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ABSTRJ\CT

The Turtle Mountain study area is situaÈed on the

nort.heastern rim of the Wilti-ston Basin, a negative st,ructure

on the craton. During the last cretaceous marine transgrres-

sion and regression, the Riding Mountain and Boissevain

Formations were deposited. rn the paleocene, after a short

erosional interval, deposition of Turtle Mountain Formation

occurred.

The Riding Mountain Formation consists of three

members. The Millwood Member, the lowest unit, is a soft,
greenish-brown, bentonitic, slightly silty clay. The

Odanah Member, the mid.dle unit, is a hardr grey, siliceous,
clay shale. The Coulter Memberr âs proposed in this paper,

is the upper unit, a light grey to buff, bentonitic, fine-
grained clayey silt. The Riding Mountain FormaÈion is
correlated with the Bearpaw Formation of saskatchewan and

the upper part of the Pierre Shale of North DakoÈa. All
of these formations \^rere deposited in less than 2OO feet
of water-

The overlying Boissevain Formation is composed of
a thick lower unÍt of crossbedded, buff, quartz-rich,
medium-grained, "salt and pepper" sand, and a thin upper

unit of massive, white kaolinitic, fine-grained silt or

clay. The Boissevain Formation is equated to the Fox Hills
Formation of North Dakota and Èhe Eastend, lllritemud, and

Battle Formations of Saskatchewan. Deposition of the



Boissevain Formation occurred at the mouths of rivers which

emptied into a basin. An easterly direction of sediment

transport is indicated by crossbedding measurements in the

Boissevain Formation.

The overlying Turtle Mountain Formatíon consists of
two members, as proposed. in this paper. The Goodlands

It{ember, a rower assemblage of bentonitic, lignite-bearing
sands, silts and clays, is correlated with the Hell creek

and Frenchman Formations of North Dakota and saskatchevran,

respectively. This member was d.eposited in a lagoonal

environment. Ttre Peace Garden Memberr ân upper assemblage

of grey silty clays with minor greenish sand and. sirt beds,

was deposited, for the most part, in a sharlow water marine

environment, during read.vance of the sea in the par.eocene.

These marine beds are equivalent to the Cannonball Formation,

a part of the Fort union Group of North Dakota. The peace

Garden Memberr âs a unit, is correlat.ed with the Fort union

Group and the Ravenscrag Formation of Sdskatche\^/an.
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CHAPTER I

INTRODUCTION

EA OF STUDY

The 1050 square mile, Turtle Mountain study area is
located in southwestern Manitoba (Fig. t). The area extends

from Range 16 wPM to Range 24 v{PM, and from the rnternational
Boundary to Township 4 North (Fig. 2). Within this area

is the northern half of Turtle Mountain, an 800-foot high

oval-shaped upland.

A mantle of Pleistocene glacial drift and. R.ecent

sediments is draped over the upper cretaceous and paleocene

bedrock of the study area. Bedrock exposures are few and

are primarily confined to roadcuts and d.eep ravines on the

western and northern flanks of Turtle Mountain. It was

from these bed,rock exposures that sandstone ,$ras quarried in
the late 1800's for use ín the construction of build.ings.

Lignite was mined intermittently in the Turtle Mountain area

from L879 to 1943.

OBJECTTVES AND METHODS OF INVESTTGATÏON

The objectives of this thesis are to describe the

Upper Cretaceous and Paleocene stratigraphy of the stud.y

area, to correlate strata across the study area and. into
adjacent regions, and to interpret the history of
sedimentation. To accomplish these objectives a combination







4
of field work and laboratory study was completed.

During the L97L field season bedrock exposures in

the study area (F.ig. 3) urere described and sampled;

preliminary lithologic logs were constructed on-site from

three ùanitoba Mines Branch cored. drill holes; and, field

trips rnrere made into North Dakota and Saskatche\4lan.

Samples from outcrops and drill holes collected in

the study area are stored in the Manitoba Mines Branch core

and sample library.

To distinguish between formations (and constituent

members) the grain size, mineralogy, and electric' ,on

characteristics \^rere studied. Procedures of síeving analysis

and method.s of textural parameter calculation followed are

those of Folk (1968, p. 32-52'). lrientworth size classes are

used to describe the sediments. The mineralogy of the

samples was determined under a microscope and through the

use of X-ray diffractograms made at the Department of Earth

Sciences, University of Manitoba. The resistivity and

spontaneous potential of 52 electric logs, together with

ganma and neutron radiation curves, where available, vrere

used to define the nature of the formations and their contact.s

in the subsurface. Isopach and structure contour maps vrere

prepared mainly from this information. Locations of drill
holes are shown in figure 3.

Crossbed measurements lrere used to determine mean

paleocurrent directions according to the formulas of Potter

and Pettijohn (1963, p. 254).





6
B. R. North at the University of Saskatchewan at

saskatoon conducted a micropaleontological study on samples,

collected from outcrops and six drill holes, to determine

their depositional environment and relative age.

PREVIOUS VÙORK

fn the study area, 3000 feet of post-paleozoic

sediments \47ere deposited on the Mississipian erosion surface
(McCabe, 1963). Mesozoic and Cenozoic formations are a

sequence of shale and sandstone ranging in age from Jurassic

to Paleocene (Wickenden, L945). fhe stratigraphic nomen-

clature of beds deposited during the Late Cretaceous to
Paleocene interval has been revised many times (Fig, 4').

Locally derived formation names and those of North Dakota

and Saskatchewan have been used. Because of a lack of
fossil evidence and correlation solely on the lithologic
similarities to formations in North Dakota and Saskatche\¡ran,

the position of the Paleocene/upper cretaceous contact has

been in dispute (Fig. 4).

Dowling (1906) was the first to describe the bedrock

of the Turtle Mountain area. He placed the Paleocene/Upper

Cretaceous contact between a "gray shale" and a sand unit
which he correlat.ed with the I'ox Hills Formation of North

Dakota. Lignite-bearing sediments were placed with some

reservation into the "lignite Tertiary". In Lg20 Dowling

updated his previous nomenclature, renaming the "gray

shale" as the "Pierre" (after Tyrrell, 1890, p. 230), the
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sand unit as the "Boissevain Sandstone" (after parks, t

L9L4), and the "ligniÈe Tertiary" as the "Turtle Mountain coal
bearing series". The paleocene/upper cretaceous contact

was elevated to a position between the "Boissevain Sandstone"

and the "Turtle Mountain coal bearing series".
The geology of the North Dakota portion of Turtle

Mountain v¡as described by Greenlee (L942). The Manitoba

portion was commented upon only briefly; however, the

nomenclature and position of the paleocene,/upper cretaceous

contact adopted by Greenlee was that used in saskatchewan

by Fraser et al (1935). The "gray share" of Dowring (1906)

r,.ras called the "Bearpaw" by Greenlee. He placed the

Boissevain as a member high in the Ravenscrag Formation.

Wickend.en (1945) applied. the name Riding Mountain

Formation to the "gray shale" of Dowling (1906), and

regarded the "od.anah" of Tyrrell (1890) as only a "pecuriar
lithologic phase". The "Boissevain Sandstone', of parks

(1916) was renamed the Boissevain Formation by wickenden

(1945, p. 50) and he reported that Kirk had renamed the

"Turtle Mountain coal bearing series" of Dowling (Lg2O)

as the Turtle Mountain Formation. The paleocene/Upper

cretaceous contact was placed between the Boissevain and

Turtle Mountain Formations by lfickenden (1945).

The nomenclature and position of the paleocene,/Upper

Cretaceous contact of lrlickenden (1945) was retained by

Bannatyne (1970); however, Bannatyne used Tyrrell!s (fB9O)

subdivisions, the "Odanah" and "Millwood", as members of



the Riding Mountain Formation. Bannatyne also subdivíded

the odanah Member into an upper "soft odanah" and. lower

"hard Odanah".

The rast column in Figure 4 shows the nomenclature

used. throughout this thesis and the position proposed for
the Paleocene/Upper Cretaceous contact.
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CHAPTER IT

STRATTGRAPHY ryRTDTNG MOUNTATN FORMATTON

DEFTNÏTTON AND DESCRTPTION OF FORMATTON

within the study area, the Riding Mountain Formation
is generally a 950-foot thick assemblage of grey marine
clays occurring between the marine Upper Cretaceous Vermilion
River Formation and the overlying upper Cretaceous Boissevain
Formation.

