnections /hd give
e

-

evidence of the Joli Pou sea occurring north of Peace

River Arch. Haplophragmpoides gigags is probably a boreal fors
vwith possible ancestors in the Middle Albian of Alaska.

Studies on living foraminifers indicate that size

variations in the Hgplophragmoides gigas asseablage nmay bé

related to stress conditions resulting in gigantisa. In

foraminifers, size variations should not be a primary factor



-

in specific assignments,
N - b
‘Ail samples examined lack calcareous foraminifers. fhis
condition probably represents a, low pH of ti; vator1 tor-
sedisent), or an oxttololy‘syallov carbonate compénsation
,]dcpfh..lt is also pPossible that some  unknown environsental
factor brovontod cnica:oous foras froa éolonizinq niddle ana

Upper Aldbian seas in northeastern Britigh Coluabia.
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CHAPTER i

IN?RQDUCTION ) .

This thesis is a biostratigraphic Study of Foraminifera
occurring between the ammonite 2zones of ¢astroplites and.
Neogastroplites (zonation of Jeletzky, 1968) in Albian rocks

of northeastern British Columbia. Many sections and‘spot

angtyof these, 3 critical sections were selected. One
sampled section is inp the Hasler Frmation on Hasler Creek
in the Pine River area. The other two are frbn the lower
Shaftesbury {Hasler) Formation on the Peace River: one in
the vicinity of Halfway River, and the other about 32knm

downstream fronm Hudson Hope (fig. 1B).
Hypothesis

The topic of this thesis was Suggested by Dr. Charles
Stelck. He Postulated the existence in northeastern British
Columbia of a Ricrofauna equivalent to the ﬁgglopgggg!g;dgg
gigas assemblage of the interior Plains. From 1946 for a
decade when western Canadian nicrOpaleontélogy experienced
its first application to stratigraphic problems, a number of
microfaunal zones based on arenaceous foraminifera were
described. The B. didas Zone, characteristic of the Joli Fou
and Ashville Formations of the plains, was not extended

Lteyond Peace River (town) into British Columbia.



This is not surprising, perhaps, when one considers the
immense thicknesses of Albian tlack shales that outcrop in
northeastern Btitish Columbia from the Peace country to the
Liard River. Marker horizons are uncommon, and the true
thicknesses and dispositions of such formations as the
Hasler, Buckinghorse, and Garbutt have yet to be worked out
in detail. Megafossils are rare, and any ammonites recovered
are poorly preserved. In some intervals, ammonite control is

almost entirely absent.

In view of +these difficulties, the discovery in the
area of a distinctive biosttat;graphic marker would give
geologists a convenient reference point. This thesis is the
first description of the equivalents of the H. igas fauna
in northeastern British Columbia. Sections above and below
the H. gigas-bearing section were also studied to obtain
some continuity with the upper and lower transitions to H-

gigas zornal species.

As is the case with most studies of this type, sone
intriguing npew gquestions are raised. Does gg;gggggg!glgggy
gigas range north to the:sikanni Chief, Buckinghorse, and
Liard drainages? Prelimninary evidence (see especially
Tapparn, 1962, pl. 30, fig. 15) indicates that its immediate
ancestors probably occur as far north as Alaska. It is
likely that this form is truly boreal, and that it has its

roots in an Albian Arctic sea.



Historical review

The first geological expedition into northeastern
Pritish Coluabia vas headed bx\l. R. C. Selwyn in 1875.
Later, in MW79, G. M. Dawson and R. G. McConnell traversed
the study area en route from the Pacific ocean to Edmonton.
These earliest 'explogérs laid the groundwork for later
wvorkers, most of vhom vere involved in the search for coal
or hbydrocarbons, or vere officers of the Geological Survey
of Canada. The vworks o: F. H. McLearn (1932, 1937, 1944a)
Mclearn and Kindle (1950),'the Alberta Study Group (1954),
Rudkin (1964) , Irish (1965), and Stott (1968) are

particularly relevant to the stratigraphy of this area.

Paleontological studies in this area were initiated by

Whiteaves on material collected by Selwyn, Dawson, and -

McConnell (Whiteaves, 1893). Later work by Mclearn (supra.)
in the first half of the twentieth century described much of
the known megafaunas of the region. In 1956 Stelck et al.
synthesized mega- and microfaunal zonations for the region.
Ammonite zOnations were later refined by Warren and Stelck
(1958, 1969), Reeside and Cobban (1960), and Jeletzky

<

(1968).

R
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This thesig concerns itself primarily with Albiah rocks
of the Hasler {pr-ation and the lover Shaftesbury Porsation
ipr northeastern British Columbia. The stydy sections gfe
., located on the Peace and Pine River drainagés in the ﬂnds&n
Hope--Chetwynd area of Britisy Columbia (figs; 1A, B).

Today, much of the area is readily accessible by good
roqu: §;isnic lines and rivers provide access to large
are?s ior the appropriate véhicles. For difficult to reach

spots, helicopters can be based out of Hudson Hope,

Chetwynd, or Ft. St. John. ‘ ru

" METHOD OF STUDY

Field wvork

Three sections sampled for microfossils wve included

in this study. The lowest stratigraphicall};
section, 1is from the louth of a small creek ente
Peéce River about 7km upstream from its confluence vwith the
Halfvay Rivef. The middle section, named "Attachie" after a
nearby hamlet, is located on the Peace River about 3ka
dovnstream from the Bmouth of the Halfway River. The third
and stratigraphically the highest section, the "Hasler"
sequence, 1is named after Hasler Creek, a tributary of Pine

River. This locality is about 5.5ka south of its confluence

vith the Pine River. See figure 1B for localities and place



names.

The "Farrel" section was collected by Dr. C. Stelck in
1951 while he was consulting for Pacific Petroleuss Ltd. The
;uthér collected the‘ "Attaéhie' section in the Autumn of
1977. Dr. C. Stelck collected the "Hasler" section in 1947

vhile employed by Imperial 0il Ltd. }

Ireatmept of Samples

Samples vere collected from predosinantly argillaceous
outcrops along' vatercourses (see Appendix A ier samaple
‘lithoiogieé). It was necessary to dig 20-30 ci into the
outcf?p to eASute that only fresh material wvas baéged. This
method _of spot sampling vas used at a frequency of 1 sample
for every 1-2m of section logged. ' e

s

The "Attachie™ samples were prepared by the writer in
the fall and vinter.of 19?7-78. 250 grams of shale from each
sample vas veighed into a sealed glass container and covered
vith water. lIn a period of time ranging from 2 veeks to 4
months, 20%. of more of the shale had diéintegrated
sufficiently to be wvashed through standard Tyler screeans
(mesh sizes were 60, 80, 100, and 200). Silty or sandy
shales require longer periods of time for disintegration;
very/soft black shales appéar'to hydrate to clay imn only
about 2 wveeks. After vashing, the material retained on each

screen vas dried and picked for PFPoraminifera. Samples

\
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Pgure 14 Location of study area.
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Mgure 18 Study area in northeastern British Columbia showing
locations of the "Hasler®, "Attdchie”, and “"Farrel® sections.



containing foraminifera with adhering shale wvere boiled with

detergent to remove this material.

Cleaned and Picked specimens were then classified
Iacccrding to Loeblich anad Tappan's (1964) taxonony.
Statistical information vas obtaine& by simply coﬁnting or
estimating the total nulbet of foraminifers on a slide or
picking trﬁy (a grid vas used for estimatiops when counting
vas impractical). A few specimens of each taxzon were then
Reasured with the aid ;f 4 camera lucida; a small and large

representative specimen of each group vas alvays included..

The specimens vere illustrated with the camera lucida.



CHAPTER TWO
THE CRETACEOUS SYSTEM IN WESPERN MORTH AMERICA
The Lower Cretaceous sands and shales of northeastern
British Columbia constitute only a local exptessidn( of a
continent-wide phenoaenon. The Cretaceous PeriQd was

dominated by successive floodimgs of large parts ofJ North

America. These epicontinental seas moved into the ﬁ‘
from the Pacific region, from the Arctic, and from !
row the Gulf of Mexico. Generally shallow to mod ate‘.
(less than 2000m), these seaways shift hs:

creating the complex patterns of sedilentatioﬁ.tﬁat we. See

today.

Recurrent flooding during middle and upper Cretaceous
times took place in the western Canadian-American
epicontinental seawvay. The waters filled a prominent north-
south trending trough east of the developing cordillera.
This regiomn, roughly co—iécident with the Great Plains
physiographic belt, was rarely completely emergent. Usually,
it was partially or wholly flodded by Gulfian (from the
south) and Boreal (Afctic) transgressions that often
coalesced to form a continuous seavay.

It is therefore no surprise that this trough, which
carried extra fill to the west, was the iocus of much of
Cretaceous sedimentation in North America. Detritus was

derived from the wmany wmountain building events of the
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vestern cordillera. This source vas oftep supplonented‘hy'ﬂﬁl
eastern provenance synoh!-ousAin Canada vith the Precambrian
Shield. In addition to  detrital saterial, carbonate
sediments tor-‘ important chalks and limy shales..especially
in the United States. The net result of these events vas the
development of - a relatively thick Cretaceous sectiQn,
particularly in canada. The condensed sections of the type
European Cretaceous are much thinner by coaparison. For
ex;-ple, the Fort St. John Group ranges in thickness from
about 1500m in the Peace River Area (British Columbjia) to
about 2000m near Liard River (Stott, 1975). The tyﬁe Gault

Clay succession, a European equivalent of the entire Fort
L]

St. John Group, is a mere u43m thick at Copt Point,

[ .’
Folkstone, Kent, England (Hart, 1973) .
CRETACEOUS ROCKS IN NORTHEASTERN BRITISH COLUMBIA
Cretaceous sedimentation in northeastern British

Columbia follows the general pattern for that of the western
interior of North America. Here, detritus derived from the
rising Columbian Orogen to the west was deposited to the
east in the vwestern canadian sedimentary basin, a northern

segment of the North American epicontinental seaway.

L

Tectonic movements of the Columbian Orogen coabined
vith subsidence in Alberta and notheastern British Columbia
to produce a complex segquence of sands, shales, and

conglomerates in portheastern British‘ Columbia. This



//.

,,—~“'~**/

enoraous vedge-shaped mass of Cretaceous rock attains a
maxisum thickness of about 8500m in th: Vestern part. Stott
(1975) divided these s8ediments into 3 major eastvard
thinnins clastic cycles, each representing a broad
transgressive-regressive sequence. The oldest one,
containing rocks dating froam Sinemuriam to Valaanginian, is
composed of black shales of the Pernie Pormation-overlain by
coarser clastics of the Minnes Group. The aiddle sequence,
with sediments dating froam Aptian to early Cenomanian,

consists of the upper Bullhead and PFort St. John ‘Groups and

Dunvegan Pormation. The uppermost clastic vedge represents

rocks from Cenomanian up to Maestrichtian age‘and is . formed

by the Smoky Group and Wapiti Formation.

General Stratidraphy .

This thesis 1is primarily concerned with rocks of
Stott's (1975) second Cretaceous sequence (ghe Fort St. John
GrQup in particular), and Sccordingly, a review of .tbese
roéks is presented here. The strétigtaphic nonenciature
followed is primarily that of Stptf '(1968). The
contributions of the Alberta Study Group (1954) and Mclearn
and Kindle (1950) to the Cretaceous s;ratigraphy of
northeastern British quu-bia are related to Stott's

framevork (fig. 2).
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Bullhead Group

The second transgressive-regressive cycle defined. by
Stott (1975) is underlain by an unconforsity that probably
represents (in northeastern British Coluabia) the nost
profound break 1in Cretaceous sedisentation. The MNeocosian
sea receded to the north and Vvest, leaiinq' the vbhole of
northeastern British Cdlulbia-oxposod to erosion. Although
sedimentation vas intorrup@gd‘}or only a (relatively) short
time span ' in the southvest part of the region, this
unconforhity separates strata of the Port St. John Group
fros Triassic sediments in th; Port Nelson area. Farther to

the north and east, Lover Cretaceous beds rest directly on

Misissippian strata.

|

. ~
The basdl formation qf the upper: Bullhead YGroup is the

Cadomin Porsation, preseﬁt in the Albert nd British'
Columbia foothills as far north as Lake Willlston, and as
far south as Blairlore; Alberta (Mellon, 1967). It |is
composed of conglonera&e and conglomeratic sandstones with
phénoclasts of varicolored cherts, gquartzite, and gquartz.
The thickness varies from S5 or 10m over n%st of .western
Alberta to about 200m near the Peace River in British
Columbia. The upper contact 1is taken as th?_upperlost
conglomeratic bed (Stott, 1973) and is thus tramnsitional
with the overlying Gething Formation.

S

The sequence bf cherty to qnartzose_add carbonaceous
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sandstones with minor shale, coal, and conglomerate that
overlies the Cadoairn Formation is known as the Gething
Formation (McLearn, 1923). The thickness of this formation
vas determined by Stott (1973) to be about 550m in the type
areqﬁgkar the W.A.C. Bennett dam on the Peace River. Since
it c;;nges facies westward (and downward) into conglomerates
of the Cadomin Formation, the distinction between these two
formations is based on lithology only. The age of the

Gethfng 1s Hauterivian to earliest Albian {Stott, 1973).

The shales and interbedded sands noted by Selwyn along
the upper Peace River were given the name Port St. John
Shales by Dawson (1881). Originally, the tern applied only
to rocks between what are now the Gates Sandstone and
Punvegar Formation. McLearn (1932) expanded the Dmeaning of
"Fort St. John Shale" to emkrace all sediments between the
underlying Bullhead Group and the overlying Dunvegan
Formation. Stott (1968) followed this latter usage, which is
now well accepted. Figure 3 gives a summary of 1lithologies

in tHe Fort St. John Group.

Along the foothills belt from the Pine River the Fort
St. John Group shows some lateral variation north tovwards
the Peace ERiver. This primarily reflects a decrease in the
relative amount of sandy beds to the north. Along thé Peace

River downstream from Hudson Hope there is also a decrease
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of sand members toward the Alberta border.
Moosebar Formation

Tkis formation, the lowest of the Fort St. John Group,
is a sequence of dark marine shaie. Originally defined by
McLearn (1923) from a 250m section near ;Contact Point" in
the central Peace River canyon, it Pas since been found to
vary in thickness from 25m on the Kakwa River to about 300m
near the type area (Stott, 1968). The base of the formation
is commonly marked Lty a peblkle ed resting on the'underlying
Gething Formation. It becomes silty near the top a-t WS a

gradational contact with the overlying Gates Sand. e

Compotion Formation

Wickenden and Shaw (1943) defined the Commotion
Formation as a sequence of sandstone, shale, and
conglomerate overlying the Moosebar Formation. In the region
betveen the Smoky and Peace Rivers it 1is readily divided
intc 3 members: a basal Gates, middle Hulcross, and an upper

Boulder Creek Member.

The Gates Member of the Commotion Formation is
essentially equivalent to the Gates Formation of the Peace
River Canyon. 1In this report, the Gates sediments will be
called the Gates "sandstone" for the sake of consistancy.

McLearr (1923) named this massive sandstone after the
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THICK- 6
STAGE GROUP FORMATION NESS (M) LITHOLOGY
DUNVEGAN FM. 90-365 | Marine and non-marine sandstone
and shale
CENOMANIAN
CRUISER FM. Bark grey marine shale with side-
x 105-240 | ritic concretions; some sand-
uw stone
b
§ GOODRICH FM. 15-410 | Fine-grained cross-bedded sand-
] stone; shale and mudstone
-
[V
= ) Silty, dark grey marine shale with
E | & | HASLER FM. 1507-460] sideritic concretions; siltstone
5 . and sandstone in lower part; minor
conglomerate
- -
ALBIAN b BOULDER CREEK Fine-grained, well sorted sand-
- | mer 90-170 | stone; massive conglomerate;non-
& = : marine sandstone and mudstone
e
& ) )
— | HULCROSS MBR. 0~135 | Dark grey marine shale with
g sideritic concretions
8 Fine-grained marire arnd non-
GATES ss. 70-275 marine sandstones; conglomerate;
coal; shale and mudstone
MOOSEBAR FM. 30-305 |Dark grey marine shale with sicer-
1tic cancretions; glauconitic sand-
stone and pebbles at base
Fine- to coarse-grained brown
305 9 » .
APTIAN GETHING FM. 20-30 calcareous, carbonaceous sard-
=] stone; coal, carbonaceous shale,
—— v and conglomerate
- pov]
s 15-180 | Massive congl ‘
- glomerate containing
BARREMIAN = CADOMIN FM. Quartzite and chert pebbles

Pigure 3 Lithologies an

and Fort St. John rocks

d approximate thicknesses of the Bullhead
(after Stott, 1968).
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"Gates" on the Peace River 12km downstream froam Hudson Hope.
Since the disposition of the lower part of this formation is
unknown at that localxtx, Stott (1968) has presented a
section at Steamboat Island (upstream on Peace River) as an
additional standard. The 1lower contact of the Gates
Sandstone is gradational with the underlying Moosebar Shale.
Stott (" ) believes the upper boundary to be at a constant
time horizon throughout the Pooth;lls. The upper contact
probably represents only a brief hiatus, possiblyA due to
rapid subsidence in the Alberta trough and simultaneous
marine onlap. Sandy beds with B&minor conglomerate are
predominant lithologies‘ in both the Pine and upper Peace
River areas. The Gates Sandstone thins northward, however,
to  65m at Steamboat Island (Stott, 1968), and the
equivalentéi of its basal beds are included in t he

argillaceous Moosebar Formation om the Peace River.

The Hulcross Member of the Commotion Formation
represents a return to deeper wmarine conditions, and is
composed of predominantly argillaceous beds. Stott (1963)
named it the hulcross Member to emphasize the chanée in
depositional environment that it represents. The lower
contact of the Hulcross Member is ’Qrked by a thin layer of
chert pebbles, indicating rapid tr;nsgtession at that time
(Stott, 1968). The upper contact, however, is transitional
with overlying sandstones of the Boulder Creek Member. The
Hulcross Member is poorly developed south of the Wapiti

River, but attains a maximum thickness of about 135a on
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‘Dokie Ridge (Stott, 1968), a locality north of the Pine
River at(:;out lat. 559 40'N., long. 122° 25§,

' 7

The upper member of the Commotion Formation, named
Boulder Creek by Spieker (1921), is composed chiefly of
conglomeratic and carbonaceous sandstones with four
recognizable units. These dnits are: (a) thinly bedded
lariné sandstone overlain unconformably by (b) a chert
pebtle-conglonéfgke overlain by (c) a coaly and plant-
bearing sequence and (d) a top unit_ of conglonerétic
sandstone (fig. 7{. The lower contact is gradational, and is
taken as the first bed of massive sandstone. The upper
contact, however, is an abrupt change to dark, iron-rich
shales of the Hasler Formation. Stott (1968) mentions a
thickness for this member of about 275a on Dokie Ridge. It
thins dramatically northward from 170m (Pine River area)
dovn to virtually nothing so‘that on the upper Peace P1wer
its silty equivalents are inclﬁded in the shales of the

Hasler Formation.

Basler Formation
®
Wickenden and Shaw (1943) named the Hasler Formation
after Hasler Creek, a tributary of the Pine River.
Criginally described as the shales overlying the Commotion
Formation, the Hasler was later assigned a type section near
Dokie Ridge by sStott (1968). It is a succession of

Fredominantly marine shales with rare sandy, silty, and



conglomeratic bands, depending on locality. :
. 5

In the Pine River valley, the Hasler Formation is
composed ?f 335 tq 36§i of beds (thearn and Kindle, 1950)
bounded on the top by the Goodrich Formation and resting on
the ‘Commotion Pormation. On the upper Peace River the
thickness of the Hasler Formation is unknovn} the underlying
Boulder Creek Member of the Cosmotiqn Formation pinches out
and its egquivalents are ihqluded in the Hasler Formation.
The basal unit of the Boulder Creek Member is represented by
a sandy shale section on the Peace River both within the
‘canyon above Hudson Hope and below Hudson Hope at the
"Gates". Thus the basal Hasler Formation is diachronous and
includ“ lover beds to the north. Here the Gates Sandstone
(or basal Commotion Formation) is given formation status
wvhile the equivalents of the overlying Boulder Creek and'

Hulcross Members form the basal Hasler Formation.

Goodrich Formation

~The Goodrich Formation wvas first described by Wickenden
and Shaw (1943) for sandstone beds lying between the
argillaceous Hasler and Cruiser Formations. Stott (1968)
designated type and standard sections for these rocks near
/EEGXder Creek and at Dokie Ridge, respectively. The
'for-;\ign thins rapidly to the north and east vwhere its

lover equivalents are included in the Hasler Formation. The

upper contact 1is, hovever, nmore abrupt, and probably
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represents ao nearly constant time horizon in northeastern
British tolumbia (Stott, 1968). Black shales of the Cruiser
Formation reqf directly on massive sandstone. Stott (1968)
gives the thickness of the Goodrich Foramation as about 400m
at Dokie Ridge. .
«!.

Cruiser Formation

135' dark grey shale and sandstone overlying the
Goodrich Formation was called the Cruiser Formation by
Wickenden and Shav (1943). Because of the destruction of the
original type section, Stott (1968) designated as type a
section near Young Creek on the Pine River. At. this
locality, the Cruiser Formation is at least 220m thick. The
lower contact is abrupt, often marked by a pebble bed; the
upper contact appears gradational, %pt Ray not alvays be

conformable (pers. comm. Stelck, 1979).

Dupvedap Formation -

Composed primarily of massive-bedded coarse-grained
sandstone and conglomerate, this formation lies
unconformably on the ‘Cruiser Formation. It g;nerally
thickens north and westvard from less tﬁan 100m near Peace
Fiver (town) to about 250m in the Peace River foothills. The
Dunvegan Formation is re-arkably persistant in northeastern

Pritish Columbia. It is the uppermost formation of Stott's

(1975) middle Cretaceous sequence.
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TECTONIC FACTORS AFFECTING SEDIMENTATION

omipeca Geapticline

In Albian time, the principal source of detritus in
northeastern British Columbia was the western cordillera.
The.mair ranges of the Rocky Mountains as we know them today
had only incipient expansion at this time (stott, 1975, p.
457). 1t is therefore probable that the main source vas
farther west than the wmodern Rocky Mountain Trench. The
“Omineca Gehnticline", a positive area Jjust vest of the
Trench (fig. 4) undoubtedly contributed auch of the Bullhead
and Fort St. John sediments (Stott, 1968, 1973). This
feature follows the general trend of the cordillera
traversing the vhole of British Columbia from the north (the
Cmipeca Geanticline proper) to the south, where it is called
the Nelson uplift. This belt of igneous and nmetamorphic
rocks apparently developed in Paleozoic time, but has
undergone episodic deformations since then. Several "pulses"
of activity in the Lower Cretaceous appear to be respomnsible

for much of the Bullhead and Fort St. John sediménts.

It is appropriate at this time to discuss the
"Columbian Orogeny". The term refers to the contipuinc
deformation of the western cordillera from late Jurassic t
Tertiary time (Wheeler, 1967) . Orogenic activity in tbh.
western mountain belt was originally thought by most worker#
to be "quantized" in compact, separate episodes. The Nevadan

acrd Laramide events are vwell known examples. The former is
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dated as late Jurassic, while the latter is thodght to have
occurréd from latest Cretaceous to Eocene. It now : appears
that bLoth events‘ are the sum of many "pulées" of orogenic
activity, often accompanied ty increased deposition of the
fésulting detritus in the available basins. Price and
Mount joy (1970) imply that thrusting and folding began in
the Main Ranges of the Rockies in latest Jurassic and early
‘Cretaceous. Deformation in the Front Ranges, however, vas
delayed until late Cretaceous. Thus, a pattern develops in
which faplting and deformation Bigrates eastward from the
Cmineca Geanticline (activity beginning in the late
Jurassic) to the Foothills (active during the early
Tertiary). This' view is ‘'consistent with current plate
tectonic theory in that orogenic pulseé can be considered to
coincide with the impinging or subduction of the
northwvesterly moving Pacific plate at the western
continental margin. Periods of relatively slower uplift and
quiescence may be some day correlated to Strike-slip

Bovement along such structures as the Rocky Mountain Trench.

Sedimentation in the Bullhead and Fort st. John Groups
and Dunvegan Formation ¥as synchronized with Pulses of
uplift along the Omineca Geanticline (Jeletzky, 1978) .
Periods of wuplift angd erosion in the geanticline should be
acacmpanied by simultaneous deposition in the Alberta Trough
(Stott, 1973). It follows that more pronounced uplifts would
produce coarser sediments in the trough. Thus, the Cadoamin

Formation (corglomerate) forming the base of the Bullhead
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Group would correspond to a major .dplift in the Onineca
Geanticline that occurred from Barremsian to earliest Albian
time (Stott, 1973). The overlying Gething beds fine upwvard
to silt, mud, and ultinately' coal, 1ipndicating that the
Source area vas being levelled. Basin subsidence then became
an important factor controlling deposition of the overlying
Fort St. John Gtchp. Increasing subsidence in the Albertq
Trough all;ved marine vaters to inundate the basin in Albian
time. The Fort St. John Group is thus dominated by finer
sediments, the bulk of which are marine. A period of renewved
tectonism in the Omineca Ge;nticline was responsible for the
coarser sediments of the Dunveqgan PFormation. Stott (1975)
considers this latter uplift.to have occurred before the

Lorizon of Dunvegabgceras.
”

Ihe Peace River Arch

in Paleozoic time, especially pronounced in the
Devonian,.a major northeasterly irending aplift appeared in
northeasteTn British Columbia. It runs roughly through the
towns of Peace River and Spirit River into Britisﬁ Columbia
toward the headvaters of the Sukunka River (fig. 4). In the
Paleozoic, this structure was a positive feature commonly
referred to as th; Peace River Arch. In the Mississippian,
however, it apparently subsided and became de pressed. Its
actual structure is not known, but most vorkérs agree that

since the Paleozoic it carries the expression of basement

faulting (e.g. Stott, 1968; Stelck, 1975).
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Stott (1968, 1973, 1975) considered this structure to
have been ;%tively subsiding during much of Albian time. The
greatest i 'ckn;ss of Bullhead and Port St. John sediments
lie Jjust north of this structure (Stott, 1975). During the
Albial'i-rine invasion from the porth, the structure may
have acted as a "bipnge" upon vwhich the northern section o;
the Alberta Trough pivoted downvard. sSubsidence sust have
been Suspended, however, during deposition.of the Duﬁvegan
Formation. In the Cenomanian, the rate of deposition had

clearly overridden the rate of subsidence, resulting in bon-

marine deposits.

Ihe Peace Eiver Nose

The upper Peace BRiver in the vicinity of Hudson Hope
follows the axis of a major amticlinal structure mappable in
the Fort St. John Group. The structure plunges gently to the
east (fig. U). This “"Peace River Nose" l}ght be considered a
late C(Cretaceous or Tertiary structure except for - twvo
interesting facts: firstly, 1its axial trend is at a bhigh
angle to the cordilleran trend, and secopndly, sapds of the
Boulder Creek Member pinch out on its qodthern flank. Receni
studies by Stelck gnd Bredin (pers. comm. 1978) indicate
that an additiopal sand wedge, at about the stratigraphic
position of the Viking Formation of the Alberta plains, may
also shale out on the south side of this feature. The

evidence seems to imply that this structuse vas ibn existence
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before the biwirbrt St. John sediments, and was a
contributing factor controlling their deposition. Increase
in grain-size and in coal content is to the south, hovever,
indicating § southern provenance for the sediments of, the

Boulder Creek Mesmber (pers. coaa. Stelck, 1979).

DEPOSITIONAL ENVIRONMENTS OF THE FORT ST. JOHN GRoUP

A variety of both nog-larine and marine environments of
depbsition existed in portheastern British Columbia during
the Albian. The complex succession of €onglonerates, sands,
silts, and shales can be roughbly - grouped into 3 broad
Classifications: marine, transitional, and nonmarine (Stott,
1968) . The non-marine category can be further subdivided
into alluvial plain and piedmont allyvial plain
environments. Transitional environments include deltgic and

shoreline deposits.

hop-maripe Epvigopments

Tectonic activity in the western cordillera initiated
the shedding of sediments into the Alberta Trough«/When the
rate of sedimentation was high, the result was a lowland

Flain gently sloping downwards from’the mountains.

In northeastern British Coluambia, extensive
carlonaceous sediments (often including significant coal

seams) are present in the Gates Sandstone and Boulder Creek
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Bealer of the Cosmotion Formation south of the Pine River.
This evidence, plus that of nuserous Plant fossils, suggests
non-marine alluvial flood. plain ;nviron-onts for these
rocks. These units also contain finer laminated sediments as
vell as cross-bedded fluvial deposits. The laminated
sediments are interpreted by Stott (1968) to be vertical

accretion deposits formed on floodplains betwveen the river

channels and svamp lowlands.

Iransiticopal Environments
' L

Due to recurrent fluctutions in sea level, part of the
Gates Sandstone and Boulder Creek Member in the Pine River
area (south of Peace'1 River) belong to the transitional
environment. Ap additional transitional regime is recognized
in the Lasal Moosebar vwhen it interfingers with the

[

underlying Cething. Also, the top of the <Cruiser Shale is

transitional with the Dunvegan Formation.

Maripe Enviropmepts

The Goodrich FPormation is considered by Stott (1968) to
Le primarily marine because of its rich marine fossil
content. Marine fossils are also known from beds in the
Gates Sandstone and Boulder Creek Member of the Commotion

-~

Formation (MclLearn and Kindle, 12950).

The thick sequences of blac§ shale in the Moosebar,
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Hasler, and Cruiser Formations and Hulcross Member imply a
restricted to open marine environment (Stott, 1968) . The
presernce, in the shales, of pyrite, abundant organic
material, glauqonite, and siderite imrlies that reducing
condiéions existed beneath the sediment-water interface. The
condition wmust Qave varied from open marine to somewhat
trackish as ammonites (usually indicative of well oxygenated
vater of pnormal salinity) are found in some strata while
only arenaceous foraminifera (often indicating restricted or
brackish water) are found in others. Microfaunas examined by
Stelck et al (1956) froe the Harmon Shales (correlative with
the lower Hasler Formation) were considered to represent an

€picontinental sea with normal salinity and depth greater

than 30m.
GENERAL ALBIAN PALEOGEOGRAPHY

In middle and 1late Albian time, the western interior
region of Canada was flooded by an epicontinental sea
(Stelck, 1958; Jeletzky, 1971). The Boreal conpnection (s) of
this seaway were probably responsible for the appearance of
the gastroplitid and neogastroplitid ammonite faunas that
Fopulated the Western Interior Basin at this time. The

presence of Hetengonocegas (Jeletzky, 1971, p.26) in the

Feogastroplites Zone and Mapuapiceras (Stelck, 1975) in the
Paragastroplites diardense beds suggest that Gulfian

conpnections must also have periodically occurred. The Middle

and Upper Albian faunas of the western interior were thus



29

- @odified Ly both Boreal and Gulfian influences. These

(lnfluences were, however, tempered by restrictions (both

temporal and physical) to faunal migration which culminated‘

in the development of the "Mowry Sea" (Warren and Stelick,
1959) . Jeletzky (1971) pointed out that the "Mowry Sea" was
Lot completely landlocked for all of the late Albian. It
was, however, sufficiently restricted to permit the

evolution of the endemic Neogastroplites faunas, and perhaps

discourage the immigration of calcareous foraminifera.

DEPOSITIONAL HISTORIES

Bullhead Group

Durirg deposition of the Cadomin-Gething rocks the
whole of the study area vwas emergent. A major uplift to the
vest had flooded the basin with coarse sediments that fine
eastward. Coal and argillaceous .beds are also found,
especially in the Gething Formation. Stott (1968, 1973)
postulates two major river systeas entering the lowland froa
the west: one had its locus near the headwaters of the Peace
Fiver while the other was well developed near the upper
Murray and Wapiti Rivers. Both show concentrations of coarse
Cadomin Conglomerate in the: .eas. Lover 1in the plain,
between the Cadomin "fans" and tq the east, swampy areas
fredominated. Ferns, conifers, and cycads formed coal swvamps
in these 1lowlands which vwere probably inhabiged by

dinosaurs, as their footprints are coamon in the Gething.

»
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Bullhead deposition ended with continuing subsidence
allovwing the Moosebar sea to invade northeastern British
Columbja in the early Albian from the north. Stott (1968)
considers the source of sediment to have been from the west.
The Moosebar sea must have had relatively normal salinity,
good <circulation, and was probably not over 1000m deep. 1In
support of this interpretation, it «can be noted that a
variety of marine organisms, including ammonites and both
calcareous and agglutinated benthonic foraminifera

flourished in this sea.

During the deposition of the Gates Sandstone, the
ghoreline prograded into the Moosebar sea from the south. It
roughly parallels the Peace River Arch, supporting Stott's
(1968) theory that the Arch acted as a hipge upon which the
northern part of '"the basin pivoted downward. The nmain
sediment source appears to have been to the south of the
study area. Paleocurrent direction was probably to the
northgast (Stott, 1968) , although no delta or river system
flowing in that direction hi.) yet been documented.
Unconsolidated flow structures within the Gateg Saqﬁstone
near Hudson Hope suggest a clinoform or upper slope

environment here.
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The Hulcross Member represents a return to marine
conditions within the zone of Gastroplites. Apparently not
as extensive as the older Moosebar sea, the Hulcross
transgression was bounded to the south by alluvial deposits.

L
IL the lower Feace River area, Alberta, this +transgression
is recorded by the Harmon Member. In the northern bart of
the study area, marine conditions predominated during the
deposition of the Moosebar, Gates, and Hulcross\Sediments.
The equivalents of the Hulcross Member, are found 1in the
Buckinghorse Formation and perhaps in the shale separating
the upper and lower Scatter Sandstones (see Stott, 1975).
The transition of the Hulcross Member to the overlying

Boulder C(Creek Memker is abrupt and .commonly contains

conglomerate, perhaps indicating a rapid uplift in the

source area to the south. '

oulder Creek Member “*

The arenaceous deposits of the Boulder Creek Member
mark the regression of the Hulcross sea to what is now the
Pine EKiver. The shoreline was roughly parallel to the Peace
Eiver Arch, and the source of incoming detritus apears to

have been from the south.
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Hasler Formation

The Hasler Forwation records a major transgression
occurring froam late Gastroplites to early Heogastroplites
time. It seems also to mark a change in source area from the
south to the west, for subsequent arenaceous deposits of the
Goodrich Formation prograde into the basia along a front
gougﬁly parallel to the Rocky Mountains. The paleogeography
K

of northeastern British Columbia was dominated by the
"hHasler Embayment"™ during Haplophragmojdes gigas time. This
feature (fig. 5) was situated northwest of the Peace River
Arch. The fact that H. gigas occurs on both sides of, but
not over, the Peace River Arch suggests that the Arch was

expressed as a peninsula at this time.

Goodrich Formation

The arendceous beds of the Goodrich Formation represent
marine environments. The Goodrich Formation and its northern
equivalent, the Sikanni Formation, grade into shales
included in the Shaftesbury Forn;tion to the east. This
indicates that tectonic activity in the cordillera produced

a "flood" of coarse clastics in sufficient volume to cause

sand bars on the western margin of the Mowry Sea.
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Cruiser Forpatjon

The Cruiser_\\for upper sShaftesbury) sea marks a
cessa;ion of excess sand delivery and an -appérent\\still-
stand as fish scale accumulations are known widely within
this interval. To the east, marine conditions {recorded by
the Shaftesbury Formation) had prgvailed during the
cdeposition of most of the Hasler Formation. The progradation
and subsequent flooding of Goodrich-Sikanmni deposits moved
'the strand 1line towards and avay frol the basin 1in a
direction perpendicular to the trend of the Rocky Mountains.
Since the strand margin itself was parallel to the
cordilleran trend, it is likely that "Laramide" tectonics
were affecting sedimentation. The final transgression of
Lower Cretaceous time (marking the end of the "middle"
sequence of Stott, 1975) is recorded in the Cruiser

Formation and its equivalents in the Sully Formation farther

north.

Dunvegap Forsation

The @marine Cruiser Formation gives way to wvidespread
alluvial deposits of the Dunvegan Formation. The source of
the 1latter sedilengf appears to be the Omineca Geanticline.
Sufficient sediment was shed by this rising .landuass that
the basin Was K filled, and the continental environment
Frevailed thgaughout northeastern British Columbia. The open

sea receded southeasterly to the Grande Prairie ﬁfgion and



the area east of Spirit River,

Alberta.
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CHAPIER THREE

BIOSTRATIGRAPHY

introductiop

Biostratigraphy has played a leading role in amnalyzing
Cretaceous geochronology\of the western Canadian Interior.
Facies changes create diachronous lithostratigraphic units
which, although useful in local correlation, cannot usually
be relied on in regional or intercontinental work. Physical
methods of age dating are notoriously difficult to apply to
sedimerts. FKadioactive techniques cannot stand by themselves
unless corroborated by other (usqally biostratigraphic)

techniques (see Jeletzky, 1978).