The formation is composed of three major lithologies:
a lower unit of srightly silty clay, the Mirlwood Member; a

middle unit of clay shale, the Odanah Member; and an upper
unit of clayey silÈ, the Coulter Member (Fig. 4).

DEFINTTToN AND DESCRTPTToN oF MET,IBERS

Millwood Member

The Millwood. Member of the Riding Mountain Formation
is a soft greenish brown bentonitic srightly silty clay
occurring between the vermirion River Formation and the
overlying od,anah Member of the Riding Mountain Formation.

The type locality of the Milrwood Member (Tyrrerr,
1890) is located about 120 miles northwest of TurÈIe
Mountain in the Assiniboine River valley aL Millwood,
Manitoba- A type section has not been described for the
Millwood Member.

The Millwood Member is not exposed at the surface in



the study area. rn the subsurface, the thickness of this L2

member rangles from 75 feet in the southeast to 2so feet in
the northwest (Bannatyne, L970, p. 57) . fn chip samples

the Millwood Member is a bentonit.ic slight.Iy silty clay
composed mainly of partty swelling montmorillonite. The

chips have a "popcorn" or "cauliflov¡er" surface which is
characteristic of the Millwood Member where it has been

mixed. with water during d.rilling or exposed to weathering

at the surface.

The upper contact of the Millwood Member with the

overlying odanah Member is placed. at the abrupt lithologic
change between the distinctive soft greenish brown bentonitic
slightly silty clay and the overlying hard grey siliceous
clay shale. This contact is clearly recognizable in chip
samples and on gamma-ray and resistivity curves. Bentonit,e

absorbs heavy rad.ioactive elements (Lynch, Lg62) and. its
presence in the highest Millwood. beds would. account for
their higher radioactivity. The upper contact was chosen

as a strat.igraphic d.atum for correlation between drill holes

across the Turtle Mount.ain area (Fig. 5).

Odanah Member

The Odanah Member is the middle member of the Riding

Mountain Formation. This hard grey siliceous clay shale

member occurs between the Millwood Member and the overlying
Coulter Member of the Riding Mountain Formatíon.

The type locality of the Odanah Member (Tyrrell, IB90)

is approximately g0 miles north of Turtle Mountain, at the
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abandoned village of odanah, near Minnedosa, Manitoba. A 14

type section has not been described for the odanah Member.

The odanah lrÍember is not exposed at the surface in
the study area. .rn the subsurface its thickness increases
from 560 to over 640 feet radially outward. from the center
of Turtle Mountain. chip sampres of the odanah Member show

that it is siliceous, and it is steel grey when dry and,

dark greenish grey when moist. Many of the chips are stained.

a reddish to purplish brown colour. In outcrop, just
outside the Turtle Mountain area at Dand., 8 miles north of
Deloraine, and at Ninette, 16 miles north of Killarney, the

odanah Member appears as thin fissile beds and/or thick
beds with conchoidal fracture.

lfith the exceptíon of iÈs uppermost beds, the Odanah

Member has the highest resistivity and the lowest radio-
activity of the three members of the Riding Mountain

Formation (rig. 5). The low radioactivity within the lower

beds is attributed to its siliceous composition which

prevents the absorption of heavy radioactive elements.

The hard grey siliceous shale of the Odanah Member

grad.es into the overlying light grey to buff clayey silt
of'the coulter Member within a stratigraphic intervar of
about 50 feet. The base of the interval is usually marked

by the presence of a thin bentonite bedr ârr increase in
radioactivity, and a decrease in resistivity (Fig. 5). The

top of the intgrval is indicated by the absence of the hard

grey siliceous shale, another increase in radioactivity and
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as

a
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1sthe resistivity curve. The top of the interval
the position for the Od,anah-Coulter contact.

Coulter Member

Bannatyne. (1970, p. 58) included the ',soft" beds

outcropping in the souris varley near the town of coulter,
Manitoba, 24 miles west of Turtle Mountain, within the
Odanah Member (Fig. 4). Because these beds can be recognized
as a distinctive lithologic unit at surface and in the
subsurface, it is proposed that the right grey to buff,
fine-grained. crayey silt occurrÍng between the odanah Member

of the Ridinq Mountain Formation and the overlying Boissevain

Formation be named the coulÈer Member of the Riding MounÈain

Formation. Drill hore #18, not in the type area, penetrated

the uppermost beds of the coulter Member and its lithologic
description is given in the Append.ix.

The only coulter Member outcrop in the study area,
Locality #1, has been disturbed by slumping anð/or ice-
thrusting. rn the subsurface the thickness of this member

decreases from 180 to 60 feet across the southwest portion
of the study area, but maintains an average 150-foot
thickness across the southeasÈ portion. The coulter Member,

in chip samples, generally resembles the Millwood Member"

The crayey silt of the coulter is bentonitic and generalry
tends to have a "popcorn" or "cauliflower" surface. The

presence of bentonitic material is indicated by the high
radioactivity in its lower beds (Fig. 5). The resistivity
of the coulter Member increases srowly upward, paratlelling



an increase in grain size, whereas the spontaneous 16

potential remains constant.

The fine-grained clayey silt of the coulter Member

is gradational upward into the sand of the Boissevain

Formation. The contact is defined at, the base of the first
recognizable sand bed above the clayey silt of the courter
Member. This sand bed, usually five feet thick, is
represented in figures 5 and 6 by a sharp resistivity high
on a low background, approximately 4s feet berow t,he major

50 foot thick sand unit of the Boissevain Formation.

AGE AND CORRELATTON

_ Diagnostic fossils have not been found. in the Riding

Mountain Formation within the study area. However, north
and east of the study area at Dand., Millwood, and. lrlawanesa,

foraminifera have been identified (lvickenden, 1945, p. 49)

which indicat.e a Late cretaceous age for this formation.

Wickenden (1945) correlated the Riding Mountain

Formation with the Bearpaw Formation of saskatchewan

(Eig. 7). This was substantiated by the mapping of the

Riding Mountain Formation and its constituent, the odanah

Member in the Merville Area, saskatchewan by christiansen
(1971). !{est of that area, the odanah Member has not been

recognized and the equivalent sediments are placed ín the

Bearpaw Formation.

wickenden's (1945) correÌation of t,he Riding Mountain

Formation with Pierre shale of North Dakota was supported
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by Lemke (1960), who stated that sediments equivalent to

the Pierre Shale outcrop just west of Turtle Mountain, in
the Souris Val1ey near Coulter, Manitoba. Gill and Cobban

(1965) equated the Gregory and De Grey Members of the

Pierre Shale with the Millwood Member, and the siliceous
lower beds of the Virgin Creek Member of the Pierre Shale

with the Odanah Member (Fig. 7). The relative position

of the Coulter Member in the straÈigraphic section and

its lithology suggests that it can be correlated wíth the

upper beds of the Virgin Creek Member as defined by

Searight (1937).



CHAPTER ÏÏÏ

STRATTGRAPHY OF THE BOTSSEVAIN FORMATTON

DEFTNTTTON AND DESCRTPTION OF FORMATTON

The Boissevain Format,ion is dominantly sand with

minor amounts of clay, silt, and sand,stone within the

study area. It occurs between the Upper Cretaceous Riding

Mountain Formation and the overlying Paleocene Turtle

Mountain Formation. Lignite-bearing beds which are

conspicuous in the overlying Turtle Mountain Formation

are not presenÈ in the Boissevain Format,íon.

.4, type area for the Boissevain Formation has not yet

been designated; therefore it is proposed that the south

halves of Tp.'3, Rges. 19 and 20, and the north half of

Tp. 2, Rge. 19 (Fig. 3) be the type area. A sect,ion at

Locality #¡ (described in the Appendix) is selected as the

type section of the Boissevain Formation. Drill hole #18,

not in the type locality, penetrated the entire thickness

of the Boissevain Formation and its lithologic description

is in the Appendix.

In Manitoba, the Boi.ssevain Formation is restricted

in extent to the Turtle Mountain area. The thickness of

the formation decreases from 120 to 60 feet northward

across the study area. Across the northern part of the

study area (rig. 3), the Boissevain outcrops as a cross-

bedded buff quartz-rich medium-grained "salt and pepper"



sand. rn the middle of the study area at Locality #42 2L

the Boissevain Formation consists of a massive white

kaolinitic fine-grained silt or clay (Fig. 8). Samples from

drill hole #25 (described in the Appendix) ind.icate that the

buff sand is transitional upward. into the white silt and

clay. The lowest beds of the Boissevain Formation, not

exposed at surface, consist, mainly of sand that contains thin
units of silt and clay which become more numerous with depth.