In northeastern British Columbia, the vast thicknesses
of shale and interbedded sands of.the Lower Cretaceous caa
be dated using ammonites (fig. 6). They provide the basis
for a zonal scheme drawn up by Jeletzky (1968). To a lesser
degree, such pelecypods as lpoceramus and Buchja supplement
the ammonite zonation. Microfossils (benthonic foraniﬁifera
in fparticular) have provided a coarser biostratigraphy for
this region. The importance of the foraminiferal zonatiomns
(see Stelck et. al. 1956; Caldwell et al., 1978) cannot Dbe
overestimated when resolving stratigraphic problems within
thick shales with no preserved megafossils. Commonly,
agglutinated benthonic Foraminifera and phytoplankton are
the only fossils present. The use of foraminifera is

mandatory within gaps in the ammonite zonations and is
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commonly useful for the correlation of wildcat wells where

only cuttings may be available for study.
(

THE CRETACEOUS SYSTEM

The Cretaceous System was defined by d*Halloy in 1813,
In the classic B;itish section, the ‘Lower Crétaceous
consists of the Lower Greensand and the Gault Clay.
International correlation of this sequence to our western
Canadian rocks is complicated by the scarcity of
Cosmopolitan ammonites, particularly common zonal forms.

Foor preservation and extremely expanded sections also add

to the problems of the mega-paleontologist.

The assignment of rocks to the Albian stage in western
Canada depends heavily upon a single specimen of

Gastroplites cantianus (Spath) found in 1937 in the Gault.

=)

his generic assignment has been questioned by Jeletzky
(unpublished manuséfipt, 1979). The next universal forms
commoL to both America and Europe are tbhe acanthoceratid
faunas of the Cenomanian. Thus, the absolute reference of
North American forms to the Upper Albian of the classical

'European scheme is somewhat arbitrary.

[ 4

ar
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CRETACEQUS MEGAFAUMNAL ZONES IN WESTERN CANADA

Jeletzky (1968) 1introduced a zonal scheme fof the
Cretaceous of western Canada that is now widely accepted. Of
primary importance to this thesis are the Albian and
Cenomarnian forms shown in figure 6. The following sequence
was devised by Warren and Stelck in 1969. It represents an
-Albian-Lower Cenomanian zonal sequence for northeastern
British Columbia.

Ammonites 1n descending order:

P> 4 AN L~ 3

Irenicoceras bahani

Neogastroplites septimus

Neogastroplites maclearni

Neogastroplites americapus

Neogastroplites mueljeri

Neogastroplites cornutus

Neogastroplites haasi

Paragastroplites liardense :
Gastroplites cf. cantianus

Gastroplites canadensis

Although this zonation has far better temporal resolution
than foraminiferal schemes, important gaps are present

Letween the Albiamn horizons of Gastroplites and

heggastroplites. Paragastroplites liardense serves to fill

only a small part of this gap; foraminiferal zonations must
Le relied on to identify this horizon in most cases. The

Eaplophragmoides gigas Zone and the younger Miliammina

mapitobensis” fauna are found within this gap. T he
Haplophragmoides gigas assemblage is found above the zone of
Paragastroplites vhere it provides an unusually distinct

foraminiferal marker.
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SELECTED FORAMINIF
STAGES ERAL
MOLLUSCAN INDICES ToMES SuszONES
Drveganoceras allertense - ———
Drorveg 3 Gaudrying irenenst
CENOMANTAN anooeras of . conditun | yrayryrMOIDES PERPLEXUS :
Aoanthoceraa athabascense Amobacsulites gravemors

Seattonoceras beattonense

TEXTULARIA ALCESEASIS
Heogastroplites mole@wi

Bap lophragmiw- sudren:

NILIAMMIBA MANITOBENSIS Baplophragmoides poetis
goodprichi

Neogastroplites corvutus

Beogastroplites haasi

Verneuilina caonadenets

Ivooceramus comanochedous AAPLOPHRACMOIDES CICAS
ALBIAN Paragastroplites licriense Awwobaoulites . M
Gastroplites of. oanticowe
Swmobdoulites op.
Gastroplites ovnadsneis
Gastroplites king< Bap Lophragnoides multLplum
CAUDR ASHU -
Arcthoplites meoonnells UDRTINA BaR KERSIS Narginulinopeis collinay --
Apcthoplites irenenass Yorneuilinoides curyringersis
Proohowwing momarayeneis
Cleoniceras subbayleyi Rectodolivina ep.
g
. /
A Pgure & Albian Foraminiferal Zon

es and Subzones with selected !

index megafossils (after Calawell et. al., 1978).
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FORAMINIFERAL ZONATION

Foraminiferal zones are necessarily more vague th
ammonite zones because of the simplicity and consequent

"evolutonary flexibility" of foraminifera. Foraminifera with

very simple shapes e. 9. pathysiphon, HyPergamigs,
.§§§§g!lin§ commonly bhave very long specific ranges due, at
least in part, to extinctions and later reappearances of the
"same" form. Similar morphotypes have doubtless evolved many
times during geological bhistory; parallel and recurrent
evolutionary patterns are commonly seen. Zones based on
foraminifera are mostly assemblage zones, as the appearance
of a single species or morphotype is seld.om conclusive proof
of the age of its enclosing sediments. Generally, a single
species may have a relatively 1long range, but its

juxtaposition with other discrete forms is relatively short

in duration.

kecently, Caldwell et al. (1978) published the first
irtegrated foraminiferal zonation scheme for the western
Capadian Cretaceous. The Albian zones of Miliammina
Bapitobensis, Haplophragmeoides igas, and  Gaudryinag
papashukepsis are directly pertinent to this thesis. The N.

papitobensis and G. papashukepsis Zones are divided into

subzones named after a characteristic speigfs occurring in
it J

each. These zopnes (Caldvell et al., 1978)‘are diagrammed in

figure 6, opposite selected ammonite zones.



GAUDRYINA NANASHUKENSIS ZONE-

Six subzones comprise this zone (gefined by Caldvwell et
al., 1978). They are nased for the folloving species
(ascending order) : Rectibolivipg SP- Irechaamina
ACRULIayensis,  Jargipulinopsis collingi-Yerneuilinoides
cumpindensis, Haplophragmoides multiplus, Ampobaculites sp.,
and Aamobaculjites ¥eponpghae. The upper 4 subzones are

relevant to this thesis ahd will be reviewed in detail here.

The 2 lower zones are roughly the age of the Bullhead Group
and its equivalents.

Margipulipopsis co Ineuilingides cumpingensis

L

ne
Pripcipal elemepts:

Ammobacylites fragmeptarius Cushman
Ampobpaculjtes petilus Eicher
Discorbis gorrisji Mellon and wall
Gaudryina capadepsis Cushman
AacLkima Reuss var. capadensis Mellon and
Wall

gyroidiga cf. pjitida Reuss

Laplophragmoides gigas Cushman var. gigor Nauss
Haplophragmojdes lipkj Nauss

idplopbragmoides sluzari Mellon and wall
Lepticulina bayrocki Mellon and Wall
Hapginulipnepsis collipsi Mellon and wall
Biliammioa manitobensis Wickenden

Miliammipa sproylei Nauss

Hiliammina subelliptica #ellon and Wall
Nodosagia aff. proboscidea Reuss

RPatellipa eldioti Stelck and wall
Pseudopedosaria clearvaterepsis Mellon and Wall
Quadrimorpbipa albertensis Mellon and Wall
2aCccanpina alezanderi (Loeblich and Tappan)
2aKacenaria projectura Stelck and Wall
saraceparia trollopei Mellon and Wall

Iritaxia athabaskensis Mellon and wall
Yerpeyjlinoides cummingensis (MNauss)
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This 2one is interesting because of its considerable
calcareous content. It was originally named for a primarily
calcareous fauna} from Clearwvater Formation in the Fort
McHMurray area of Alterta (Mellon and Wall, 1956) . Later, it
was realized that these forms represent one of twvo biofacies
bpresent occurring in the fpresent subzone (Caldwell et al.,
1978) . The dominantly arenaceous Y. cumpingensis biofacies
(probably egquivalent to the Haplopbragmoides gigas minor
zone of Stelck. et al.; 1956) includes those forms
representative of nearshore and brackish marine eLvironments
while the calcateous fauna is thought to indicate mo:. open

marine conditions.

The age of the present zone is early Middle or late

Early Albian. It .probably corresponds to the Arfcthoplites

irenense and A. ggggggglli Subzones of Jeletzky's (1968)
Beudandiceras affipe Zone. Correlations based on the M.
c¢ollipsi-y. ggg;igggg§i§ Sukzone can be established for the
Cummings Member of the Mannville Foramation in Alberta, all
of the Spirit River Forsation except for the 1lower Wilrich
menker, part of the upper Loon River Formation, the Moosebar
Formation in British Columbia, and the equivalents of the
latter Formation in the Blairmore Group ‘in central and

o
i

southern Alberta.
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Haplophragmoides multiplum Subzone
Fripcipal elemepts:

Gaudryina papashukepsis Tappan
Haplophragmoides cf. kirki Wickenden
Haplophragpoides multiplum Stelck and Wall
Haplophragmoides postis Stelck and Wall

Verpeuilipoides sp. aff. V. gcummingensis

The origircal authors of this zone present a more
detailed discussion of the specific content in Stelck et al.
(1956). This zone is coextensive with both the Harmon Mem ber
of Alberta and the Hulcross Member of the Commotion
Formation in northeastern British Columbia, and, as vyet, has
Lot been recognized outside the stratigraphic realm of these
rocks. 1In spite of a lack of diagnostic megafaunas, the age
of the zone can be inferred by its stratigraphic position as
(middle) Middle Albian. The zone of Beudapticeras gffine

lies below, and Gagtroplites kingji occurs in the upper part

of the Hulcross Memlter (Stott, 1968).

Ammobagulites sp. Subzone
Ericcipal elemepts:

Haplopbragmojdes lipki Nauss

Appobaculites 4 spp. (see Stelck et al., 1956,
p- 15)

Baplophragpoides 4 spp.

Eggerella sp.

Miliampina 2 spp.

Glomospira sp.

Nodosipella sp.

"Proteopipa" sp.

~

Wickenden (1951) described an assemblagé\ixgof



Foraminifera from the Cadotte Member of the Peace River
Formation, northwestern Alberta. This fauna, termed the
“Cadotte Microfaunal 2Zone" by Stelck et al. (1956), was
included in the Ammokaculites sp. subzone by Caldwell et al.
(1978) . The subzone encompasses both the Cadotte Member of
the Peace Fiver Formation in Alberta and the lovwest unit of
the Boulder Creek Member of the Commotion Formation in
Fritish Columbia. The age is late Middle Albian. Since this
sukzone is «coeval with the lower part of the general
Gastroplites zone, 1its age is readily determined. Caldwell
et al. (1978) suggest that the subzone 1is limited in areal
extent by the presence of an unconformity at the top of the
Cadotte Member. Beds containipg this fauna would 1likely be

removed farther to the south.

Apmobaculites weponahae Subzone
Principal glg£g2£§:

Apmobaculites cf. fragmeptariugs Cushman
Ampobaculites wenopahae Tappan

Apmodiscus mangusi Tappan

Anmpodiscus rotalarius Loeblich and Tappan
Haplophragmi Sp.

Haplopbrag es spp-

Hyperammipa sp..

Psampipopelta bowsberi Tappan

Reophax troyeri Tappan

Saccampifla alezxapderi (Loeblich and Tappan)
TIhuramein

eides sp.
Irochapmina cf. eilete Tappan
I pa upiatensjig Tappan
T gg_égfgg;&g{; Cushman and Applin
Llinoides sp. ’
-

This subzone is known only 1locally from the lower

Hasler Formation on the Peace River 7kn u%ﬁgreal from its
T
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t.
confluence with the Halfway River. The age is earliest Late

Albian (Caldwell et al., 1978) as Gastroplites cf. cantianus

occurs at the base while the bulk of the subzone is in the

Paragastroplites liardense beds. The geographic extent of
this fauna is believed to be limited by a westward extension

of the fpost-Cadotte unconformity mentioned previously.

HAPLQPHRAGMCIDES GIGAS ZONE

bPripcipal elemepts:- '
"".';""

Annopagu;i}é@[jggg tarius Cushman
Ammobaculoides __;gﬁgyi (Cushman and Alexander)
Ampodiscus anthosatus Guliovw

Appodiscus kiowensis Loeblich and Tappan
Ampomargipuling aspergta Guliov

Gaudryina canadensis Cushman

Glomospira cf. watersi Loeblich
Haplophragmoides cf. collyra Nauss
Haplophragmoides cf. cushmani Loeblich and Tappan
" Haplopbragmoides gigas Cushmap
Haplophragmoides linki Nauss

Miliammina manitobensis Wickernden

Miliammina cf. mgnitobensis Wickenden
Miliammina sproulei Nauss

This zone is unusually well defined due to the presence
of H. gigas. This distinctive foraminifer was was first
recognized as a useful biostratigraphic marker by Cushman
(1927) . sStelck et al. (1956) defined the . gigas zone on
the Lasis of an assemblage of forms from the Joli Fou Shale
of Alberta. Guliov (1967) expanded this definition and
divided the H. giqgas beds in Saskatchewan into two subzones:
a lcwer one characterized by largé specimens of H. gigas and

Apmomarginulipa asperata and an upper one containing small

specimens of H. gigas (the "Miliammina gsproulei subzone").
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North and Caldwvell (197%a) call these Zones the IXIa and IIb
respectively. They 4o not consiéé(}the smaller forms of §.
gigas to be conspecific with ¢the older, larger types.
Caldwell et al. (1978) equated their H. gigas Zone to Zone

IXla of North and Caldwell.

The age of the H. gigas Zone is considereé by Caldwell
et al. (1978) to be early Upper Albian. It appears to be
equivalent to the Jpoceramus copancheanus Zone (Stelck,
1975) . The H. gigas Zone is widespread geographically for a
toraminiferal <Zone. It can be discerned in the Joli Fou
Formation of Alberta and Saskatchewan, in the Skull Creek
Menmtker of the Ashville Formation 1in Saskatchewan and
Mapitoba (Guliov, 1967, McNeil, 1977), tMe middle Hasler
Formation of northeastern British Columbia (this report),
just below the Shaftesbury PFormation on Peace River - in
Alberta (Wickenden, 1951), and in the upper Thermopolis

Shale of Wyoming (Eicher, 1960).

-
~

1®

MILIAMMINA MANITOBENSIS ZONE

This zone is one of the most widespread Foraminiferal
Zones 1in western Canada, spanning most of the Plains and
extending perhaps to the Arctic Ocean. Unfortunately, M.
gapitobepsis sensu stricto has a long stratigraphic range,
and delimitation of this Zome and its \subzones depends

heavily on auxilliary species and assemblage parameters.

- Specimens of M. mpanitobepsis occur as lovw in the section as



the Margipulipopsis collinsi-Verneujilinoides gcuamingensis
Subzone of the Gaudryipa papashukepsis Zone.

The age of the m.'magi;gﬁ§g§;§ Zone 1is considered by
Caldwell et al. (1978) to be middle Upper Albian to late .
Upper Albian. It extends from beds devoid of diagnostic
megafaunas up perhaps as high as the Neggastroplites

puelleri Subzone of the Neogastroplites Zone (see Jeletzky,
1968, Stelck, 1975).

The broad range of M. manitobensis sensu stricto has

necessitated dividing the Zone into 3 subzones: Verpeuilipa

capadensis, Haplophragmoides postis  goodrichi, and
Haplophragmium swareni, from oldest to youngest (Caldwell et

al., 1978) . The upper 2 subzones are as yet known only fron
northeastern British <Columbia, while the lover subzone is
much more widespread. The reasons for this largely remain a
'mysﬁery, but it is worth noting that a possible
paraconformity in the bone beds of the FPish Scales Marker
might account for the missing section. Caldvell et al.
(1978) suggest that the Fish Scale Marker may indeed
represent a period of non-deposition that removed the 2

upper subzones from the record.
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Verpeuilipa capadensis Subzone
Principal elepents:

Appobaculites fragmentarius Cushman
Ampobaculites pacalis Pattersoni Sutherland and
Stelck =
Appomargipulipa cf. paterella Eicher
Arepobulimina paynei Tappan

Bathysiphon brosgei Tappan

Gaudryipa canadepnsis Cushman

Gaudryipa irepepsis Stelck and Wall

Gaudryipa spiritepsis Stelck and Wall
Gaudryipa tailleuri (Tappan)

Glomospira tortuosa Eicher

Gravellina champeyi Stelck

Haplophraqmoides cf. gilberti Eicher
Haplophragmoides lipki Nauss

Haplophragmoides multiplum Stelck and Wall
Haplophragmoides cf. topagorukensis Tappan
Miliammina avwunensis Tappan

Miliammipa cf. ischnia Tappan

Milig@mina manitopepsis Wickenden
Psammipopelta bowsheri Tappan

Reophax miputa Tappan

Reophax sikanniensig Stelck

Reophax tupndraepsis Chamney

Saccammipa alexangeri (Loeblich and Tappan)
Iextularia topadorukepsis Tappan
Thurapmigoides septadgonalis Chamney
Irochammipa alcanepsis Stelck

Irochammina cf. pajpvateri Cushman and Applin
Irochammipa rutherfordi Stelck and Wall
Irochamming wmpigtensis Tappan

Uviderinampipa cf. @thabaskensis (Mellon and Wall)
Uvigerinampipa manitobeysis (Wickenden)
Yerpeuiling capadensis Cushman
Yerpeuilinoides borealis Tappan
Yerneuilipnoides cf. fisheri Tappan
Verneuilinoides kansasensis (Loeblich and Tappan)

Cf the 3 M. nmapitobensis ®subzohes, the Verneuilina

capadensis fauna is the most videspread, embracing much of

the western Canadian Plains. Wi xernden (1951) referred to
this assemblage as the "M. Bag.torensis zZone" and the ternm
has been in the 1literature ewe since. Stelck (1979)

rrovided a more precise definition of this fauna in his
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description of a diverse agglutinated fatuna from
\
northeaétern British Columkia (see faunal 1list above).

Caldvell et al. (1978) chose this 1locality to  be the

stratotype of the Y. canadepgis Subzone.

The age of the present subzone is late Upper Albian.
The top of the subzone in northeastern British Columbia

corresponds to the lower beds of the Neggastroplites haasi
(selwyni) Subzone of Jeletzky's (1968) schere. The 1lover

rart of the present subzone is in beds devoid of molluscs
that bccur above the Paragastroplites llardense Subzone. The
V. canadensis Subzone can be recognized in upper beds of the
Ashville Formation (Saskatchewan and Manitoba), the lower
Colorado Group (Saskatchewn and Alberta) , the Sunkay Member
of the Blackstone Formation (Alberta), the lower Shaf tesbury
Formation (Alberta), and the uppermost beds of the Hasler
and Buckinghorse Fornat%ons'and lower Sikanni Formation in

northeastern British Columbia.

Haplophragmpoides postis goodrighi Subzone
Pripcipal elements:
Anpobaculites pacalis pattersopi Sutherland and
Stelck
i plapus Loeblich

Apmodigcus
athysiphon brosgei Tappan
glglgspixn glomerosa Eicher

Haplophragmoides gilberti Eicher
Haplophragmeoides globosa Lozo

Haplophragmeoides hepdersopepse Stelck and Wall
Haplophragmoides postis goodrichi Sutherland and

Stelck

Haplophragmoides cf. topagoruykensis Tappan
Miliasmipa inflata Eicher

Miljammina ischpia Tappan

Miljammina cf. sproulei Nauss
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Biliammipa moberliepsis Sutherland and Stelck
Psamminopelta bowsheri Tappan

Reophax racta (Beissel)

Saccammipa alexapderi (Loeblich and Tappan)
sSaccammina <f. lathrapi Tappan

Textularia graveporLi Stelck and Wall
Textularia rioensis Carsey

Trochamminag rutherfordi mellariolum Eicher
Trochammina umiatepsis Tappan

Irochamming wetteri stelck and Wwall
Irochammina wickepdeni lLoeblich
Irochammipnoides apricarius Eicher
Uvigerinappina cf. papitobensis (Wickenden)
Yerpeuilina alameda Eicher _ ;
Yerpeuilinoides perplexus Loeblich
Yerpeuilipojdes stotti Sutherland and Stelck

The fauna of this subzone was described by Sutherland
and Stelck (1972) from northeastern British Columbia. It
occurs in-the upper Hasler, Goodrich, and Cruiser Formations
of the Fort St. John Group near Moberly Lake. The age was
determined as late Upper Albian from neogastroplitid
ammonites occurring in the stratotype. It corresponds to the
upper Neogastroplites haasi (selwyni) and lower N. corputus
Subzores of Jeletzky's (1968) sequence. The Haplophraggoides
postis 4gqoodrichi fauna has been found only at the type

locality.

Haplophragmiue swarepni Subzone
Pripcipal Elemenpts:

Ammobaculites fragmentagius Cushman
Anpobaculites pacalis pattersoni Sutherland and

Stelck
Batbhysiphop brosgqeji Tappan !
s Dorothia cf. chamdlerensis Tappan

Haplopbragmium engleri Stelck and Hedinger
Haplophragmium swareni Stelck and Hedinger
Haplophragmoides hendersopense Stelck and Wall
Hippocrepipa barksdalei (Tappan)
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Miliapmipa cf. igchnia Tappan

u;l;;;;;gg moberliensis Sutherland and Stelck
Psamminopelta bowsheri Tappan

Reophax pjiputa Tappan

Reophax cf. pepperensis Loeblich

Saccammina alexanderi Loeblich and Tappan
Saccammipa lathrami Tappan

Textularia cf. grgvemori Stelck and Wall
Textularia cf. topagorukensis Tappan .
Trochampina rutherfordi mellariolum Eicher
Irochasmina umigtepsis Tappan
Irochampinoides cf. apricarius Eicher
Verpeuilipoides perplexus (Tappan)

.

The present subzone was defined from material collected
in BEritish Columbia by Stelck and Hedinger (1976) from the
lower Sully Formation on the Sikanni Chief River. It is
considered to be upper Albian in age. Although no molluscs
have been recovered from the type section, the immediately
underlying Sikanni Formation contains Neogastroplites
corputus. At another locality 225km farther north, this
ammonite has been recovered from the basal Sully Formatien
itself. The upper boundary of the subzone is the Fish Scales
marker horizon, considered to represent the boundary betveen
the Lower and Upper Cretaceous. To date the present subzone
has ornly been recognized in the type section, but it \s
postulated to occur in the lower Cruiser Formation 1in the

Peace River area.



52

CORRELATION OF THE FORT ST. JOHN GROUP

Moosebar Formatiop

Important zonal fossils reported from the Moosebar
Formatiorn include Arcthoplites (freboldiceras) irenense and
the Lemuroceras-Beudapticeras group. These ammonites are
dated at Early to Middle Albian. Microfaunas recovered fron
the Moosebar Formatiorn include both agglutinated and
calcareous benthonic foraminifera. It is the only known
occurrence of Albian calcareous benthonic foraminifera in
the study area. A large assemblage of foraminifera from this

formation was listed by Stott (1968, p- 55-56). Of these,

Luadrimorphipa iihg;ggn§;§ Stelck and Wall and
Margipulipopsis collinsi Stelck and Wall are considered as
valid index fossils by Chamney (in Stott, 1968) . These forms
permit correlation with the lower Moosebar of the Pine River
area (Stelck et al., 1956) and the lower Clearwater Shale on
Athabaska River. Mellon and Wall (1956) correlated the lower
Moosebar Formation on Hasler Creek with the upper McMurray
Formatior, the ltasal Clearwater Formation, part of the Loon
kiver Formation, the lower beds of the Falher Member of the
Spirit PRiver Formation, and the Cummings Member of the

Mannville Formation, all sections in Alberta and British

Columbia.



Gates Sapdstope T

This unit is the lower member of the Commotion
Formation on}the Pine River. Beuydapticetras spp. have been
reported from this sandstone by Mclearn and Kindle (1950)
and by Stelck et al. (1956). In addition, Stott (1968)
r{}orted an early gastroplitid ammonite from the base of thg
Gates Sandstone. This evidence establishes the age as beiné'

middle Albian.

A large flora was reported from the Gates Sandstone by
Mellon et al. (1963) and by Stott (1968). Although generally
agreed to be "élairuore" type flora, thére is some
cohﬁroﬁersy as to whether it should be assigned to the
APtian or the Allkian. Stott (1968) believe . that the
Blairmore may be "as young as middle Albiap" on the basis of
floral and radiocactive dating techniques. Thus, the Gates
Sandstone Bay be correlated vwith the upper Luscar and middle
gk?irmore Formations of central and southwestern Alberta.

[

Bulcross M¥ember

The middle shale of the Commotion Formation was named
the Hulcross Member by Stott (1968) . Jeletzky 1identified
some ammopnites from this Nember omn the Peace River as
Gastroplites cf. G. kipngi, Gastroplites cf. G. allani, and
Gastroplites n. sp. ex. aff. G. liardense (Whiteaves). These

fossils are considered to be late Middle Albian in age.



Boylder Creek Member

Thkis sandstone, the upper Member of the Coamotion
Formatfion, is considered by Sto;t (1968) to be late Middle
Albian im age. Species of Gastropliteg are fouu!'near the
base of this unit (McLearn and Kindle, 1950, and Stott,
1968) . These occurrences allow correlation vith'the lower
Has ler Foraation (starfish Creehy localiey), the upper
Scatter and lover Lepipe Formations at Liard River (Mclearn
and Kindle, 1944), and the Cadotte Member of the Peace River
Formation on lower Peace River (Stelck et al. , 1956;. Ot her
information suggests correlation with part of the
Buckinghorse Fofnation and the upper part of the Sans Sault
Group in the Northwest Territories (Stelck et al., 1956).
The dicotyledonous flora in the upper part of the Boulder
Creek Member seems to be somewhat older tharn the upper

Blairmore flora of the Crowsnest Pass area.

L jgih
Hasler Formatiop o~ T
\ ’ R A N
. %
oL e N
Correlations of this diachronous unit are difficudt -
because of the scarcity of ammonites and otder aegafaulag. = . -

.

There is evidence that the Gastroplites fauna occyts inﬁ'the

lover Hasler Formation oy Peace River (Mclearn @n Kindle,

1954, p. 80; Stott, 1968, p. 53). The latter refexr also

-t ¥ ‘
records lpocerapys cadottepsis from shales eXPOS%diplpng the

CINE B B
Peace River just belov the "Gates" locality. bl g

.

>
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The first known occurrence of the Haploprhradnoides
gigag fauma in northéastern British Columbia is described in
this thesis from beds in the Hasler Formation near the
Hamlet of Attachie. The occurrence® is stratigraphically vell
above the the horizons of gastroplites mentioned 1in the
previous paragraph. This fact supports the idea of Stelck
(1958) that the Viking Fot-atiog is younger than the Cadotte
Memker of the Peace River Forsation. The Cadotte uenser
contains Gastroplites (see Stott, 1968). On the Plains, the
viking Formation is underlain by the Joli Fou Formation,

which also serves as the type section for the

Haplorbhragmoides g9igas zone (Stelch et al. 1956) . It thus

appears that the H. gigas zone is younger than gastroplites,

and that the Viking Pormation cannot therefore be correlated

with the Cadotte Mesmber of the Peace River Formation. There
]
has been a tendency in the literature to correlate the
L J
Cadotte Member with the Viking Formation (see Workman, 1959)

because of their lithologic similarity. This problem has

been termed the "viking—Cadoite &%ontroversy" by Stott

- (1968) . Figure 10 illustrates an - interpretation

. incorporating the results of this study.

The occurrence of the Haplophragmoides gigas zomne in

the middle Hasler Formatidh allows correlation of this |unit
with the Joli Fou Formation of ghe Alberta Plains, the Skull
Creek Member of the Ashville Formation in Saskatchewan and
Manitoba (Guliov, 1967, and McNeil, 1977) , and the

equivalent Skull Creek and Thermopolis Shales of the vestern



United States (Eicher, 1960) .
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Foraminiferids recovered fronm the Hasler Formation in

this study include:

bathysiphop brosgei Tappan, 1957
Bathysiphor vitta Nauss, 1947

bippocrepipa sp. A

Hippocrepina sp. cf. H. barksdalei (Tappan), 1962
?Eyperapping sp. alpha

Psammosphaera sp.

Saccammipa aglexanderi (Loeblich and Tappan), 1950
Saccapmina lathrami Tappan, 1960

Thuragminoides sp. cf. T. septagonalis Chamney, 1969
Ampodiscus kiowensis loeblich and Tappan, 1950
?ApBOdiscus sp.

Glopospira sp. cf. G. Feata Eicher, 1960

Feophax sp. cf. R. eckernex Vieaux, 1941
kiliapmipa sp. cf. M. awunensis Tappan, 1957
Miliapmipa inflata Eicher, 1960

Miliamipa ischpia Tappan, 1957

Miliapmipa panitobensis Wickengden, 1932
Psampipopelta bowsheri Tappam, 1957
Haplophragmoides collyra Nauss, 1947
Haplorbragmoides giggs Cushman, 1927
Haplopbragmoides sp-. cf. H. gilberti Eicher, 1965
Baplorhragmeoides sp. cf. H. kirki Wickenden, 1932
Haplophragmoides linki Nauss, 1947
Haplopbragmoides sp. cf. H. postis Stelck and wWall, 1956
Haplophragmoides sp. :

ITrochamminojdes sp. cf. T. apricarius Eicher, 1965
Ammobacylites culmyla Skolnick, 1958
Ammobaculites fragmentarjus Cushman, 1927
dppobaculites fragmentarius Cushman variety
Ampobaculites sp. cf. A. bupei Nauss, 1947
Ampobaculites tfrrelli Nauss, 1947

Ampobaculites sp. cf. A. tyrrelli Nauss, 1947
Ammobaculites wenonahae Tappan, 1960
Ampomargipuldpa cragini Loeblich and Tappan, 1950

Haplophragamium sp. cf. H. Svarepji Stelck and Hedinger, 1976

faplophragmjium sp.

Pseudobolivipa varianag (Eicher), 1960
Plectorecurvoides sp.

Irocbaapipna depressa Lozo, 1944

Irochammipa gatesensis Stelck and Wall, 1956

Irochaamina sp. cf. T. raipwateri Cushman and Applin, 1946

Ire a fordi sStelcx and Wall, 1955

Irochaamipa rutherfordi s. sSp- cf. T. Lutherfordi

Bellarjolum Eicher, 1965
Irochammipa vetteri Stelck and Wwall, 1955
drochammipnag sp. cf. I. wickepdepi Loeblich, 1946
Yerpeuilina capadensis Cushman, 1927

Gaudrvipa capadensis Cushman, 1943
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Uvigeripampina manitopensis (Wickenden), 1932
Verpeuilinoides cupmpingensis Nauss, 1947
Arepohulimipa paynei Tappan, 1957

Gravellina chamneyi Stelck, 1975

Gravellina sp. cf. G. chamneyi Stelck, 1975
Gravellina sp.

Figure 7 shows the approximat lationships of the
three sampled sections to the local stratigraphy of the Fort
St. Jobu Group and selected index fossils. It can be seen
that the _ "Attachie" section falls within the

Haplopbhragmoides gigas Zone and that the "Farrel" section is

coeval with the Ammobaculites wenonahae Subzone. The

YHasler" section appears to have affinities with the

Yerneuilina capadensis Subzone, but occurs lower 1in the

section and is much less diverse.

Some Aauthors (e.g. North and Caldwvell, 1975a) do not
consider the small specimens of J. gigas:- (those specimens
found 1in zone I1b of North and Caldwell, 1975a, and in the
M. sproulei Subzone of Guliov, 1967) to be conspecific with
the larger examples first described by Cushman (1927).
Assuming that they are not conspecific, it is still apparent
that the "Attachie" section represents an expanded version
of the upper part of the classic H. gigas Zone (equals the
B. sproulei Subzone of Guliov, 1967, zone I1b of North and
Caldvell, 1975a, and the beds immediately above the H. gigas

Zone of Caldwell et al., 1978).

It is the author's opinion, haqvever, that both small

4
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and large specimens of H. gigas are conspecific, and that
the range of H. gigas sh;uld not be restricted. McNeil
(1977) reports that H. gigas reaches a size maximum Just
abgve the base of the Skull Creek Member of the Ashville
Formation. It decreases in size both towards the base and
the top of the Member, which is considered by McNeil (ibid.)
to be coeval with the H. gigdas Zone proper. Further,'sinilar
size changes in other foraminifers parallel those of H.
gigas. It is thus probable that a change in environment
(lLikely lower temperature caused by a deepening of the

water) corresponds with the size maxima of the

foraminiferids in this zone.

Goodrich Forpation

This sandstone contains a fauna considered by Jeletzky
(in Stott, 1968, p. 100) to be of general Neogastroplites
age. The most important, elements of this fauna recovered by
stott (1968) include Poisidonja moberliensis and Posidonija

geoodrichensis., both varieties of Pposidopia nabwigi

considered by Jeletzky to occur in association with
Neogastroplites selwyni and N. corputus.

on the basis of the preceding argument, the Goodrich

Formation can be correlated with Neogastroplites— bearing
»

beds in the Shaftesbury Forlﬂﬁiba in the Grande Cache area
(Thorsteinsson, 1952), the Lope Mountain area {(McLearn and

Henderson, 1944y, and on Peace Biver below Hudson Hope

v g
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JMcLearn, 1944b) . The Sikanni FPormation on the Sikanni Chief

River also contains Neogastroplites (Mclearn, ibid.).
Cruiser Forpatiop

Although no index fossils have been reported from the
Cruiser Formation, its age can be inferred as latest Albian
to late Early Cenomanian. The underlying Goodrich Formation
cont;ins the Neogastroplites fauna of Late Albian age, and
the overlying Dunvegan Formation is Cenomanian. The Cruiser
Formation has been correlated with the Sully Formation of
northeastern British Columbia (Stott, 1968, pP- 103). The

lower SulIy,{Fornation in the Sikanni Chief River area wvas

designate® as the stratotype of the Haplophragmjum swarepni

Subzone of the Upper Albian Miliammina papitobensis Zone
(Caldwell et al., 1978).

CORRELATIVES OF THE HASLER FORMATION

. ot

The discové;y of the Haplopbragmoides gigas fauna in

the HMasler Formation permits its correlation with a number
of rock units in the western Canadian plains and in the
United States. This section is included to show thé faunal
content and lithologies of these equivalent units. FPigure 8

shows the inferred relatigonskips of the units discussed.
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Ihe Jeoli Fou Formation

The Joli Fou Formation is a widespread blaék shale
occurrin§ in east-central Alberta and Saskatchevan. It is
bounded above by the Viking (Pelican) Formation and below by
the upper beds of the Blairmore Group (Grand Rapids
Formation in northeastern Alberta and Saskatchewan). 1In
Alberta, the Joli* Fou Formation varies in thickness fron
about 15-40m and is about 35m thick on the Athabasca River
(Alkerta) at the type section for the Haplophragmoides gigas

Zone (Bahan, 1951).

Bahan (1951) recovered an extensive suite of arenaceous
microfauna from the Joli PFou Formation in north-central
Alberta. His studies form the basis of the Stelck et al.
(1956) definition of the Haplophragmoides gigas microfaunal
zone in Alberta as coextensive with the type section of the
Joli Fou Formation. H. giggs itself occurs only in the basal
part of the zone (Bahamn, 1951) aver a distance of about 20m.
Thus, part of this section correlates with the "Attachie"
section (this study). These sections are separated by
several hundred kilometers distance and are found on

*

opposite sides of the Peace River Arch.

In'Saskatchevan, the Joli Fou Pormation underlies the
Southern portion of the province and probably extends infe
southwestern Mapitoba (Guliov, 1967). It does not outcrop in

the province. As in Alberta, the Joli PFOu Pormation is

N - ¥

’?
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’
overlain by the Viking PForsation and underlain by the
Mannville Group (Blairmore). The base of the Joli Fou
Formation in west-central askatchewan south to Swift
Current is characterized by sandy beds known as the Spinney
Hill Mesmber. This lithologic change probably represents the

deltaic deposits of an Albian river with its source in the

Precambrian rocks to the north (Edwards, 1960).

Guliov (1967) divide& the H. gigas microfaunal zone in

-

Saskatchewan (co-extensive with the Joli' Fou Formation) into
2 faunal subzones: the jApmopargipulipa asperata Subzone and
the Miliammina sproulej Subzone. H. gigas characterizes both
of these subzones, -but the upper subzone contains only
smaller specimens (probably indicative of more favorable

environmental compnditions).

Guliov (1967) found that the following species were

restricted to his (lover) Ammpomargipulipa asperata Guliov

Subzone:

Asmomargjpulina asperata Guliov
Ammobaculites petilus Eicher
Ammobaculoides phaujus Loeblich and Tappan
Haplophragmoides uniorpis Eicher
saccammina sp.

Common to both subzones are:

Baplophragmoides gigas Cushman

H. kigpki Wickendon

BE. lipki Nauss

caudryipa bectori Nauss

Asmobacuylites fragmeptarjus Cushman variety
A. euides Loeblich and Tappan

A. tyrrelli Nauss

A- SP.
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Ampobaculoides whitpeyi (Cushman and Alexander)
A. Sp.