Ovoid concretionary masses of cemented sandstone

with an average size of 24 feet by 7 feet by 4 feet, are

a characteristic feature of the Boissevain Formation

(Fig. 9). Crossbedding passes without disturbance through

these concretionary masses and, into the surrounding sand.

The Boissevain Formation also contains thin discontinuous

partially purple-stained. orange ironstone concretionary

layers which usually foIlow, for several feet, the bedding

planes in the dand.

Thick sand units within the Boissevain Formation

are more permeable than the thinner tighter clay beds.

This can be seen in figure 5 where the sand units are

represented by high spontaneous potential and resistivity
over long intervals in contrast to short intervals of low

spontaneous potential and resistivity in clays. fn

dri1l holes #L4, 15, and 6 the spontaneous potential has

positive values, but in dri1l holes #16 and 18 they are

negative. This d.ifference in response is due to the

relative salinit,y of the drilling mud filtrate with respect







to the formation water. Gamma-ray curves indicate that a 24

mod.erate upward decrease in radioactivity is present in
the Boissevain Formation; however, sharp decreases in radio-
activity occur ": the position of the sand units (Fig. 5).
These decreases may reflect the decreases in the amount of

bentonitic material as a function of increasing grain size.

The cont.act of the Boíssevain Formation with the

overtrying Turtle Mountain Formation is placed at the base

of the first lignite seam or a dark greenish-red clay bed

containing abundant plant and lignite fragments. The latter
is recognizable in outcrop at Locality #L2 (Fig. 10). In

the subsurface, the first appearance of med,ium-grained sand

in the chip samples and./or the top of the first major

increase in resistivity and spontaneous potential below the

lignite-bearing Goodlands of the Turtle Mountain Formation

(Fig. 5) marks the position of the contact.

AGE AND CORREII\TTON

The Boissevain Formation is sparsely fossilíferous
(!{ickend.en, L945) and any determination of it.s age is

dependent upon its relative position in the stratigraphic
section and possible correlation with equivalent strata in
Saskatche$/an and North Dakota.

The relative position of the Boissevain Formation

above the Riding Mountain Formation is the same as Lhe

Eastend Formation above the Bearpaw Formation in Saskatche-

wan and the Fox Hil1s Formation above the Pierre Sha1e in





North Dakota (Fig. 7). Sed.imentation was continuous 26

between formations as evid.enced by the gradational change

îrom grey clay shales to buff sand in each case (caIdwell,

1968; Feldmann, L972).

The upper contacts of the Boissevain and Fox HiLls
Formations with the overlying Turtle Mountain and Helr creek

Formations respectively (Fig. 7) are placed at the base of
the first prominent lignite seam or lignite shale, arthough

Feldmann (L972) stated. that a surface of unconformity may

separate the HelI Creek and. Fox Hílls Formations. A

widespread erosional intervar following the d.eposition of
the Fox Hills and Boissevain Formations wourd account for
the irregular distribution of the massive whj-te kaorinitic
fine-grained silt or clay in the upper beds of the Boissevain
Formation. Although lignite beds are presenÈ in the basal
beds of the Frenchman Formation in saskatcher^ran, Furnival
(L946) stated that the contact between the Frenehman and

underlying formations is a widespread. surface of unconformity
(Fis. 7) .

Dowling (1920) was the first to correlate the

Boissevain Formation with the Fox Hills Formation of North

Dakota. His correlation was supported by Lemke (1960) and

by s. R. Moran and L. clayton of the North Dakota Georogical

survey (personal communication, L973) . The crossbedd.ed.

concretionary sands of the Timber Lake Member of the Fox

Hills Formation is similar to the lower sand. beds of the

Boissevain Formation. The upper white kaolinitic fine-



grained silt or clay beds of the Boissevain Formation can 27

be directly correlated with the fine-grained. sirty sands

of the Colgate Member of the Fox Hi1ls Formation.

. Russell (1933) correlated the lower beds and the

upper colgate Member of the Fox Hills Formation of North

Dakota with the Eastend and Irlhitemud. Formations, respectively r

of Saskatchewan. The g:reen and brown sands, silts, and

crays of the Eastend Formation (Byers, 1969) are similar
to the rower bed.s of the Boissevain Formation, and the light.
grey kaolinitic sands, silts, and clays of the vühitemud

Formation (Byers, 1969) are nearly id.enticar to the sediments

in the upper Boissevain bed.s. Samples (63-19) and (63-21)

colrected stratigraphically above the top of d.rill hole #2s

by B. B. Bannatyne of the Manitoba Mines Branch have almost

the same x-ray pattern as that of a sample of I¡üLritemud

Formation collected by E. r. Leith of the university of
Manitoba.

According t,o Feldmann (L972), the Fox Hirrs Formation

is not everlnvhere of the same age. He suggests that members

of the Fox Hills Formation, as well as the overlying HerI

creek and underlying Pierre Formations, vrere beíng deposited

at the same time in dífferent areas and. that they represent

facies of one another. However, Ferdmann concrud.ed that
the length of time during which this penecontemporaneous

deposition occurred was of a short duration and that for
the purposes of regional correlation the Fox Hills Formatj-on

in North Dakota should be considered to be essentially the



28
same age throughout its area of outcrop. Feldmann

assÍgned a Late cretaceous age to the Fox Hilrs Formation

after ext,ension studies of fossí1 cepharopods and clams,

and if the above.correlations are correct, the Boissevain

Formation must also be Late Cretaceous in age.



CHAPTER TV

STRATTGRA,PHY OF THE TURTLE MOUNTAIN FORMATTON

DEFTNITTON AND DESCRIPTTON OF FORMATTON

lVickenden (1945) defined the Turtle Mountain

Formation as the Pareocene series of shale, sandstone, and

lignite-bearing beds which overries the upper cretaceous

Boissevain Formation in the Turtle Mountain area. rn view
;of new information, it is proposed that this formation be

divided into two members, a lower Good,land.s Member and an

upPer Peace Gard.en Member" The Goodlands IrÍember is generally
an assemblage on non-marine bentonitic carbonaceous sands,

silts, and clays. The Peace Garden Member is generally a

marine silty cray with minor thin very fine'graíned sand

beds.

The upper contact, of the Turtre Mountain Formation

is a surface of unconformity which is overlain by pleistocene

glacial drift and Recent sediments. The maximum known

thickness of the Turtle Mount.ain Formation is 519 feet.

DEFTNTTÏON AND DESCRIPTTON- OF MEMBERS

Goodlands Member

The Goodlands Member of the Turtle Mountain Formation

an assemblage of bentonitic carbonaceous sands, siIts,
clays occurring between the Boissevain Formation and

Peace Garden Member of the Turtle Mountain Formation.

is
and

the



vtithin the western and eastern halves of Tp. l, 30

Rge. 23 and Tp. 1, Rge. 24, respectively, most of the upper

100 feet of the Goodlands Member of the Turtle Mountain

Formation can be found in scatLered outcrops and this area

has been chosen as the type area. A section at Locality #43

(described in the Appendix) has been selected, as the type
section of the Goodlands Member. Drill hole #lg penetrated

a 109-foot thick section of the Goodlands Member and its
lithology is described in the Append,ix.

rn Manitoba, the Goodlands Member is present onry
within Ëhe Turtle Mountain area. rts average thickness, in
the western port.ion of the study area, is r30 feet. Lignite
seams ranging in thickness from 6 inches to 6 feet occur
throughout the member. The sed,iments between the lignite
seams are for the most part bentonitic carbonaceous grey

silty clays with a few crossbed.ded. grey sand units. A

light grey underclay is usually present directly beneath

the lignite (Fig. 11).

The Goodlands sand beds and lignite seams are

indicated by short interval highs in the resistivity curves
(Fiq. 5). Near the base of the sand beds, rad.ioactive

elements have been concentrated as shown by a sharp increase
in radioactivity. The concentration of the radioactive
elements \^ras possibry caused by downward percolation of
groundwater through the sand beds.

The change from the bentonitic, carbonaceous r gre!
silt.y clay to the overlying non-bentonitic, non-carbonaceous,
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Goodlands Member of the Turtle MountaÍn
Formation. Locality #42. pick at theposition of an underclay separating two
lignite seams.

Figure 11.