Saccammina cf. alezanderi (Loeblich and Tappan)
Appodiscus anthosatus Guliov

A. Sp.

A.- kiovwepsis Loeblich and Tappan

Hippocrepjina sp-

Uvigerinapsina cf. mgpitobensis (Wickenden)
Ammopargipuliva sp-

Trochamnipa depressa Lozo

Bathysiphon cf. vitta Nauss

The upper or Miliammipa sproulei Subzone contains the

following forms in addition:

Reophax 3 spp. (see Guliov, 1967)
Miliampming sproulei Nauss

M. manitobensis Wickendon

M. inflata Eicher

M. igchpia Tappan .

Psampipopelta sp-

Hedbergella sp-

Glowospika tortuosa Eicher

Flabellampipa cf. magna Alexander and Smith

It is this assemblage that correlates best with the

“"Attachie”" section. o

The Buckipghorse Formation
.

The Buckinghorse Formation was given its pame in 1944
by C. Hage of the Geological Survey of canada. This term is
currently used to describe a thick (about 1000m) sequence of
marine dark shales that outcrop in the foothills of

northeastern British Columbia. Although the Jdominant
A0

lithology is shale, siltstones and sandstones are kfiown from
the middle of the Buckinghorse Formation, particularly to

the north. In the vicinity of the Tuchodi and Tetsa Rivers

X
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the formation «can be resolved into upper and lower shale
members and a amiddle sandy unit (Stott, 1967). These units
are prolkably lateral equivalents to the (ascendind) Garbutt,

Scatter, and lepine Formations of Kindle (1944) .

The Buckinghorse Formation is overlain conformably by
the sSikanni Formation (Hage, 1944) . The Buckinghorse
Formation 1is considered to be Albian on the basis of
macrofossil collections. Gastroplitid faunas were discovered
On Mason Creek Skm from its mouth on the Sikanni Chief
RiVer,' 8km west of the Alcan Highway crossing. The
Gastroplites fauna has been reported from the Buckinghor se
Formation in the vicinity of Tetsa River (Henderson, 1954).
There it occurs in the middle sandy nmember (Scatter
Formation . equivalents). This allows correlation of these
sandy beds to the upper Scatter Formation, the lower part of
the Boulder Creek Member of the Commotion Formation (Stott,
1968), and the Cadotte Member of the Peace River Formation.
Thus, the upper Buckinghorse Formation is a very close

€equivalent to the type Hasler Formation.

Although Bany sSpot samples from the Buckinghorse
Formation on Sikanni Chief and Buckinghorse Rivers vwere
picked for foraminiferids, Haplophragmoides gigas did not
occur. Many forms characteristic of the Verneuiling
capadensis subzone vwere noted, and specimens suggestive of
the "Attachie" suites were present. The spot samples were

protably too high in section and inclusion of any of these
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Samples in the H. gigas Zone impossible. About 300m- of
Buckinghorse section on the Sikanni Chief River remains
unexplored, and it is the writer's contention that the .

digas Zone may be found in those rocks.

Ihe Thermopolis sShale

Lupton ww) named this black shale after the town of
Thermopolis, Wyoming. Since he designated no specific type
Ssection, Eicher (1960) redefined the Thermopolis Formation
(most often called the "Thermopolis Shale" by American
geologists) to include shaly beds betwyeen the Cloverly
Formation below and t;e Muddy Sandstone akove. He further
subdivided the Thermopolis Formation into the following
units (from oldest to youngest): the rusty beds, the 1lower
shale, the @middle silty sﬁale, and the upper shale. It is

the microfauna of the ‘"upper shale" that concerns this

paper.

Eicher (15960) reports that arenaceous foraminiferids
occur throughout the "upper shale". His faunal list (with

modernizations added to the nomenclature) is as follows:

Ammobagulites euides Loeblich and Tappan
Ammobaculites fragmentarius Cushman
Ammobgculi tes obliguus Loeblich ard Tappan
Ammobaculites ilus Eicher )
Apmpobaculites subcretaceous Cushman and Alexander
Ammobaculites tyrrelli Nauss

ABapobacyloides phaulus Loeblich and Tappan
Ammobaculoides whitneyi (CUbshman and Alexander)
ABRRodiscus kiowepsjis lLoeblich and Tappan
ARmmoparginulipa cragipi Loeblich and Tappan
Gaudryinag capadepsis Cushman

Glomospira reata Eicher
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Glomospira tortuosa Eicher
Haplophragmeides gidas Cushman
Haplophragmoides lipki Nauss
Lityotuba sp.
Hiliammipna ischpja Tappan
Hiliammjna inflata Eicher
Hiliaamipa cf. M. sproylej Nauss
Bseudobolivipga variana (Eicher)
23CCanning alexapderi (Loeblich and Ta ppan)
8Bi03a subcircularis (Tappan)
I L3 depressa lozo
.~ Yerpeuilipgides kansasensis Loeblich and Tappan

The siniiarities wvith type Joli Fou material are
sufficient for a direct correlation. The coamon presence of
such species as: Ammobaculites fragmeptarius, Asmodiscus
kiowersis, Gaudrvina capadensis, Haplophragmoides gigas, H.

P

bki, and iliampina cf. M. sproulei certainly support

s b
[~ -~

is.
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. CHAPTER FOUR . C e
FORAMINIFERAL ECOLOGY -

Ecology of Livipg Foramjpiferids

Studies on the ecology of Recent foramirniferids have .
‘ “

become amore available in the last decade because of an
inCreasing interest in this field. This . development is
advantageous to micropaleontologists who have, in the past,
had very little sol{d data to aid in the reconstruction of
pPaleocecologies. The vork of Murray (1973) and the
Froceedings of The Pirst International Symposiunm on
Benthonic Foraminifera of Continental Margins (Schaffer and
Pelletier, eds., 1976) are particularly relevant to the

study of living benthonic foraminiferids.

A rather large pumber of factors affect the diversity

and abundance of living benthonic foraminiferids. Factors
lthat should be considered are:

1. Salinity. Normal marine salinity is considered by Murray
(1973) to be 32-37 parts per thousand. Obviously, salinity
is controlled by 3 main factors: the evaporation rate, the
rate at which fresh water is added to the system, and the
possibility of equilibgation vith nﬁrlal marine waters.
Bestricted and 1landlocked basins have little or no
communication with open nmarine conditions; their salinity
then depends on evafporation and/or addition of wvater. Soame

basins, for example the Baltic Sea (Murray 1973, p. 161),

“ie
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>
ihﬂow longitudinal salinity gradients and salinity depth
stratifications.
A . )
4
Bradshav (1957, ®1961) foun? that Ampopia beccarii
tepida (Cushman) survived at salinities ranging frén 2 to 67
parts per thousnd of normal sea salt. Optimus growth rate
vas achieved at salinities of 20 to 40 parts per thousand; a
chamber was added to the test every 2 days. Reproductién
occurred between salinities of 13 to 50 parts per thousand
Eith the optimum salinity being 20 to 40 parts per thousand.
Within this range reproduction occurred every 23 days.
Specimens that reproduced near the extreme limits for
reproductipn usually had larger tests and more chambers than
"norlalf examples.

3

o
2. lemperature. This factor is roughly equivalent to
latitudg.in its affect on foraminiferids. High latitudes
(equiv&%ent to low temperatures) tend to decrease the
ébversity ?f foxaminiferid populations. Marine temperatures

‘'are, of: wourse, affected by barriers to efficient thermal

» -

-ixihg'and the configuration of ocean currents in any given
area Geperally, hovwever, temperature affects both the
geoYraphic range of a given species and 1its Physiological

processes.

Bradshaw (1961) <conducted a series of experiments

dealing wvith 1lethal and reproductive temperatures. A

rotaliid, Anmopia  beccarji  tepida (Cushman) died at
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temperatures of 45 to 46° C. Specimens allowed to
aéclimatize in 35° C seavater for 26 days died at 42-43° C.
The same species had earlier 5een found by Bradshaw (1957)
to _renain alive at 10° C., but it was observed Fhat no
chambers were added. Also, the species was able to withstand
a temperature of -2° C. for up to 2 Mours. Reproduction in
A. beccarij tepida occurs between 20 and 32° C. with the
optimum at 25 to 30° cC. (i?id. 1961) . It wvas apparent that

the largest tests formed under the coolest conditions.

3. pEH. Relative acidity of water is undoubtedly an important
factor ccntrolling foraminiferal assemblages. Normal
seawvater (pH 7.8) is locally altered in restr{cted or
euxinic basins and unusual bottos conditions. Black muds are
often’ acidic due to the evolution of hydrogen sulphide in
anaerobic environments.
o 4

It vas shown by Bradshaw (1961) that Ammopia beccarii
tepida (Cushman) could survive for 25 to 75 minutes under a
pH of 2.0. He also noted, however, that the calcareous test
vas dissolved at sublethal acidic values without harming the
anisal. Upon return to nporsal mdrine conditions, a newv test
wés secreted. It is interesting to speculate that calcareous

benthonic foraminiferids might 1live under acidic botton

condjtions without their tests.

4. Depth- It has been known for many years that

fOtaliiif.rids are apparently depth controlled. However, the

ra

v ‘ e
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natdre of the relationship betveen assemblages and depth is
tar from clear. For example, Jextularia schenki Cushman and
Valentine occurs down to 180m in Todos Santos Bay (offshore
Ensenada, Mexico), froe 10 to 75m in the Gulf of California,
and from 55 to 90m off San Diego, Califormia. Other examples
(Murray, 1973, table 21) show much greater discrepancies and
deal with forms occurring as deep as 1500m. Clearly, factors
other than depth are involved. Depth is closely related to
such parameters as: pressure, light penetration, oxygen and
carbon dioxide content, temperature and pH;i Thué?;t:1§
impossible to state 'anything but general ggf;tiaaghigs
between foraminiferal assemktlages and depth alone.

’ L 4

5.‘ Substrate Types. Living benthonic foraminiferida live
either ir unconsolidated sediments (near the water/sediment
ipterface) or on solid rocks, plants, or algae. Of those
that live in sediments, both the infaupal and epifaunal life

-

modes are represented. ‘\L*g: foraminifera are clegrly
B4 w | 3 1.( {. ’wv'. V’
affected by turbiditw, turbulence, rate of sediment

deposition and the chemical® nature of the sediments.

Since foraminiferids are not capable of 1life in
anaerobic conditions, Qxygen penetration of the sediment is

an important comnsideration. Indeed, a few deep basins such

»*

as those of the Baltic Sea may not support foraminiferids at’

N
all (Lutze, 1965). In normal marine muds an oxidized surXace

layer extends for some distance below the sediment/w ter

ipterface. At some depth below this, reducing conditions are

. -

A

. 4";‘



encoun®ered within which foraminiferids camnnot 1live. Sandy
sediments harbor foraminiferids to a greater depth than
muddy deposits (Boltovskoy, .1966). He concluded that this
relationship was due to the better circulation and hence
improved oxygenation one would expect im coarser sediments.
The same worker found rare living foramiiferids at depths‘of

up to 16 cmpe

Most benthonic foraminiferids extend pseusopodia into
the sediment (infaunal) or upon the sediment surface
(epifaunal) in order to feed. Clearly, in an area of active
deposition the animals must constantly move up through the
sediment to Aavoid being buried too deeply.‘Myers (1943)
concluded that up to 80% of the indiwiduals of Elphidium
¢rispum (Linne) 1living in Plymouth Sound, England, in the
subtidal zone are killed by burial in sediment mobiliZé&d by
vave and current action. Thus, an area of extremely high >

sifedi-entation rate and poor?oxygenation might support few or
'"rno terthonic foraminiferids. Also, dead assemblages composed

primarily of killed individuals may show éignificant

differences from normal populations in wvhich @most
individuals evacuate their tests as a consequence of
reproduction. &~

§
\
Foraminiferids 1living in the wave zZone must resort tp

4
special techniques in order to survive. The majority of
species find shelter in crevices and seaveelds, but some

types may cement thelsel‘fs to so0lid substrates or even
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simply cling to the sediment with their pseudopodia.

6. Egod Availability. This factor is. important to
paleontology because of the relationships betwveen growth
rate and test morphology. Bradshawr(1961) fed population! of
Amponia beccarii tepida (Cushman) varying quantities of food
ranging from nothing to concentrations 4 times that required
for a minimum growth rate. He found that starved specimens
did not add newv chamberg and a gradual vasting of protoplasm
vold;e was noted. Also, the latest formed chambers becane
enpty. As food concentrations were increased, however,
growth rates also increased and reproduction occurred mope

frequeﬁtly. Maximum feedings (4 times the food required for

s

a baseline growth ratlefWere probably not large enough to

shqy-ahy\effects of "o

v ~
e &5
Genegally'speaking, foraminiferids living in the photic
zone require a mixed diet of bacteria and algae for optﬁlun

grovwth and reproduction, and most foras are selective in

what they ingest. Very 1little is known about food
, 1

requirements and feeding habits of deeper water

foraminiferids.

7. Miscellapeous Factors. Schnitker (12%7) cultured
specimens of Triloculipa lippejapa d'Orbigny from a parent
stock originating in Largo Sodnd, Florida. The parents vere
0.65 gg“1.0ll long with ribs and 11 chambers. The offspring,

. [ 4
hovever, reproduced at the 4 to 5 chambered stage when the

L4
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test vas only 0.125am long. The empty tests after
feproduction were spiroloculine or gquinqueloculine; the
parents were triloculine. This study provides an example of
a foraninifer%i.reaching the reproductive stage before all
usual test characters found expression. The conclusion was
that favorable environmental conditions (in cul ture) enabled
reproduction (and bhence test evacuation) at an earlier
growth stage. Myers i19u3) found that populations of
Elphidiup crispud living in the subtidal zone of Plylou;h
Sound, England, vere 60% larger and had 40% more chambers

than populiations of the sanme sp.ies living in the

iizertidal zone. Thus, one might expect larger forms in

' 4
idal faces vhere wave action is reduced.

A ®
¥ «
The preceding disEd¥§}on has been presented in this

*
raper to help explaimr some lorphblogigal variations observed

in the present study. I{ is now cfear that nany?ngecie§~fhow ,
normal variations in test morphology reflecting differences
itlx the 1local environment. Other lorphologica{ vVariation
arises through deformity, or as a consequence of the
legalospLeric and microspheric foras resulting from the

norsal foraainiferal life cycle. sSuch variations are
P
understandably confusing to the pPaleontologist vwho deals

entirely vith fossil assemblages. There is little doubt that
\

.many fossil foraminiferal "species" are simply mRorphotypes

Y

of other, genetically identicgl, "species".

Ae
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\\ Environment of Haplophragmoides gigas

CrRe of tLke most perplexing probleég encountered during

this study involves the size of Haplophragpoides gigas. The"

name itself implies a large form, but omnly small specimens

- A
-

were encountered in this study (up to O.8mm). Cushman's’
original (1927) descriptjon notes sizes up to 2.2S5am fhe

average size of the thtachie" specimens is smaller, and

%ultinate
£

. The ibpreceding : discussion on m oraminiferal
-

they often contain fewer than 10 chambers ig
&

e

vhorl.

ecology leads the write ggest that the small forms of

H. gqigas .from Attéc v+ indeed, the smaller foras

described from the up Joli FoQu Formation and its

F 4 i . .
‘qu‘ivalents by Guliov, 1967, and McNeil, 1977) lived under

more ideal conditions than the larger typical forms. It has
been shown that specimens of j 1a beccari tepida that

reproduce near the upper or lovwer 1limits of tolerable
*

salinity tend to have 1larger tests with more chaabers.
» .
Cooler temperatures and lovw energy environments also tend to

encourage larger size. Could analogous borderline conditions
s VI -
tavour large,. many-chamsbered specimens of H. gjgas? It is

-

- the writer's opinion that both the small and large specimens

of H. gigas are ecific, and the largest specimens lived

™ ‘
under stress,/ conditions,  probably gquiet cool water with
subnoraal sai*;y._ A “deepening of the vwvater Bay have

initiated any or all of these changes.
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TEXTULARIINID ENVIRONMENTS

The species of foraminifera studied im this paper
belong exclusivély to the Textulariina. Although very little
specific ecological data are available on the$e forms,

Murriy' (1973, pP- 248-251) outlined sone general

environaental paraléters based on modern foras. The

following information was selected from Murray's vork for

its applicability to arenaceous foras:

-

-

Ammpobaculites -
Hyposaline' (<33 parts perr _ thousand), sediment
dwelling, temperate (?) to tro igal wvaters, hyposaline
marshes, lagoons, inner shelf.'y

“Muotiup g

Hyposaline to hypersaline (<33 p&rts per thousand to
>37 ppt), sediment dweller, water temperature 0-30° C.
depth intertidal to 10m, tidal marshes and hyposaline
lagoons, estuaries and enclofed shelf areas.

Crilrostomoidem . Q

Hyposaline (30 ppt), to"” normal saline 3-37ppt),
s sandy sediment substrate, temperature <15° C(C. (?),
depth 0-150m, shelf environment.
<

Cyclampipa
Normal marine, sSedisent substrate, temperature about
10 C., depth >100m, outer shelf andabathyal
environment. -

Salinity 20-37 ppt., sediment dwelling, arctic to

temperate climate, depth0-100r, inper shelf, enclosed
hyposaline shelf seas and lagoons.

Gaudryipa .
Normal marine, sandy sediment dweller, tenpé;ate
climate zone, depth 50-460m, shelf seas and upper
bathyal realn. .

Jadaamipa : _
Salinity 0-50 ppt., sediment dwveller, 0-30° C..,
© intertidal environagnts and tidal marsheg.
. N 7

~
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Salidity 0-50 ppt., iment dveller, temperature
range 0-30° cC., dept 0-10a, hypo8aline lagoons,
hyposaline to hypersaline tidal marshes.

Reopbax o _ ,
Normal marine salinity, sediment dweller, Arctic ta
tropical wvaters, depth 0-150m, shelf environment.

. . ,
Saccagmipa P o
. Salinity 32-36 ppt., sandy sediment dweller,
temperature <159 C., depth 0-100m, inner shelf
environsent.

Mi

3

Saphotextularia . - ° . )
Normal marine salinfty, nmuddy sediment substrate, <10°
C. (?), ?depth 150->1000m, deep outer shelf and
bathyal.

;§i~ Gdrlilf marine salinity, sandy sediment substrates,

Arctic to tropical waters, depth 50-640m, shelf and

upper bathyal environment, .

Y., .
Irochampina *

Group 1: Hyposaline to hypersaline waters, muddy
sediment substrate, t erature 0-30° C., intertidal
environment and tidal Warshes.

Group 2: NqQrmal marire salinity, sediment dveller,
cold to temperate waters, depth 0-2000m, shelf and
bathyal environments. ‘

The preceding environment: have to be used with caution
vhen applied to ancient asseamblages. It first must be
determined (if possible) whether the specimens to be studied
s;present a life assemblage (biocoenose) or a death
assemgblage (thanatocoenose). If the latter is indicateg,

transport of tests or other paost-mortenm changes may rendér
any: conclusions caspletely unreliable. Another important
concern involves the geological concept .of
uniformitarianism. Does a nmodern Miliaamipa live the same
life étyle as an ancient one did? The vriter intuitively

believes that this sort of uniforaitarianisa can be applied
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in most cases. However, anyone familiar with proPlens of
foraminiferal taxonomy would concede that parallel evolution
occurs in this group. The possibility of similar morphotypes
evolving from genetically unrelated ancestors is also
significant. If these processes hag occurred, it would be
unsate to assume that the forms involved would occupy

identical env%ronnents.

Environments of Studied Assemnblag@es

- >

; o

. Thi tion deals with an attempt to assign an
;W a p 9

»* Jgppropriate emvitonment to each of the "Farrel", "Attachie",

and "Has*ﬂiﬂ sections. Only rspecies vith 100 or nmore
individué)&ﬂj&r~section are used. This has been done to
prevent« s‘“ll numbers of exotic or transported species from
aftectlng the overall environmental interpretation.
(Transport of tiny tests into deeper water by wave action is
likely possib¥f). Murray's (1973) environmental parameters
are uséd. It should be reiterated that wuniformitarian

concépts are heavily relied on.

. @
farrel: species with over 100 specimehs

Ihurammjnoides cf. septagopalis Chamney
Pgammjpopelta bowsheri Tappan
Haplophragmojides cf. gjilbe¥ti Eicher
Haplophragmoides sp.-
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ipterpretation: This assemblage is primariﬂ& composed of
species of Ammopaculites, Haplopbragmoides. Esaapipopelta,
and Trochammpina. Ap abnalogous assemblage based on Murray's
(1973) environmental indicators might be composed of
Ammgbaculites, Cribrostopoides, Miliapmina, and Trochammipa
(group 1), A synthesis based on Murray's data dndicates that
f\? "far%el" section came from hyposaline waters, likely
representing the inner shelf, 1lagoon, o¥, tidal nmarsh
environments. Temperature was praobably 159 C. or 1less, and
the substrate was fine-grained, often turbid sediment. Thus,
it is possible that the "Farrel" sediments were deposited in
a relatively shallow, temperate, hyposaline basin of depth
not exceeding 150m (likely averaging 10-50m deep).

Attachie: Species with over 100 specimens

Psamkosphaera sp.
Saccammipna alexapderi (Loeblich and Tappan)
Rg.g ax cf. eckerpex Vieaux

Miliammipa ischnia Tappan
Miliampina manitobemsis Wickenden

Haplophragmoides gigas Cushman
Haplophragmoides cf. postis Stelck and Wall

Ammobaculites fragmeptarius Cushman variety
Haplopbragmjum cf. H. svareni Hedinger and Stelck
irochasmipa rutherfordi Stelck and Wall
Gaudryina capadepsis Cushman

Gravellina cf. champeyi Stelck
Gravelling sp.

Ipterpretatiop: The geéhera represented in the previous %ist
can be compared to the following asseablage from Murray
(1973) : Ampobaculites, Ammotium, Cribrostopoides, Edgerella,
Gaudryipa, Hiliammipa, Beophax, Saccammipa, and ZIrochammipa

(Group 1). Again, a hyposaline environment is implied,



although there were likely frequent reversions to near-

-

normal salinity. The presence of Gaudryipe. Reephax, and the

Edgerella-like Gravellipa 1mply deeper vwater than the

"Farrel" samples. The sea was probah;y“ often deepe? than
100w, and likely exceeded 150m for significant periods of
time. The «climate was j[robably «cool and temperate in
"Attachie" time. This section displays an assemblage one
could expect fronm siightly deeper and saltier waters than

those implied by the "Farrel" samples.

L]

Haslel: Species with over 100 specimens

~ dyperapping sp. ®
Miliapmipa ipflatg Eicher
Miliapmina panitopepsis Wickenden
Eaplopbragmoides Jinki Nauss
iaplophragmoides cf. postis iStelck and Wall

Amnobaculites fragmentarius Cushman vari
Amaobaculites cf. tyrrelli Nauss

* 8

Wpterpretation: This assenblage”gzn be compar;d to the sanme
environnental-indic;ting species (Murray, 1973) used feor
’interpreting the "Farrel" environment. Again, a very shallow
byposalire basin is indicated. Climate was cool temperate,
and depth was usually 5-25m with deeper periods not
exceeding 150m.

Congclusjon: All 3 sections studied confain only arenaceous

foraminiferids. Of the 3, the "Farrel" is the least diverse.

The "Hasler" section is next 1in increasing order of"

diversity, and the "“Attachie"™ has the most foras. The

"Hasler" and "Farrel" sections appear to represent a more

»
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restricted, shallover, and less saline environmernt than the
"Attachie". The extremely depauperate "Parrel" suite may
reflect a more poisonous botto; condition than the similar,
bdf more diverse "Hasler" foras.
N
The general environment of all 3 sections can be
summarized as a cool tempaxate, shallow (5-150a.),

restricted basin with reducing conditions not far below the

sediment-water interface. The "Farrel" and "Hasler"
assentlages reflect shallowings of the sea while the
"Attachie" section probably represents a returmn to more

normsal marinre conditions (deeper and more saline).

’

Note on pPost-mortem Chapges:
All samples examined in this study are either
decalcified assemblages, or they never contained calcareous

Foraminifera at all. If it is assumed that the forsmer

.condition was indeed the case, post morten changes involving

the solution of tests must have occurred. Rgadshav (1968)
and Murray (1973) reported that altbough calcareous foras
are usually present (wvhile 1living) in tidal marshes and
other restricted waters, they are not alvays present in
sediments within the same body of wvater. Bradshaw (1968)
estimated tbhat one day at pH. 5 would pppbably be sufficient

to destroy unoccupied calcareous tests. Marshes are often wg‘
PR
Y
¥

or below this value fér at }jeast part of the day.

.
A ¥ 3

>
s

P )
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In the studied assemblages, the presence of species of '

Miliampins and genera of the Textulariidae and .
Ataxopbragmiidae indicate deepgr' Gater than typibal salt
marshes. It 1is very passible, ‘hovever, that.the samples
represent decalcified shelf and or lagoon ’asselblages. The
regu}red acidity «could bave resulted from gJgeologically
ﬁnonentary" excursions to shallow, wmarshy wvater or

bydrogen sulphide generated in the sediment as a result o‘

euxipic conditions. No pyritized steipkerns of cdcareo'

foraminifers have been recovered, hovever.
MODEEN ANALOCGUES TO THE HASLER SEA

In ede time of Hasler deposition, northeastern British
Columbia f;as inundated by wvaters that amust bhave Dbeen
sktallow, hypasaline, and relatively cool, The best modern
exqeeles ;f sucg an epviropment probably inclugde Hudson;s
Bay arpd the " Baltic Sea. On a smaller scale, similaf)

epvironments are wlso found in wmodern lagoons, estuaries,

and sope deltas.

In modern assesblages, milioclid forms are absent or
rare in environments (such as those in the preceding

paragraph) vhere salipities are sub-pormal. Murray (1968)

showed that Qginggglgggling senildpys (Lione) lost control
of, its pseudopodlal act;vity xn hyposaline vater (30 parts
Tt Lo

‘per thousand or lesmy . He concluded that this vas the reasonm ,

that miliolids omnly colopnize 'hyposallne environments in



places vhere normal salipities prevail for at least part of
each day (e.g. estharies). He goeg further to postulate that
this mechanism accounts for the usual absence of miliolids

from hyposaline environments (Mur’&, 1973) .
/7
\

The absence of both rotaliids apd miliolids from the
assemblages étudied in this paper ‘;ndiédte that other
factors besides salinity controlled foraminiferal
populations. Lutze (1965) believed that solution of
cilcareous tests was occurring in the Arkona Basin of the
Paltic Sea. The same author noted etching of calcareous
tests (some still containing protoplasm) of foraminifera
from the Bornholm Basin, also in the Baltit. Thus some
comlination of 1low salinity with cool temperatures, high
pressures, amd abnormal bottom conditions may cCreate dead
assemblages composed exclusively of Textulariina. Another
factor contributing to the apparent lack of calcareous foras
irn. the Hasler Formation may involve dispersal wmechaaisas.
Foraminiferal di spersal still resains a amystery, and
s;udents of the subject are unable to explain vhy "blooas"
of a particular species occur in a given place at a specific
time. Arenaceous foraminiferids ‘lay have possessed soae
reproductive advantage that allowved colonization of  the

shallov, restricted Hasler Sea while contemporary calcareous

foras couldn't make 1it.
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STATISTICAL CONCEPTS COMMONLY APPLIED TCO FORAMINIFERIDS

Measuripg Abupdance

The webundance of foraminiferids in a sample can be
expressed 1in two general ways: absolute abundance and
relative abundance. Absolute abundance can be defined as the
total number of foraminiferids recovered, either per sample,
per slide (of picked specimens), or per gram of sediment.
The latter quantity, devised by Schott (1935), \is the
Foramiriferal Number, the total number of individuals (both
alive and deéd) found in one ygram of dry sediment. Relative
abundances afe usually expressed as the percentage of
individuals (assigned to a particular species) of the total
rumber of féfaminife;ids in ‘the sample. The abundance chart
supplied with this thesis (Appendix B, in pocket) measures
absolute abundance of identified specimens. Either the
Foraminiferal Number or the total number of foraminiferids
on the slide is stated for each sample. This helps to show
ﬁp differences in preservation (e.g. a high Foraminiferal
Nuaber and low specific counts would indicate poor

-

preservation).

Diversity

Many sathematical quantities have been devised for

-

" measuring the diversity of biological assemblages. A good

diversity index 1is one that takes all species present

(however rare) into account along with the total sample
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size. The Fisher alpha index fulfills the se criteria well if
the sample is not too large (alpha tends to increase at
large sample sizes if the number of species 1is held
constant). Fi’r, Corbett, and Williams (1943) defined the
alpha index as:

“a=N(1-x) /x wvhere N=total number of individuals

X=a constant such that 1>x>0
The wuse of the graph shown in figure 9 obviates the
calculation of alpha for every saaple.

In the akundance chart (in pocket); alpha bhas been
given tor each saaple confaining 100 or more individual
toraminifers in an attempt to show up any microfacies.
Suites with similar alpha indices and specific c;ntent might
tend to fornm sepaéate populations indicative of local facies
control. 1In this stwdy, no obvious microfacies are present,
tut a generally higher diversity is evident in the
"Attachie" samples than in the others. Diversity may prove
iocally useful as a correlation tool in cases where specific

content 1is inconclusive.

The low diversity of all the samples may also be a
consequence of the solution of all calcareous tests. Since
alpha indices as low as those observed are seldos obtained
in livi'; aseemblages one may readily sSuspect post-morten
changes. ' Further, totally arenaceous ljfe assemblages
showing sililgr geographical ranges to these fossils are

virtually unknown (as yet) today.
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SUNMHARY AND CONCLUSIONS =

The 3 asseablages described in thié thesis come from
shales of the Hasler Formation between the Gagtroplites and
Neogastroplites Zones. The lovest ("Farrel") section coaes
from the upper part of the Apmobaculites yepnonahae Subzone
of the Gaudryipa nanagshukensis Zone. The "™Attachie"™ suites
represent the upper Haplophragdpoides 49igqas 2Zone. The
youngest assemblage ("Hasler") is from the lowver part of the
Yerpeuilipna capadensis  Subzone of = the Miliammina
manjtobensis Zome. GagstropliWws cf. captiapus occurs just
below the Ammobaculjites vepopahae Subzone and
&ggggstrgpl;;gg“ggggi occurs in the upper part of the
Yerneuilina canadensis Subzone (fig. 6).

.

Figure 10 is a schematic cross-section over the Peace
River Arch showing the relationships of the Foraminiferal
faunas to the various rock units. It can be seen that the
occurrence in British Columbia of the H. gigas egquivalents
gpggg-the H. myltiplum fauna precludes any correlation of
the Joli Fou Formation to the Harmon Member of the Peace
River Formation. While this is clear,. it is still not
rossible to positively date the Vviking Pormation due to a
lack of diagnostic fossils. The "VYiking-Cadotte" controversy
cannot therefore be considered settled at this time. The new

evidence presented in this thesis, hovever, makes it seen

even less likely that the Vviking Formation is of

Gastroplites age. .
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The\pﬁtgpry conclusions made after this study are: (n

the fHaplophragmoides gigas 2Zone has bekn located for the

«

first file in northeastern British Columbia, (2) the Albian
. sea during H. gjigas time hﬁd connections vwith fhe Arctic,
vfro; vhere this form probably nigtatéd, (3) the Hasler sea
invaded northeastern British Columbia to a point near
pfesent-day Williston Lake <creating a '"Hasler zlbay;ent"
northwest of thelPeace River Arch kfig. 5), (4) the Joli Pou
Formation (containing the H. gigas fauna) and the Harmon and
Hulcross Members (containing the H. pultiplum fadna) are pot
equivalent (fiq. 10), and (5) environmental factors which
affect the gross.aspect and calcareous content of living
foraminifetal asseablages should be considered while

analyzing fbssil asseablages. .
2
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4 SYSTEMA?IC PALEONTOLOGY

J »

v

glgg&;{igg;ig_. The ?l’ssification scheme followed in this
thesis ig that wused by Loeblich and Tappan (1964) . The
descriptions use morphological terminology as defined by
Roeblich and Tappan (!960, p. C58-C65). The accompanying
illustrations are photographs of original camera 1lucida

dravings by the author.

§3£gtig:a2hig sections. A detailed distribution chart

showing the occurrence of species described herein is
contained in Appendix B (in pocket). Corresponding
Yithologic descriptions and sampled horizons of the
"Farrel"™, "Attachie", and”zﬂasler" sections are presented in
Appendix A. Appendix C is a cross reference of thesis
hypotype numbers and the sections de samples from which the

hypotypes were chosen.

-Dimensjiops. Normally, appropriate dimensions of 3 specimens
will be given in each description if enough examples are
available. A large and a small representative specimen of
each forl. is included. All dimensions will refer to the
maxisum of the specimen (i. e. the pazimym diameter).
Dimensions given will take the foram Length and Breadth (for
elongate foras), Dia;eter and Thickness (for enrolled
forms), or Length, Breadth, and Coil (applies to foras

initially eﬁlolled, later becoming elongate). . "Coil" nmeans
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the maximum diameter of an early enrolled portion (primarily
concerns jamobacylites and Haplophragmium). Dimensions of
other parameters (i. e. grain-size) will be given only vhen

considered diagnostically important.

Xype Lrepogitory. All figured and unfigured thesis "type"
gibtjleq-%ite stored in the Type Collectibdns, University of

Alberta. Figured hypotypes are denoted ﬁit

. — l{
Order FORAMINIFERIDA Eichwald, 1830 .'ﬂ

Subqgder TEXTULARIINA Delage and Herouard, 1896
Superfamily AMMODISCACEA Reuss, 186£
Family ASTRORHIZIDAE Brady, 1881 ;Q?
Subfamily RHIZAMMININAE Rhuambler, 1895
Genus aglhlngQQQ/Sars, 1872
Bathysiphon brosgei Tappan, 1957

Plate 3, figures 1-3

1957. Bathysiphon brosgei Tappan, p. 202, pl. 65, figs. 1-5

1962. Bi&h!ﬁiEhQB~ brosgei Tappan, Tappan, p. 128, pl. 29,
figs. 1-5

1968. pathysjiphop brosgei Tappan, Sliter, p. 39-40, pl. 1,
fig. 1

1969. Bathysiphopn brosgei Tappan, Mello, p. 40-41, pl. 4,
fig. 1

1970. Bathysipbhon brosgei Tappan, North and Caldwell, p. 13,
pl. 1, fig. 3

1971.. Bathysiphon brosgei Tappamn, Morris, p. 263-264, pl. 1,

/

{
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figs. 1-3 ) \
1971. agghlﬁipggn‘piggggl Tappan, Mello, p. C18-C19,ipl. P ,
figs, 7-9 : S
1972. Batbhysipbop Lrosdei Tappan, Sutherland and sStelck, p.
568, pl. 1, figs. 1,2 R

1975. Batbysipbon brosqdei Tapéan, stelck, pl. 1, figs. 1-3
197S. Bathysipbon brosgei Tappan, North and Caldvwell, pl. 6,

fig. 2
1975. Bathygiphop cf. brosgei Tappan, Nerth and Caldvell,
pl. 1, fig. 1 - '
1977.'§fo1§i2h93 brosgei Tappan, McNeil, p. 127-129, pl. 7,

fig. 1

]

Description. Test free, small to large, elongate; a simpile
tube open at both ends, usually straight but sometimes bent,
transverse growth ridges <commonly present; wall finely

agglutinated, smoothed with much cement; roupded openings

are present at either end of the tube.

Iypes apd occurrepce- B. Dbrosgei is confined to the

"Attachie” section of this study and is never very CORRON.

Thesis hypotypes are: A1*, A2%, A3*, and A4.

Dimensions:

Length Breadth

Hypotype #A1* 1.04 mm 0.28 anm
A

Hypotype #A2* 1.02 nnm 0.20 mm

Hypotype #A3* 0.72 mnm 0.18 am
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»

Bemarks- Although originally dqscringj’ftOl Al#ian  to
Campanian rocks in_Alaska YTappan, 1962), this species has
been observed in lan} rocks ranging in ;go. fros Albian to
uaeataichtian. Sutherland and Stelck (1972) recorded it from
late Albian rocks in the Moberly Lake area, northeastern
British Columbia, and Stelck (1975) idontifiﬁi//it Iﬁ//:;e

Buckinghgrse Pormation -on the Sikanni Chief River, British

Columbia. North and Caldvell (1975) noted this species (as

B- DbEesgei and PB. cf. Dbrosgei) in Albian-Maestrichtian

sequences. in Saskatchevan and Manitoba. Morris (1835

L

recorded it in late Cretaceous rocks in Colorado and Sliteg\

(1968) recovered this specles from the Campanian-
Maestrichtian Rosario Formation in southern California and
adjoining Mexico.
e

In this study, B. Dbrosgei is distinguished from B.
yitta by its smaller size and its greater tendency to show
growth constrictions and 1rretharities. ?Hyperasmipa alpha
(this study) is distinguished froms the present form by its
thinper wall, normally smaller diameter, and the closure at

»

initial end of the test.

Bathysipbon yitta Nauss, 1947

Plate 8, fi&ure 1

1947. pbathysipbop vitta Nauss, p. 334, pl. 48, ;ig. 4

'

1960. pBathysiphop vitta Nauss, Trujillo, p. 302-303, pl. 43,
figs. 2a,b
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i960. Bathysiphon yitta Nauss, Takayanagi, p. 68-65, pl. 1,

fig. 5 B}

1962. Bathysiphon Yitts Wauss, Tappan, p. 128-129, pl. 29,
figs. 6-8 . .

1963. Pathysiphon Yyitts Nauss, Grahas and Churc&, p..17-18,
pl. 1,.£1gs. la,b, 2a,b ']

1964. pathysiphop yitta Mauss, North and Caldwell, p. 10-11%,
pl. 1, fig. 1

1967. ﬁgihlgighgn Yitse Nagss, wall, p. 38-39, pl. 7, ftigs.
4-7 |

1968. Batbygipbop vitta Mauss, Sliter, p. 40-41, pl. 1; fig.
3" g //‘

1970. Bathysipbop vitta Nauss, North and Caldiéll, p. 13-1a4,
pl. 1, figs. 1, 2
1971. Batbysiphon yitta Nauss,“~Qello, p. C19-C20, pl. 1,
fig. 10 ) ' . :
1972. Bathysibhop vitta Nauss,’gtrong, p. 90, pl. 1, fig. &
1975. Bathygibhop yitta Nauss, North and cCaldwell, Pl. 6,
Cfig. 1 _ |
1977. Bathysiphon vitta Nauss, HcNeil, p. 129-130, pl. 7,
fig. 2 ®

Rescriptiop. Test free, 1large, elongate; composed of a
single tubular chamber :open at either end, usually
compressed due to crushing: wall f&irly thick, finely
arenaceous and smoothly finished with much cement; apertures

are simply the rounded open ends éf the test.
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Ixeas aRd 9oCCURKence. TAhis species occurs only in the
“"Hasler" smsection. It is pot abundant. Thesis bypotypes are:

)

‘5.' .6-‘90

4

Dimensions:
Length Breadth
N ) .
Hypotype #ASe ] 1.12 as 0.60 aa
Hypotype #A6 ' 1. 28 as 0.42 am

*

0.54 mp 0.42 am

/'

Bemarks. originally described fros the Lea Park Poramation

Hypotype #a7

(Caspanian of Alberta), this species has since been noted in
in teds ranging from Albian to Maestrichtian in age. It has

been reported from smost parts of western North A-erica.

'B. yitta bas been described frbs Albian rocks in Alaska
(Tappan, 1962), the Santonian Wapiabi fornatioh of Alberta
(Vall, 1967), and. froa Campanian-Maestrichtian rocks in
Saskatchevan and Manitoba (North and Caldvwell, 1975). Mello
(1971) found this spegies in Campanian rocks, of the Pierre
Shaie, Wyoming, and éttong (1972) noted it in the Coajiacian-
Santonian part of the Marias River “Shale also of ¥yoming. In
California and northvestetn‘Uexico it has been described in
beds ranging in age fron Tﬁronian to Caampanian (Trujillo,

1960; Graham and church, 1963; sli;:?, }E%S).

This species is distinguished in this thesis froa B.

brosgei by its larger size, generally amore robust nature,
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and shorter length relative, to width. The black coating

I

¢ mentioned by Nauss (1947) in his original desacription vas
e 4
observed ob only one specipen and is not here considered to

be of diaqno-tlc i:bortanco.
=
\ 4 \
Subfasily NIpPOCREPININAS Rhusbler, 1895

Genus Hirpocrepina Pltk.t, 187 CTJ/

dippockepina sp. A

Plo;o 1, figures 1, 2
Rescription. Test free, small, elongate to flask-shaped,
tapers tovard® aperture, faint growth éonstrictions or
incipient sutures may be visible, base wmay be narrov or
broad, dependimag on preservation as the normally Lpgerinq,
tube-like test may be crushed to an . inflated shape
reminiscent of lﬁggggljig‘ alexanderi; composed of a single
chalber,.not inflated; vall finpe to mediunm arenaceéus, golor
vbgte, orange or i-ber; aperture rounded, terminal, pfoduced
after a wvell defined constriction in the test.

r 3

Types ahd OGCULIeRcEe. This species is rare and appears/to be
confined to the "Parrel" section. Thesis hypotypes are: B1®,

-B3%, BS5, B6.

Dimensions:
Length Breadth
‘.Hypotype $B1* 0.46 nn 0.14 nm

\

Hypotype #B3* 0.44 nm 0.14 mn
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. Hypotype #BS O.44 nm 0.20 anm

Eg.arks. The present form is distinguished from Hi ppocrepina
~cf. barksdalei (Tappan) by its swmaller, nmore coarsely
agglutinated test. Also, Bippocrepipa sp. A does not have

such a pronounced taper away from the aperture.

ﬂ_inp_qs;ggzn_a sp. cf. H. barksdalei (Tappan), 1962

Plate 3, figures 4, S

196 2. Hyperampjinoides barksdalei Tappan, p. 129-130, pl. 29,
figs. 22, 27

N
Description. Test free, medium, elongate, often flattened by

crushing vhigh may cause a central depression; composed of a
single chamber with a flaring shape; vall finely
agglutinated and smooth, probably originally somewhat

flexible; aperture rounded, terminal, produced after a

slight con®triction of the test.

Iypes apd occurrence. This species 1is restricted to the
basal "Attachie" section. Thesis hypotypes are: B9s, .Cls,

Cc2.

Dimensions:
Length Breadth
Hypotype #B9x* 0.70 mam 0.30 am

Hypotype #C1x 0.54 mnm 0.28 manm
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Hypotype #C2 i 0.38 mm 0.24 mm
b}
Regarks. This species conforas generally with Tappan's
(1962) diagnosis for H. barksdalei. Her diagrams (1962, pl.
<9, figs. 21-27) seem to include several forms~which may

represent more than one species. Figures 22 and 27 are

identical with the present species.

Genus Bige;gunigg Brady, 1878
’
?Hyperaamipa sp. alpha
Plate 1, figures 3-5; Plate 3, fiqures 6, 8; Plate 8,

figures 2-9

Description. Test free, wmedium, elongate; composed of a
single tubular chamkter closed at one end and of ten separated
into two portions by a more or less pronounced constriction
or incipient suture, only rarely is there a "bulbous
proloculus"; wall finely agglutinated and smoothed with much
cement; aperture rounded, tereinal, often preceded by a

faint constriction in the test.

Iypes and 9ccurrence. This species occurs in all the sampled
sections but is nowhere very common. Thesis hyfpotypes are:
C3*-Cb*, C9%«, D1, D2, D3%, DU, D5%, D6, D7%*, D8, DO =*, E1l,

E2*, E3%, E4-E6.
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Dimensions:

Length Breadth
Hypotype #Cu=* 0.68 mnm 0.24 nm
Hypotype #D7%* 0.44 nm 0.16 mm
Hypotype #E3* 0.32 nm 0.26 nm

kemarks. This species was first thought to belong to the

genus Bathysiphon but was later transferred to Hyperammina

vhen it was noticed that unbroken examples were rounded at
one end and open at the other.
~
\Qmis species only seldom appears to have two chambers
({the first being the proloculus) and therefore may not fall

4

within Hyperapming sensu stricto.

Family SACCAMMINIDAE Brady, 1884
Subfamily PSAMMOSPHAERINAE Haeckel, 1894
Genus Psapmosphaera Schulze, 1875
Psaemosphaera sp.
Plate 1, figures 6-8, 11-13; Plate 3, figure 7; Plate 8,

figures 10-13 k

1958. Saccampina sp. Stelck, Wall, and Wetter, p. 31, pl. 4,
fig. 11

1971. Saccaseipa sp. Given and WwWall, p. 522, pl. 2, figs. 8,
9

1972. Saccapmipa sp. C Sutherland and Stelck, p. 560-562,

Fl. 1, fig. 9
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Descriptiop. Test free, tiny to small; composed of a single
chasber, globular to ovate, commonly with a central
depression due to crushing; wall fipnely agglutinated,
sEooth, thickness not deteramined; no aperture observed.

Types and occurrepncé. This species occurs throughout the
three sarpled sections but is génerally rare. Thesis

hypotypes are: E9*, F1-F3, Fu4*-F9%, G1%, G2, G3%*-GS%, G6-G9.

Dimensions:

Length Breadth
Hypotype #E9%* 0.20 mm 0.18 anm
Hypotype #F6* 0.40 mm 0.30 am
Hypotype #F8% ‘ 0. 18 mnm 0.18 mm

Femarks. The present species was reported by Stelck, Wall,

and VWetter (1556) from the "St. John Shale", the Dunvegan
Forration, and the Shaftesbury Formation of Alberta. Given
and WwWall (1971) recorded it from the Bearpaw Formation of
Alberta and Sutherland and Stelck (1972) identified it in
the Neogastroplites zone near Moberly Lake in northeastern
Eritish Columbia. ‘
L4

This tiny foraminifer is ©present in many of the
Cretaceous rocks of the western interior of Canada. It has
previously been assigned to the arcellinid "thecamoebian"
genus  CYClOpyxis (Leptodermella) ., or to the genus
Saccampipa. It fits nicely in the genus Psammosphaera
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because of its definitely siliceous arenacecus test and
;pparentﬂlack of an aperture.
.

This species has been known for many years to the
micropaleontologists of the University ofA Alberta--in fact
it tufns up in some of the early theses, wusually as
Lkeptoderpella. The genus Psammposphaera is sufficientiy broad
to include tiny to mediuam forms without an aperture that

possess varying pseudochitin to sand ratios and grain sizes.

Subfamily SACCA MMININAE Brady, 1884
Genus Saccammipa Safs, 1864
Saccapmina alexanderj (Loeblich and Tappan), 1950
Plate 1, figures 9, 10; Plate 3, figures 9, 10; Pl#te 8,

figures 14, 15

1950. Eroggggiﬁgagigxgggg;; Loeblich and Tappan, p. 5, pl.
1, figs. 1, 2 '

1955. Proteopipa cf. 2.. alexanderi Loeblich and Tippan,
Stelck and Wall, p. 52-53, pl. 1, figs. 5, 6

1960. Saccammipa alexanderi (Loeblich and Tappan) , Eicher,
p- 55, pl. 3, figs. 1, 2

1963. Saccasmina alezanderi (loeblich and Tappan) , Crespin,
p- 20-21, pl. 1, figs. 10-12

1965. Saccammipa alexapderi (Loéblich and Tappan), Eicher,
p- 891-892, pl. 103, fig. 1

1967. Saccammipna alexanderi (Loeblich and Tappan), Eicher,

p. 180, pl. 17, fig. 1
/
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1967. Saccampmipa cf. galexapnderi (Loeblich and) Tappan),
Guliov, p. 16-17, pl. 1, figs. 3a,b

1967. saccampipa cf. §S. alexapderi (Loeblich and Tappan),
wWall, p. 40-41, pl. 8, figs. 16, 17; pl. 14, figs. 17,
18

1970. sSaccapmipa alexapderi (Loeblich ahd Tappan), North and
Caldvell, p. 14-15, pl. 1, g&g. 6

1970. Saccamepipna alexapderi (Loeblich and Tappan), Eicher
and Worstell, p. 280, pl. t, fig. 7

197 1. Saccappipna .glgxgggggi {(Loeblich and Tappan), Morris,
p. 264, pl. 1, figs. 4, S5

1972. Saccammina alezxanderi (Loeblich and Tappan) ,
Sutherland and Stelck, p. 558-559, pl. 1, figs. 3, 4

1975. Saccapmipa alexanderi (Loeblich and Tappan), Stelck,
pl. 1, figs. 21, 22 )

1975. Saccammipa alexanderi (Loebldich and Tappan), North and
Caldvell, pl. 1, fig. 4; pl. 6, fig. 6

1977. saccaapipa alexapderi (Loeblich and Tappan), McNeil,
p- 134-135, pl. .7, fig. 8

_ )

Description. Test free, small to large, most often mediunm

sized; composed of A single chamber that is often pyriform-

or flask-shaped, usually compressed secondarily by crushing;

wall thick, wusually coarse to very coarsely agglutinated,

typical grain-size (hypotype #H5*) is .0171-.08mam; aperture

rounded, terminal, froduced on a short neck.

Iypes apd occurrence. This species is common throughout the
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"Attachie" and "ﬁksler" sections. It is present, but rare,
R4

in the "Farrel" section. Thesis hyfpotypes are: B2%, Bus, B7,

-,

'B8, H1%, H2¢, H3, H4, HS*, H6, H7, HB®, HI.

A

Dimensions:

Leng th Breadth
Hypotype #Bus . ;0.&2 am 0.20 am
Hypotype Qﬂl} 0.52 nn 0.38 nnm
Hypotype #HB8* ) 0.38 ,}, 0.30 anm

Remaprks. Extremely simple test morphology makes it possible |
for the stratigraphic range of this species to extend fron
Albian to Campanian, the;eby spanning much of the
Cretaceoﬁs. It was first described by Loeblich and Tappaé
from the Kiowa Shale (Albian of Kamsas). Occurrences of this
species particularly relevant to this study include the
Cenonanian—Turénian Kaskapau ngﬁition of Alberta (Stelck
and ©Wall, 1955),_ the- Alkian Tiernopolis and Skull Cteek
Shales of Wyoxing (Bichéf; 1960) , the Cenomanian Graneros
Shale of Colorado and Wyoming (Eicher, 1965), the Cenomanian
BFelle Fourche Shale of Montana (Eicher, 1967), :he H. gigas
zone of Saskatchewan (S. cf. alexanderi of Guliov, 1967),
Cret;ceous rocks in the Poothills of Alberta (Wall, 1967),
the late Cretaceous Bearpaw Pormation of Saskatchewan (North
'and Caldwell, 1970), Albian rocks in northeastern British
Columbia (Sutherland and Stelck; 1972; Stelck, 1975), and

Albian-Cenomanian beds in Saskatchewan and Manitoba (North

and Caldwell, 1975).
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The present specie§ is. one of those formas that could
have evolved independently many times throughout its
stratigraphic range. The fora described by Irene Crespin
(1963) fron Austra}ia is‘~ morphologically identical to 3.

_alezapderi (sensu Loeblich and Tappan) but these foras may

well have derived fros different ancestral stocks.

Sascappipa latbrami Tappan, 1960

plate 3, figures 11, 12; Plate 8, figures 16, 19, 20

1960. Saccampipa lathrami Tappan, p. 289, pl. 1, figs. 1, 2

196.. Saccapmipa lathrami Tappan, Tappan, P. 129, pl. 29,
figs. 9-12

1964. Saccammipa lathrami Tappan, North and Caldwell,lp. 11,
pl. 1, fig. 3

1970. Saccammipa lathgami Tappan, North and Caldwell, p. 15,
pl. 1, fig. 4

1971. Saccampipa lathrami Tappan, Morris, p. 264, pl. 1,

-

figs. 6, 10

1975. saccapmima lathrasi Tappan, North and Caldvell, pl. 1,
fig. 5

Descriptiopn. Test free, mediunm, robust if uncrushed;
composed of a single chanber, originally inflated, often
vith a secondarily depressed éentral area due to <crushing;
wall oftern finely agglutinated, smooth to rough in texture;

- aperture rounded, terminal, produced on a neck that is often
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broken off.

Iypes and QCCULLeNnce. This species occurs abundantly to

Sporadically in the "Hasler®™ and "Attachie" sections. Thesis

hypotypes are: I1*, 12, 13%-15s, I6, 17+,

Diiensions:

Length Breadth
Hipqtype #I1x 0.66 mnm 0.46 mn
Hypotype #Ius 0.40 mn 0.46 ma
Hypoéype #17% 0.34 mm 0.30 ma

Bg!g£5§.' Criginally deséribed from Alaskan rocks by Tappan
(1960), this species has begn found to occur in northern
parts of the western interior of Korth America. It has been
reported  fgox t{e Lea Park énd Bearpaw Fornations of
Saskatchewan (North and Caldv;ll, 1964, .1970) and +the
Aibian—Cenonanian Lower Colorado Group and Ashville

Formation by the same authors (1975) ., Morris (1971) noted it

in the Upper Cretaceous Mancos Formation of Colorado.

McNeil (1977) points out that §. complapata Franke is a
very similar form and imrlies that 2. lathrami might be a
Jjunior synonys. They are here regarded as different forsas.
S. dathrami is a boreal form which differs from S.
copplanata in being smaller and in POossessing a definite but

shorter neck.
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Subfamily DIFPUSILININAE Loeblich and Tappan, 1964
Genus Thuramalpoides Plumder, 1945
ibyrapminoides sp- gf- T. geptagonalis Chamney, 1969
Plate 1, figures 15-18; Plate 8, figures 17, 18

¢

5

Description. Test free, usually mediua-sized, .with an ovate,

irregular, or polygonal outline (sometimes sided) ;
composed of a single chamber, probably original
‘§§pally distorted in preservation or Hi‘&} .
de\pxession; wall finely to mediunm arens, p

thick-valled (no specimens are squashed coipletely ‘flat),
grey to whitish in color, usually smo&thed with much cement;
aperture (s) not characterized (a few specimens possess

protruberances but it could not be determined whether these

bear apertures).

TIypes and occurrence. .This .forn occurs rapdomly in the
"Farrel" and "Hasler" sections. It is m;derately common to
rare and usually turns up in the coarse meshes. Thesis
hypctypes are: 18%, 19*, I19-I12, T114-116, I17%, 118%, I119-
121, I22%, 123%, I24-I26.

-

Dimensions:

Length Breadth
Hypotype #19% 0.66 o= 0.50 am
Hypotype #118% 0.56 nnm 0.36 mnm

Hypotype #I22* 0.66 mm 0.60 anm
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Bemarks. Cbamney (1969, p. 14, pl. 1, figs. 8-11) descrybed
i- septagopalis from the Lover Nember of - the Opper A

[

siltstone Division of the Mount Goodenough section,
Earremian 'of the Northwest Territories. Later, Stelck (1975,
pl. 1, figs. 11-13) figured this fora froa the Albian

>

Sikanni Formation, northeastern British Columbia.

The present form, T. cf. Septagopalis differs fronm T.
septadopalis sensu stricto primarily imn its increased
intraspecific variation. For example, T. cf. septagonalis is
only occasionally 7 sided and is often bighly distorted.
Several specimens found in the "Farre l" section appear ‘to be
< fused individuals. Whether ‘or not this confiquration
represents "fossilizea pPlastogamy" is, of course, a matter

of pure speculation.

Family AMMCDISCIDAE Reuss, 1862
Subfamily AMMODISCINAE Reuss, 1862
Genus JApmodiscus Reuss, 1862
ARBodiscus kiowepsis Loeblich agd(Tappan, 1950
Plate 1, figures 14a,b; Plafg 8, figure 21

1950.'Ll!gg;§gg§ kiowensis Loeblich and Tappan, p. 5-6, pl.
1, figs. 3a,b

1956. Apmodiscus kjowensis Loeblich and Tappan, Stelck,
wWall, Bahan, and Martin, P- 25, pl. 5, figs. 16, 17

1960. ;glg;utzgg kiowensjs (Loeblich and Tappan) , Eicher, p.
55-56, pl. 3, fig. 3
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1967. Ammodiscus kiowepsis Loeblich and‘}nppan, Guliov, p.
18, pl. 1, figs. 7a,D

1975. A¥modiscus klowepsis Loeblich and Tappan, North and
Caldvell, pl. 1, tigs. 7a,b

1977. Apmodiscus kiovepsis Loeblich aad Tappan, McNeil, p.
142-143, pl. 7, fig. 14

Rescriptiop. Test free, small, Planispiral and usually
‘flattenpd; cosposed of a proloculus (not observed) and a
long tubular second chamber wound planispirally abqat it,
initial coiling may be somewvhat unstable (but never
streptospiral); wvall finely agglutipnated, smooth; aperture
not observed, but in crushed specimsens the flatténed
termiral end of the second chamber may be visible

(presunably the remains of the rounded aperture).

iypes and gocurrence- A- Xiowepsis is very rare in all

~sections sampled. -Oﬁly 7 specimens were recovered. Thesis

~

hypotypes are: J1*, J2, J3, Juy=.

Dimensions:

<

Diameter Thickness

Hypotype #J1* ‘ 0.30 anm 0.04 nanm
Hypotype #J2 ' : . 0.32 am 0.06 anm
Hypotype #J4= 0.20 anm 0.06 manm

J

keparks. This species was first described f(sl the Kiowa

Shale (Loeblich and Tappan, 1950). It appears confined

*
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strictly to Albian strata and has been reported froa the
Joli Frou Prorsation of Alberta (Stelck et al., 1956) and
Saskatchevan (Guliov, 1967), the Thermopolis and Skull Creek
Shales of Wyoming (Bicher, 1960), Andutho Albian rocks of
the Lower Colorado Group and the Ashville Poramation in

Saskatchevan and Manitoba (North and Caldwvell, 1975) .

This species differs from A. plapus Loeblich and J.
RaDgusl (Tappan) 4in being wmore loosely planispiral with
tendencies to adopt a Glomospirella-like Sabit. In their
original description, Loeblich and Tappan (1950) state that

although A. kiowepgsjs resembles A. gaultipus Berthelin, the

.kansas form is smaller and has a thinner coil.

2ABmodiscys sp.
Plate 1, figures 19, 2

Pescription. Test free, often medium-sized, discoidal and
flattened; composed of a proloculus (not observed) follo;ed
by a second, gradually expanding tubular chamber wound
Planispirally about the first chamber; wall fine ‘to medium
agglutinated, smooth or rough, color usually pale amber;
aperture is the simple open end of the tube. £

r'4

Iypes gﬁn occurrepce. This species was found in the "Parrel"”

section. Only 4 easily identifiable examples were recovered.

Thesis hypotypes are: J8%, J9*, J10, J11. N
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Dimensions: .

Diameter Thickness

Hypotype 0J8¢ 0.56 an 0.06 anm

Hypotype #J9e 0.76 am 0.10 na

Hypotype #J10 : 0.60 gm 0.2 =mnm
o

’

kenarks.. The present fora bears a resesblance to A
&19& \US Loeblicﬁ and Tappan but it could not be assigned
to £Ahat species with certainty because of ,poor preservation.
Loeblich and Tappan's fors wvas described fros the Abjian
balout Clay of oOklahoma (1949). It has also been found in
Albian rocks from Alaska (Tapp#n, 1962). Since the present
tors is Albian in age, it is possible that better preserved

specimens might be referred to j}. rotalariug.

Genus GlomOspira Rzehak, 1888
Glopospira sp. cf. G. reata Eicher, 1960
<)
Plate 8,“\figures 23, 2u

{

®
Rescriptiop. Test free, amedius, flattened, early portion'

cojled streptospirally, later becoming almost planispiral,
tending to include early whorls within the plane of the last
2 whorls (which are loosely planispiral); tubular second
Chamber slowly expanding at first, increasing rapidly in
diaspeter over the last Z—?horls; suturesg depressed, distinct
to indistinct; wvall aqglutinateq, medium grained, may be

¢ "
somewvhat rough; aperture is the simple open end of the tube.



iypes anpd currence. This species occurs in the "Hasler"

section. Only 2 specimens were recovered. Theslis hyFpotypes

-

are: J6*, J7*. -

S PN .
Lﬁ*'olnen51ons:
-t

Diameter Thickness

'Hypotype $J6% 0.36 mnm 0.12 mm

‘ Hypotype #J7%* - O.44 mam 0.08 mm
Remarks. The present species resembles closely G. reata
Eicher in size, texture, and general shape. It has not been
definitely assigned to Eicher's species because of poor
preservation and limited material. The present spec?es is
the only‘ streptospiral enrolled ammodiscid noted in this

>

study.

Superfamily LITUOLACEA de Blainville, 1825
Family HORMOSINIDAE Haeckel, 1894
Subfanily HORMOSININAE Haeckel, 1894
Genus Reophax de Montfort, 1808
Beophax sp. cf. B. eckerpex Vieaux, 1941

Plate 3, figureé 13, 14; Plate 8, figures 25, 26

Descriptiop. Test free, large, robust, and elongate;
chambers arranged 1in wuniserial fashion, numbering 1 to 3
post commonly, rarely numbering 4, increasing very vrapidly
in size; sutures usually indistinct, meandering somewhat,

often constricted; wall coarse to very coarsely
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agglutinated, cement appears to incorporate Bmany sSmall.
silica particles; aperture terainal, produced om a stout,

well defired neck,

Iypes and Qccurrepce. This species 1is found in both the
"Attachie™ and "Hasler" sections. It is moderately common,
appearing mostly in the coarse scree’nings. Thesis hypot ypes
are: J12#%, J13*%, J14, J15, J16x%, J17=, J18, J19.

.

Dimensions:

Length ~ Breadth
Hypotype #J12% 0.96 mnm .35 nmm
Hypotype #J13% 0.70 o -0 mm
Hypotype #J16x% 0.80 mn - .2 am

kemarks. R. eckermex was described by Vieaux (1%41) from the
Lover Cretaceous Denton Formation of Texas. The present fora
differs from R. "‘eckerpex in having a much shorter neck and
(usually) one less charber. Also, the "acorn'" appearance
mentioned by Vieaux in his original description 1is not as
vell developed in the present form. R. sikapniepsis Stelck
is another species comparable to the present form. Stelck's
forr, however, has a peculiar build-up of cement aﬁout the

Leck and a hooked (sidewvays-pointing) aperture.

This species is easily distinguished in the study area
by its 1large size, its coarse arenaceous texture, and its

Cchambers which rapidly increase in size. One chambered

’



° : 113

individuals (probably juveniles) are assigned to saccammina
aleyanderi in this thesis unless circumstances favour

Placing them in the present genus.

Family RZEHAKINIDAE Cushman, 1933
Genus Mijliammina Heron-Allen and Earland, 1930

Hiliammipa ép- cf. M. awupensis Tappan, 1957
Plate 3, figures 15a,b; Plate 8, figures 27a,b

1962. Miliamipa awunensis Tappan, Tappan, p. 159-160, pl.

3€, figs. 20, 21

1975. Miliammipa awunensis Tappan, Stelck, pl. 1, figs. 29,

R a1}

30, 33-35

Description. Test free, medium to large, elongate, composed

c+

of tubular chambers wound in quinquelocuiine fashion;
charbers long, narrow, fairly uniform in diameter, each a
half whorl in length; sutures distinct, depressed, may be
fairly +thick; wall finely arenaceous, smooth; aperture is
the simple open end of the terminal chamber which often

prochts beyond the outline of the test.

lypes and occurrence. This species is present in both the

"Hasler" and "Attachie" sections. It is not common. Thesis

hypotypes are: J34*, J35-J37, Ju8#%, Jug.
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Dimensions\ , o
Length Breadth

Hypotype #J3u% /' 0.72 mm 0.28 mm
Hypotype #J35 - 0.62 mm 0.30 om
Hypotype #Ju8= 0.58 mm 0.32 mm

BEegpgysas. The present species 1in its strict sense was
described. from the Albian Grandstand, Tuktu, Topagoruk,
Torok, and Chandler Formations of Alaska (Tappan, 1957) . It
has since been geported from Abian rocks in Alaska (Tappan,
196 2) and from the Miliamming ®manitobensis zone in

northeastern British Columbia (Stelck, 1975).

Tappan (1962) figured 5 specimens assigned to M.
awupnepnpsis. The forms recovered in the present study are
similar to 2 of these figured specimens, both of which are
paratypes (Tappan, 1962, pl. 36, figs. 20, 21). The holotype
of M. avupepsis does not appear to belong to the present
group. Wickendem (1932) described M. manitobensis, a fornm
almost identical to the present species. Wickenden's form,
however, is described from smaller specimens. The large,
elongate forms here assigned to M. cf. awunensis have been

‘,.
separated for potential ecoloéibal analysis. There may vwell

be a continuous spectrum of fores between the present

species and M. mapitopensis s. 1.
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{ Miliapmipa icflata Eicher, 1960

Plate 4, figures la,b; Plate 8, figures 22a,b

1960. Miliampipa inflata Eicher, p. 70, pl. 5, figs. 13, 14

1966. Miliapmina ischpia Tappan, Eicher, p. 21, pl. 4, figs.
5, 8 |

1967. Miliappipa ischpia Tappan, Guliov, p. 21, pl. 3, figs.
2a-c

1972. pMiliapmipa inflata Eicher, Sutherland and Stelck, Pp.
564, ple. 2, figs. 1, 2 .

1975. Miliapmipna ischpnia Tappan, North and Caldwell, pl. 1,

figs. 16a,b

Description. Test free, small, oval 1in outline even when

uncrushed, long axis of test may appear slightly twisted;
chambers medium length, tubular, inflated, may be widér near
the middle than at the ends, each one-half whorl ir: .ength,
vound in quingueloculine fashion; sutures distinct,
depressed, may appear to undulate in side view; wall finely
arenaceous, usually smooth; aperture terminal, rounded,

usually flush with end of test. @

1ypes apd occurrepce. M. inflata is found in the %Q:sler"
and "Attachie" sections in the finer screenings.‘\: is
uncoamon to rare. Thesis hypotypes are: J20%, J21-J24, Ju3*,

Juy-Ju7.
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Dimensions: ¢ &g
Length Breadth
Hypotype #J20% | 0.32 oo 0.20 mm
Hypotype #J21 0.40 mm 0.24 mn
Hypotype #Ju3% .o.3u ] ] 0.20 mnm

Rggg;;g& This species wvas originally described from the
ﬂgpigggggg!gigg§ gigas zone of the Thermopolis Shale in
Wyosing (Eicher, ]960). It has since been found in the
carlile Shale of Colorado (M. ischmia of Eicher, 1966), the
H- gigas zone in Saskatchewan (M. ischnpia of Guliov, 1967),

the Neogastroplites zone of northeastern British Columbia

-
(Sdtherland and Stelck, 1972), and the Lower Colorado Group
and Ashville Formation in Saskatchewan (M. ischnia of North

and Caldwell, 1975).

M. inflata closely reseambles M. manitobensis but does

not seem to be subject to the variation (particularly in
size) typical of the latter species. The present species |is
recognized by its small, inflated, ovate test (in three-
dimensional, undistorted examples) and its common habit of

appearing slightly twisted along the major axis.



' Miliapipa ischpia Tappan, 1957

Plate 4, figures 2a,b, 3a,b

1957. Miljiammipa ischpia Tappan, p. 211, pl. 67,.figs. 25,
26 o

1960. Miliamppipa sp. cf. M. sproulei Nauss, Eicher, p. 72,
pl. 5, figs. 17, 18

1’9‘6)2- Miliapmipa ischpia Tappan, Tappan, p. 160, pl. 37,

7 figs. 1-5 |

1965. Miljammina igschnia Tappan, Eicher, p. 893, pl. 103,

tigs. 4, S
1972, Miliammina ischnia Tappan, Sutherland and Stelck, p.

564-566, pl. 2, figs. 3-5

Description. Test fre%‘ small, elongate, sides sub-parallel

when uncrushed, intact specimens may be triangular or
guadrangular in cross—-section; chambers 1long, narrow, and
tubular, each ° one-half whorl in | length, wound in
quinqueloculine fashion; sutures distinct, depressed; wvall
finely agglutinated, usually smooth, often with a peculiar
white and brown coloration due to the mode of pr?servation;
aperture - obscured, ‘terminal on the ultimate chamber which

may protrude beyond the end of the test (simulating a neck)

or may be flush with the end of the test.

lypes apd occurrence. This species is found only in the
"Attachie" section. It is rare to fairly common and turns up

in the finer meshes of most samples. Thesis hypotypes are:
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J25#%, J26~328, J29%, J30-J32. .

Dimensions:

Leng th Breadth

Hypotype #J25% 0.30 om 0.08 am

Hypotype #$J29% 0-.30 mm 0.14 nmm

Hypotype #J31 0.34 nm 0.08 am
Reparks. " This species has been reported from the

Haplophragmoides gigas zone of the Thermopolis Shale of

Wyoming (Eicher, 1960) and the Cenomanian Graneros Shale of
Colorado (Eicher, 1965). Sutherland and Stelck noted it in

the Neogastroplites zone of northeastern British Columbia

(1972) . Tappan (5957) originally described it from Alaskau

rocks.

The genus Miliammina 1is a difficult ome to speciate,
particularly when dealing with poorly preserved or crushed
specimens. Tappan's original (1957) diagnosis for M. ischnia
calls for a small test with subparallel sides and an
elongate (rather than ovate) outline. In the past, many
authors have assigned small, ovate specimens to the pre:en-
species that more correctly belong in M. inflata Eicher
should be noted that flattened specimens of this spe¢
of ten resemble examples of Psagmpipopelta. In this s
preservation style and coloration helped in

identification of this species. "‘
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It is interesting to note that M. sproulei 1is almost
identical to the present species except for size. Nauss
{1947) reports specimens of M. sproulei ranging in size fron
0.27-0.9mm. TLe lowver limit of this span is a typical size
for M. jischpnia. Since M. ischpia and M. sproulei are
characteristically found in Albian rocks (often together in
the Haglgggggglg;ggg g;gg§ zone) it is possibie that they
may be conspecific. The name M. 1igchpia 1is retained for
those populations composed of only small forms. If this
variation 1in size 1is phernotypic, it is worthy of

discrimination.

Miliammipna mapitobensis Wickenden, 1932

Plate 4, figures 4a,b, 5a,b; Plate 8, fiqures 28a,b

1932. Miliammina manitobensis Wickernden, p. 90, pl.1, figs.

11a-c

1946. Miliampmipa mapnitobensis wWickenden, Cushman, p. 48, pl.
14, figs. 4-6

1960. Miliappina papitobepsis Wickenden, Eicher, p. 71, pl.
S, figs. 15, 16

1962. Miliapmina mapitobensis Wickenden, Tappan, p. 160, pl.

36, figs. 12-18

1965. Miliammipg mapitobens Wickenden, Eicher, p. 893, pl.

103, figs. 8, 9

lo

1967. Miliammjing manjtobensis Wickenden, Eicher, p. 180, pl.
17, fig. 5

1967. Miliamping mapitobegsis Wickenden, Wall, p. 47-48, pl.
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1, figs. 1-6

1967. Miliapmipa cf. panitobensis Wickenden, Guliov, p. 22,
pl. 3, figs. 3a,b

1972. m;;;g!g;gé sp. cf. M. sproulei Nauss, Sutherland and
Stelck, p. 566, pl. 2, figs. 6-9

197¢. Miliamsmina mahitobensis Wickenden, Stelck, pl. 1,
K -]

figs. 31, 32
1975. Miliammina mapitobensis Wickenden, North and Caldwell,
pl. 1, figs. 12-14 '

1977. Miliammina mapitobensis Wickenden, McNeil, p- 154-15¢,

pl. 8, figq, 9-14

o

escription. Test free, small to large, ovate in outline and
often flattened by crushing; chambers tubular, wvound in
quinqueloculine fashion, each one half whorl in length;
sutures distinct, depressed, septa between chambers are less
distinct or not visible:; wall finely to medium arenaceous,
usually smoothly finished with lots of cement; aperture
rounded, the simple open end of the ultimate chamber,
Froduced on the terminal end of the final chamber which

often extends beyond the ovate outline of the test.

Iypes and occurrepgce. M. pmanitobensis occurs in the

s"Attachie" and "Hasler" sections. It is never very common in
these samples. Thesis hypotypes are: J38%*, J39-J42, J50%,

J51#%, J52.



Dimensions:

Length Breadth

Hypotype #J368% 0.50 an 0.28 om

Hypotype #J39 0.58 ma 0.30 nanm

Hypotype #J51% 0.42 mma  0.22 am
Reparks. Wickenden (1932) originally de scribed M.

manitobensis from the Ashvillg Formation of Manitoba. It has
siuce béen noted in the Albian Shell Creek (Eicher, 1960)
and Mowry (ibid., 1965) Shales of Wyoming and in the
Cenomanian Graneros and Frontier Formations (Eicher, 1967)
also in Wyoming. Wall (1967) described it from the Albian
basal Fort St. John Group aud the Albian part of the Sunkay
Member of the Blackstone Formation of Alberta. Stelck (1975)
figured specimens from Albian beds in the sSikanri and
Euckinghorse Formati;ns of rortheastern British Columbia.
Guliov (1967) noted it in the H. gigas zone in Saskatchewan
and North and cCaldwell (1975) figure it from Albian-
Cenomanian rocks in Saskatchewan and Manitoba. Tappan (1962)

noted this species in the Albian Topagoruk and Grandstand

Formations irn Alaska.

In the sampled sections, Miligmmipa mapitobensis is
distinguished from other Species of the genus by its size
(usually larger than other forms), the usual presence of an
apertural neck, and its broad, ovate outline. M. ischpig is
smaller in the Attachie section, and is‘disqﬁnguished from

H. manitopepnsis by its greater number of visible chambers
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and itsg ore constricted sutures.
EIRe

Plate

1957.

1962.

1964.

Genus Psapminopelta Tappan, 1957
psampipopelta bowsheri Tappan, 1957
1, figures 21, 22; Plate 4, figure 9; Plate 9, figures

1, 2

Psampipopelta bowsheri Tappan, p. 11, pl. 6, figs. 13-
18, 22-24

Psampipopelta bowsheri Tappam, Tappan, p- 157, pl. 37,
figs. 11-22

Psamajipnopelta bowsheri Tappan, Loeblich and Tappan, P-.