32yellor¡¡-t^Ieathering, grey silt marks the position of the

contact between the Goodlands Member and t,he overlying

Peace Garden Member. At Locality #40, the contact is a

surface of unconEormity between a yellow-weathered, well-

bedded, flat-lying silt and an underlying eroded, massive,

dark grey silt. Re1ief on the erosion surface is approx-

imately I foot (Fig. L2) .

Peace Garden Member

The Peace Garden Member of the Turt,le Mountain

Formation is the assemblage of grey silty clay with minor

greenish sand and sÌlt beds overlying the Good.land.s Member

'of the Turtle Mountain Formation.

A composite type section for the Peace Garden Member

is proposed from drill holes #16 and #18 (lithologic

description in Appendix) because this member is not well-

exposed at surface in the study area. The 369-foot

composite section includes all but 29 feet of beds between

the bottom of dritl hole #16 and the top of drill hole #18,"

The Peace Garden Member is known to outcrop only at

three localities in the Turtle Mountain area. A yellow-

weathering grey silty clay is exposed in the basal beds of

the Peace Gard.en Member at Locality #40 (Fig. L2). The

beds are thin-bedd.ed with an average thickness of one-half

of an inch. Siltstone beds, cemented by calcium carbonate,

cap an outcrop at Locality #36 (Fig. 13). Very fine-

grained greenish sand beds are exposed at Locality #30

(Fig. 14 ) .
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contact

Contact between
Members of the
Locality #40.

Goodlands and
Turt1e Mountain

Goodl ands
Member

Peace Garden
Formation.

Figure L2.
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The resistivi.ty curves from drill holes #16 and #19

(Fig. 5), show short interval highs at the position of thin
sand and sirt beds and long interval lows at the position
of silty c1ays. .The spontaneous potential and gamma-ray

curves indicate gradually decreasing values upward from the

base of the member; however, sharp decreases occur at the

sand and silt beds.

The Peace Garden Member of the Turtle Mountain

Formation is unconformably overrain by preistocene glacial
drift and Recent sediments. Glaciar sediments are present

in chip samples from many drill holes and in the sidewall
samples in the upper 125 feet of driíl hole #16.

AGE AND CORRELATTON

According to Vt. G. E. Caldwe1l, University of
Saskatche\A¡an (personal communication , L97L and Lg72)

foraminifera which are strongly suggestive of a paleocene

age have been ídentified in dril1 hole samples from the

Turtle Mountain Formation in the study area. He reported.

the following marine foraminifera:

Drill hole

#16

#18

#le

Polymorphina sp.

Protelphidium at

Nodosaria sp. and
25-43 feet

at 170 feet

L74 feet

Guttulina sp. from
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#2I Protelphidium cf. sublaeve,

ÃñõmãIfnoïães sp. ,

@ "p. or (?) Gave1inella
sp. (indist,inct) ,(?) Rectoglandulina sp. (broken specimen),
Haplgphregmoides spp.
and Ammodiscus sp. (broken) from' 10'1tr¡-:TãT9-rr' -

Haplophragmoid.es sp.
from 38'9" - 98'10".

Prgtelphidium cf. sublaevis from 31-36 feet;
and Haplophragmoid.es spp. from 100-106 feet"

and. Saccammina sp.

#28

This would seem to confirm the probable paleocene age

applied. to the Turt1e Mountain Formation by lfickenden (1945).

According to S. R. Moran and L. Clayton, North

Dakota Geological Survey (personal communication, Ig73)

the stratigraphic position (rig. 7l and tithology of the

Boissevain Formatio¡ and the overlying Goodland.s Member of
the Turtle Mountain Formation are id.entical to those of the

Fox Hills Formation and the overlying HeII creek Formation,

respectively. Frye (1969) has described the Hell Creek

Formation as an assemblage of lignitic and bentonitic grey

unconsolidated clayr. silts, and fine to medium-grained sand.

Ferdmann (L962) stated, that the lower contact of the Herl

creek Formation is placed at the base of the first prominent

Iignite or lignitic shale, and according to Frye (1969) the

upper contact is selected aÈ the base of a "yellow bed,'

(a lighú-yellowish-brown bed of silt and. sand in a sequence

of d.ark somber coloured bed.s) or at. the top of the uppermost

bentonitic sediments. The Goodlands Member is correlated
with the HeIl creek Formation because of the above similar-



ities in lithology, stratigraphic positionr êDd nature of 37

upper and lower contacts. Byers (1969) equated the
Frenchman Formation of southern saskatche!üan (Fig. 7) to
the Hell Creek Formation.

Arthough irr. entire Hell creek Formation in Montana

and North Dakota has been assigned a Late cretaceous agêr

Frye (1969) states that the base of this formation becomes

progressively younger in an eastward direction. This then
would exprain why the equivalent Goodlands Member contains
Paleocene foraminifera and why within the stud.y area a
Paleocene age must be appried to the Good.lands Member.

lhe marine bed.s of paleocene age in the peace Garden

l4ember of the Turtle Mountain Formation can be correlated
with the cannonball Formation of North Dakota (vf. G. E.

caldwell, university of saskatchewanr personal communication,

L972) - However, s- R. Moran and L. clayton, North Dakota

Geological survey (personal communication, rg73) stated.

that they recognized sediments equivalent to the non-marine

Tongue River Formation within the Turtle Mountain area.
The cannonball and. Tongue River Formations form part of
the Fort union Group in North Dakota (Fig. z) and because

further subdivision of the peace Garden Member is not
possibre at this time with the data availabre, alr that can

be stated is that the Peace Garden Member of the Turtle
Mountain Formation is the equivarent of the Fort union Group.

The Ravenscrag Formation of Saskatchewan hras correlated with
the Fort Union Group by Byers (1969).



CHAPTER V

SEDTMENTATTON

. GENERå,L STATEMENT

The provenance areas and. deposÍtionar environments

of the Riding Mountain, Boissevain, and Turtle Mountain

Formations are indicated by their grain size d.istributions,
sedimentary structures, and minerarogy. The terminology of
Krumbein and. Sloss (1963, p. 250-262) is used to describe
the environments of deposition.

PHYSTCAL AND CHEMÏCÀI, PROPERTTES
OF THE STUDY AREA SEDTMENTS

Grain-size Distribution
Sediments of the Riding Mountain Formation are

generally clays (less than 9.0 ø), except within the

uppermost member where the mean grain size gradually
increases toward the contact with the sand-sized sediment,

in the overlying Boissevain Formation.

Quinn (L928) and Garden (L949) made mechanical

anaryses of sands from the Boissevain and their results
agiree with those of the present study. The mean grain
size of 15 Boissevain Formation sand sampres (Table r)
has a range from 2.46 ø to 3.5 ø. On the average these

sands are moderaLely well sorted, 0.51 Ø to 0.77 Ø¡

strongry fine-skewed, -0.02 Lo +0.66; and. very leptokurtic,
1.09 to 2.93



TABLB I

GR.A,PHICAL PARAMETERS FROM GR.A,TN STZE ANALYSES
OF SAMPLES FROM THE BOISSEVAIN T'ORUATTON AND THE
GOODLANDS MEMBER OF THE TURTLE MOUNTATN FORMÄ,TION

Standard
Deviation

39

Samp1e l*ledian Mean

Boissevain Formation

Skewness Kurtosis

JB22 2.40

JB37 2.48

JB43 2.75

JB46 2 "32

JB47 2.50

JB50 2.57

JBs3 3.18

JB57 3.49

JB60 3.07

JB62 3.00

JB64 3.10

JB72 3.42

J8119 2.40

J8125 2.53

JB1538 2.98

2.46

2 .54

2.8t

2.47

2.67

2.76

3.26

3. 4g

3.L2

3. 14

3.20

3. s0

2.sL

2.59

3.07

Formation

3.29

2.85

2 .84

0. 59

0.51

0.61

0. s9

0 .66

0.74

0.68

0.66

0.65

0.58

0.77

0.75

0 .67

0.74

0 .67

Goodlands

0. 54

0. 38

0. 85

+0 .24

+0.25

+0. 30

+0. 66

+0. 46

+0.45

+0.25

-0.02

+0.65

+0.44

+0. Ig

+0.2L

+0.40

+0.26

+0. 30

Member

+0.33

+0. 10

+0. 50

L.44

1.87

L.57

2.93

1. 86

1.13

L.L2

1.43

1. 30

1.65

r.09

1.56

1. s5

1. 35

1. 31

1. 39

0.93

1.50

Turtle Mountain

J8108 3.20

J8160 2.85

JBI72 2.65



The mean grain size of 3 sand samples from the 
40

overlying Goodlands Member of the Turtle Mountain Format,ion
has a rang'e from 2.84 ø to 3.2g Ø, which is within the mean
grain size range of the Boissevain Formation. The sands of
the Goodrands Member on the average are moderately welr
sorted, 0.38 ø to 0.gS Ø¡ strongly fine_skewed., +0.I0 to
+0.50; and leptokurtic, 0.93 to 1.50 and are similar to the
grain size parameters of the Boissevain Formation sand.s.
The overlying peace Garden Member of the Turtle Mountain
Formation is composed. of silty claysr usually finer than
8.0 ø, and very fine-grained sand,, 3_4 ø.