Cc221-C222, fig. 133(6)

1965. Spirolocagmina bowsheri (Tappan), Eicher, p. 893, pl.
103, figs. 6, 10

1967. Psammipopelta sp., Guliov, p. 23, pl. 3, figs. 4, 5

1972. Psampibopelta bowshberi Tappan, sutherland and Stelck,
p. 556-557, pl. 2, figs. 14-17; pl. 3, figs. 1-4

1975. Psammipopelta bowsheri Tappan, North and Caldvell, pl.

’ 1, figs. 10a,b, 11

1977. pPsamminopelta bowsheri Tappan, McNeil, p. 157- 158,
pl. 8, fig. 17

pescription. Test free, ovate, flattened, planispiral;

chasbers tubular, long and narrow, each one-half coil in

length, later chambers overlap previous ones; sutures

distinct, depressed, often slightly thickened; wall fine to

medium arenaceous, usually smoothed with m=much cement;
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aperture the simple open end of the terainal chamber.

1ypes anpd QCCULLOpCe. This species is rare to abundant in
all sections sampled. It appears in almost every suite.
Thesis hypotypes are: J53%, J54, J55, J56*%, J57, Js58=, J59,

J60*, J61, J62, J63*, J64, J65.

Dimensions:

. Length Breadth
Hypotype #J53%» 0. 34 ag 0.32 =mn
Hypotype #J56% 0.50 anm 0.34 on
Hypotype #J60% 0.42 an 0.30 mm

Remarks. Orginally described by Tappan (1957) from Alaska,
this species has since been found to occur in the Movry and
Graneros Shales in Colorado (Eicher, 1965), the ilbian Joli
Fou ormation of Saskatchewan (Guliov, 1967), the Albian
beds of the Colorado Group and the Ashville Formation of
Saskatchewan and Manitobpa {North and Caldwvell, 1975), and in
northeastern British Columbia (Sutherland apd Stelck, 1972).
These rocks are all Albiam or Cenomanian in age.

>
This genus is distinguished from SPirolocaamjpa by its

-*flat, planispiral test. There is only rarely (probably due

to distortion) a twisted major axis in the present fora.
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FPasily LITUOLIDAEZ de Blainville, 1825

Subtamily HAPLOPHRAGMOIDINAE Maynd, 1952 '

Genus Haplophragmoides Cushsan, 1910
Baplophragmeides ¢ollyra Nauss, 1947
Plate 4, tigures 6a-c
ta
1947. Haplopbragmoides <ollyra Nauss, p. 337-338, pl. 49,
figs. 2a,b, S
1956. Haplopbraggpides ¢ollypa Mauss, LeRoy and Scheiltz, p.

{453, tigs. B (11, 12)
1960. Haplophragmeoides collypa Nauss, Wall, p. 16-17, pl. 3,
figs. 16-19 ‘
19¢7. ﬁgglgpg;gg!gigg§ ¢llyra Mauss, Eicher, p. 180-181,
pl. 17, tigs. 7, 9
1975. Heploihragmeides c¢ollyra Nauss, North and c¥ldwvell,
pl. 1, figs. 18a,b ¢
1977. Haplopbragmoides collyra Nauss, Mc Neil, p. 162-163,
pl. 8, figs. 20a,b, 21a,b ,
Pescriptjon. Test free, medium, robust when undistorted,
Flapispiral with lobulate periphery; chambers inflated,
numtering ’7-9 in the outer whorl, increasing moderately in
s;ze, rather broad, imparting a robust appearance to the
test; sutures distinct, depressed, radial or subradial in
uncrushed specimens; vail finely agglutinatead, neatly
constructed vith much cement, probably originally plastic
(most specimens ar € ctu;hed flat); aperture an

interiomarginal arch at the base of the last chamber, with a
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definite lip.

Iypes and o9ccurrence. The "Attachie" and "Farrel" sectious
yielded several examples of this species. Thesis hypotypes
are: L1*, L2-L4,
2
Dimensions:

Diameter Thickness

Hyrotype #L 1% 0.58 nmm 0.36 mm
Hypotype #L3 0.56 nm 0.317 mm
Hypotype #1L4 0.36 mm 0.24 mm

Fepmarks. This species has a stratigraphic range froa Albian
to Campanian. It was originally described from the
LloydmirLster Shale of east-central Alberta (Nauss, 1947) ;
its geographic range has since been expanded to include much

of the Caradian and American western interiors.

The present species seems to have its greatest
development in Cenomanian rocks; Nauss' (1947) original
description is probably from Cenomanian shales and Eicher
(1967) recorded it from the Cenomanian Belle Pourche Shale
of Wyoming, Colorado, and Montana. Wall (1960) describes it
from the Turomnian-Santonian rocks of the Kaskapau and
Puskwaskau Formations of Alberta and North and Caldvell
(1975) figured specimens from the Albian-Cenomanian Lower
Colorado Group and Ashville Pormation and Cenomanian-

«

Campanian rocks in Saskatchewan and Manitoba. Leroy and
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Scheiltz (1958) reported it in Campanian beds in the Pierre
Shale, Colorado.
L

The specimens recovered 1in the present study conform
well to Nauss!' (1947) original description for H. collyra.
The test is strongly inflated, usually bhas 7 or 8 chambers
visible ir the outer whorl, is <clearly involute, and has
straight sutures. H. «cf. H. collyra (sensu Stelck et al.,
19%€) from the H. gigas zone in Alberta appears to be a
juvenile of the present species. Slight limbation near t‘
umbilicus of H. collyra suggests a possible relationship
wit; H. cf. postis (this report). The prominent 1lip on the
presernt form may prove to be diagnostic for the Lovwer

Cretaceous members of this species.

Laplophragmoides gigas Cushman, 1927

Plate 4, figures 7a-c, 8, 10a,b, 11

1927. Haplophragmoides gigas Cushman, p. 129-130, pl. 1,

1946. pHaplophragpeides gigag Cushman, p. 21, pl. 3, fig. 2

1947, Eggggggggg!ggggg giqas Cushman, Nauss, p. 338, pl. 49,
figs. 8a,b

1956. Haplophragmoides gigas Cushman, Stelck, Wall, Bahan,
anpd Martin, p. 35, pl. S5, fig. 1

1960. Haplophragmoides gigas Cushman, Eicher, ps 58, pl. 3,
fig. 16

1967. Hapiopbragpoides gigas Cushman, Guliov, p. 23-24, pl.

o
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4, figs. 1la-c
1969. Haplophragmoides gigas Cushman, Wickenden, p. 135-137,
figs. 16a,b

197S. Haplophragmoides gigas Cushman, North and Caldwell,

pl. 1 figs. 19a,b, 20a,b

1577. Haplophragmoides gigas Cushman, McNe1ll, p- 163-164,

pl. 9, figs. ta,b, 5

Description. Test free, planispiral, involute, almost always
appearing cdmpressed due to crushing, biumbilicate,
jeriphery discoid . to rounded, depending on extent of

- 4 0

distortion; chambers 7'}Q 117 in final whorl, most often 8 to
10, tiiangulal in sgﬁé view, usually with a bulge in the
umbilical region; sutures depressed, sigmoidal, may be
somewhat thickened: wall finely arenaceous, often glazed

with much cement; aperture a low interiomarginal arch at the

base of the final chamber.

I1ypes and occurrence. All examples of this species studied

are from the "Attachie" section located near Attachie,
British Columbia. Thesis hypotypes are: L5*, L6%, L7, L8%,

L9*, L10-L15

Dimensions: %.

Dianetér ;hickness
Hypotype #L1% 0.66 mm 0.16 mm
Hypotype #Lux* 0.50 mm 0.16 nmm

Hypotype #L21% 0.30 mm 0.12 nom
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REemarks. H. gigas vwas originally described by Cushman fron
Cretaceous rocks in Alberta. It has served well as a zomne
fossil characteristic of the Joli Fou Formation in Alberta
and its equivalents in Saskathewan, Manitoba, and the United
States. The occurrence of H. gigas in northeastern British

€olumbia demonstrates the presence of Joli Fou Formation

equivalerts on the northwest side of the Peace River Arch.

H- gigas has been reported from unnamed Cretaceous
rocks of Alberta (Cushman, 1927, 1546). Nauss (1547)
described it from the Lloydminster Shale of Alberta, and
Stelck et al. (1956) noted it in the Joli Fou Formation,
alsc in Alberta. Guliov (1$67) found this species in the
Joli Fou Formation of Saskatchewan and North and Caldvell
(1975) report it from the Lower Coloiado Group and Ashville
Formatior of Saskatchewan and Manitoba. It has also been
described from the Thermopolis and Sk Creek Shales of
Wyoming by Eicher (1960): 1In addition, a form described as
Irgochammipa phaseolus by Skolgick (1958) was synonymized by
Eicher (1960) with the present form. It is not known to

occur in strata other than Albian in age.

Specimers of H. gigas from the "Attachie" section have
a smaller average diameter and often fewer visible chambers
than mwmany specimens fiqured in the literature. Lar ge
specimens with 10 or 11 chambers in the outer whorl are rare
in the sampled section and found only near the base. Guliovw

(1967) and MacNeil (1977) both state that smaller specimens
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predominate in the upper stratigraphic range of this species
in Saskatchewan. These size variations have been attributed

to undetermined changes in some environmental parameter.

This species is easily recognized by its involute test,
characteristic sigmcid sutures, and the raised (umbonate)
Umbilical portions of the chambers. Even crushed or
. otherwise distorted specimens can usually be identified by
the large, wedge-shaped ultimate chamberl and the

characteristic sigmcid sutures.

Haplophragmoides sp. cf. H. gilberti Eicher, 1965

Plate 1, figures 24a,b, 25a,b, 26, 27a,b, 28a,b
Description. Test free, small to medium, planispiral
evolute, composed of 3-4 whorls with 9-10 chambers in the
final wheorl, inner whorls often show a characteristic
instability concerning the plane of coiling--the innermost
whorl is usually skewed 5-30 degrees out of the plane of the
outer whorl, peripheral mafgin lobul4te; chambers numerous,
inflated when uncrushed (periphery becomes rounded in
damaged speciqens); sutures distinct, usually depressed,
gently curving or sinuate, often with a tiny forward-
pointing *"saddle" visible from the side; wall finely
ar enaceous, often smooth or glassy, color buff to orange;

aperture not characterized, assumed interiomarginal.

Types apd occurrence. This species is moderately common in
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the "Farrel" section. Over 2 dozen specimens were recovered.
Thesis hypotypes are: L46*-Lu8*, L49-1L53, LS54=*, L55%, LS6—

L58.

Dimensions:

Diameter Thickness

Hypotype #LU46* ' 0.30 mm O0.14 mnm
Hypotype #L47% _ 0.34 nm  0.10 mm
Hypotype #L55% 0.32 om 0.06 mno

hemarks. Haplobhraggoides gilberti was first described by

Eicher from the Cenomanian Graneros Shale of Colorado
(1965). The same species was again identified by EBicher in
the Cenomanrian Frontier and Belle Pourche Formatiors of

Wyoming and Montana (1967).

The present form differs from H. gilberti in having
in§tability in the inner whorls and in having "saddles" on
its sutures. H. multiplum Stelck and Wall has forwvard-
poirting ‘*saddles" on its sutures also, but 1lacks the

instability of the inner whorls. Flattened specimens of the

present srecies resemble Trochamminoides apricarius Eicher

(see J. cf. apricarijus in this report for discussion). It is
rot certain whether the instability observe@d in the inner
whorls of this form is truly phénotypic or an artifact

caused by crushing.
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Haplophragmoides sp. cf. H. kirki Wickenden, 1932

Plate 1, figures 29a,b; Plate 4, fiqures 12a-c

1956. Haplophragmoides cf. H. kirki Wickenden, Stelck, wWall,

I

Baharn, and Martin, p. 36, pl. 4, figs. 12, 13

1967. Haplophragmoides kirki Wickenden, Guliov, p. 24, pl.

4, figs. 2a,b

1975. Haplophragmoides cf. kirki Wickenden, North and
-c

-

Caldwell, pl. 2, figs. 1a

Pescription. Test free, small, robust, planispiral, fairly

involute, Wwith 4-6 chambers visible in the final whorl,
peripheral margin usually somewhat lobulate; chambers
inflated; wall finely agglutinated, often smooth; aperture
Lot seen, assumed inte;iomarginal at the base of the

ultimate chamber.

Iypes and occurrepce. Thkis form is found infrequently in
both the "Farrel" and "Attachie" sections. It seems to have
a random distribution in these sections. Thesis hypotypes

dre: L16*, L17-L20, L26%, L27-130.

Dimensions:

Diameter Thickness

Hypotype #L16% 0.26 mm 0.18 nm
v

Hypotype #L26%* 0.40 mm 0.24 nmnm

Hypotype #129 0.26 mnm 0.4 am
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Femarks. H. kirki Wickenden is an Upper Cretaceous species
but the present forxm is found in Albia n-Cenomanian rocks.
Sstelck et al. (1956) record it from the "St. John Shale"
above the Gates Sandstone, Guliov (1967) reports it from the

Haplophragmoides digas zone in Saskatchewan, and North and

caldwell (1975) noted it in the Lover Colorado Group and the

Ashville Formation is Saskatchevan and Manitoba.

Wickender (1932) first described H. kirki from the
Bearpaw Formation of Alberta. It has since been identified
in rocks ranging in age from Albian to Maestrichtian. 1In
this thesis, the Albian forms referred to H. cf. kirki are
differentiated from H. kirki sensu stricto Dby their less
inflated tests, sgaller size, more lobulate periphery, and
coarser texture. The «classic -H. kirki appears to be a
strictly Upper €retaceous form (see McNeil, 1977, p. 1€9-171
tor a rational opinion). ’ »

Haplophragmoides linki Nauss, 1947

Plate 9, figures 3a,b

1927. Haplophragmoides rugosa Cushman and Waters, Cushman,

p. 128-129, pl. 1, fig. 2

1947. Haplophragmoides linki Nauss, p- 339, pl. 49, figs.

7a,b
1956. Haplophragmoigdes libhki Nauss, Stelck, Wall, Bahan, and
Martin, p. 36-37, pl. &, figs. 17, 18; pl. S, figs. Se

6

B Tl et SR At
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1960. plveophragmium lipki (Nauss), Eicher, p. 59-60, pl. 3,

figs. 9-11

n

1967. Harlophragmoides 1linki Nauss, Guliov, p. 25, pl. 4,
figs. 3a,b

1971. Haplopbragmoides linki Nauss, Morris, p. 267-268, pl.

2, fig. 1M

157%. Haplophragmoides lipki Nauss, North and Caldwell, pl.
1, figs. 17a,tk
1977. Haplophraqmoides linki Nauss, McNeil, p. 171-172, pl.

9, figs. 1la,b

Lescription. Test free, fairly small, planispiral, involute
with 7 or 8 chambers in the final whorl, periphery rounded
or somewhat lokulate, deeply unbilicate; chambers distinct,
increasing very gradually 1in size; sutures distinct,
slightly defpressed, may ke thickened, radial; wall finely
arenaceous, smooth with much cement; aperture
inter iomarginal, a low slit at the base of the ultin&te

champber.

o
Types apd ogcurrepce. This species occurs only 1in the
"Hasler" section where it is very rare. A unique cherry-red
color is present in the interiors of the hypotypes. Thesis

Lypctypes are: L31*, L32-L35.
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Dimensions:

Diameter Thickness

Hypotype #L31%* 0.26 mm 0.12 mm
Hypotype #L32 0. 26 nm 0.12 om
Hypotype #L33 _ 0.28 om 0.14 mm

=2}

Lkemarks. This species was first described as H. rugosa by
Cushmar. in 1927 and has been found only 1in the vestern
interior of North America. Nauss (1947) placed H. rugosa
into synonymy with his specimens found in the Albian Lower
Lloydmirster shale. Morris (1971) noted 1t 1in Upper
(retaceous rocks from northwestern Colorado and Eicher
(1960) identified it (as Alveophragmium lipki) in the Albian
Thermopolis and Skuil Creek Shales of Wyoming. Stelck et al.
(1956) records it from the Albian Joli Pou Formation and
wst. Johr Shales™ of Alberta and northeastern British
Columbia and Guliov (1967) found it in equivalent beds of
the Joli Fou Formation 1in Saskatchewan. North and Caldwell
(1975) figure specimens from the Mannville and Lover
Colorado Groups and the Ashville Formation in Saskatchewan
and Manitolba.

.

H. linki is readily distinguished from other species by
its rounded to sub-rounded periphery, deep umbilicus and
radial sutures. Specimens of H. cf. postis (this report) may
resemble the present species superficially but they have
vncsaddles"™ on their sutures and a more lobulate periphery.

The form figured by Stelck (1975) as H. cf. lipki lacks the
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thickered sutures of the present form and the type (Nauss,

1947)

Haplophragmoides sp. cf. H. postis Stelck and Wall, 1956

Plate 4, figures 13a,b; Plate 5, figures 1-5; Plate 9,

figures 4-12

Description. Test free, small or medium sized, robust but
of ten compressed or <cruspwd by sediment, planispiral,
becoming more evolute as growth progresses, bi-umbilical
with parts of eariier whoirls visible, usually 8-10 chambers
visible in the outer whorl, fewer in inner whorls and on
juveniles; chambers inflated, increasing.gradually'in size;
sutures radial with a torward-pointing median "saddle"
visible from each side of the test (this "saddle" may be
obscured ir larger specimens where it represents an internal
teature), irregularly limbate towards the umbilicus, the
limtation fading laterally and becoming depressed across the
venter; wall finely agglutinated, usually smooth, often
showing pyritized or opaque white to buff interiors of
chambers; aperture interiomarginal, a high arch at the base
of the 1last chamber, with a 1lip (this high arch and

acconpanfffg lip may later form the sutural "saddles") .

Iypes and occurrence. This distinctive species is found in

both the "Attachie" and "Hasler" sections. It is partcularly
commor in the "Hasler" sequence. Thesis hypotypes are: K1*,

k2-K5, K6%*-K9%, K11-K14, K15%-K18%, K19-K22, K23*-K28x, K29,
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K30, L36%*, L37-L39.

Dimensions:

Diameter Thickness

Hypotype #K23*% . .0.62 nm 0.26 om
Hypotype #K25% 0.44 mm 0.20 mm
Hypotype #K36* 0.28 mm 0.12 mm

i

eparks. H. postis Stelck and Wall (Stelck et al., 1956) and

H. postis goodrichi Sutherland and Stelck (1972) both

resemble H. cf. postis but descriptions of these subspecies
make né mention of the characteristic sutures of the present
forwm.” H. topagorukensis Tappan 1is also simlar to ﬁ."cf.
£g§3;§wbut is generally larger, lacks sutural "saddles", and
shows more intraspecific variation (i. e. number of chambers
in final whorl is highly variable in the Alaskan species).
Large specimens of H. cf. postis were at first referred to.
H. topagorukepnsjs until it was realized that thf largest

exa®ples of H. cf. postis have an internal forward pointing

"saddle" within each chamber.

H. multiplum Stelck and Wall is similar to very sna{l
specimers of the present species that have 10—12‘chalbers in
the outer whorl and are unusually involute. However, only a
small percentage of these tiny foras could be assigned with
certainty to H. multiplum. Since intermediate forms fill in
the entire spectrum blLetween H. cf. postis and fossils

resembling H. multiplunm, the se small specimens are
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considered to represent aberrant examples (or many chambered

Jjuveniles) of the FPresent species.

Haplophragpoides sp.

Plate 1, figures 23a,b
Description. Test free, small to medium large, planispiral
enrolled with 6 to 8 chambers visible 1in outer whorl;
chalbéfs inflated, usually subglobular, often collapsed by
burial compression sSuggesting an elastic construction;
sutures distinct, depressed, usually straight and radial;
wall finely to mediunm agglutinatéd, amber to whitish in

color; aperture a low interiomarginal arch at the base of

the ultimate chaaber.

1ypes apd occurrepce. This foram is best expressed in the

"Farrel" section. Thesis hyfpotypes are: L2%», L22-25,

Dimensions:

Diameter Thickness

Hypotype #L21=% 0.28 mm 0.16 anm

Hypotype #L22 0.38 an 0.13 nm

Hypotype #L23 0.46 am 0.16 am
.

Reparks. This form is rarely preserved well enough for
accurate characterization. It Comprises a large population
of mostly crushed Planispiral for-s*occurring in the 80 and

100 mesh screenings. It is distinguished froa H- gilberti by
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its fewer numsber of Cchambers in the final vhorl. H. cqll yra
1s typically larger. Foras ideqgt i®al to both - cf. kirki
and H. lipki are found vithin this group. The continuous
intergradation betwveen forms has convinced the author that
he is dealing with a éiscrete group that conpnot be further
subdivided on the basis of the number of chasbers in  the

outer whorl.

C(r. the basis of nmesh size alone, 1t 1s teapting to
divide the present Sspecies into two types: a populatiorn of

small specimens occurs in the 100 mesh and appears identical

to H. cf. kjirki while ger forams (in the 80 mesh fraction)

are similar to H. t with typically fewer chambers ip
the ultimate whorl. arge numbers of indaviduals occur
in  toth the 80 and 100 mesh, it is not unreasonable to
Suggest that the smaller foras represent the megalospheric
Fhase while the larger variety is the Bicrosphere. If these
larger, identical foras wvere not present, 1t would be
convenient to Classify the 100 nmesh Specimens as H. cf.

kKirki ir the sense of North and Caldwell (1975, pl. 2, fig.

la-c).
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Genus Trochamminoides Cushman, 1910
Trochammingjdes sp. cf. T. apricarius Eicher, 1965
£

Plate 5, figures 9a,b, 10

1972. Haplophragmoides gilberti Eicher, Sutherland and

Stelck, p. S567-568, pl. 3, figs. 8, 9

1972. Jrochagmmipojdes apricarjus Ficher, Sutherland and
Stelck, p. 572, pl. 3, figs. 5-7

Description. Test free, small, compressed, plar:spiral and

evolute, composed of 2 to 2 and one-half whorls >f chaambers
with about 7 or 8 1in the fipal whorl, peripreral sargimn
often lobulate; chambers inflated, usually rounded, sutures
distinct, depressed, radial to oblique, most often wtraijht
or gently curved; gall finely agglutinated, nmoderately
smooth; aperture not observed, assumed interiomarginal at

the base of the final chaamber.

Types apd ocgurrence. This srecies i1s fairly wuncommon and
occurs only in the "Attachie" section. Many specimens are
too poorly preserved for accurate identification. Thesis

hypotypes are: L40, L41i*, L42, LU3*, LU4, LUS,

\

Dimensions:

Diameter Thickness
Hypotype #Lu4O0O 0.26 nm ,8.06 RE
Hypotype #LU1* 0.3Q§i& 0.10 am

Hypotype #LU43x 0.24 om 0.08 mm
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Femarks. 7I. apricarius was first described by Eicher (1965)
from the Cenomanian Graneros Shale of Wyoming. The same
author later recorded T. apricarius from the Turonian
Carlile Shale of Colorado and the Cenomanian Belle Fourche
Shaie o§ Montana (Eicher, 1967). Sutherland and Stelck
(1972) figured forms very similar to T. cf. apricarius (as
Haplophragmojdes gilberti Eicher and T. apricarius) from the
Albian Neogastroplites zone from northeastern British

Columbia.

Sutherland and Stelck's (1972) forms, 1like T. cf.

apricarius, appear to be intermediate in thickness between

E. gilbtertl and T. apricarius. Earlier whorls are thin on
the present form wvhile late whorls approach the thickness of
those typical of H. gilbperti. There is probably a close
relationship between H. gilberti and T. apricarius because

they are found in the same strata. The present intermediate

form tends to confirm this statement.

Subfamily LITUCLINAE de Blainville, 1825

Genus Apmobaculites Cushman, 1910

The genus JAmmobaculites was originally defined by
Cushman (1910) to include those forms having a planispiral

coil followed by a uniserial portion. The test is inflated
[

(round or ovate 1in cross-section), and the aperture is

simple, rounded, and terminal, usually produced on a neck.

~
’ ~

N

\}\..



In western Canada many such forms exist,

as Apmobaculites fragsentarius, A. humei, A.

Ferhaps others immediately come to mind.

forws, hovwever, sometimes show an instability
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and names such
tyrrelli, or
Many of these

of the initial

coil. This "instability"™ may concern the evoluteness of the

coil, or the style of coiling itself. In large groups of

sSpecimens, one often observes examples with partly or wholly

streptospiral or trochospiral coils. In

the Albian of

northeastern .British Columbia, the A. tyrrelli group seems

to be particularly susceptible to this condition.

Stelck and Hedinger (1576) described

swareni from the Upper Albian Sully

Haplophragmium

Formation of

rortheastern British Columbia. This species is very similar

to aberrant examples of A. tyrrelli that have streptospiral

or trochospiral initial coils. H. swareni, however, wusually

has more chambers and possesses a unique characteristic--

"secondary cribration". This term refers to

a system of

pores d%yeloped on the intercameral wallg of the uniserial

portion of H. swWwareni.

-

The precgding discussion and the results

study leads the author te conclude that

of the present

there is a

continuousg series between species of Ampmobaculites and
" ;

Z, 7
specinemﬁ,nore correctly referred to Haplophragmium. This

Quu

Bay be a local phenowenon tied to environmental conditions,

s

or it may be a more general trend in the evolution of these

forms. More work in other localitigs and stratigraphic
."‘ ind N
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horizons 1s needed to clarify the situation. It 7 is
interesting to speculate that a form similar to A. tyrrelli
might bte the ancestor of H. svareni. The instability of the
vcoil in the ‘"ancestral" form seems to increase throughout

Albian time in northeastern British Columbia.

Another problem concerning the genus AmmBopaculites in
wvestern Canaq? is the speciation of the A. fragmentarius

.
group. A. humei, *?”%Fji!l;;' and A. fragmentarius can all

€/
be described as distinct forms. However, there is usually

intermediate speciméns in suites containing 2 or nmore of
these species. Two @methods of approach have been tried by
workers in the past: the 3 forms may be synonymized (eg. see
Tappar, 1962) or they may be. painstakingly classified
according to morphotypes. 1In this study, every effort has“\
Leen made to separate these forass. It should be noted,
however, that these species have similar stratigraphic and
geographic ranges. If environmental factors are considered,
it 1s not unreasonable to speculate that they may represent

identical genotypes.

Ammobaculites culmula Skolnick, 1958

Plate S5, figure 6
1558. Ammobaculites culmula Skolnick, p. 280, pl. 37, figs.
2a-c
197S. Apmobaculites petilus Eicher, North and Caldwvell, pl.

2, figs. 6, 7
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1977. Asmobaculites petilus E*ﬁfer, McNeil, p. 181, pl. 10,
fig. 8
-

Description. Test free, small to medium, elongate, compdsed
of an ipitial coil of about 5 visible chambers followed by a
urniserial portion of about 3-6 cbanbers; chambers slightly
wkrder than high in uniserial part, probably originally
inflated, increasing only slightly or not at all in diameter
tovards aperture; sutures distinct, depressed, thickenedy
wvall medium agglutinated, rough; aperture terminal,
originally rounded, produced on a short neck.

4

Types and occurrence. This forn is, very rare in the

"Attachie" section. Thesis hyfpctypes are: 40%, 41,

Dimersions:

. Coil Length Breadth
Hypotype #40* 0.1 pm +» 0.60 mm 0.16 an
Hypotype #u41 0.16 mom 0.42 nm 0.16 ;l )

Remarks. This species was first decribed by Skolnick from
the Albian Skull Creek Shale of the Black Hills region.
Eicher (1960) figured a very similar form from Albian rocks
in Wyoming. The 1latter species, A. petilus, has an
Anpobaculoides-like development in the test immediately
after the coil. )j. petilus was identified by Guliov (1967)
in the Joli Pou Formation of Saskatchewan. The form

described as ). petiluys by McNeil (1977) from the Albian
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Skull Creek Member of the Ashville Formation of Saskatchewan
appears to belong to A. g¢ulpula. The specimens figured by
North and Caldvwell as A. petilus (1975b, pl. 2, figs. 6,7)
frog the Albian Lower Colorado Group and Ashville Formationmns
of sSaskatchewan belong to the present species as they lack

b
the initial biserial portion immediately after the coil.

2. culmula is easily identified by its slender test and
rough wall. The present form shows no tendency to insert a

biserial portion between the coil and and uniserial part.

Apmobaculites fragmentarius Cushman, 1927

Plate 2, figure 1; Plate 5, figures 7, 8, 11; Plate 9,

figures 13, 14

1927. Ammobaculites fragmentaria Cushman, p- 130, pl. 1,

fig. 8

1927. Ammobaculijites coprolithiforme Schwager, Cushman, p.

130, pl. 1, fig. 7

1956. Appobaculites fragmeptarius Cushman, Stelck, Wall,
Baharn, and Martin, p. 21-22, pl. 5, figs. 18, 19
-

1956. Ammobaculites fragmentarius variety, Stelck, Wall,
Bahan, and Martin, p. 22, pl. 5, fig. 19

1960. Ammobaculites fragmeptarius Cushman, Eicher, p. 61-62,
pl. 4, £ig. 11

1562. Apmobaculites fragsentarius Cushman, Tappan, p. 136-
138, pl. 32, figs. 10, 11

1963. Ammobaculites fragmentarius Cushman, Crespin, p.- 39,
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pl. 7, fig. 15
1967. Apmpobaculites fragmentarius Cushman, Wall, p. S5, pl.

1, figs. 7-9; pl. 7, figs. 18-20

1971. Apmobaculites fragmentarius Cushman, Morris, p. 269,

pl. 3, figs. 1,2

1975. Ammobacylites fragmeptariys Cushman, Stelck, pl. 2,
figs. 21-23, 25-27; pl. 3, figs. 1, 2, 15

1975. Ammobaculites fragmeptarius Cushman, North and
Caldwell, pl. 2, figs. 2-5

1977. Apmobaculites fragmentarius éushman, McNeil, p. 178-

181, pl. 10, figs. 6,

Tt

Description. Test free, eldongate, subcylindrical in intact
specimerns, composed of a relatively small initial
planispiral coil of 3 to S chambers followed by a wuniserial
portion of about 5 chambers; chambers inflated, usually
broader than long, often increasing in size to impart a
tlaring appearance to the test, wultimate chamber may be
Fyriform; sutures depressed, distinct on finely agglutinated
exagples to indistinct on coarse textured specimens; wall
finely to .coarsely arenaceous; aperture terminal, rounded,
often with a slight neck. s

Iypes and ocgcyrrence. This :;¢cies occurs in all three of
the studied sections. It :, ~ars to be widepread in both
stratigraphic and geographic 1a - in the study area. Thesis
hypotypes are: 25%, 26%, 27, 26, 9%, 30%, 31-35, 36%, 37-

39, 42+, u3-4s,
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Dimensions:

Coil Length Breadth
Hypotype #25% 0.16 am 0.62 nm 0.34 om
Hypotype #29% 0.14 nmnm 0.70 am 0.22 nm
Hypotype #36% 0.18 mm 0.68 mm 0.24 mm

keparks. A- fragmentarius was first described by Cushman
from Cretaceous rocks in western Canada. He subsequently

figured (Cushman, 1956) forms from the Gulf Coast region and

iriridad (as A. coprolithiforme ‘from Trinidad) that are

assignable to this species. The boreal form, howvever, 1is the

one dealt with in this thesis.

Stelck et al. (1956) reported this species from the
Altian Joli Fou Formation of Alberta. It is imn Albian beds
of the. Sikanni and Bugkinqhotse Formations 1in northeastern
British Columbia -9telck, 1975). It has been identified in
the Joli Fou Formation of Saskaéchewan (Guliovw, 1967), t he
basal beds of the Fort St. John Group in Alberta (Wall,
1967), and the lower part of the Lower Colorado Group and
the Ashville Formation in Saskatchewvan and Manitoba (North
and caldwell, 1975). Outside Canada, it has been reported

from ' the Albian Thermopolis and Skull Creek Shales of

~

\-4\\_4
Wyoming (Eicher, 1960), from Albian rocks in Alaska (Tappan,

1962) and from Cretaceous rocks 1in Australia {Crespin,

»

196 3) -

There has been a general movement in the literature to
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synonymize many species of Ammobaculites with the present
one (see especially Tappan, 1962; McNeil, 1977). After a
study of their discussions, the author «concludes that Q.
bumej Nauss (1947) may be a variant of A. fraqmeptarius. The
possikility exists that the two species could form a
dimorphic pair: the microsphere would be A. fragmegtarius

and A. humei could ke the megalosphere.

Eicher (1960) placed a number of forms described by
Skolnick (1958) into synonymy with A. euides which, in turn,
was classified with A. fragmentarius by McNeil (1977) .
Normally, A. euides has broken sutures on the coiled part, a

characteristic not shown by A. fragmentarius. They are not

hereir considered to be conspecific.

A. fragmentarius Cushman has been applied to a large
number ot wmorphotypes by Canadian apd American authors. In
this study, use of this name is restricted to examples of

Anmobaculites with a small initial coil that flare more or

less towards the aperture. Specimens assigned to this
species are usually coarsely agglutinated and must have a

planispiral initial coil.
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Ammobaculj tes fragmeptarius Cushman variety
Plate 5, figqures 12, 13a,b; Plate 6, figures 1a,b; Plate 9,

figures 15, 16

1967. Ammobpaculites fragmentarius Cushman variety, Guliov,

p- 27-28, pl. 5, figs. 1la,b

1975. Ammobgculites fragmentarius Cushman, North and
Caldwell, pl. 2, fig. 2

»

Description. Test free, medium, elongate, early portion
loosely planispiral (rarely streptospiral) of about 4
chambers, later part uniserial of 2-6 (usually 2-4)
chawbers, coil generally has a slightly lobulate (more so 1if
crushed) periphery, <colil 1is about the same diameter or
larger thar the first uniserial chamber and is fairly broad,
sides subparallel; chambers medium inflated, may increase 1in
size as added 1in uniserial part ; sutures distinct,
depressed, usually subparallel, often curved or undulating;

wall medium arenaceous, well constructed with much cement;

aperture terminai, rounded, produced on a short neck.

Types and occurgrence. This form occurs in the "Attachie" and
"Hasler" sections. Thesis hyfrotypes are: 6%, 7%x, 8-10, 55,

56%, 57%, 58-60, 69%, 70-72.
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Dimensions:

Coil Length Breadth

Hypotype #7= 0.20 opm 0.64 mm 0.30 om

Hypotype #56%* 0.20 om 0.80 nnm 0.24 nmn

Hypotype #57% 0.22 um 0.82 mm 0.32 om
Bemarks. The present fornm is very similar to A.

nggggggg£;g§ €xcept that the test may not flare towards the
apertural end. A. fragpeptarius variety usually bas fewer
chapbers in the coil than the species s. s. and has a
broader coil. The present fora can be distinquished from A.
cf. humei by its normally greater number of chambers. A.
wenonahae wusually has fewer chambers, a wmore 1lobulate

periphery, and is generally broader.

The present form somewhat resenmbles A. euides Loeblich
aud Tappapn, a species reported from the Albian Kian{chi and
Walnut Formations of oOklahoma and Te xas (Loeblich and
Tappan, 1949, 1950). A. euides was subsequently Adentified
in the Haploph Boides gigas zone of Wyoming (Eicher, 1960)
and Saskatchewan'(Guliov, 1967). The present form, however,
lacks the characteristic broken sutures present on the coil

of A. euides. (seé Eicher, 1960).
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Amgobaculites sp. cf. A. hupei Nauss, 1947

Plate 2, figqures 2-u4

Descriptiop. Test free, medium, equidimensional to elongate,
robust, composed of a coil of about 5 chambers followed by
1-3 uniserial chambers, periphery 1lobulate; chﬁiberl
in flated, cften glopulat; Sutures distinct, subparallel in
uniserial part, often thickenmed (especially in umbilicus of
coil) ; wall mediun darenaceous, rough but well constructed
and strong, usually white in color; aperture rounded,

terrsinal, fairly large, produced om a well defined neck.

Iypes and ogcurrence. This form is found : the "Parrel"

section. Thesis hyrctypes are: 11§, 12-75, us, 21%, 22-24.

Dimensions:

Coil Length Breadth
Hypotype #11= s 0.30 mm 0.44 na 0.26 mam
Hypotype #20+ 0.20 mnm 0.60 mnm 0.22 an
Hypotype #21=* 0.26 am 0.64 na 0.24 mn

-~

kepgrks. A. hupei Nauss Sensu stricto was described fronm the
Cummings Member of the Mangpnville Pormation near Vermillion,
Alberta. The present fora is herein compared to that species
because both forms have broad coils and parallel-sided

tests. A. cf. humei, however, has markedly fewer chambers.

The present form is fairly distinct in the "Parrel"
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section. It can be distinguisheé from A. fragmeptariys and
A- fragmeptarius variety by its larger coil and fewer
uniserial chambers. A.- tyrrelli and related forms are
significantly smaller. It is, hovever, possfble that the
present form could represent small, vell preserved specimens
of A. wepopahae. The large, usually flattened hypotypes of

A- wepopahae seem comparable 19 all respects except size.