Sedimentary Structures
sedimentary structures such as crossbedding, ripple

marks, and concret,ionary masses are best developed in the
Boissevain FormaÈion. The mean paleocurrenÈ directions for
three Localities #3, #Lg, #24 where abundant crossbedding
is present are shown in figure 15. Also shown are the grand

mean of paleocurrent directions, 0670 (Table ïï), and. the
distribution of dips of the crossbed measurement.s.

At Locality #4 wave-oscillation ripple marks are
preserved within a sandstone concret,ionary mass (Fig. 16).
The ripples have an amplitude of a half inch and a urave

Iength of one inch.

sandstone concretionary masses can be found. at
Localities #9, #7, #6, #4, #3, and. #19 positioned about
5 and 30 feet berow the Boissevain-Turtre Mountain contact.
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TABLE ÏÏ

SUMMARYoFLARGE-SCALEcRosS.BEDMEASUREMENTS
TN THE BOTSSEVAIN FORMATION FROM

LOCALITIES #3, #L9, and +24

Azimuth Class No. òf Readings (n)

15 4s

45 75

75 105

105 135

135 165

165 19s

I95 225

225 25s

255 285

285 315

315 345

345 ls

7

6

7

I
4

I
4

5

23.7580
TE'fo'

2.4L69

067'

15.93

13.68

15.98

L8.22

9.LZ

0

4.54

0

0

2.32

9.LZ

LL.4Z

2

Grand Mean, Xg =





At Locality #rg seven concretionary masses have an

length of 24 feet, width of 7 feet, and thickness
The long axes of these near-horizontal masses are

parallel and strike approximately S 60"8.

Mineralogy

Although the sediments of the study area vary in
grain size, the composition of these sed.iments is generally
consistent. The Millwood Member of the Riding Mountain

Formation, as determined by x-ray d.iffraction methods, is a

clay composed largely of montmorirronite with mod.erate

amounts of quartz and cristobalite (Bannatyne, rg70). rn
addition, a microscopic examination by Ross and Buchanan

(Lg62) ind.icates the presence of minor amounts of goethite,
carbonate, mica, zeolite, and. gypsum. x-ray diffractograms
of the odanah Member of the Riding Mountain Format,ion

show almost no crystal structure and accord.ing to Bannatyne

(1970, p. 59) amorphous silica is the major constituent.
only smarl amounts of quartz and cristobalite can be

identified in an odanah sample from 905 feet below surface
in drill hole #11. X-ray diffractograms of two samples

of Èhe coulter Member of the Riding Mountain Formation,

drill hole #11 at 695 feet and, drill hole #18 at 39r feet
indicate that quartz is dqminant with minor amounts of
plagioclase, illite, and zeolite. Bentonite, not shown

on the x-ray diffractograms, is probably present only in
small amounts within the samples tested.

44
average

of 4 feet.

nearly



wallace and Mccartney (Lg2g) examined. a 2s gram 45

sample of Èhe Boissevain Formation from an outcrop south of
the town of Boissevain (Tab1e rrr). Feldspar is present in
considerable quantities in the right residues which account
for 96.052 of th; sampre. The assemblage of heavy minerals
is d.ominated by hornblende. Biotite and magnetite each

account for L0-252. Although the Boissevain sand.s are
generally fresh and angular, well rounded, distinctly
pleochroic rose and purple zircons \,vere also noted.

Garden (L949) examined two samples from the lower
beds of the Boissevain Formation near Locality #L2. His
results shown in Table rrr, correspond closely to those of
lrlallace and. Mccartney except that the percentage of bioÈite
exceed.s that of hornblend.e. Garden arso examined two

samples from. the upper beds of the Boissevain Formation
near Locality #37, and in contrast to the lower beds

hornblende exceeds biotiÈe. The variability in the
hornblende-biotite ratio could possibly be explained by

the low total percentages of the two samples from the lower
beds of the Boissevain Formation. This may ind,icate loss
of a portion of the samples. rn addition, Gardenrs

percentages excrude magnetite, limonite, and leucoxene

although he stated that they total at reast 30å of the total
heavy minerars in all samples. From thin section studies,
Garden reported that alr of his samples contained g0-B5s

quartz, 2-48 orthoclase, A-LO? plagioclase, and the
indurated samples, finely crystarline or fibrous carbonate.
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TABLE ITI
HEAVY MTNERAL ANATYSES OF SA¡4PLES FROM THE

BOTSSEVAIN FORMATTON AND THE GOODLANDS MEI{BER OF THE TURTLE MOUNTAIN FORMATTON

Mineral
Wallace & Ivlccartney

(1928)
-25 gm. sample 3.05 heavies
south of Boissevain (?)

Boissevain Formation
Garden (L949) 20 graÍìs sanples 5-8? heavies

Turtle Mountain (Goodlands ¡,lbr. )

Garden (L949) 20 gram sample
5-83 heavies

Lower beds
SEk, sec.2,

Base 170I

3.0

33.0

6.5

13.5

19.0

Tp.3, Rge.l9WpM

ft. Top

Elev. of lop J-782
Upper beds lsd 10, sec. 13,Tp.1,Rge.24wPM
NL rsec .7,TP. 2 rRge. 23WPM

Anatase

Apatite

Biotite

Epidote

Garnet

Glaucophane

Hornblende

Idocrase

flmenite

Kyanite

lvlagnetite *

Rutile

Titanite

Tourmaline

Zircon

1-5
1-5
10 25

510
510

50

510
1

10 25

1

I
1-5
1-5

* See page 45.

6.0

52 .0

0.1

35.0

0.1

gi.z*

Base

5.1

38.0

7.5

3.0

2.5

4L.0

2.5
99.6

ToP

5.0

23.0

2.5

5.0

2.5

58.0

2.5
98.5

Top L782 ft.

3.0

41. 0

3.0

5.0

6.5

29.0

3.0

3.5

4.0
99.0

Top 1782 fÈ.

5.0

46 .0

3.5

3.5

8.5

25.5

3.5
9s.5

3.0
7g .01



Garden also found the grains to be generarly uncorrod,ed 47

and very angular. some of the quartz grains showed

flamboyant structure.
rn four samples from the lower beds of the Boissevain

Formation (Locality #I2, JB 2g¡ Locality #3, JB 37¡ drill
hole #11, depth 605 feet; and drill hole #1g, depth 333 feet)
x-ray diffractograms show that quartz is the dominant
mineral with a moderate amount of pragioclase and a minor
amount of irlite. calcite is indicated in a lithified
sampre, JB 28, and hornblende is shown to be present in
JB 37. samples from the highest Boissevain beds contain
mod'erate amounts of kaorinite in add,ition to abund,ant
quartz and minor plagioclase.

The heavy minerals of two samples from the Goodlands
Member of the Turtre Mountain Formation close to Locarity #4s
vÍere studied by Gard.en e94g). His results (Table Iïf )

show that this member is mineralogicalry similar to the
lower beds of the Boissevain Formation with biotite exceeding
hornblende, but, different in that, epidote is present in the
Goodlands Member. Accord.ing to Garden, the sands of the
Goodlands Member in thin section appear to be nearry
identical to those of the Boissevain Formation. wicks (1963)

analyzed a silty shale sample from the Goodlands Member

near Locality #43. The sample is a mixed-layer illite-
montmorilronit.e with minor kaor-inite and,/or chrorite. Non-
clay minerals are quartz, plagioclase, and. a trace of pyrite.



A small amount of organic matter is present. 4g

Two samples, JB 4 and JB S, from the sandy beds of
the Peace Garden Member at Locality #30 have nearly identical
x-ray patterns except for the abundant caLcite in the
lithified sample JB 5. Both samples contain abundant quartz
with minor plagioclase, illite, and zeolite.

Calcium carbonate is the usual matrix in the
Iithified sed.iments of the study area.

PROVENANCE AREAS

Garden (1949) concluded that the heavy mineral suites
in the sands of the BoÌssevain and Turt1e Mountain Formations
(Table rrr) indicated that both hTere derived from the
same metamorphic and igneous provenance area, crossbed.ding

measurements in the Boissevain Formation (rable rr) indicate
an easterly direction (Fig. 15) of sediment transport and

this suggests that Èhe provenance area of this formation was

to the west of the study area. According to Byers (Lg6g),

the Eastend, vühitemud, and Frenchman Formations of
Saskatchehran (Fig. 7') had their source in the Upper

.cretaceous metamorphic rocks, and paleozoic carbonates of
Montana. Assuming the correlation of the above formations
with the sediments of the study area to be correct this wouLd

impry that the provenance area of at least the Boissevain

Formation lvas also in Montana.



DEPOSTTTONA,I, E}WIRONMENTS

Riding Mountain Formation

lrfickenden (Lg4s) attributed a marine depositional
environment to the Riding Mountain Pormation from fossils
obtained in the formation L2 and 32 miles north of the
study area¡ ât Dand and, wawanesa, respectively. He also
stated that in the type locality of the Mirlwood Member

the bivalve Tnoceramus was identified.. According to Gill
and, cobban (1966, p. A3B) r present-d.ay bivalves comparabre

to the size attained by rnoceramus are not found, in deep

water, and assuming this to be sufficient evidence, the
Millwood Member was probabry deposited in a shallow water
marine environment.

The odanah Member, the mid,dle member of the Riding
MountaÍn Formation, appears to be rithologically similar
to the siliceous Mowry shale of south Dakota. According to
Rubey (1928) I this shale was deposited slowly on the sea

floor as a very fine-graíned., highly siliceous volcanic
ash. The odanah Member may have the same origin.

Bentonite is present in the Millwood and couLter
Members of the Riding Mountain Formation. Rubey (192g)

stated that bentonite in the siliceous Mowry Sha1e represent,s
rapid. volcaníc ash d.eposition on the sea froor. Because of
the close association of the lvrillwood and coulter Members

with the odanah Member, a similar origin is rikely for
these members. The upward increase in grain size within

49



the coulter Member may indicate a gradual decrease ir r.t"lO
depth.

cil1 and Cobban (196G, p. A3B) and Caldwe1t (1968)

stated that the upper members of the pierre share and the

Bearpaw Formation, respect,ively, (rig. 7) rñere d.eposited.

at d.epths less than 200 feet, and it is probable that the

members of the Riding Mountain Formation \,vere also deposited

at similar depths.

Boissevain Formation

Garden (L949) concluded that the bed.ding, crossbedding,

grain size, angularity of the grains, lack of corrosion, and

the presence of carbonaceous matter and unstable heavy

minerals in the sand,s of the Boissevain Formation and, the
Goodland^s Member of the Turtre Mountaín Formation suggest

deposition in a swampy basin at the mouth of a river.
A plot of skewness versus standard deviation for 15

Boissevain sand samples (Fig. 17) shows a concentration of
points on the "river side" of Friedman's (196r) boundary

which may indicate a fluviatile origin. But, a pure

fluviatile d.eposit, according to Se1ley (1968), has a

unimodal pareocurrent pattern and the Boissevain Formation

appears to have a "bimodaI" pattern with both modes within
600 of one another (Fig. 15). However, J. T. Te1ler,
university of Manitoba (personar communication, Lg73)

suggested. that this spread was not sufficient to indicate
"bimodal-ity" because an even greaLer spread. wouLd be expected
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Figure 17. Plot of skewness and standard deviation using
ø scale for samples from the Boissevain
Formation and Goodlands Member of the Turtle
Mountain Formation.
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in a "modern" fluvial environment. 52

A plot of standard. deviation against mean grain size
(r'ig. 18) does not give a clear separation of points and may

indicate either a "d.une" or "river" origin. The angularity
of the grains rrrj lack of corrosion (Garden , L949) ¡ however,
would seem to favour a river origin.

Assuming the above to be sufficient evidence,
Gardenrs (L949) interpretation that the Boissevain Formation
was d.eposited. in a s\^/ampy basin at the mouth of a river
would appear to be correct. It is possible thoughr that
deposition occurred, in several river mouthsr ês is suggested
by caldwell's (1969) interpret,ation that the Eastend. and
vilt¡itemud Formations (Fig. 7) vrere deposited in fruviodeltaic
and flood. plain environments, respectively. rn comparison
the lower members of the Fox Hills Formation (Fig. 7) vrere

deposited in a shallow marine environment and Ëhe colgat.e
Member may represent an intertidal, shallow water t ot even
a beach deposit (Feldmann, I-g72).

Textural paramet.er plots of the Goodrands sand

samples (Fig. L7 and 1g) do not índ,icate a specific
depositional environment. r,ignite seams, relatively'
abundant in the Goodlands Member (Fig. 19), are discontinuous
laterarly and vary in position vertically (Figs . 20 A-F)
showing that plant growth existed in a fluctuating
depositional environment. Fossil plants that have been
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Figure 204. Geologic cross-sections u-u' and v-v' of lignite
seams in the Goodlands Member of the Turtle
Mountain Formation. see figure 19 for linesof cross-section. Vertical scale greatly
exaggerated.
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identified. are sequoia nordenskioldi Heer, Taxodium 58

occidentale Newberry, and cladophlebis sp. (!{íckend,en, 1945) "

Marine conditions u/ere present at reast d.uring deposition
of the lower part of this member as shown by the foraminifera
Porvmorphina sp. found at L7o feet in d.rirr hole #16.

The numerous lignite seams, organic rich sediment, and at
least one marine fauna suggests that circulaÈion was poor

and shallow water conditions existed. Krumbein and sloss
(1963, p. 258) state these conditions occur within a lagoon,

and this was probably the environment in which the Goodlands

Member was deposited. In comparison, the Hell Creek

Formation (Fig. 7) according to Frye (1969) is a comprex of
lagoonal, brackish water, fresh water, and flood pJ-ain

deposits. However, the Frenchman Formation (l.ig. 7) is a

non-marine alluvial flood prain deposit (Byers , L96g),

which may indicate a gradual change from east to west of
marine to non-marine conditions.

The Peace Garden Member of the Turtle Mount,ain

Formation \^ras deposited. mainly under marine conditions. The

following marine micro-fossils have been identified by

B. R. Nort.h (vr. G. E. cardwell, university of saskatche\,van,

personal communication, 1972 and 1923) :

Dri1l hole

#16, 19, 19, 2L, 2g various foraminifera (see
page 35)



Drill hole

#2r

#28

59

Ostracoda: from 10'10" - 38'9"(?) Orthonotocythere sp.
(morEJ--
Fragments of specimens
similar to above.

Echinodermata: from 10'10" -
3grg"
(?) Plates of asteroids

Few diatoms and seed cases
6'. 31,
Few diatoms, spores, and
fragmental ostracods 75, IOO '

sharlow water conditions are indicated by the unusually
small size, poor preservation, and sparseness of the
foramínifera. Beds equivarent to the peace Garden Member

(Fig. 7) have been studied in North Dakota and saskatchehran

by various authors. Frye (L969) stated that the cannonbarl
Formation was d.eposited in a shallow water marine

environment which grades laterally to the southwest into the
littoral-lagoonal sediments of the Ludrow Formation. Both

formations are overlain by the non-marine alruvial flood
plain deposits of the Tongue River and. sentinel Butte
Formations (Royse, Lgzr). According to Byers (1969) tt¡e
Ravenscrag Formation (Fig. 7) \^¡as deposít,ed in an arluvial
flood plain environment. The above interpretations indicate
that, in add.ition to an upward change from marine to non-

marine conditions, a similar change took place graduarry from

east Èo west d.uring Paleocene t.ime.