Ammobaculites tyrrelli Nauss, 1947
Plate 2, figures Sa,b, 6a,b
1927. A;gggéculiteg coprolithiforme Schwager, Cushman, p.
130, pl. 1, figs. 6, 7
1932. Ammobacylites coprolithjformis Schwager, Wickenden, p.
204-205, pl. 29, fig. 2
1947. Ammobaculites tyrrelli Nauss, p. 333, pl. 48, fig. 2

1956. Apmobaculites tyrrellji Nauss var. jo;iggngg§%515tegpk
4 MR

and Wall, jin Stelck, Wall, Bahan, and Martin, ﬁb, »23;\

%

{

24, pl. 5, fig. 20 “ -

< [

1960. Ammobaculites tyrrelli Nauss, Eicher, p. 6“,‘pl. o,

fig. 1 o o lyﬁg R

1967. Apmobaculites tyrrelli Nauss, Guliov, R %e-§9, pl. s,
figs. 3a,b h

1975. Ammobaculites tyrrelli Nauss, Stelck, pL R, figs. 2§(
Zs o

1975. Ampobaculjtes tyrrelli Nauss, North ank;cgidwell, pl.

.

2, figs. 8, 9

1977. Ammobaculites tyrrelli Nauss, McNeij,

»

gg.j;aa—1eu, pl.
a

YR

5

¢

y
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10, figs. 9, 10

Desgription. Test tree, g's-all or mediunm, elonqate‘
consisting of an initial coil of about & visible chambers
folloved by a wuniserial "portion also totalling about &
chambers; chambers medium inflated, wider than high; sutures
straight, parallel in uniserial part, radiali iuL coil, may be
thickened; wall fine to medium arenaceous, veli constructed,
often smooth; aperture terainal, rounded, produced on a neck

that is often broken off.

Iypes ard og¢curgence. This Speciles 1s found 1t the "Farrel"

A}
sectiorn.. Thesis hyjfctypes are: Tes, 77%, 78-80.

Dimensions:

Coil Length Breadth
Hypotype #76= .0.18 oa 0.54 an 0.18 an
Hypotype #77= pf?6 an 0.386 man 0.16 mn
Hypotype #79 0.18 anm 0.48 anm 0.18 ma

Eemarks. Apmobaculites tyrrelli was first described by Nauss

(1947) from the 1lover Lloydainster shale 1irn Alberta.
Previously, it had been recorded from the Alberta Sh;le (as
A. coprolithjiformis Schwager by Wickenden, 1932). and frona
unnamed Cretaceous rocks of Alberta (as A. coprolitbhiforme
Schvager by Cushman, 1927). It has also been noted in the
Alrian Joli Fou Forsation of Alberta (Stelck et al., 1956)

and Saskatchewan (Guliov, "967), the Albian part of the
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Lover Colorado Group and Ashville Formation of Saskatchewan
(North and Caldwell, 1975), and the Albian Thermopolis and

Skull Creek Shales of Wyoming_ (Eicher, 1960).

A- tyrrelli is distinguished in this study by its
fairly small size, its straight sutures; and the sub-
parallel sides of the test. A. cf. tyrrelli (this study) is
more robust, has nmore inflated chambers, and often has
undulating sutures. A. cylmula is slender and has more

uniserial chambers than A. tyrrelli.

Ammobaculites sp. cf. A. tyrrelli Nauss, 1947

Plate 9, figures H?a,b

®
it
0

riptiop. Test free, medium, robust, elongate, composed
of an 1initial coil of about 4-5 chambers followed by a
uniserial portion of‘2-4 chambers; chambers inflated, wider
than bigh or almost equidimensional, may be subglobular;
sutures distinct, depressed, often thickened, undulating to
parallel in~uniserial part; vall fine to medium arenaceous,
vell constructed; aperture terminal, rounded, produced on a

neck that is often kroken off.

iypes apd occgurrepce. This form in found in the "Hasler"

section. Thesis hyfpctypes :re: 1%, 2-5,
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Dimensiors:
o Coil Length Breadth
Hypotype #1% 0.26 nm 0.64 mm 0.22 nm

Hypotype #2 0.24 mm 0.32 am 0.18 mm

Hypotype #3 0.20 mm

Eemarks. This form is pearly identical to A. tyrrellj in
most respects. A. cf. tyrrelli, however, has a tendency-~to
be larger, more robust, and more loosely constructed than
the form s. s. The present form often has undulating sutures
in the uniserial part and the sides of the test may be non-
rarallel. This effect seems to be <caused by the more
inflated condition of the uniserial chambers. The observed
differerces between ). tyrrelli and A. cf. tyrrelli «could

well te environmentally controlled.

ARpobaculites wenopahae Tappan, 1960

Plate 2, figures 7a,b, 8

1951. Apmobaculites tyrrelli Nauss, Tappan, p. 3, pl. 1,
figs. 12-14

1960. Ampobaculites wemnonahae Tappan, p. 291, pl. 1, figs.
3-6

1962. o uli te weponahae Tappan, Tappan, p. 138-139,
pl. 32, figs. 1-7

Description. Test free, medium to large, elongate, robust

when not crushed, early pogtion consists of a coil with

4
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about 4-6 chambdbrs visible, later stage is wuniserial with
about 2-6 chambers and pear;y parlel sides, coil is equal
to or greater in diameter than thé[fiss; uniserial chamber
and has a lobulate periphery; chanbegs probably originally
inflated, equidimensional or 1low and broad 1in  uniserial
Fart; sutures distinct, depressed, usually subparallel

except in very coarse exa-plesf

wall arenaceous, usually
medium grained with nmuch cement; aperture terminal, rounded,

usually produced on a slight neck.

Types and oc¢ccurrence. This species occurs in the "Farrel"

section. Thesis hyjpctypes are: 16*, 17-19, 46, u7+, u48-50.

Dimensions:

Coil Length Breadth

Hypotype #$16* 0.24 mm 0.70 mm 0.28 mnm

Hypotype #47 0.26 nm 0.50 nm 0.26 mm

Hypotype #Uu8 0.54 mnm 0.64 mm 0.42 mm
P

Remarks. This species has been prevﬁp;sly recorded only froa
Alaska (Tappan, 1951, 1960, 1962) where it occurs in the
Albian Torok, Tcpagoruk, Grandstand, and Kukpowruk
Formations. A very similar species, the i. euides of
Skolnick (1958) , Eicher (1960), and Guliov (1967) occurs in
Albian rocks and co-exists with Haplophragmoides 4gigas in
wyoming a Saskatchewvan (see Eicﬁer, 1960, and Guliov,
1967) . Pr bly the major difference betveen these forms 1is

the presence of broken sutures on the venter of the coil of

N
N
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A. euides.

This species is distingquished by the robust nature of
the coil and parallel sides on the uniserial part. In this
respect it resembles j. tyrrelli, but the latter species 1is
smaller, has fewer chambers, and lacks the lobate periphery
of the coil that ctlaracterizes A. wenonahae. A. cf. bumei is
g;nerally smaller and more robust than the present fora.

These differences, however, may not represent.corresponding

differences in genotypes.

Genus Agpomparginpulipga Weisner, 1931

Ammoparginulina cragini Loeblich and Tappan, 1950

Plate 6, fiqures 2a,b, 3, 4a,b

1950. Ampomarginulina cragipi Loeblich and Tappan, p. 6, pl.

1, figs. u4-6
1960. Appomarginulipa cragini Loeblich and Tappan, Eicher,
p- 60-61, pl. 3, fig. 20
Description. Test free, medium to very large, compressed,
planispiral evolute, composed of 1-3 whorls of chambers
followed by 1 uniserial chamber, about 7 chambers iu
ultimate whorl, peripheral outline may. be faintly pelygonal;
chambers indistinct, not inflated; sutures very 1indistinct,
appressed, ‘usually straight,‘r.ﬁial; wall coarse or medium
arenaceous, amber to brown iﬁ célor, seldom smooth; aperture
terminal, produced on a neck thereby giving the final

chaaber a somewvhat pyriform shape.

RY3
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ok e
Iypes and occurrence. This species is found in the
"Attachie"™ section where it is rare. One example of A.

cragipi 1is the single largest foraminifer recovered in this

study. Thesis hypotypes are: 51*-53%, 54,

Dimensions:

Diameter Thickness

Hypotype #51% 1. 28 am 0.26 mm
Hypotype #52% 0.58 mm 0.20 mm
Hypotype #53% 0-42 mm 0.10 mm

Remarks. Ltfggggig; was first described by Loeblich and
Tappan . (1950) from the Kiowa Shale in Kansas. Eicher (1960)
noted it in the H. gigas zone of the Thermopolis Shale of
Wyomirg. The same author found a related species ( A.
paterella Eicher, 1967) . in the Cenomanian Belle Fourche

Shale of Morntana (1967). Stelck (1975) identified a similar

form (as Ammomarginuling? cf. A. paterella) in the Albiams

beds of the Buckinghorse Formation in northeastern British

Columbia.

A. cragini is easily identified by its coarse texture,
evolute coiling, and terminal aperture. In this study, no
specimens displayed more than one "uniserial" chamber. A.
pategella Eicher differs from A. c¢ragipi Loeblich and Tappan
in its more involute <coiling and greater tendency to add
up iserial chambers to the test. Illustrations of the types

(Loeblich and Tappan, 1950) seer to include a vide range of
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forms (ibid. pl. 1, figs. 4-6). Megalospheric-microspheric
dimorphism could perhaps account for ghis wide variation.
The forms recovered in this study resemble what appears to
be a microspheric type (ibid. pl. 1, fig. 6). A. paterella
Eicher seems to have affinities to the megalospheres (?) of
the present species (Loeblich and Tappan, 1950, pl. 1, figs.

ba, b, 5).

Genus Haplophragmium Reuss, 1860

=<

Haplophragmium sp. cf. H. swareni Stelck and Hedinger, 1976

Plate 9, figqures 18a,b, 19, 20

\

Description. Test free, small, elongate, composed of a
streptospiral initial coil of at least 4 chambers followed
by a uniserial part of about U4 chambers, sides of test
parallel; chambers moderately inflated, wider than high in
urniserial portion; sutures usually straight, parallel in
uniserial part, often ihickened {especially in coil); wall

fine are Laceous, smoot hed with much cement; aperture

terminal, rounded, short neck usually broken off.

I1ypes and occurrence. This species is found in the "Hasler"

1Y

sectionL. Thesis hyfotypes are: 73%, 74%, 75%

Dimensiorns:

%5

Coil Length Breadth
Hypotype #73% 0.20 mm 0.50 am 0.20 mm
Hypotype #74x* 0.20 mm .18 am

&3

S
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)

Rypotype #15» | 0.16 mm 0.42 mm 0.16 mm
Feparks. H. swareni was described by Stelck and Hedinger
9

\

76) ﬁgg’ the Late Albian Sully Formation im northeastern
British '%glumbia. The present form is similar to H. swarepi
-in most respects except that it often has fewer chambers in
the wuniserial portion and seems to lack the "secondary
critration" characteristic of H. swareni. A. tyrrelli 1is

also very similar to H. cf. swarepi except that the former

species has a planispiral initial coil.

H. cf. swareni 1s distinguished from co-exlsting

species of Ammobaculites by its loosely streptospiral coil.

haplophragmium sp. from the "Attachie'" sequence shows a

marked tendency to add successively larger chambers 1in the
urniserial part, thus imparting a flaring appearance to

mature specimens.

Haplophragmium sp.

3
Plate 6, figures 5a,b, 6

Description. Test free, small to medium, elongate, often
flaring towards the aperture, comnsisting of a sStreptospiral
coil of about 5 chambers follovwed by a uniserial portiomn of
2-4 chambers, coil is usually the same size or slightly
larger in diamete®®than the first  uniserial chanbeF'
chambers inf}ated, igdreasing rapidly ip size in  uniser$

a "
part; sutures distinct, deprgssed, often undulating”
.-
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uniserial part, may be thickened; wall finely agglutinated,
well constructed with ‘ch cement, texture smooth to
sucrosic; aperture terminal, rounded, produced on a distinct

neck.

Types apd occurrepnpce- This form in found in the '"Attachie"

sequence. Thesis hypotypes are: 61*, 62, 63%, 64.

Dimensions:

Co1il Length Breadth
Hypotype #6 1% 0.18 mnm 0.40 mn 0.22 mo
Hypotype #62 0.18 mmn 0.72 mm 0.24 pm
Hypotype #63%* 0.18 mm 0.36 mn 0.16 mm

Jort
i

marks. This form has apparently not been described in the
literature. The flaring test a nd streptospiral coil
distinguish it easily fros cther forms in the suites. The
flaring test is very reminiscent of Ammobaculites

fragmentarius, but the latter species has a planispiral

initial coil.



161

Family TEXTULARIDAE Ehrenberg, 1838
Subtamily PSEUDOBOLIVININAE Weisner, 1931

Genus pPseudobolivina Weisner, 1931

Pseudobolivipa varigna (Eicher), 1960

Plate 6, figure 8; Plate 9, figures 21a,b

1960. Bimonolipa variana Eicher, p. 67, pl. 4, figs. 15- 19

1963. Bimomolina variapa Eicher, Crespin, p. 55-56, pl- 14,
figs. 15-19

1965. Pseudoboliving variana (Eicher), Eicher, p. 897-898,

pl. 104, fig. 8 .

1967. Pseudobolivipa variana (Eicher), Eicher, p. 183, pl.

18, tig. 1

1967. pseudobolivipa sp. 1, wall, p. 66-67, pl. 4, fig. 2u;

pl. 11, figs. 17-2u4

1975. pseudobolivina variana @eEicher), North and Caldvell,

pl. 2, figs. 19a,b, 20
1977. Pseudobolivipa variapa (Eicher), McNeil, p. 192-193,
y
pl. 11, fig. 3
PO
DPescription. Test free, small to pedium, elongate, flaring,
biserial with a twisted axis;: chambers probably originally
inflated, usually flattened, increasing rapidly in size:
sutures distinct, depressed to constrictedég wall finely
arenaceous, smooth, usually light grey or anbé;f'in color;

aperture appears slit-like, terminal on the fihal chanmber.

Iypes apd occurrence. This species is rare in the basal part
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ot the "Attachie" section and occurs sporadically throughout

the '"Hasler" sequence. Thesis hypotypes are: M1%, M2*, M3-

M6 . ¥

Dimensions:

Length Breadth
Hypotype #M 1% 0-62 mm 0.30 mnm
Hypotype #M2x 0.52 mm 0.28 mm
Hypotyée #M3 V. 38 nm 0.24 mm

llgs]

€

1]

arks. Eicher (1960) originally described p. variana from
the Shell Creek, Thermopolis, and Skull Creek Shales (Albian
of Wyoming). Eicher subsequently recorded it from the
Cenomanian Graneros Shale and Albian Mowry Shale of Wyoming
ard Colorado (1965) and from the Cemomanian Belle Fourche
Shale of Montana and Wyoming (1967). In Canada, 1t has been
described from Cenomanian to Campanian rocks in the

Foothills of Alberta (as Pseudobolivina sp. 1 of lel, 1967)

and from Albian beds in the Lower Colorado Group and
Ashville Formation of Saskatchewan and Manitoba (North and
Caldvwell, 1975) . A similar foram, ?Siphotextularia rayi
Tappan has been reported from Albian-Cenomanian beds in
Alaska (Tappan, 1962). The last nmentioned forn, however,
appears to have a less strongly flaring test and a greater

average size. "Tritaxia" athabtaskensis Mellon and wWall,

another comparable form, was described from the Clearwater
Formation of Alberta (Mellon and Wall, 1956). A figure of

"Iritaxia" athabaskensis in Stelck et al. (1956, pl.2, figs.
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15, 16) appears identical to the present foru.

This speciés resembles Textularia species but the
tlattened aperture appears large and slit-like and it 1is
otten produced on what may have been a short peck. A twisted
axis 1s evident from the curved, 1rregqular nature of the
tlattened t.fts. Eicher (1960) described 2 distinct
morphotypes for this species. The microspheric form has more
chambers, a strongly flaring test, and 1s less abundant than
the megalospheric form. The latter morphotype oftern has
larger chambers and may appear irreqularly formed because of
the strongly twisted axis. No megalospheric foras were noted
in this study. It did, however, occur to the author that
large, megalospheric individuals wmight be difficult to
distirguish from distorafd specimens of Uvigeripammina
manitobensis that lacked necks. ™\

Subfamwmily PLECTORECURVOIDINAE Loeblich and Tappan, 1964

Genus Plectorecurvoides Noth, 1952
Plectorecurvoides sp.

Plate 6, figure 7a-c

Description. Test free, small to medium, biserial enrolled,
almost spherical in overall shape; chambers only slightly or
not inflated, numbering about 10-20 visible fron the
exterior of the test; sutures distinct, apressed to
depressed, often imparting «crude hexagomal or pentagonal

shares to the chambers; wvall finely to medium agglutinated,
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neatly constructed but may appear somewhat rough; aperture

not characterized, probably interiomarginal.

Tyres apd occurrence. This species is confined to the
"Attaéhie" section from which only one vwell preserved
specimen was recovered. Hovwever, another 6 damaged fossils
wvere found that protably belong to this species. Thesis

hypotypes are: M7%, M8-M13.

Dimensions:

Length Breadth
Hypotype #M7* . 0.30 mm 0.28 mnm
Hypotype #M9 0.30 am 0.22 mnm
Hypotype #M11 0.20 mm 0.18 mnm

et

Lhemarks. This genus has been reported from Albian rocks in

Austria, Czechoslovakia, and the USSR (see Loeblich and
Tappan, 1964).
v
The present species 1is easily distiny .shed froam all
others 1n this study by its characteristic globular shape.
Crushed specimens, however, are difficult to differentiate

from poorly preserved planispiral or trochospiral foras.
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Family TROCHAMMINIDAE Schwager, 1877 Te .
Subfamily TROCHAMMININAE Schwager, 1877
Genus Trochammipa Parker and Jomnes, 1859 )
Igochammipa depressa Lozo, 1944

Plate 7, figures 1-4

19u4. Jrochammipa depressa Lozo, p. 552, pl. 2, figs. 4, 5

1949. Trochampina depressd Lozo, Loeblich and Tappan, p.
256, pl. W9, figs. 1, 2

1950. Trochapmipa callima Loeblich and Tappan, p. 10, pl. 1,
tigs. 2, 3; pl. 2, figs. 4, 5

1954. Trochampipa epr a Lozo, Frizzell, p. 79, pl. 7,
figs. 13a,b

1958. Ipochammipa depressa Lozo, Skolnick, p. 284, pl. 38,
figs. 3a-c

1960. Trochappipa depressa Lozo, Eicher, p. 74, pl. 6, figs.
3, 4

1967. Irochampipa depressa Lozo, Guliov, p. 33-34, pl. 7,
figs. la-c

1977. Trochawmpipa depressa lozo, McNeil, p. 197-198, pl. 11,

figs. 8a-c

Description. Test free, small to medium, trochospiral with
about 6 chambers in the final whorl, compressed (probably
BOostly due to crushing), deeply umbilicate on the ventral
side, periphery faintly lobulate or somewhat angular;
chambers only slightly inflated in intact specimens,

fnreasing rather rapidly in size; sutures distinct,
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depgessed, slightly gurved backwards on spiral side, radial
3 i

and straight on umbilical side (iﬂ.hndistorted); vall finely

to medium arenaceous, smooth or rough; aperture an

interiomargina@ slit that begins at the base ot the ultimate

chamber and extends tovag«ds the usbilicus.

Iypss apd occukkence. This species 1is found only 1in the
“wattachie" section where it 1s moderately compon. Thesis

(4
hypotypes are: N7*-N10*, N11-N1J.

Dimensions:
8

Diameter Thickness

Hypoty pe iﬁ?* 0.42 =mnm 0.18 mnm
Hypotype #NB8* 0.44 nm 0.20 mm
. Hypotype #N13 0.38 mnm 0.08 anm

v'ig!g55§..This species was first described froa the Albian
Kiagichi* Shale of Texas (LlLozo, 1944). In the United States,
;t.has been reported from the Kiowa Shale of Kansas (as T.
géil;!g of Loeblich and Tappan, 1950)., £he Walnut Clay of
Téxas (Loeblich apd Tappan, 1949), the Mowry Shale of
Hybling. (Skolnick, 1958), and ‘the Theraopolis and sSkull
Creek Shales of Wyoming (Eicher, 1960). In additioq, it has
been identified by Guliov (1967) in the Joli Fou Pormation

of caskatchewan. All knocvn occurrences of this species are

Albian in age.

Eicher (1960) noted that T. callime Loeblich and Tappan
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was similar to I. depressa in all respects except
thickness-~the form from the Kiowa Shale wvas thicker. Eicher
concluded that this was dde to varying degrees' of burial
compression. This opinion is held to be wvalid as specimens
from the "Attachie" section also show these variations in
thickqess. I. raipwateéri, another similar form, differs fromt

the present form in its smaller size and greater number of

chambers in the final whorl.

Irochappipa gatesepsis Stelck and Wall, 1956
Plate 6, figures 9a,b, 10a,b

»

1956. lrochammipa gatesensis Stelck and Wall, Stelck, Wwall,

——

Bahan, and Martin, p. 53, pl. 4, figs. 9-11

1960, Irochbapmipa gatesensis Stelck and Wall, Eicher, p. 74,
pl. 6, figs. 6, 7

1965. Igechapmipa 9§$%§§ﬂ§l§ Stelck amnd Wwall, Eicher, p.

4
8, pl. 105, figs. 2, 3

1967. Irochameina gatesepsis Stelck and Wall, Eicher, p.
183, pl. 18, fig. 11

Rescriptiop. Test free, tiny, trochospiral * with about 2
vhorls, ultimate whorl having about 7 chaambers, peripheral
lafgin slightly 1lobulate; chaabers fairly inflated on
u&c:ushed specimens, increasing gtadually/in size except for
the last 2 or 3 which increase rapidljﬁrin size; s tures

distinct, depressed, may curwe back slightly; wall finely to

asedium arenaceous, may be somewhat rough; aperture not sSeen,

7~
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assumed interiomarginal at the base of the final chaamber.

Types and occurrence. This species is fairly commson in the
200 mesh fraction of “Attachie" samples. Thesis hypotypes

are: P1x, P2, P3, Pux,

Dipensions:

Piameter Thickness

Hypotype #P 1% 0. 22 mm 0.10 mm
-~ v
Hypotype #P>» 0.224 anm 0.0fun’\,'
4 g . -
Hypotype #Pu= 0.20 mm 0.7 %a

Remarks. This species was originally described by Stelck and

Kall (Stelck et al., 1956) from the "St. John Shale" of
northeastern British Columbia. It has since been recorded
from the Albian Shell Creek Shale of Wyoming (Eicher, 1960),

the Cenonanian Graneros Shale of Colorado (Elcher, 1965),

and the Cegpganian B%’ut Fourche She}e of Montan® and’

" Colcrado (Eicher, 1967)ﬁ

I. alcanensis Stelck differs froam the present species
in its larger sigze’/, thickened sutures, and enlarged final
chamber. T. ut i has .articulated crescent-shaped
charbers and a fairly round peripheral nargin. The present

species resembles TT. diagonis (Carsey) in some respects,

particularly in the characteristic diagonal arrangené&t of

chambers wvhen viewed edge-on. T. gatesensis. hove{?tu~i§“

"

much smaller. Some specimens assigned to the present spec;:f <

-

o~

y
-

4
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may represent juvenile individuals of larger foras.

Iroghammpina sp. cf. I. rainvateri Cushman and Applin, 1946
Plate 9, figures 23a,b

Description. Test free, mediua to small, very low
trochospiral, déeply umbilicate on ventral side, composed of
about 3 whorls with ébout 8 chambers in the final whorl,
peripheral margin rounded; chambers not inflated, indistinct
to distinct, increasing gradnally in size; sutures
indistinct, usually straig;t and radial when visible; wall
coaréely agglutinated, grain-size .01-;05nm, rough, amber to
reddish brown in bolor; aperture not characteryzed, assumed

.

interiomarginal.
-

Iypes apd occurrepce. This form is found in, both the

"Attachie" and "Hasler" sections. It is @moderately common.
Thesis hypotypes are: N1%, N2¢%, N3-N6.
a
Dimensions:

Diameter Thickness

Hypotype #N1= 0.36 nm 0.16 n=
Hypotype #N2* 0.26 am O.g} R
Hypotype #NU4 0.40 am 0.12 mnm
'
\
7
Reparks. I- raipvateri was first described from’ the

Cenomanian Woodhine Group of Texas (Cushuap{ and Applin,

1946). It has since been reéotted from many localities in
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the Canadian and American vestern interiors and froa Alaska.

The stratigraphic range of TI. raipwateri appears to be
Albian through Turonian (McNeil, 1977). )
®
The present form differs from T. rafhvate;; chiefly in
having a smaller, coarser test. This form somevhat resembles
1. depressa Lozo but the latter species 1is wmore finely
agglutinated and his a slightly lobulate periphery and fewer

chaambers. The present species is easily identified by its

low spire, its deep, wide umbilicus, and its coarse texture.

Irochamping rutherfgrdi Stelck and Wall, 1955
10a,b; Plate 7, figures 5Sa,b, 6

[

1955. frochaphipa rutherfordi Stelck and wWall, p. 56-57, pl.

’

1:’ﬁgs. 11, 12
1955. I;ochan!igg rutherfordi variety 1 Stelck and Hall, Pe
57:28, pl. 1, figs. 1ua-c;.pl. 3, figs. 20, 21 *
1955. Irochammipna rutherfordji variety 2 Stelck and wWall, p-.
: 58-59, pl. 1, figs.' 15, 16; pl. 3, figs. 36, 37

1958. Trochampmina rutherfordi variety 2 Stelck and WwWall,
Stelck, Wall, and Wetter, p. 33-34, pl. 4, figs. 6-10

1962. Trochammina ribstonensis Wickenden subspecies
rutherfordi Stelck and Wall, Tappan, p. 155-156, pl.

39, figs. 18-20
19#8. Trochammina rputherfordi Stelck and Wall, Eicher, p.

899-900, pl. 105, figs. la-c ~

1967. Irochammina rutherfordji Stelck and Wall, Wall, ps 70-

(%]
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71, pl. 2, figs. 8-3

1; pl

1971. Trochampipa ';uthg;to:di

€72-273, pl. 4, figs

- 2-4

- 4, fi

gs. 8-13
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Stelck and Wall, Morris, P-

1975. Irochammipa rutherfordi Stelck
Caldvell, pl. 3, figs. la-c

1977. Trochampmipa rutherfordi

203-205, pl. 12, fig

Description. Test free,

Stelck

sS. 2a-c

smal

rounded or faintly 1lobulate

whorls with 6-7 chambers in fiamal wvhorl; chambers

’larging gra\dually; sutures distinct, depressed, curved on
L J

4 .
bSth sides’ of the. .test;

v

wall

1, low

Pelaipd h

finely

and Wall, North

and Wall, McNeil

trochospiral,

ery, composed of

arenaceous, usu

and

e P-

with

2-3

distinct,

ally

- -
smoothed with 1lpts rPf cement; aperture not characterised,
. >

-t
probatbly interiomarqinal.

Iypes apd occurrence. T
‘"Attachie" and “YFarrel"
uncommon. Thesis hyotypes

P12», T13-P16.
Dinensiohs:

Hypotype #p9=*
Hypotype #P11x

Hypotype #P12%

e

Remarks. 1. ratherfordi

his
L}
sect

are:

vas

g
-

species
ions w

P5%, Pé6

first

~

*a

is fouﬁd iw
here it'i§ gener

-P8, P9x, P10, P

pialeter Thickne
0.22 anm 0.08 nm
0.28 am 0.12 n=

0.26 ma 0.14 am

described froa

the
ally

11»,

SSs

the

>

~h
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-
Cenomanian-Turonian part of the Kaskapau Formation of
Alberta (Stelck and Héll, 19558, Stelck et al. (1956)
identified it in the Cenomanian Dunvegan Formation and ‘bpe
Albian-Cenomanian Fort St. John Group of Alberta, and Wall
(1967) found it in the Cenomanian-Turonian Sunkay and Haven
Members of the Blac}stone Formation, also of Alberta. North

.

ard Caldwell (1975) gfigure I. rutherfordi from the Albian

up per part of 4he Lower Colorado Group and Ashville

L 4
RS L |
.ba.ﬁ& the United
y ’ . Q

Dy he Cenomanian

Formation 1in Saskatchewan and Mapi
States, Eicher (1965) has recordeg
Graneros Sﬁ%le of Colorado and Wyomir ‘k 1971) found

it ini.he UPper Cre ) esaverde Group of Colorado, and

Tappan (1962) iden

it (as T. ribstonensis Wickenden

subspecies fguther ' in th Albian Grandstand and
. -

Cenomanian Ninuluk FJfl'tidhs of Alaska.

& .

spiral, and articulated cresce‘l'Ehaped chambers. It was

-

considered a subspecies of ff Libstonepsis Wickenden by

This species is distinguished by its small size, low

Tappan (1962) but this op#nion is not followed bhere. T.
Libstopepnsis is larger and has more chambers per wvwhorl.
Vs o g‘@

8]
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Jrochammina rutherfordi s. sp. cf. T. rutherfordi

mellariolum Eicher, 1965 E
) Plate 2, figures 12a-c
.

Des¢ription. Test free, small, trochospiral with a high
spire, composed of about 3-4 whorls with about &4 chanbet;;in
the final whorl, peripheral margin 1lobulate; chambers
inflated, subglobuiar f!n umbilical view) to elongate (in

spiral view), rapidly expanding in size (especially over the

last whorl); sutures distinct, depressed, wall finely
agglutinated, texture glassy tp.“sucrosic; aperture an
. 1nteriomarginal slit at the base ;zithe ultimate chamber.
- »%, ,-"

v

Iypes anpd occurrence. This form is confined to the 'Farrel"

-

section. Only 2 specimens were recovered. Ttﬁis hypotypes

are: 07=, Ugg. ~

)

AN

. ~
Dimensions:
Diameter ﬁ)ickness
Hypotype #U7% , 0.24 mm 8.20 anm

Hypotype #U8% 0.22 nnm 0.30 am

kemarks. Eicher (1965) described I. rutherfordi !gllgrio; a

- - a— ———
-

from the Cenomanian Graneros Shale of Colorasdo. Eicher

\
\

(1967) subsequently reported this subspecies fron the”

Cenomanian Belle Fourche Shale of Montana. Sutherland and

'Stelck (1972) found it +dn the Upper™ Albian Heggastroplites
: »~ .
zone of northa@stern British Coluj)da. Although the present

\ _

_
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form appears identical to ¥he parent formsin all respects,

it is not assigned to T. rutherfordi mellariolum in the

strict sense because of limited material.

M

~

This form is easily distinguished Trom I: rutherfordi
putberfordi sStelck and Wall by its high to extremely high
spire. In fact, speciimens with very high thickness to
diameter ratios uotld be difficult to separate fronm
specimens of the genus Eggerella.

ﬁ’“ -

.. As

Trochgmmina wetteri Stelck and Wall, 1955

r

Plate 2, figures 11a,b, 13a,b

&
1955. Irochammina wetteri Stelck and Wall, p. 59-60, pl. 2,

figs. 1-3, 6

1960. Irochapmipa wetteri Stelck and Wall, wall, p. 27, pl.
5, figs. 1-6

1962. Irochagmipa pibstonens.: Higkenden, Tappan, P. 154,
pl. 39, fig. 15a-c

1967. Trochammipna wetteri Stelck and Wall, Eicher, p. 184-
185, pl. 18, figs. 7a,b, 9a-c

1967. Trochammina wetteri Stelck and Wall, wall, p. 77-72,

pl. 8, figs. 21-26; pl. 10, figs. 7-9

te

1970. Trochagmipa wetteri Stelck "and WwWall, Eicher and
Worstell, p. 282, pl. 1, fig. 16a-c ‘

1972. Irochampina wetteri Stelck and Wall, Sutherland and
stelck, p. 575-576, pl. 5, figs. 5, 6

1977. Trochaamipa wetteri Stelck and Wall, McNeil, p. £05-
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207, pl. 11, |figs. 10a-c

Description. Test/ free, small to medium, trochospiral with
2-3 whorls, peryiphery lobulate; Chambers inflated, few in
number, increasing \rapidly ig size, numbering 4 to 6 in the
ultimate wherl; sugures distinct, de pressed to constricted,
obliqugkii spiral view, almost radial in wmbilical view;
vall finely to medium agglutinated, usually smoothly

finished; aperture an igter iomarginal slit at the basge of

_the £i{amﬁmbsr.

Iypes d'~ gccurrepgce. This species is present in both the
70

"Farrel 33 wAttachie" sections. It is scarcest in the

"Hasker?;‘section where only 2 specimens vere positively

identified. Thesis hypotypes are: Q1, Q2, Q3*%, Qu=*, Q5-Q10.

Dimensiond:

Diameter Thickness
Hypotype #Q3% 0.32 mnm 0.10 nm
Hypotype #Q6 O.44 mm 0.12 =mnm
Hypotype #Q7 0.38 mm 0.1¢ anm

Repdrks. This species vas first dgscribed by Stelck and Wall
{1955) from the Cenomanian-Turonian Kaskapau Formation of
Alberta. It has since been recorded from the santonian-
Campanian Puskwaskau Formation of Alberta (Wall, 1960), the
Turonian-CalpaniaQ Seabee and Schrader Bluff Formations of

Alaska (as T. pibstopnensis of Tappan, 1962) , the Cenomanian
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Belle Fourche Shale of Colorado, Montana, and: Wyoming
(Eicher, 1967), the Cenomanian-Turodhian Greentiorn Limestone
of Wyomirng and South Dakota (Eicher and Worstell, 1970), and
the Neggastroplites zone near Moberly Lake in northeastern
British Columbia (Sutherland and Stelck, 1972).

Eicher (1967) and McNeil (1977) regarg T. umiatensis’
Tappan (1957) as being synonymous with T. wetteri. This view
is not held here, however, as T. wetteri is small and has 4-
6 chambers 1in the outer whorl while T. umiatensis is much
larger and has 4 (rarely 5) chambers 1n each whorl. The
larger Alaskan form seems to be restricted to Albian rocks
(Iappan, 1962; gutherland and Stelck, 1972; Stelck, 1975)
whereas the smaller T. wetteri is found in rocks from Albian
to Campanian in agqge. There exists the possibility that some
older (Albian) examples of T. wetteri may be conspecific
with <co-existing specimens of T. gggatenéi§ « but the

smaller Upper Cretaceous forms are distinct, perhaps

descendents of T. umiatensis.

Trochgpmina sp. cf. T. wickendeni Loeblich, 1946
Plate 9, figures 25a%b

-

Description. Test free, small, rabust, trochospiral with 1-2
wvhorls of <chambers, about ’5 chambers in the final whorl,
periphesal margin lobulate; chambers inflated, increasing
rapidly in size; sutures distinct, depressed, straight or

gently curving; vall finely agglutinated, smooth to almost
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.

glassy; aperture not seen, assumed interiomarginal.

. J
Types apd occurrence. This form is very rare in the "Hasler"
section. oOnly 2 sp

ecimens were recovered. Thesis hypotypes

are: CY11*, Q12.

. Dimensions:

Diameter Thickness

Hypotype #Q11» 0. 36 mnm 0.18 nmm
Hypotype #Q1.2 0.%6 mnm O0.14 @mm
- o
Reparks. T. wickendepi was first described from the

v

Cencmanian Pepper Shale of Texas (Loeblich, 19u46). It has

since kteen recorded from the Cenomanian
.8

Carlile Shales of Wyoming and éouth bDakota

g

Cenomanian Carlile Shale of Colorado (Eicher, 1966), and the

Fourche and

Fox, 1954), the

Meogastroplites zone in northeastern British Coluabia
(Sutherland and Stelck, 1972). Thus, the principal

development appears to occur in the Cenomanian.

1. cf. wickendenl is easy to recognize by its somevhat
discrganized whorls of rapidly expagding chambers. The total
number of chambers seldom exceeds 10. The present form has
not been assigned to T. wickendepi sensu stricto because not
enough material was available to characterize its variation.
The possibility exists that the present form could represent

the megalospheric phase of T. wetteri.
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Family ATAXOPHRAGMIIDAE Schwvager, 1877
Subfamily VERNEUILININAE Cushman, 1911
Genmus Verpeuilipa d4'Orbigny, 1839

Yerpeuilipa capadensis Cushman, 1927
Plate 7, figure 7; Plate 9, figure 22 ~

1927. Verpeuilipa capadepsis Cushman, p. 131, pl. 1, fig. 11

1937. Verpeujlipa c¢anadepnsis Cushaan, Cushman, p. 13, pl. 1,
figs. 16, 17

1946. Verpeuilipna canadensis Cushman, Cushman, p..12, pl. 7,
figs. 2, 3

19f0- Yerpeuilipa
S, figs. 1,

1965. Vermpeuilina
105, fig. S

1967. Verneuwilipa capadepsis Cushman, Wall, p. 74-75, pl. 1,

figs. 14, 15

1975. Verpeuyilina c¢apadensis Cushman, North and Caldwell,
pl. 3, figs. 6a,b «

depsis Cushman, Eicher, p. 67-68, pl.

Noa
o
o t
=

sis Cushman, Eicher, p. 901, pl.