CHAPTER VI

LATE CRETACEOUS AND PALEOCENE HTSTORY

The Turtle Mountain area is situated on the north-
eastern rim of the lfilliston Basin, a negative structure
on the craton. The Late cretaceous and paleocene geologic

history of the North. Dakota and saskatchewan portions of
the williston Basin have been described by Gil1 and cobban

(1966, p. 443) and. by Caldwell (1968, p. 3), respectively.
The depositional hisÈory of the Turtle Mountain sed,iments

can be described. in terms of those of North Dakota and

Saskat,chewan

According to cill and Cobban (1966, p. A43) the

ülestern rnterior region of North America during the Late

cretaceous \¡¡as the site of an epicontinental sea. The

Millwood, Odanah, and Coulter Members of the Riding
Mountain Formation were deposited in this sea. The maximum

probable extent of the sea is shown in figure 2rA. The

nature and position of the northeastern shoreline is
uncertain. vfith local and continental uplift,, the sea

gradually withdrew southward (Fig. 2rB) and a transitional
depositional environment formed around the shorerine.
The Boissevain Formation \¡iras d.eposited. during t,þis time

as a reg'ressive sand. Further uplift resulted in the

slow withdrawal of the marine environment from the study

area "

As the seas withdrew, continental plant growth





became established, marking the beginning of the paleo..rr.u'
in the study area (Fig. 2IC). The plants later formed the
lignite seams, fossil plants, and carbonaceous sediments of
the Goodrands Member of the Turtle Mountain Formation. with
increased uprift several periods of erosion may have occurred
arid previously deposited. beds may have been removed locally.

At some unknown time later in the paleocene, rocal
and continental subsidence resulted, in a marine transgression
over the transitional and continental d.eposits. The peace

Garden Member of the Turtle Mountain Formation was deposited
during the transgression and subsequent regression (Fig. 2LD) 

"

This Paleocene sea may have had a southern connection with
the Gulf of Mexico (Fox and Ross, l.g42) and/or a northern
connection with the Arctic (Lemke , Lg6O I p. 31) .

The intertongued relationships of sediments
deposited in North Dakota, saskatchewan, and the study
area during the Late cretaceous and. paleocene are shown

in figure 22- Arso indicated. in the figure are the
depositional environment.s of the sediments

ïn post-pareocene time uplift resurt.ed in a

level and Turtle Mountain was reft as an erosional
an outlier of the Missouri Cot.eau (Fig. 23).

high base

remnant,







CHAPTER VII

STRUCTURE

. STRUCTURÄL SETTTNG

The Turtle Mountain area i.s located. on the east limb

of a shallow syncline which plunges gently toward the centre

of the !,filliston Basin. The approximate dip of the upper

surface of the Millwood Member is 6 feet per mile, of the

Coulter Member, 3 feet per mile; and of the Boissevain

Formation, 2 feet per mile. In Saskatche\^ran and North

Dakotar on the west limb of the syncline, the equivalent

strata dip southeast (Hansen , Lg67). Fraser et al (1935)

stated that superimposed upon the regional synclinal

structure are irregular minor structures which include

abrupt steepening or flattening of the dips, small faults,

and. minor undulatÌons.

STRUCTUR.A,L DEF'ORMATION

Possible causes of structural deformation which may

have produced the irregular minor structures seen in figures

24-28 are tectonism, salt solution, d.ifferential compaction,

ice-thrusting, and slumping. The increased control in the

SW\, Tp. 3, Rge. 21 and the üfå, Tp. l, Rge. 21 may account

for the contrast between the sLeep dips wit,hin these areas

and the gentle regional dip.

The strata between drill holes #L7 and #4 are folded







Structure contour and. isoPach maP

Upper Cretaceous Odanah Member of
Mountain Formation.
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into a syncline-anticr-ine pair with a structural rerief ofTL
approximately 50 feet (F'ig. 24). Tectonic deformation in
the Precambrian basement may account for this gentre frexure.
Laird (L964) placed the junction of the churchirl, peace

River, and superior precambrian provinces on the west side
of the study area. Movements along their boundaries courd
have resulted in structural deformation of the overlying
sediments.

sorution of salt beds underlying the study area is
another possible cause of structural deformation. The

Devonian Prairie Evaporite is believed to have once underlain
the study area before it was d.issolved. (H. R. Mccabe and

B. B. Bannatyne, Manitoba Mines Branchr personal communic-

ation , Lg73), slow collapse wourd have prod.uced deformatíon
of the overlying strata.

A third. cause may be the differential compaction of
sediments underlying Èhe stud,y area. A totar of 3000 feet
of share and sandstone vrere deposited upon the paleozoic

carbonate seguence of sedimenÈs (Mccabe, 1963) and since the
end, of the paleocene some compaction would have occurred.

severar ice sheets overrode this area (Halstead, 1959)
and. their weight may have ad.ded to the differentiar compac-
tion.

Any or arr of the above causes may have prod.uced the
syncline-anticline pair. A complete stud,y of the pareozoic

to cenozoic sequence of strata should be made to determine
which cause predominated.



Disturbed bed,rock outcrops have been observed o' trr32

western slope of Turtle Mountain in Manitoba and North
Dakota (s. R. Moran, North Dakota Geological Surveyr pêrsonal
communication, L9.73). on the northern slope at Locality #1

the beds of the couLter Member dip steeply north, in contrast
to the gentry undulating upper surface of the coulter Member

in figure 27. Also, in drirl hole #2g, the sediments of the
Turtle Mountain Formation lack bed,ding pranes and inst,ead

have fractures at 4s to 60 d.egree to the horizontal. Faulting,
ice-thrusting, and,/or slumping can usually account for these
irregular structures.



CHAPTER VTIT

SUMMJ\RY AND CONCLUSTONS

The folrowing is a brief summary which contains
conclusions reached as a result of the present work on the
strata of the Turt,le Mountain study area.

r. The Riding Mountain Formation, not exposed in
situ within the study area, can be subdivided into three
units, the Milrwood, odanah, and coulter Members, on the
basis of their lithorogies and electric rog characteristics.
The courter Member is the name proposed. in this paper for
the clayey silt bed.s formerry incruded in the upper part
of the Od.anah Member.

2" A Late cretaceous age is assigned to the Riding
Mountain Formation on the basis of fossil evidence (!{ickenden,

1945). this formation is equivalent to the upper part of
the Pierre Shale of North Dakota and to the Bearpaw Formation
of Saskatchehzan.

3. only the upper half of the Boissevain Formation
outcrops within the northern and centrar portions of the
study area. The lower beds of this half of the Boissevain
Formation are exposed on both sides of Highway No. 3, four
miles southeast of Boissevain. The upper bed.s are exposed

five miles south of Deloraine.

4. The Boissevain Formation is correrated with the
Fox }Iills Formation of North Dakota and with the Eastend,
lfhitemud, and Battre Formation of saskatchewan. FeLdmann



(L972) stated that a Late cretaceous age is indicated for74
the Fox Hirrs Formation on the basis of diagnostic cephalopods
and clams, and if the above correration is valid Èhen the
Boissevain Formation is Late Cretaceous, a1so.

5 ' The outcrops of the Turtle lvlor:ntain Formation are
sparse and are confined, with one exception, to the western
slopes of Turtle Mor:ntain. The Goodlands and peace Garden
Members are proposed new s'bdivisions of the formation. The
Goodlands Member is correrated with ttre Helr creek and
Frenchman Formations of North Dakota and saskatchewan,
respectively. The marine beds of the peace Garden Member
are equivalent to the cannonball Formation of North Dakota.
The entire peace Garden Member is correlated. with the Fort
union Group of North Dakota and with trre Ravenscrag Formation
of Saskatchewan.

6. Wickenden (1945) assigned a paleocene age to the
Turtle Mountain Formation on the basis of a few fossil
plants. This has been confirmed by B. R. North, (W. c. E.
cardwell. university of saskatchewanr personal communication,
r97r and 19 72) , who identifíed diagrnostic foraminifera in
drill core from the same formation in the study area.

7 - The average sediment-size of the Riding Mountain
Formation varies from a silty cray in the Mirlwood Member
to a clay-share in the odanah Member to a clayey sirt in the
coul.ter Member. The medium to fine-grained Boissevain sands
are generally coarser than those of the Goodlands Member of
the Turtle Mountain Formation. silty clays are the dominant



sediment-size of the peace Garden Member of
Mountain Formation.

75
tÌ¡-e Turtle

8. The minerarogy and grain size of the sand r:¡rits
in the Boissevain and Turtle Mountain Formations are similar
and probably indicate the same provenance area for these
sediments. This, together with the generar eastward direction
of sediment transport as indicated by crossbedding in the
Boissevain 

'ormation, sugge.sts an igneous a¡rd metamorphic
source area located in Montana.