-t

1977. Yerpeuyilipa capadepsis Cushman, McNeil, p. 207-208,
pl. 12, figq. 3

Pescription. Test free, flaring, medium to large, triserial
with each row of chambers registering perfectly on the
previous row; chambers inflated, say be secondarily crushed,

o/' ‘.”‘.1..'

or distorted; sutures distinct, depressed, or constricﬁ:dg;‘

wall very coarsely arenaceous, grain-size .01-. 10mnm, rodﬁh,

deep amber in color; aperture not determined, probably



179

interiomarginal.

Iypes apd occurrepce. This species is rare 4in the Sﬂlplﬁ‘\

sectidns. The “"Hasler"™ and "Attachie® sequences yielded o

2 specimens each. Thesis hypotypes are: R1*, R2, R3®, ll§
's'

'..0
Dimensions:
Length jreag’.’
Hypotype #R1* 0.88 mm 0.40 am
Hypotype #R2 - 0.58 mm 0.32 omnm
Hypotype #R3* 0.48 mao 0.32 an

v,,

Remarkg! This species was first described by Cushman (1927,

1937, ;906) from Cretaceous rocks of Western Canada. Eicher
recordéd it from the Cenomanian éraneros Shale of Colorado
13965) and.tLe Albian Skull Creek Shale of Wyoming (1969) -
Wall (1967) reported it from the Sunkay Member of the Albian
Blackstone Formation of Alberta and the Albian part of the
Shaftesbury Pormation in the Peace River area, Alberta.
North and Caldwell (1975) recovered this species from the

Albian Lower Colorado Group and Ashville Formation in

Saskatchewan and Manitoba.

This large Yernemilipa is easily recognized by its
z*wqéz:coarse texture ang higﬂl;xiﬁflafed chambers. It reseableg

| Yerpeyilipoides sp. exéept that the chambers are lined up in
- ’

vertical rows separated by deep clefts.
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L J
Genus g#gjgjijg d'orbigny,~ 1839
Gaudryipa gnnadaap&& Cushman, 1943

Plate 7, fiyures 8-10

Bideperipna angylata Cushman, P. 131, pl. "1, fig. 10
Gaudryipna capadensis Cushman, p- 28, pl. 6, figs. 7, 8
Gaudryina capadepsis Cushman, Cushman, p. 34, pl. b6,
fig. 24

Gaudryipa hectori MNauss, p. 335, pl. 48, figs. 6a,b
Gaudrying hectori Nauss, Stelck, Wwall, Bahan, and
Bartinpn, p. 32, pl. 5, figs. 14, 15

Yerpeuilipoides hectori (Nauss), Eicher, p. 68, pl.
figs. 3, 4

Gaudryipa capadensis Cushman, Tappan, p-. 146, pl. 35,
figs. 1-7

Verneuvjilipoides pectori (Nauss), Eicher, p. 901, pl.
105, figs. 6, 7

Gaudryina hectori Nauss, Guliov, p- 34-35, pl. 7,
figs. 2a,b

Yerneyilipoldes jectori (Nauss), Morris, p. 273-274,
pl. 4, figs. 8-11 .

Gauydryipa canadensis Cushman, North and Caldwell, pl.

3, figs. 9Y9a,b, 10a,b, 1t1a,b

Gauydryipa capadepsis Cushman, McNeil, p. 210-213, pl.

4

212, figs. 10, M

Rescription. Test free, medium to ldrge, elongate, imitial

portion triserial, later becoaing biserial, usually with a
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slightly tvisted axis of coilind in the biserial portion;

chambers only slightly inflated, increasing gradually in

size; sutures distinct, often somevhat thickened, usually

~ i
straight, giving a zig-zag appearance to the test; wall

sedium arenaceous, finished with lots of cement, color amber
to reddish-brown; aperture a high arch ex}ending wvell onto
the face of the- final chamber from an interiomarginal

position. 4 ' {

Ivypes apd occurrence. This species is present only in the

“"Attachie” seétion where it is included in the
\
Haplophragmojdes gigas fauna. Thesis hypotypes are: RS%,

R6*, R7-R9, R10*, R11-R13.

Dimensions:

Length Breadth
Hypotype #ES=x 0.70 nam 0.20 anm
Hypotype #R6E* 0.64 anm 0.24 mm
’Hypotype #R 10= 0.46 mn 0.20 mm

arks. This species was originally described as Bj cina
Remarks Bideperina

apgulata from poorly preserved material from the Cretaceous

of vestern Canada (Cushman, 1927, 1943, 1946) . As G. hectori
this species has been recorded from Albian beds in the
Lloydminster Shale (Nauss, 1947), &nd the Albian Joli Fou

N
Formatian of Alberta (Stelck et al., 19%6) and Saskatchewvan

(Guliov, 1967). As Yerpewilipoides he¢tori (Nauss), Eicher

identified the present species in the Albian Thermopolis,
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Skull Creek, Shell Creek, and Mowry Shales of iyoning (1960)
and the Albian upper Movry and Cenomanian Graneros Shales of
Colorado (1965). Morris (1971) found it 4in the Upper
Cretaceous Mesaverde Group of Colorado and Tappan (1962)
recorded it ‘l Albian-Cenomanian rocks in Alaska. North
and cCaldwell (1975) figured‘ specimens froe the Lower
Coloréd; Group and Ashvil}e Formatioh in Saskatchewan and

Manitoba.

Juveniles of the present species are often confused

with specimens of Yerneuilipoides, which they strongly
resemble. The mature form, however, is easily identified by
its zig-zag sutures and con.oniy tvisted axis. G. igepenmsis
Stelck and Hali, a gimilar species, is distinguished from
fhel preseng one by its stouter and relatively 1longer

g

triserial portion (Stelck ahd Wall, 1955).

Genus Uvigeripamssipna Majzon, 1943

Uvigeripammipa mapitobepnsis (Wickenden), 1932
Plate 7, figures 11-13; Plate 9, figures 24, 26-28

1932. Tritgxia manitobepsis Wickenden, p. 87-88, pl. 1, fig.

10
¥337. I;;&giig sanitobepnsis wickenden, Cushman, p. 27, pl.
. 4, f;g. 7 ‘
1946. I;;ﬁi}ii Bapjtodbepsis Wickenden, Cushman, p. 31, pl.
7. fi;. 8

1951. Iritaxia manitobepsis Wickenden, Tappan, p. 3, pl. 1,
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figs. 15, 17

1962. Uvigerinaamina manitobensis (Wickenden), Tappan, P.
145, pl. 33, figs. 18-23

1964. Uvigeripamsmina mapitobepsis (Wickenden), Loeblich and
rappan, p. C272, figs. 182 (12a,b, 13)

1967. Uvigerinammipa é&. mapitobepsis (Wickenden), Guliov,
p.- 35-36, pl. 7, fig. 3 .' _

1975. "Tritaxia" mapitobensis Hickende&, Stelck, pl. 3, fig.
24

1975. gz;gg;;g;‘;igg‘ mapitobensis (Wickenden), North and
caldwell, pl. 3, figs. 18a,b ,

1977. Uvigerinasmipa ;gg;;ghgg§;§ (Wwickenden), McNeil, p.
217-218, pl. 12, figs. 15- 18

Qggg;ig&igg..Tést free, medium; elongate, composed ;f Qn
initial triserial portion followed by a tvisted biserial
(sometimes tending to uniserial)‘ portion; chambers
originally inflated, usually flattened, sometimes egg-
shaped; sutures distinét, depressed to constricted; wall
finely agglutinated, smooth, often a characteristic whitish-
grey; aperture rounded, ‘terminal, produced on a prominent
neck.
Y

Types apd occurrepce. This 'species occurs in both the
wAttachie" and "Hasler" _sections. Only about 2 dozen
examples vere found. Thesis hypotypes are: s1s%, sS2%, S3-S6,

s7+, s8, S9%, S10%, S11, S12, S13%, sius, S15-518.
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Dimensions:

Length ~ Breadth
Hypotype #S1* ) 0.62 mm  0:30 m»
Hypotype #59¢ 0.46 mm 0.24 ‘i.‘
Hypotype #S14#

N - 0.72 mm  0.30 am
Reparks. This Uspccigk vas first described fros tho‘llbign-"
Cenomanian Ashville Forsation of Manitoba (Wickenden, 1932);
In Canada it has been reported fros the. Albiam Joli Fou
Formation of Saskatchevah (Guliov, 1967), Albian beds of the
Lower Colorado Group and Ashville Formation in Saskatchewvan
and Manitoba (North and caldvell, 1975), Albian beds of the
Buckinghorse and Sikanni Formations of pnortheastern British
Columbia (Stelck, 1975), and the Albian Neggagstrdplites zoné‘
in northeastern Britisﬁ Colulbia‘ (Sutherland and Stelck,

1972). 1In -addition, Tappan (1962) jdentified it in Albian

rocks of Alaska.

?his species vas originally described as Tritaxia
!§nigghgg§i§ Wickenden. Tappan (1962) noted that the test
vas trochoid rather than strictly triserial and éhat it had
a rounded rather than a triangular tgst. Oon the hasis!of
these observations, she placed it in gvigderipammipa Majzon.
Although satisfactory ‘for the Vllaskan formas and eastern
European varieties, this generic assignment is not 'strictly'
appliéable to the western Canadian fora. The early portior
of the present species 1is very much like that of

Qgigg;;gglling s. s. but the tendency of the Canadian foras
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«

)

to boc01; btibriak or even seai-uniserial cannot be ignored.
" Also, becatse of dotoraat{on due to the origimal plaatic~
_nature 'ot the pri;ont form, there 1is sone'donht a8 to
vhether its 1ntotnai structure 18 the same as timt of true
ﬂ!‘ﬂ;lilllligl. (vhich has a series of intorntl stolon-1like

nths.connccting.snccossiv. dac-liko chaabers) .

*i&rge.speciipns ;t Rseydobolivipa yariana Eicher nmay
res;nblq crushed speciméns of the‘prisent species. Usually,
P. yYariana is more slender and bas a nmore pointed taper
tovards the proloculus.

Gebus zg;ng!iiing;ggg Loeblich and Tappan, 1949
Yerneuilinoides cumaingensis (¥auss), 1947
Plate 2, figure 14

1947. "Jerpeuilina™ cuamipdgensis ¥auss, p. 341, pl. 49, fig.
4 . ) .

1975. Yerneuiliboides <cumaingensis  (Nauss), North amd
Caldvell, pl. 3, figs. 4, Sa,b | B

Descriptiopn. Test free, slall to medius, elongate, triserial
with a straight or vory(;gi}gifi' ‘tfisted axis; chambers
mediua inflated, ' subglobular; sutures distinct, depressed;
vall finclyiagglutinatcd, fairly smooth; aperture an arched

slit at the base of thoAtotninal chamber.

Types and occurrelice. This species is found in the "Farrel"”
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section. Only a few ‘snoéinin- vere recovered. Thesis

h}pptypos are: T8*, T9.
. »

Disensions: ‘ . .

' L Length Breadth
Hypotype #T8+ o 0.42 mm  0.22 ma
ﬂypptyq' #T9 : .o.aa an 0.26 an

.

Beparks. This speéies vas described from the Cumamings Meaber
of the Mannville Formation of Alberta (Nauss, 1947). North
and Caldwvell (1975) figured if from the Albian-Cenomanian
. parts ‘of the‘Lovér Colorado Group and Ashville -Pormation in
Saskatchevan and Manitoba. ‘

This species is distinguished froa Y. kapsasepsis
Loeblick and Tappan by its larger Size. Y. borealis Tappan

fas.a more tvisted axis. T

<

I

Subfaaily GLOBOTEXTULARIINAE Cushman, 1927

Genus Arehobulimipnag Cushman, 1927
Azenobulilina paynei Tappan, 1957
Plate 2, figures 15a-c, 16; Plate 7,{figutes,1n, 15a,b
L

1956. Eggerella sp- B Stelck, Wall, Bahan, and Martin, p.
31-32, pl. 4, fig. 7

1957. Arenobulimina piingi Tappan, p. 208, pl. 67, figs. 1-4

1960. Eggerella sp- Eicher, p. 70, pl. S, fig. 5

~19e62. Aggngbnliiing. Raypei Tappan, Tappan, p. 151-152, pl.
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R

4\36‘, figs. 1-4 .
N ) . N
1975. Agepobulimina paxnel Tappan, North: and Ca].duoll,‘r pl-
’ / ) .
3, figs. 16, 17 .
3 ) .
'y ' .

Qéggg;g;}gg. Test‘ free,.iﬁall to sediuas, strongly flaring,/
inflated, loosely to strictly guadriserial, late vhorls
alva}s neatly quadriserial, about 4-5 whorls total; chhlbets‘
inflated, increasing rapiadly in size:; suturés distincet,
depressed to-constricted; vi;l finely agglutinated, smooth;
aperture interiomarginal at the inner margin of the ultimate

chanmber. t

Types and occurlenge- This species occurs in the "Attachie"”

and "Halfvay Harmon" sections. It is very rare. Thesis

N
hypotypes are: Uil*, U2%, U3-US5, U6b*.

L~
Dimensions:
. Length Breadth
Hypotype #U1* 0.44 mnm 0.26 mm
Hypotype #$02% ) ~ ) 0.34 am 0.24 mam

Hypotype #06% 0.26 mm 0.32 mm
Reparkg. This speci;s has been reported froms the Albian
Grandstand and Topagoruk Pormations of the North sSlope of
Alaska (Tappan, 1957, 1962) . North and caldwell (1975)
figure thiéfforn,fron the Lower Colorado Group and Ashville
Forsation in Sakatchéwan and Manitoba. It was reported by

Stelck et al. (1956) fronm the nmiddle Albian Commotion

N
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'rorlation of northeastern British Columbia (as ﬁgggggllj sp.
B) . Eicher (1960) described this species as Eggerella sp-

frons the Shgll Creek Shale of Wyoming.

This species is easy to identify by its extremely
/

flaring test and final quadriserial condition. Q;g;glligi

sbhamneyi Stelck has a more gradually flaring test, and 1is

Senitier. éﬁs . N

Genus Gravellipa Bronnimann, y,
Gravellina chamgeyi Stelck, 1975 w

Plate 9, figures 29a,b
1975. Gravellipa chamneyi Stelck, p. 267-268, pl. 3, figs.
27, 28, 37-u44

1977. Gravellipa chappeyi Stelck, McNeil, p. 225-226, pl.
12, figs. 22a,bd

Rescriptjon. Test free, tiny to small, gently flaring,
quadriserial (or perhaps triserial?) initially, later whorls
definitely quadriserial, arxis of coiling usually straight;
chambers nmediunm infla:;d, those o; fhe last whorl lay’be
more inflated; sutures distinct, depressed, gently curved,
sometimes giving a polygonal appearance to the chambers;
wvall finely arenaceous, smooth; aperiure an interiomarginal
notch at the base of the final chanmber.

-

Iypes apd occurrepce. This species is rare in the "Hasler"
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sectiqn. Thesis hyﬁotypc‘ are: W10=, w1i11,
Dileﬁsioﬁs: / v ' .
. Length Breadth
Hypotype #W10%* ‘ ‘ ,0.34 pa 0.22 anm
Hypotype #W11 0.24 = 0.18 »m

.

Eglggkg. This tiny quadriserial foram has been known in
Canada for many years. It vﬁs first described bj Stelck
(1975) in the Albian upper Buckinghorse . Shale of
northeastern British Columbia. Wall (gée Stelck,“ 1975)
considers this species to be a widespread component of post

Viking microfaunas in Alberta.

G- chappeyi is distinguished from Arepobulimina paynei
by its snallér size and more gradually flaring test. G.
chapneyi shows 1its greatest copncentration in the finest
screenings vwhereas JA. i 1is found in the coarser

-
. residues.

gravyellipa sp. cf. G. chamneyi Stelck, 1975

Plate 7, figures 16, 17

Descriptjop. Test free, tiny to small, flaring towards
aperture, appearing gquadriserial throughout, peripheral
margin of later whorls 1lobulate, axis of coiling may be
straight or slightly twisted; chambers wusually inflated,

LN
often appearing polygonal; sutures distinct, depressed; wall
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t
finely arenaceous, usually . samooth; aperturé not

~e

characterized, probably interiomarginal. 5. '

’ .

Iypes and Qggngxgngéf' This form |is 'tound_ only 1in the
~"Attachie" section where it is fairly coamon. Thesis

- hypotypes are: Wi®, W2-Wd, WS*, W6-WN9.

Dimensions:

_ Length Breadth
Hypotype #W1* ' 0.26‘11 . 0.16 mnm
Hypotype #uS* 0.26 anm 0.16 anm
Hypog;be W9 . 0-30'll 0.16 man

ﬁggg{ﬁé; This fotn‘is almost identical to G. champpeyi Stelck
from the Albian ipper Buckinghorse Formation of northeastern’
Eritish Colunbiag(Stelck, 1975). ,ihe forms found 1in the
"Attachie" segiion are herein separated from G. champeyi

o
sensu stricto because there appears to bhe a continuous range

between G. cf. chappeyi and Gravellipa sp. Thus it is not
known wvhether the present form is distinct, or whether it

represents a juvenile stage of Ggravellipna sp.

Gravellipa sp-
Plate 7, figures 18a,b, 19
&
Descriptiop. Test free, small to wmedium, flaring gently,
most of test appears quadriserial, last whorl definitely

Al .
triserial, axis of coiling slightly twisted, éhpecially in
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triserial whorl(s), peripheral smargin 1lobulate; chambers
inflated, 1ncroqlinq gradually in size; sutures distiact,
epressed; vall finely arensceous, texture usually finely
3‘c:0-1c, often orange in color; npitturo an interiomarginal

arch at the base of the finel chansber.

. - -
IYpes 8R4 9CGCULLeDGEe. This species is found on%, in the

"Attachie® section. Thesis hypotypes are: TI1¢, T2-T4, T5%,

176, T7.
- ~
Dimensions:
Length - Breadth
Hypotype 0110 - 9(46 as 0.22 an
Hypotype #T5% 0.36 ap- O0.18. anm

Hypotypre #T6 0.36 ma 0.18 anm

N

Renarkg. This form appears to beielated to both.G. ¢chamneyd
and Yerneuilinoides cuasindensis

definitely a vell-ordered guadriserial artangenent, but the

auss. The early portion is

final wvhorl is alvays ttiéen(al in matore specimens. In

addition, the present fora is.qenetally a little larger then

-

G. champevi. ¥. <cummingepsis (a fora  found in  the

stratigraphically lover "Parrel™ section). is triserial

throughout and usually larger than the present foras.

Y

»
-~

It is interesting to specuiate that Gravellipa sp.
might be intermediate betveen G. champeyj and a form similar
to Y. cummipngensis- Unfortunately, there.seeas to be no vay
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'
of decidiag whetder f;;utlro iadividuals of the ptbaoJ§~!orn
belong in Q..g;.|..;1 or ;hc present. species. In viev of
this, Juveniles of the present fors }llong \vitl any
specimens of G. chapagyi that aight be present) are tqto:;od

to a separate tazon (see g. cf. chalnayd ia this report).
) 4 . .

.
. -

[ J
'
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ILLUSTRAXIONS OPF PORAMINIPERA

See Appeadix C for thesis hypotype
. { ‘ numabers cross-referanced with

sinplc nuasbers

v .
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€-8, 11-13

9, 10

15-18

14a,b

19, 20

21, 22

23a,b

24-28
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EXPLANATICN COF PLATE 1

Foraminifera from the "Farrel" Section

Magni fication about 60X

A

\

Hippocrepipa sp. A. Hypotypes #B1 (fig. 1) and
e (fig. 2). -
?Hyperapmipa sp. alpha. Hypotypes #E2 (fig.
3), #D9 (fig. 4), and #E3 (fig. 5) .
Psammjnosphaera sp. Hypotypes #Gu4 (fig. 6), .
$ES (fig. 7), #G3 (fig. 8), #F6 (fig. 11), #F&
(fig. 12), and #P5 (fig. 13).

Saccammina alexanderi Loeblich and Tappan.
Hypotypes #B2 (fig. 9) and #B4 (fig. 10).
Thurapmipoides cf. sSeptagopalis Chamney.
Hypotypes #I18 (fig. 15), #I17 (fig. 16), #I22
(fig. 17), and #123 (fig. 18).

Ampodiscus kiowepsis Loeblich and Tappan.
Hypotype #J4 (figs. 14a,b).

? iscus sp. Hypotypes #J9 (fig. 19) and
#J8- (fig. 20). _
Psamnipopelta bowsheri Tappan. Hypotypes #J63
(£ig. 21) and #J360 (fig. 22).

Haplophragmoides sp. Hypotype #1L21 (figs.
23a,P).
Haplophragmoides cf. gilberti Eicher.

Hypotypes #L54 (figs. 24a,b), #L47 (figs.
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25a,b), #L55 (fig. 26), #L48. (figs. 27a,b),
and #L46 (figs. 28a,b).:

29a,b Haplophragmojdes cf. kirki Wickenden. Hypotype
4L26 (figs. 29a,bdb).



28a

"FARREL
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EXPLANATICN CF PLATE 2

Foraminifera from the "Parrel" Section

Figures

Sa,tL,

7a,b,

Ya,b,

12a-c

11a,b,

14

15a-c,

éa,b

10a,b

13a,b

16

Magnification about 60X

mﬁ; fragmentarius Cushman. Hypotype
#36. .
Ammobacylites cf. hupei Nauss. Hypotypes ‘811
(figs. 2a,b), #21 (figs. 3a,b), and #20 (figs.
4a,b). v ‘
Ammobaculites tyrrelli Nauss. Hypotypes #26
(figs. 5a,b) and.#77 (figs. 6a,b). . !
Ampobaculites venopahae Tappan. Hypotypes #47
(figs. 7a,b) and #16 (fig. 8).

Irochammipa rutherfordi .Stelck and Wall.
Hypotypes #P11 (figs. 9a,b) and #P12 (figs.
10a,b). ~

Trochammina rutherfordi S.  sp. cf. T.
rutherfordi mellarjojur Eicher. Hypotype #U7
(figs. 12a-¢).

Irochampipna wetteri Stelck and Wall. Hypotypes
#QU4 (figs. 11a:b) and #Q3 (figs. 13a,b).
Yerneuilinoides gcummingens®s Nauss. Hypotype
$T8.

4

Arenobpuylimina paynei Tappan. Hypotypes #U6
(figs. 15a-c) and#U8 (fig. 16).
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EXPLANATION OF PLATE 3

Poraminifera frona the "Att&chie".50ction

Magnification about 851

Figures

1-3 . _pdthysivbon brosgei Tappan. Hypotypes #A1
(fig. 1), #A3 (fig._2), and #A2 (fig. 3).

&

4, 5 Hippocrepina ct. barksdalei (Tappan).
Hypotypes 589 (fig. 4) and #C1 (fig. 5).

6, 8 7HYPeraAmina alpha. Hypotypes #D7 (fig. 6) and
#D5 (fig. 8). )

7 Psaamospbaera sp. Hypotype #E9.

9, 40 .. Saccammina alexapderi (Loeblich”and Tappan).

* Hypotypes #HB (fig. 9) and #H5 (£ig. 10).
11,712 Saccammina lathrami Tappan. Hypotypes  #I3
) (fig. 11) and #I1 (fig. 12)-.
13, 14 Reophax cf. gg;g;jé; Vieaux. Hypotypes #J16

(fig. 13) and #J317 (fig. 14).

. 15a,b Biliammipa cf. awypepnsis Tappan. Hypotype #J48
(figs. 15a,b).
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EXPLANATICN CF PLATE 4

ur
«

Foraminifera from the "Attachie" Section

Figures

la,b
2a,b,

4a,b,

12a-c

13a,b

3a,b .

S5a,b

10,

11

Hagnification about 85X

Biliammipa ipflata Eicher. Hypotype $320
(figs. 1a,b).

Miliammipa  ischpia Tappan. Hypotypes #J25
(figs. 2a,b) and #J29 (figs. 3a,b).

Miliammina manitobensis Wickenden. Hypotypes
#J51 (figs. 4a,b) and #J50 (figs. 5a,b).
Psampinopelta bovsherji Tappan. Hypotype #J53.
HaploPbeagmoides ¢ollyra Nauss. Hypotype #L1
(tigs. 6a-¢).

Baplophragmoides gigas Cushman. Hypotypes #L6
(figs. ‘7a-c), #L8 (fig. 8), #LS (figs. 10a,b),
and #L9 (fig. 11).

Haplophragmoides cf. kirki Wickenden. Hypotype
$L16 (figs. 12a-c).

Haplophragmeides cf. postis Stelck and Qall.
Hypotype #L36 (figs. 13a,b).
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Figures

1-5

9a,Lt, 10

12, 13a,b
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EXPLANATION CF PLATE 5

-t

Foraminifera from the "Attachie" Section

s

Magnification about 85X

2a,b), $K25 (figs. 3a-c), #K28
and #K24 (fig. 5).
Irochampipoides  cf. ap!
Hypotypes #L43 (fig. 9a,b) and

Apmobaculites culmula Skolnick. Hypotype #40.

Amgobaculites fragmeptapius Cushman. Hypotypes

$25 (fig. 7), #42 (fig. 8), and #26 (fig. 11).

Ampobaculites fragmeptarius Cushman  variety.
Hypotypes #57 (fig. 12) and #69 (figs. 13a,b).

A
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EXPLANATION OP PLATE 6
)

Foraminifera from the "Attachie™ Section

Figures
1a,b
Sa,b, 6

Ja-c

9a,b, 10a,b

Magnification about 85X

Asmolbaculites fragmeptariug Cushman variety.
Hypotype #56 (figs. 1a,b).

ARmQpardipulina cragipi Loeblich and Tappan.
Hypotypes 353 (figg. 2a,b), #51 (fig. 3), and
#52 (figs. 4a,b). ?
Haplorhragmjup sp. Hypotypes #63 (figs. Sa,b)
and #61 (fig. 6).

Bseudobolivina variapa (Eicher). Hypotype #M1.
Rlectorecurvoides sp. Hypotype #M7 (figs. 7a-
c).

Irochammipa gatesensis Stelck and Wall.
Hypotypes #P4 (figs. 9a,b) and #P1' (figs.

10a,b).
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Pigures

1-4

11-13

14, 15a,b

16, 17

18a,b, .19

7 , 207

N

. \
BEXPLAWATION GF PLATR 7 ™~

)

Porasinifera froms the “Attachie"™. Section

Magnification about 85X

1zochamaina dspresap lozo. Hypotypes &N9 (fig.
1), 88 (fig. 2), 10 (£4g. 3), and #M7 ‘(fig.
4).

Irochammina cutberfordi Stelck and  wall:
Hypotypes #P9 (fig. Sa,b) and #P5 (fig. 6). |
Yexrpeuilinsg capadensis Cushman. Hypotype #R1.

Gaudryina canadeRsis Cushman. Hypotypes RS
(fig. 8), #BR6 (fig. 9), and @&R10 (figs.
10a,b).

Uvigerinammina Aanitobepsis (Wickenden).
Hypotypes #S1 (fig. 11), #s2 (fig. 12), And
8s7? (tigs. 1;;,b).

Areogbulimipa Ppaynei Tappan. Hypotypes $02
(fig. 14) apd #U1Y (figs. 15a,b).

cravellipa cf. ghg;;glj Stelck. Hypotypes #W1
(fig. 16) and #sWS (fig. 17).

Gravellipa sp. Hypotypes #T5 (figs. 18a,b) vand

#T1 (fig. 19). ¢
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EXPLANATICN OF PLATE 8

Foraminifera from the "Hasler" Section

Magnification about 60X

13
[y

Figures

1 Bathysiphop vitta Nauss. Hypotype #AS.

2-9 . ?HYperammina alpha. Hypotypes #C7 (fig. 2),
#C9 (fig. 3), #CS (fig. 4), #C3 (fig. S), #cu
(fig. 6), #Cé (fig.r}), #D3 (fig. 8), and #C8
(fig. 9).

10-13 Psampmosphaera <p. Hypotypes #F9 (fig. 10), #G1
(fig. 11), #F7 (fig. 12), and #F8 (!, 13).

14, 15 saccampmina alexanderi (Loeblich a appan).
Hypotypes #H2 (fig. 14) and #H1 (ti,. 15).

16, 19, 20 saccammina  lathrami Tappan. Hypotypes #I4
(£Eig. 16), #I5 (fig. 19), and #I7 (fig. 20).

17, 18 Thuramminoides  cf. septagonalis Chamney.
Hypotypes #I9 (fig. 17) and #I8 (fig. 18).

21 ABRBodiscus kiowensis Loeblich and Tappan.
Hypotype #J1.

23, 24 Glomospira cf. reata Eicher. Hypotypes #J7
(fig. 23) and #J6 (fig. 24).

25, 26 Reophax cf. eckernexy Vieaux. Hypotypes #J12
(fig. 25) and #J13 (fig. 26).

27a,b Miliapmipa cf. awynepsis Tappan. Hypotype #J34

(figs. 27a,b).

22a,b Miliagmina ipflata Eicher. - Hypotype #J43
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(figs. 22a,b) .

28a,b Miliammipna ®Fnitobemsis Wickenden. Hypotype
#J38 (figs. 28a,b).
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Y\, EXPLANATION OF PLATE 9

Foraminifera from the "Hasler" Section

Magnification about 60X

Figures '

1,2 Psasmjnopelta bowsheri Tappan. Hypotypes #J56
(f?g. 1) and #J58 (fig. 2).

3a,k - . Haplophragpoides lipki Nauss. Hypotype #L31
(f}gg. 3a,b).

4-12 ﬂgﬁkggg;gg;g;ggg cf. postis Stelck amnd Wall.
Hypo;}pes ¢K18 (figs. U4a,b), #K15 (figs.
Sa;p), #K8 (fig. 6), #K9 (fig. 7), #K7 (figs.
ga,b), #K1 (figs. 9a,b), #K6 (figs. 10a,b),

' $K17 (f£ig. 11), and #K16 (fig. 12).
13, 14 . Appobaculites fragmentarius Cushman. Hypotypes
ot #29 (fig. 13) and #30 (fig. 14).
15, 16 Ammobaculites fragmentarius Cushman variety.

Hypotypes #7 (fig. 15) and #6 (fig. 16).

17a,b Amsdbaculites cf. tyrrelli Nauss. Hypotype #1
‘ (figs. 17a,b). .
16-20 Haplophragmiug cf. sy¥ageni Stelck and
Hedinger. Hypotypes $£75 - (figs. 18a,b), #74
(fig. 19), and #73 (fig. 20).
21a,b Pseudobolivina variapa Eicher. Hypotype #M2
‘(figs.'21a,b).
,i:>3a,b Trochammipa cf. rajinwateri Cushman and Applin.
Hypotype‘iu1 (figs. 23a;b).



25a,b

22
24, 26-28.

2%a,b

213

Trochammina cf. wickepdenj Loeblich. Hypotype
#Q11 (figs.'gg;,b). . i ‘3
Yorneuilipna capadensis Cushman. Hypotype #R3.
Uvigerinammina mapitobensis (Vickernden) .-
Hypotypes #S9 (fig. 24), #S10 (fig. 26), #s514

(figs. 27a,b), and #S13 (fig. 28).

Sravellipa cbhampeyi Stelck. Hypotype 10
(figs. 29a,Db). .



PLATE 9

"HASLER



- 215

LIST OF REFERENCES

:
Alberta Study Group : .
1954: Lower Cretaceous of the Peace River Region: ia
Clark, L. M. (ed.), Western Canada Sedimentary Basin,
Rutherford Mem. Vol.; Amer. Assoc. Petrol. Geol.,
Tulsa, Okla., p. 268-278.

Bayan,-u. G.

1951: Microfauna of the Joli Fou Formation in north-
central Alberta; unpub. M. Sc. thesis, University of
Alberta, Edmonton, 43 p.

. I
Boltovskoy, E. . )
1966: Depth at which foraminifera can survive in
sediments; Contr. Cushman Fdn. Foram. Res., V. 17, p-
43-u45. . ©

Bradd¢haw, J. S.
1957 : Laboratory studies on the rate of growth of the
foraminifer " Streblus begcarii (Linne) var. tepida
(Cushman) "; J. Paleont., v. 31, p. 1138-47.

~

1961: ‘Laboratory experiments on the ecology of
foraminifera; Contr. Cushman Fdpn. Foram. Res., V. 12,
p- 87-106.

1968: Environmental parameters and marsh Foraminifera;
Limnol. Oceanogr., v. 13, p. 26-38.

Caldwell, W.G.E., North, B.R., Stelck, C.R., and WwWall, J.S.
1978: A Foraminiferal zonal scheme for the Cretaceouds
System in the Interior Plains of Canada: in Stelck, C.
R., .and Chatterton, B. D. E. (eds.) , Western and
Arctic Canadiam Biostratigraphy; Geol. Assoc. Canada
Spec. Pap. 18, p. 495-575. ,

Chamney, T. P.
1969: Barrepian Textulariina, PForaminiferida, froam
Lovwer Cretaceous beds, Mount Goodenough ‘section,
Aklavik Range, Disfrict of Mackenzie; Geol. Survey
. Canada, Bull, 185, 41 p.

Crespin, I. -
1963: Lover Cretaceous arenaceous Foraminifera -
Australia; Commonwealth of Australia, Dept. Nat
Development, Bur. Mineral Resources, Geology a:
Geophysics, Bull. 66, 69p.

Cushman, J. A.
1927: Some foraminifera from the Cretaceous of Canada;
Trans. Roy. Soc. Cam., v. 21, section 4, p. 127-132.

1937: A aonograph of the foraminiferal family



216

Verqéuilinidae; Cushmpan Lab. Forae. Res., Spec. Publ.
7, 170 p.

1943: Gaudryipa canadepsis, nev name; Contrib. Cushman
Lab. Foram. Res., v. 19, pt. 2, p. 27-28.

1946: Upper Cretaceous  Foraminifera of the Gulf
Coastal region of the United' States and adjacent
areas; U. S. Geol. Surv., Prof. Paper 206, 241 p.

Cushman, J. A. and Applin, E. R.
1946 : Some Foraminifera of Woodbine age from Texas,
Mississippi, Alabama, and Georgia; Contrib. Cushman
Lab. Foram. Res., v. 22, pt. 3, p. 71-76.

pawson, G. M.
1881: Report on an Exploration from Port Simpson on
the Pacific Coast to Edmonton on the Saskatchewvarn,
embracing a portion of the Northern part of British
Columbia and the Peace River Country; Geol. Nat. Hist.
surv., Canada, Rept. of Prog. 1879-80, Pt. B, p-1-177.

Edwards, R. G. ‘ -
' 1960 : Cretaceous Spinney Hill sSamnd in West-central
Saskatchewan; Jour. Alberta Soc. Petrol. Geologists,
v. 8, no. 5, p- 141-153.

Eicher, D. L. ,
1960: Stratigraphy and micropaleontology of the
Thermopolis Shale; Peabody Museum Nat. History, Yale
Univ. Bull. 15, 131 p. :

1965: Foraminifera and biostratigraphy of the Graneros
Shale; J. Paleont., v. 39, no. 5, p. 875-909.

1966 : Foraminifera from the Cretaceous Carlile Shale
of Colorado; Cushman Found. Foram. Res. . v. 17, pt. 1,
p. 16-31.

1967: Foraminifera from the Belle Fourche Shale and
equivalents, W#yoming and Montana; J. Paleont., V. 41,
no. 1, p. 167-188.

’

Sgi Eicher, D. L., and Worstell, P.
e 1970: Cenomanian and Turonian Foraminifera from the
Great Plains, United States; Micropaleontology, Vv. 16,
no. 3, p. 269-324.

Fisher, R. A., Corbett, A. S., and Williams, C. B.
1943: The relationship betveen the number of species
and the number of individuals in a random sample of an
animal population; Jour. Anim. Ecol., V. 12, p. 42-58.

Fox, S. K. Jr.
1954: Cretacepus Foraminifera fros the Greenhorn,
Carlile, and Cody Formatiomns, South Dakota, Wyoming;



217

A

U. S. Geol. Survey, Prof. Paper 254-E, p. 97-124.

Frizzell, D. L. X
1954: Handbook of Cretaceous Foraminifera of Texas:
Bur. Econ. Geology, Univ. Texas, Rept. Invest. 22, 232

p- \

Given, M. M., and Wall, J. H.
1971: Microfauha from the Upper Cretaceous Bearpaw
Formation of south-cerntral Alberta; Bull. Can.
Petroleum Geology, v. 19, no. 2, p. 50u4-546.

Graham, J. J., and Church, C. C.
1963: Campanian Foraminifera from the Stanford
University Campus, California; Stanford Univ. Publ.,
Feol. sti., v. 8, no. 1, 106 p.

Guliov, P.
1966: Two nev middle Albian species of Forawminifera
from Saskatchewan; Contrib. Cushaan Found. Foram.
Fes., v. .17, pt. 4, p. 142-143.

1967: Lower, Cretaceous (Middle Albian) Foraminifera
from Saskatchewan; Sask. Dept. Mineral Res., Rept.
105, p. 1-40.

Fage, C. 0O.
1944 : Geology adjacent to the Alaska Highway between
Ft. St. John amnd Ft. Nelson; Geol. Survey Canada,
Paper 44-30, 22p.

Hart, M. B.
1973: A correlation of the macrofaunal and microfaunal
zonations of the Gault Clay in southeastern England,
in Casey, R., and Ravson, P. F., (eds.), The Boreal
Lower Cretaceous; Seel House Press, Liverpool,
England, 448p. -

Henderson, W. R. S. .
1954 : Cretaceous and some Triassic beds of
nofrtheastern British Columbia, Canada; Bull. Amer.
Assoc. Petrol. Geol., v. 38, no. 11, p. 2269-2289

IriSh' E. J. W.
1965: Geology of the Rocky Mountain Foothills,
- Alberta; Geol. surv. CGCan., Mem. 334, 241 p.

Jeletzky, J. A.
’ 1968: Macrofossil zones of the mariné~ Cretaceous of
the Western Interior of Canada and their correlation
with the zones and stages of Europe and the Western
Interior of the United States; Geol. Survey Canada,
Paper 67-72, 66p.

1971: Marine Cretaceous biotic provinces and
paleogeography of western and Arctic Canada:



o

218

Illustrated by a detailed study of asmonites; Geol.
Survey Canada, Paper 70-22, 97 p.

1978: Causes of Cretaceous oscillations of sea level
in vwvestern and Arctic Canada and sone general
geotectonic implications; Geol. Survey Canada, Paper
77-18, 44 p. )

Jones, H. L.
1961: The Viking Formation in Saskatchewan; Dept.
Mineral Resources, Saskatchewvan, Rept. no. 65, p. 1-
80. . '

Kindle, E. D.
1944: Geological reconnaissance along Ft. Nelson,
Liard, and Beaver Rivers, northeastern British
Colugbia and southeastern Yukor; Geol. Survey Canada,
Paper u44-16, 19 p.
[ ]

Lee, J. J. and Zucker, W.''
19€9: Algal flagellate symabiosis in the foraminifer
Archaias ; J. Protozool., v. 16, p. 17-81.

LeRoy, L. W., and Schieltz, N. C.
1958: Niobrara-Pierre boundary along Front Range,
Colorado; Bull. Amer. AsSsoc. Petrol. Geol., v. 42, no.
10, p. 2444-2464.

Loeblich, A. R. Jr.
1946 : Foraminifera from the type Pepper Shale of
Texas; J. Paleont., v. 20, p. 130- 139.

,"

Loeblich, A. R. Jr., and Tappan, H.
1949a: Foraminifera from the Walnut Formation (Lower
Cretaceous) of northern Texas and southern Oklahoma;
J. Paleont., v. 23, no. 3, p. 245-266.

1949b: New Kansas lLower Cretaceous Foraminifera;
Journ. Washington Acad. Sci., v. 39, no. 3, p. 90-92.

1950: Foraminifera from the type Kiowa Shale, Lower
Cretaceous of Kansas; Univ. Kansas Paleont. Contrib.,
Protozoa, art. 3, p. 1-15.

1964 : Sarcodina, chiefly "Thécamoebans" and
Foraminifera: ip Moore, R. C., (ed.), Treatise on
invertebrate Paleontology ; Part C, Protista 2, v. 1,
2, Geol. Soc. America and Univ. Kansas Press, 931 p.

lLozo, F. E. _
1944 : Biostratigraphic relations of some north Texas
Trinity and PFredricksburg (Comanchean) Foraminifera;
Amer. Midland. Naturalist, v. 31, ho. 3, p. 513-582.

Lupton, C. T.
1916: ©il and gas near Basin, Big Horm County,



219

"Wyoming; U. S. Geol. Survey, Bull. 621-L, p. 157-190.

Lutze, G.F. .
196 2ur Foraminiferen—-Fauna der Ostsee; Meyniana, V.
153 . 75-142.

MclLearn, F. H.
1923: Peace River Canyon coal area, British Coluabia;
. ~Geol. Survey Canada, Sum. Rept. 1922, pt. B, p. 1-46.

1931: The GastrLoplites and other Lower Cretacegus
faunas of the northern Great Plains; Trans. Royal Soc.
Canada, ser. 3, v. 25, sec. 4, p. 1-8.

1932: Probleas of the Lower Cretaceous of the Canadian
Interior; Tranms. Royal Soc. Canada, ser. 3, v. 26,
sec. 4, p. 157-175. ’

1937: The fossil zones of the Upperr Cretaceous Alberta
shale; Trans. Royal Soc. Canada, ser. 3, v. 31, sec.
4, p. 111-120.

1984a: Rkevision of the Lower Cretaceous of the Western
Interior of Canada; Geol. Survey Canada, Paper 44-17,
2nd. ed., 1945, 14 p.

1944b: Revision of the .paleogeography of the Llover
Cretaceous of the Western Interior of Canada; Geol.
Survey Canada, Paper 44-32, 11 p.

Mclearn, F. H., and Henderson, J. F.
1944 : Geology and oil prospects of the Lone Mountain
area, Britishk Columbia; Geol. Survey Canada, Paper 44—
2, 8 p.

Mclearn, F. H. and Kindle, E. D.
1950: Geology of northeastern British Columbia; Geol.
Ssurv. Can., Mem. 259, 236 p.

McNeil, D. H.
1977: The Cretaceous Systen in the Manitoba
Escarpment; unpublished Ph.D. thesis, Dept. of Geol.,
Upiv. of Saskatchevan, Saskatoon, 710 p.

Meilo, J. F.
1969: Foraminifera and Stratigraphy of the upper part
of the Pierre Shale and lower part of the Fox Hills
Sapndstone (Cretaceous) of north-cemtral South Dakota;
U. S. Geol. Survey, Prof. Paper 611, 125 p.

1971: Foraminifera from the Pierre Shale (Upper
Cretaceous) at Red Bird, Wyoming; U. S. Geol. Survey,
Prof. Paper 393-C, 57 p.

‘Mellon, G. B.
1967: Stratigraphy and petrology of the Lover



220

BBPPPte and Mannville Groups, Alberta
1" plains; Kes. Council Alberta, Bull. 21,

Mellon, G. B., and Wall, J. H.
1956: Geology of the McMurray VPFPormation. Part 1.

Foraminifera of the upper McMurray and basal
Clearvater FPormations; Research Council Alberta, Rept.
72, 29 p.

. Mellon, G. B., Wall, J. H., and Stelck, C. R.

1963: Lower Cretaceous section, NMount Belcourt,
northeastern British Columbia; Bull. Can. Petroleun
Geology, v. 11, no. 1, p. 64-72.

Moberly, R. Jr. - )

1960: Morrison, Cloverly, and Sykes Mountain
Formations, northern Bighorn Basin, Wyoming and

Montana; Geol. Soc. Amer. Bull., v. 71, p. 1137-1176.

Morris, R. W. .
1971: Upper Cretaceous Foraminifera froa the upper
Mancos Formation, ° northwesterna Colorado; Journ.
Micropaleontology, v. 17, no. 3, p. 257-296.

Murray, J. W.
1968: Living Foraminifers of lagoons and estuaries;
Micropaleontology, v. 14, p- 435-u455,

1973: Distribution anad Ecology of 1living benthic
Foraminiferids; Heinemann Pducational Books Ltd.,
London, 280 p.

Myers, E. H.
1943: Life activities of foraminifera in relation to
marine ecology; Proc. Am. Phil. Soc., v. 86, p. 439-
4s8.

Nauss, A. W.
1945: Cretaceous stratigraphy of Vermillion area,
Alberta, Canada; Bull. Amer. Assoc. Petrol. Geol., v.
29, p. 1605-1629.

1947: Cretaceous microfossils of the Veramillion area,
Alberta; J. Paleont., v. 21, p. 329-343.

North, B. R., and Caldwell, W. G.ME.
1964: Foraminifera from the Cretaceous Lea Park
Formation in south-central Saskatchewan; Sask.
kesearch Council, Geol. Div., Rept. 5, 43 p.

1970: Foraminifera fros the late Cretaceous Bearpaw
Formation 1in the South Saskatchewan River valley;
Sask. Research Council, Geol. Div., Rept. 9, 127 p-

'197Sa: Foraminiferal faunas in the Cretaceous Systen



" 221

of Saskatchewan: jAp Caldwveéll, ¥. G. E., (ed.), The
Cretaceous System in the western Interior of MNorth
America; Geol. Assoe Canada, Spec. Paper 13, p. 303-
331,

1975b: Illustrations of Canadian Fossils. Cretaceous
Foraminifera fros Saskatchewan and Manitoba; Geol.
survey Canada, Paper 74-38, 35 p.

Obradovickh, J. D., and Cobban, W. A.
1979: A time-scale for the Late Cretaceous of the
Western Interior of North Aserica: ig Caldvell, W. G.
P., . (ed.), The Cretaceous 5Systen in the Western
Interior of North America; Geol. Assoc. Canada, Spec.
Paper 13, p. 31-54.

Oliver, T. A. .
1960: The Viking-Cadotte Relationship; Jour. Alberta
Soc. Petrol. Geologists, v. 8, no. 9, p. 287-253.

Phleger, F. B. ’
1960: Ecology and distribution of Recent Foraminifera;
John Hopkins Press, Baltimore, 297 p.

price, R. A., and Nountjoy, E.

1970:, Geologic structure .of the Canadian Rocky
Mountains betwben Bow and Athabaska Rivers-a progress
report; Geol. Assoc. Canada, Spec. Paper no. 6, p. 7~
z5.

keeside, J. B. Jr. and Cobban, W. A. @
1960: Studies of the Movry Shale (Cretaceous) and
contemporary forsations din the United States and
Canada; U. S. Geol. Surv., Prof. Paper 355, 126 p.

kudkin, k. A. ‘
1964 : Lover Cretaceous: jip McCrossan, R. G., and
Glaister, BR. P., (eds.), Geological History of Western
Canada; Alberta Soc. Petrol. Geol., Calgary, p. 156-

168.
schafer, C. T., and Pelletier, B. BR. (eds.)

' 1976: First international symposius on benthonic
Foraminifera of continental sargins; Maritire
Sedi-enfj)Special pyublication No. 1, parts A, B, 803
P- . ' '

Schroitker, D.
196¢7: Vvariation ip test morphology. of Igilocylipa
i d*orbigny Am., laboratory cultures; Contr.
Cushman PdAn. Poras. Res., v. 18, p. 8u4-86.

Schott, W. T :
1935: Die Foraminiferen in dem aguatorialen Teil des
Atlantischen Czeans; DeutsSche Atlantische Exped., V.
6, p. 411-616 -



222

Selwyn, Alfred R. C. _ i\ !
1877: Report on exploration in British Columbia in

1875; Geol. sSurvey Canada, Rept. of Prog. 1875-76, p.
28-86.

Skolnick, H.
1958: Lower Cretaceous Foraminifera of the Black Hills
area; J.. pPaleont., v. 32, no. 2, p. 275-285.

Sliter, W. V.
1968; Upper - Cretaceous Foraminifera from southern
Cali%ornia,@nd northwestern Baja California, Mexico;
Univ. Kansas Paleont. Contrib. Protozoa, Art. 7, p. 1-
141.

Spieker, E. M.
1621: The geology and oil resources of the foothills
south of Peace River: in Report of oil surveys in the
Peace hiver district, 1920; Dept. Lands, British
Caolunmkia, p. K11-K27.

Stelck, C. ER.
1958: Stratigraphic.position of the Viking sand; Jour.
Alberta Soc. Petrol. Geologists, v. 6, no. 7 , p. 2-7.

1975: The Upper Albian Miliammipa mapnitobensis zone in
rnortheastern British Columbia; in Caldwell, W.G.E.,
(ed.), The Cretaceous System in the Western Interior
of North America, Geol. Assoc¢. Canada, Spec. Paper 13,
p. 251-275.

Stelck, C. R., and Hedinger, A. S.

1976 : Secondary cribration in Haplophragmium
(Foraminifera); Jour. Foraminiferal Res., vVv. 6, p.
13u-141.

—_

Stelck, C. R., and Wall, J. H.
1954 : Kaskapau Foraminifera from Peace River area of
western Canada; Research Council Alberta, Rept. 68, 38

P

1955: Foraminifera of the Cenomanian Dunveganoceras
Zone from Peace River area of western Canada; Research
Council Alberta, Rept. 70, 81 p.

Stelck, C. R., Wall, J. H., Bahan, W. G., and Martin, L. J.
1956: Middle Albian Foraminifera from Athabaska and
Peace EKiver drainage areas of western Canada; Res.
Council Alberta, ERept. 75, 60 p.’

stelck, C. R., Wall, J. H., and Wetter, R. E.
.1958: Lower Cenomanian Foraminifera froama Peace River
area, vestern Canada; Research Council Alberta, Bull.
2, pt. 1, 36 p.



223

‘Stott, D. F.
1960: Cretaceous rocks in the region of Liard and

- Mackenzie Rivers, Northwest Territories; Geol. Survey
Canada, Bull. 63, 36 p.

19€3: Stratigraphy of the Lower <Cretaceous Fort St
John Group, Gething and Cadomin Formations, foothill§
of northern Alberta and Britsh Columbia; Geol. Survey
Cdnada, Paper 62-39, u8p.

1967: Jurassic and Cretaceous stratigraphy between
Peace and Tetsa Rivers, northeastern British Columbia;
Geol. Survey Canada, Paper 66-7, 73 p.

1968: Lower Cretaceous Bullhead and Fort St. John
Groups between Saoky and Peace Rivers, Rocky Mountain
Foothills, Alberta; Geol. Surv. Can. Bull. 152, 279 p.

Fullmoose Mountain and Tetsa River, Rocky Mountai
foothills, northeastern British Columbia; Geol. Surve
Canada, Bull. 219, 228 p.

1973: Lower Cretaceous Bullhead Group betveex’

1975: The Cretaceous System in northeastern British
Columbia: in Caldwell, W. G. E., (ed.), The Cretaceous
System in the Western Interior of North America, Geol.
Assoc. Canada, Spec. Paper 13, p. 441-467. )

Strong, C. P. Jr.
1972: Foraminifera from the Colorado Group in west-
central Montapa; Montana Geol. Soc., 21st Ann. Field
Conf., p. 85-90.

Sutherland, G. D., and Stelck, C. R.
1972: Foraminifera from the Cretaceous Neogastroplites
Zone, Moberly Lake, British Columbia; Bull. Can.
Petroleum Geology, v. 20, no. 3, p. 549-582.

Takayanagi, VY.
1960 : Cretaceous Foraminifera from Hokkaido, Japan;
Sci. Repts., Tohoku Univ., Sendai, Japan, ser. 2
(Geology), v. 32, no. 1, 154 p.

Tapparn, H.

1951: Northern Alas: index Foraminifera; Contrib.
Cushman Fdn. Foranm. ¢ V. 2, PpPt. 1, p. 1-9.
1957 New Cretaceous index Foraminifera from northern

Alaska; U. S. Natl. Mus., BuIl. 215, p. 201-222.

1960: Cretaceous biostratigraphy of northern Alaska;
Bull. Amer. Assoc. Petroleum Geologists, v. {4, no. 3,
p. 273-297.

1962: Foraminifera from the Arctic slope of Alaska,
Part 3, Cretaceous Foraminifera; 0. S. Geol. Survey,



224

Prof. Paper 236-C, p. 91-209.

Thorsteinsson, R.
1952: Grande Cache @wmap-area, Alberta; Geol. Survey
Canada, Paper 52-26, U4 p.

Trujillo, E. F. ,
1960: Uppet Cretaceous Foraminifera from near Redding,
Shasta County, California; J. Paleont., v. 34, no. 2,
p. 290-346,.

Vieaux, D. G.
1941 New Foraminifera from the Denton Formation in
northern Texas; J. Paleont., v. 15, p. 624-628.

wall, J. H. { —
1960 : Upper Cretaceous Foraminifera from the Smoky
River area, Alberta; Research Council Alberta, Bull.
€, 43 p.

1967: Cretaceous Foraminifera of the Rocky Mountailn
Foottills, AlLkerta; Research Council Alberta, Bull.
20, 192 p.

Wwarrer, P. S., and Stelck, C. R.
1940 : Cepomanian and Turonian faunas 1in Pouce Coupe
district, Alberta and_ British Columbia; Trans. Royal
Soc. Canada, ser. 3, v. 34, sec. 4, p. 143-152.

1958 : Lower Cenomaniar Ammonoidea and Pelecypoda from
Peace kiver area, western Canada; Res. Council
; Alberta, Geol. Div., Bull. 2, pt. 2, p. 36-51.

1959: Evolutionary trends within gastroplitan
ammonoids; Trans. Roy. Soc. Can., ser. 3 v. 53, p. 13-
20.

1969: Early Neogastroplites, Ft. St. John Group,
western Canada; Bull. Can. Petroleum Geology, V. 17,
« no. 4, p. 529-547.

Wheeler, J. O.
1967: Tec¥qnics: in Canadian Upper Mantle Report,
1967;  Geol. Survey Canada, Paper 67-41, p. 3-30.

Whiteaves, J. F.
1893: Notes on the ammonites of the C(Cretaceous rocks
of the district of i!&abaska, with descriptions of
four new species; Proc. Irans. Roy. Soc. Can.; v. 10,
sec. U - 111-121.
¢ P -'
Wickenden, R. T. D.
1932: New species of Foraminifera from the upper
Cretaceous of the prairie provinces; Trans. Royal Soc.
Capada, ser«~3, v. 26, sec. 4, p. 85-91.
.



225

% /“\v//

. -~
1951: Some lLover Cretaceous sections on Peace _River
below the mouth of Smoky River, Alberta; Geol. Survey
Cacada, Paper 51-16, 47 p.

1969: An undeformed specimen of the Lower Cretaceous
Foraminifer Haplophradmoides gigas Cushman, froa
Alberta, Contributions to Canadian Paleontology; Geol.
Survey Canada, Bull. 182, p. 135-1317.

Wwickender, R. T. D. and Shaw, G.
1943: Stratigraphy and structure in Mount Hulcross-
Commotion C¥®ek map-area, British Columbia; Geol.
Survey Canada, Paper 43-13, 14 p.

williams, G. D., and Stelck, C. R.
1975: Speculations on the Cretaceous palaeogeography
of North America: in Caldwell, W. G. E., (ed.), The
Cretaceous System in the Western Interior of North
Aperica; Geol. Assoc. Canada, Spec. Paper 13, p. 1-20.

Wworkmar, L. E. :
1959 The Blairmore Group in the subsurface of
Alberta; Alberta Soc. Petrol. Geologists, Ninth Ann.
Field Conf., Guidebook, p. 122-129.



226

APPENDICES



227
APPENDIX A

Selected Sections

"Egslgg §ect!' og"

LOCALITY 16-47-23 Hasler Formation on Hasler Creek, above

4

grit bed bhorizon, Pine BRiver area, British Columbia.

Criginal thicknesses as recorded in feet.'

—'}’
Thickness Height Lithology of Unit
Above Base

variable 2871 Overburden

5t 282! Shale; sapndy, silty, with some shaly
ironstone. Suite M3793 is from the
base.

6! 276" Shale; sandy, silty, with some
siltstone. Suite M3794 is from the
base. .

6" 270 Shale as above. Suite M3795 is from
the base.

61 264 ¢ Siltstone, sandy with carbonaceous

' material. Suite M3796 is from the

base.

€ 258'2n Siltstone, sandy.

2" 258" Sandstone, gritty.

518" 252 4n Siltstone, very sandy.

6r'gn 245" Siltstone, very sandy, interbedded
with sandstone.

1» 245'6" Grit, coarse.

yn 24511 2n Siltstone, black.

10 2u404n Conglomerate, chert pebbles, top of

16-47-24 locality section.
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LOCALITY 16-47= 2“ Hasler Porlatlon on Hasler 6reek, below

[

grit bed .horizon, Pine, .Rlver area, \(British Coluabia.
<

A

Orlglnaldthxcknesses’as tecorded in feet.

. " &. B . r~

Thicknpess Height Lithology of Unit
Above Base ! : -

- - ,
>

10" 2ugryn Casglomerate, ba se of 16-47-23
locality section. o
6" ' 2381yn Siltstoge, sandy vith some shale.
. ~ Suite M3N97 is from the base.
6" 23214 ' Shale, veNy sandy with lenticles of

arglllaceous sandstone. Suite M3798
is frdm the base.

grgn 2238" Shale, very sandy with beds of
argillaceous sandstone.

2" 223'6m Ironstone.

3¢ 2201 6" Siltstone,v sandy and argillaceous.

Su1te M3799 is from the base.
AL 220'yn I;onstone.

2t 21811 yn Shale, very sandy with thin
sandstone. ’

ye : 214 vyn Shale, dark and silty. Suite H3800 1s
from the base.

4 210'yn Shale, silty.

PAY 210¢2"n Ironstone.

2! : 2082y Shale, silty.

" 208" Ironstone.
e .
~

6 202 Shale, very, silty,. slightly sandy.
Suite M3801 is fronm Ebzzgop of this
unit while suite M3 is from the
base. :

31 ¥ 1990 Shale, very silty with ocgasional

v ironstone. Suite M3826 is from the

base. -

515n 19306n Siltstone, shaly. Suite M3827 is froa



3"

3!6"

3

3'

6!

5'6“

3“

1'“" .

9"

3¢

5!

51

6!

1933

189*10"
186* 10"
184 10"

18104

1801 9"
160 8"
1781 4"
1781 3"

1751 3"

169 3"

163 9"

163'6"

162¢ 3"

161'6"

158*' 6"

152*6"

76"

myaren

136'6"

L 229

the base of this unit.
RN
Ironstone, Eilty (tuff-bed?).

sandstone, argillaceous, shaly, with
ironstone nodules in lowver part.

Shale, very silty, slightly sahdy.
Suite M3828 is fron the base.

 Shale, silty.

shale, silty with 5 bands of shaly
ironstone. Suite M3829 is from the
base.

Shale, silty.

Sandstone, tuffaceous.

Shale, silty with shaly ironstone.

Ssandstone, tuffaceous.

Shale, silty with thin siltstone.
Suite M3830 is from the base.

Shale, very silty. -  Suite M3831 is
from the base. .

Shale, very silty with thin
siltstope. Suite M3832 is from the
base.

Ironstone, silty (tuff?).

»
Sandstone, argillaceous with
siltstones.:

Shale, black, silty.
Shale, . very sandy with sandstone

lenticles. Suite M3833 is from the
base.

Shale, as above. Suite M3834 is from
the base.

shale, as above. M3835 1is frosm the
base. ’

shale, silty with sandstone
lenticles. Suite M3836 is from the
base. .

Shale, very silty with siltstone



5!6"

2"

271n
ulzlv

3"

6!2"

6'“"

6l2ll

“'8"

131

130%10"

128 9n

1247

1240 4n

118 2v

11110

111 g»
110 7"
110 6"
110°
109* 11"

108°* 8"

108*6"

s8t6"

985"

931

g2t 9"

g6*' 7"

81111
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lenticles. Suite M3837 is from the
base.

Shales, very silty. Suite M3838 is

from t&ggfase.
Ironston

Shale, silty. Suite M3839 is from the
top of this unit.

-

Shale, very silty with occasional
sandstone lenticles.

Ironstone.

Shale, very silty. Suite M3824 is
from the top.

Shale, silty with 10 band of
ironstone at top. Suite M3823 is from
the top of this unit and M3822 is
from the base.

Ironstone, shaly.

Shale, silty.

Ironstone, shaly.

Shale, bentonitic.

Bentonite.

Shale, silty with shaly ironstone at
top. Suite M3821 is from the top of

this unit.

Ironstone, nodules 2" x2°* at 8¢
centres.

Shale, siltf. Suite M3820 is from 5!
above the base of this unit.

Tuff, devitrifjed and rusty.

Shale, silty. Suite M3819 is from the
top.

Ironstone.

Shale, hard and silty. Suite M3818 is
froma 2' below the top of this unit.

Shale, silty with 4 bands of shaly
ironstone. Suite M3817 is from 1



2"

1'8"

2"

2'6"

8'[4"

1"

“l?ll

3

2"

2!

6'1"

2"

5

81!9"

80" 1"
)

791 11n

771 5"

69! ’"

69

6“ ] 5"

621 5"

5915%
591 3n
.57 ] 3"
5% 2"~,'

S

47

42!

38"
33¢

28"

231

below the top of this unit.
Ironstone.

Shale, hard, silty.
Ironstone.

Shale, sandy with some ironstone.
Suite M3816 is from the top. .

Shale, sandy with lenticles of fine
sandstone. Suite M3815 is from 2!
below the top of this wunit while
suite M3814 is from '1' above the

base.

Ironstone.

Shales, sandy with lenticles of fine
sandstone.

Shales, sandy, inter bedded with
lent icular sandstone. Suite N3813 is
from the base.

Sandstone, argillaceous, shaly and
sandy shales.

sandstone, crossbedded.

Shale, sandy with sandstone
lenticles. Suite M3812 1is from the
base.

Shale, sandy with some .25" sandstone
layers. Suite M3811 is from the base.

Sandstone, fine.

Sandstone very fine, thinly
interbedded with sandy shale.

Sandstone as above. Suite M3810 1is
from the top of this unit and M3809
is from the bottom.

Shale, sandy with thin lenticles of
very fine sandstone.

Sandstone, argillaceous, very shaly.
Suite M3808 is from the base.

Shale, sandy with lenticles of very
fine sandstone. Suite M3807 is from
the base.
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" 27+ 9n Sandstone, very fine, crossbedded.

S17m 2212 “‘dhale, sandy with +thin  sandstone
lenticles. Suite M3806 is- from 2°¢
above the base.

2" 22! Sandstone, calcareous.

g 18¢ Shale, sandy with lenticles of
sandstone. Suite M3805 1is from the
base. .

3n 1719n Ironstone, nodules 3" X .15" at 30%
centres.

rgn 13¢ Shales, sandy with thin sandstone
lenticles. Suite M3804 is from the
Lase.

(S 12r6n Shales, sandy.

6" 121 Ironstone, nodules 6" X 12" at y?*

centres.

St A Shales, sandy with 25% sand
lenticles. Suite M3803 1is from the
base.

4o 3 Shale, sandy with 2" of sandstone at
the top. Suite M3802 1is from the
base.

3¢ 0 Shale, sapdy with lenticles of

sandstone.

Water level.

M"Attachie Section"

LOCALITY 77A, located on the Peace PRiver about two
kilometers dovwnstream from the hamlet of Attachie, British

Columbia. _Jhke outcrop section is a steep shale slope'near a

backwater on the north side of the river.



Thickness Height
Aktove Base

variable 42.5m
7.5m 35.0
4.5 30.5
3.0 27.5
3.0 24.5
"
2.5 22.0
3.0 19.0
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Lithology of Uhit

Alluvial deposits, glacial deposits,
and soils overlying decomposing
bedrock. The unconformity has relief
up to Sa#, blt is flatter a few
hundred meters to the east.

Mudstone, minor shale, 5-10% silty
bands. The material is thin bedded
and a white efflorescence is comnmon.
Rusty siltstone bands 10 to 20 cu.
thick occur .5, 2.5, and 5.0m above
the base. Suite 77A16 is from the
base, 77A17 1is- from 2m above . the
base, 77A18 is from Um above the base
and 77A19 1is from 6m above the base
of this unit.

-Mudstone with wminor shale, some rusty
veat hering. Suites 77A14 apnd 77A15
are from .5 and 2.5m respectively
above the base of this unjt.

Mudstone, minor shale, about -10%
silty bands up to Scm Suite 77413 is
froe 1.5a above the base, from a 1m
band of very flaky, greasy looking
mudstone. Prominent rusty weathering
siltstone bands _occur at 2 and 3am
above the base.

Shale and mudstone, dark grey, thin
bedded, weathers light grey or rusty.
Suites 77A11 and 77A12 are froam .S
and 2.5m above thes - Dbase,

~

respectively. >

Mudstone, shale, and siltstone, with

siltstone bands to 10ce thick
comprising up to 25%. The siltstone
is 1light grey to greenish and

veathers rusty; bedding is laminated
or medium bedded up to 10cm, faint
cross bedding and undulant bedding
may be present. Suite 77A10 is fron
1m above the base.

Shale and mudstone; bands of silt and
fine sand teo 3ca, thin bedded and
laminated, some faint cross bedding.
Siltstone weathers rusty, fresh color
is light grey; siltstone is scarce in
the upper half of the unit. Suite



234

7709 is from 2m above the base. .
1M 8.0 Mudstone, minor shale, dark grey in
color, vweathers dark grey, some rusty
spots with up to Smm vein fillings of
selenite, sporadic ironstone nodules
up to 20cm thick by 1m diameter, rare
reddish siltstone bands, crumbly
overall. Suites 77A3, 77a4, 77a5,
7746, 7707, and 7748 are froa .5,
2.5, 4.5, 6.5, 8.5, and 10.5a above
the base of the unit, respectively.

1.5 6.5 Shale, ainor mudstone, bands of
ironstone nodules and siltstone
layers (rusty weathering) to 4ca

thick. Siltstone often crossbedded or
finely bedded (1-2mm) ,  some yellow
efflorescence on shale, weathered
color 1light grey. Suite 77A2 is froa
the bottom of this unit.

2.0 4.5 Mudstone, dark grey and crumbly,
weathers dark grey, rusty spots with

Sem. vein fillimgs of selenite.

Ironstone nodules 15-20ca thick occur

- at .5 and 2.0m above the base. Suite

7701 is from the base of this unit.

4.5 0 Covered. Dark grey decomposed shale
is visible.

Water level.

"Farrel Section”

LOCALITY 27-131, a shale slope in the bed of a small creek
entering the Peace River about 7km upstream from the mouth
of Halfway River. Spot samples were taken at 5 foot
intervals from the top (sample 1-1') to %he base (sample 2?—
131*'). Lithology is uniform thinly bedd’g dark grey to black
‘'shale. Thin silty and sandy beds are pré;ent; ironstone is

rare.
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APPENDIX C

~This appehdix_ is a cross-reference of thesis hypotype
numabers vith the samples and sections the specimens caae
fros. A ptefix of "H"™ designates samples from the "Hasler"
section, "A" is for the "Attachie" samples, and "P" stands
for "Farrel". Species and subspecies are in the same order
as in Chapter 5 of this thesis. An asterisk designates

figured specimens.

Batbhysiphop

brosgej .
A-7748: A%, A2®,6 A A4,

Batbysiphop vitta
H-M3826: AS%, A6-A

Hippocrepipa sp- A
F-3: 81+, 83%, 85,

dippocrepipa sp. cf. H. harksdalei
A-77A1: 89%, Cl1s, C2.

8 -

HyperapRina alpha
H-M3832: C3%, Cux*, C5=.
H-M3826: C6*, C7=.
H-¥3818: C8%, C9*, D1, D2.
H-M3800: D3=,
A-77a3: D4, DS*, D6.
A-77A4: D7*, DS8.
F-4: D9, E1.
F-5: E2%, E3*%, BU4-E6.

Psammgsphaera sp-
H—-N83820: FP7%, FB8».
H-M3833: F9%, G1%, G2.
A-77A14: E9*, Fi1-F3.
P-26: Pu*, FS5%, Fb6*.
F-3: G3*, Gus, G5%, G6-G9.

sag i alexanderi

H-M3825: H1*, H2*, H3, Hu4.
A-77A13 HS*, H6, H7, H8*, HI.
F-3: B2+, B4*, B7, BSB.



=2
H-M3825:

1
Jus, J5«, J6, J7=*.

A=-77h2: J1*, J2, J3x.

Iggxg;niagiig§
H-M3822;

H-M3825%

P-5: J14, .
F-26: I17*%, 118%, I19-121, I22%, I23%, I24-I26.

Ampodiscus kiowepsi

H-M3822:
H-M3832:
F-1: JS.

+» F=3: Ju=,

7ARBodiscus sp.
F-1: Js8=»,

Glomospira sp.
H-M3833:

Reophax sp. cf.
H-M3797:
H-M3834:
A-77A19:

Miliapmipa sp.
H-M3798:

sp. cf. T. septagomalis
I8%, I9%.
110, I11.
J15, J1ie.

is
J1s, J2.
J3.

Jo*, J10, J11.

cf. G. feata
Je*, J7=.,

B- eckernex

J12=%,

J13%, J14, J1s.

J16*, J17«, J18, J19.

cf. M. avunepsis
J3u=, J3s5-J337.

A-77A7: Juss.
A-7748: J50%. 4

t

Biliapmipa jinflata

H-M3833:
A-77A14:

Ju3*, Juu-Ju7.
J20*, J21.

A-T7745: J22-J24.

Miliampmipa ischnia :
A-77A3: J25%, J26-J28.

A-77A14;: J29%, J30-J32.
Miliammjipa itope i
H-M3822: J38=%, J39-J42.

A-77A8: J351*%, J52.
A-T771h7: Jus.

Psampjdopelta
H-K3814:;
H-M3800:

J56, 357, J38%,
J59.

A-77A3: J53%, JS4, J55.
F-25: J63%, J64, J65.

F-27: Jé60

Haplophrag

*, J61, J62.

cellyra 9?’

polides
A-77A1: L1=, 12-L4.
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Baplophragmoides gidas .
A-77A1: LS*, 16%, L7.
A-77A13: L8%, L9%, L10-L15.

Haplophragpoides sp. cf. H. gilbepti
F-3: Lu46*, LUu7+, L4uB8*, Ly9-52.
F-23: L53, L54%, L55%, LS6-L58.

Haplophragmoides sp. cf. H. kirki
k—=T77A1: L16*, L17-L20.
F-23: L26%, L27-L30. &

Baplopbhragmoides linpkji
H-M3798: L3%*, L32-L35.

Haplophragmoides sp. cf. H. postis
A-7748: L36%, L37-139.
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A-77A2: K23%, K24%, K25%, K26, K27%, K28%, K29, K30.

Baplophragmoides sp.

F-10: 121%, 122-L25.

Trochammipoides apricarius
A-77A13: L40, L41*, L42, L43*%, Luy,

Ampobaculites culpula
A-77A5: 40%, 41.

Ampobaculites fragmentarius
H-M3823: 29%, 30%.
H-M3839: 31.

A-77A2: 42%, 43-45.
A-77A5: 26%, 27, 28.
A-77A15: 25%.

F-15: 32-35.

F-23: 36%, 37-39.

Ampobagulites fragmentarius variety
H-M3825: 6%, 7, 8%, 9, 10.
A-77A2: 55, S56*, S57*, 58-60.
A-77A9: 69%, 70-72.

Ampobaculites sp. cf. A. humej
F-1: 11%, 12-15, 20%, 21*, 22-24.

VAgngQggnlixg§ ixxnsll;

F-23: 76%, 77%, 78-80.

Ampobacylites sp. cf. A. tyrrelli
H-M3812: 1*x, 2.
BH-M3814: 3-5.

Ampobaculites vepopnahae
F-14: 16%, 17-19.
F-25: 86, 47+, 48-50.

<

L4sS.
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Apmomargipuling cragipi
A-77A3: 51%, 52%, 53%, 54,

Haplophragqpium sp. cf. H. swareni
H-M3814: 73%, 7T4=*,
H~M3§33: 754.

Haplophragmium sp.
A-774A1: 61%, 2-64.

~ Pseudoboliving variana
H~M3833: 20%.
H-M3817: M3-M6.
A-77A8: MI1*.

Plectorecuryoides sp-
A-77A8: M7*, M8-M13.

Trochapmjina depressa

A-77A2: N7%, N8*, NO9%, N10*, N11-N13.

Trochampina gatesepsis
A-7745: P1*x, P2, P3.
A-77A10: Pux,

Irochammipa sp. cf. T. rainwateri
H~-M3817: N1*, N3, N4.
R-M3833: N2*, NS, N6.

Irochammipa rutherfordi
A-77A1: P5%, P6-P8.
A-77A14: P9*, P10.
F-23:-P11%, P12%, P13-16.

Trochampipa herf i S. Sp.
mellariolun :
F-23: 07%, 08%.

Irochappina’vetteri
H~M3797: Q1, Q2.
F-14: Q3%, QuU*, 05, Q6.
F-23: Q7-Q10. ..

Trochammipa sp. cf. T. wjickendeni
H-M3825: d11=, @12.
Yerpeuilina

capadensis
H-M3793; K3%, RU4.
A-77A§ftu1t, B2.
M 2
Jg§audryipa. densis
. A-77k2: RS*, R6%, R7-R9.
A-77A5: R10%, R11-R13.

Uvigeripammipa mapitobensis
H-M3832: S9*, S11, S12.
~

cft.

AT

T.
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rutherfordi



H-M3825: S10%, S13=%,
H-M3817: S17, Ss18.
H-M3818: S14%, S15%, S16.
A-77A3: S1%, S2%, S3-S6.
A-77AU4: S7%, S8.

Verpeuilipoides cummingepsis
F-23: T8%, T9.

‘Arenobulimipa paynei
A-77A19: Ulx,
A-77A1: U2%, U3-US5.
F-3: U6%*,

Gravellina champeyi
B—-M3814: W10*.
H-M3815: W11.

Gravellira sp. Gf 44&!&!&_1_
A-77A1: -1: FE Ry
A-77A14; HS‘ N6-W9T.

Gravellipa sp-
A-T7A5: T1%,° T2-Tu.
A-7746: TS*, T6, T7.
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HPPENDIX B
OCCURRENCE AND ABUNDANCE

¢
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