9 - Ligrnite seans in ttre Goodrands Member are thin,
discontinuous, and irre.gurarry distributed. onry the upper
beds of this member have been investigated by rignite
exploration companies and additionar rigrnite seams of
economic varue may underlie the depths at which drilling
stopped.

10. The upper cretaceous and pareocene sediments of
North Dakota, saskatchewan, and the Turtre Mountain study
area are time-transgressive, becoming gradually younger
eastward- Thus, the basal beds of the Goodlands Member
may be Late cretaceous, as are the equivalent beds in North
Dakota and Saskatchewan.

lf. Frye (1969) and Feldmann (]:g7Z) state that
deposition of the pierre share, Fox Hilrs r.ormation, and
HeIl creek Formation in North Dakota occurred contemporaneous_
Iy and that the nature of sediments deposited in any area
was dependent upon the relative position of the shoreline.
similarry, the sediments of the Riding MounÈain Formation



76v¡ere deposited in a shal10w epiconti¡ental seaway, during
the last cretaceous marine transgression. The sediments of
the Boissevain Formation, deposited at the mouths of rivers
which emptied into the sear,ray, formed the margins of the
sea during its regression. The basal sediments of the
Goodlands Member of the Turtle Mountain Formation, deposited
in a lagoonal environment, marked the beginnings of
continentar sedimentation accompanied by abundant plant
growth' This ís also assumed to be the start of the pareocene
in the study area. The sediments of the peace Garden Member
of the Turtle MounÈain Formation were deposited, in a shallow
water environment during a paleocene transgression and
regression. According to Fox and Ross (Lg42) and Lemke
(1960) the equivalent cannonbalr Formation may have been
deposited in a sea which invaded the central continental area
from either the Gulf of lifexico, the Arctic, or both.

L2- structural deformation of upper cretaceous and
Paleocene sediments in the study arear âs shown by a
syncline-anticr-ine pairr 

'nay have been produced by tectonism,
salt solution, differential compactíon, ice_thrusting,
slumping t or any combination of these causes. A complete
study of the paleozoic to cenozoic seguence of strata should
be made to determine which cause predominated.
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APPENDTX A

TIST OF OUTCROP LOCALTTIES
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LOCATION

ûltcrop Locality f,

I

2

3

4

5

6

7

I

I

lo

1t

T2

13

14

l5

16

T7

1B

t9

20

2L

22

2s

24

L. S.

13

4

l4

l3

I

t6

l5

õ

4

T4

I

2

I5

l4

4

16

6

I

9

t3

13

14

5

t3

Se c.

6

I

35

õ5

2

õ{1

34

z

34

34

3

3

33

33

3

32,

5

T7

7

7

IB

t2

13

It

TP.

3

3

2

2

3

2

2

3

2,

2

g

5

2

2

3

2

E

3

3

g

3

3

3

3

Rgo.

18

t9

I9

l9

t9

l9

t9

l9

I9

t9

19

I9

19

19

I9

I9

l9

t9

t9

t9

19

20

20

20
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LOCAÎION

Outcrop Localtty .f

25

26'

27

28

29

30

31

32

33

34

55

36

37

3B

g9

40

4L

42

43

44

45

46

47

L. s.

5

4

l3

4

15

3

4

I

t5

4

4

t5

I5

z

15

8

4

I

2

l6

t3

t3

4

Se c.

tt
6

33

3

32

5

1I

t5

l5

16

l7

5

7

36

30

25

30

25

2,5

24

t3

Ir

7

TP.

3

3

2

3

I

2

2

2

2

2

?

2

2

t

t

L

I

I

I

I

I

T

I

Rge.

zo

zo

2L

2l

22

22

23

2,3

23

2S

zg

?3

23

24

z3

24

23

2,4

24

24

24

23

23



APPENDTX B

SELECTED OUTCROP DESCRÏPTIONS

1. colour descriptions are those of moist sediments.
2. For outcrop locations see fígure 3, page 5.
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þgaüty # 2

nE* of Lo8. lb¡ Sec. 35r Tp. Z, gge. 19 trpM, stñan cut
dt¡.afnage dltch on so¡th sl¿le of Erçy. J, about Iå nllc¡ cagt of
#+ . EfÊv. of toB IfJO feet abore ¡ca lcvcl. (rtrn Sggfrolq ron
BOrgsEvAU{ ro$.raTlol[ )

along

localLty

Sau¡llc
ü.D-

T2
TI
7o
6g

6'l - 68

lr3-¡9

38
3T - 7I+

tbickncae (ft)

B OISSEVá,IN trO¡ITATIOIS

24. Drgln ftug gÉfnedt sandl . . ... . .. ..... . . . O.g2J. Iellor clly . ... ....... ..... ,. o. .. ... . .. O. I22, Brorn flae-grtlneil ¡andl ..... .. .... . o. . . 0.5â1. lgllor cl¡y . . ..... .. ... ... ........... . . O.Z20. Brmn flac-gtrÊluecl ¡and tlth nfnor
¡andlCtonc . . . . .. . . . . . . . o . . . . . . . . . . . . . . . . l.O19. Tgllor elÂy .......o.....r....o.r....... O.l18. Broua ua¡¡lvc ¡aadl ............r........ e:[

17. gl"y . ::..... ......,.... o .. ..... .. . . .. . . O.3
16. Brown flne-grgfngd s¡ncl .o.............. O.3
15. Orengê;bror¡n lrongtone concrptlou J.aycr. O.!18. ¡roun sllty eand ...........,!....... ... 3.713. Cou¡ncted ba¡.ct e llt, l¡,ninated .... ..... 6.óf,2. Br.own cou¡ncted hard eand, Ianlnatccl ... t.311. Orgnge-bt€wn Lr.onstone concrætfon laye¡. O.J10. Br:o¡cn ffac-g¡tlne<l ¡and ......... . . .. . .. o.i9. Mfxed ¡tlt anct c¡ay .................... O.-j8. gtaoo flac-grclnedl ¡anil ..... o......... . O.j
?. Clay ........o.o....o................... O:i6. Brmm flue-gr-alncd gandl .. .... r ..... . o. . r.Z
¡. Egld cou¡ncteil tand .................... l.O4. Croscbeildect sand wlth lnctr¡¡atecl block¡

ancl O¡Cngê.,br.Own ffOnctOnC Concf^cation
Ig!¡er¡ .......... .............. . ........ 6.03. Cover.gd lnterrr¡al . .. . . o...... . ... ..... . . J.O2. Cr.oagbêdded r.cddl¡h-otgnge 6an¡t . . ... . . L.zl. Or.ey crogfbciltlcd cand ............o.... 3,qTotat W

6
6,
At
63
6r-@,
59-6o
57-58
56
5'
,4
53
,2
5r
50
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þcallty #4

NE correr of LB. Lj, Sec. JJ, Tp. 2, gge. 19 htpM, contact of
Bofeseyafn ancl Tr¡rtle Mo¡ltafn pormatlonsi æail cut on eq¡th gfdc of
[ry. J. EIev. of top 1728 feet above sea 1evel,

Thtckneoe (ft) Seuplc
JB.

TUfiflIE MqrilrAff rorü{aBIOH (COCOT¿¡qDS !{E}ß88)

e5. Ilgùt green tbtn bcdlitcd stlt, sügbtty
^ grldlZgd aCar top. .....o ............r.. l.O2b. orenge clay rrtf,t rnch fronstone

conc¡ptlor layer near base . . ..... .. . .. O.g23. G¡ey-br¡ff clay rfth lrp¡-stalned \

_ frectWe sufúaCGB ..r.o....r...........
22. Ollve clst gr.¡aua[y beconfng eilty

doflllrar{,g ............a....... o........
21. Ollve clay aad yetlor allt lnterLeyercilr
- laygrg 2 lnchÊg thfcE . .... ... ..... . .. .
?9. ta.uoge-'brorn lrpnetone co¡crctlon Isycr.
19. Olfve clay to gllt ctomwar.ds ...........
LE. O¡gnge-brprn tronstoae coneretlon layer,.
ï. TelJow_clay end tan Ellt lnterlayer.eå ..
f,6. Dark ollve clay wltb lron-etelndl

fr.qctu.rt Bur{acgg .......oo...... .......
15. H.gbt ollve clay rftb lr.on-stalned
. fr€ctt¡¡g gr&faces ..... .................

lb. Tellæ sf$ anrt olfyc clsy lntcrl¡yer€al,
beds t to å lncb ........-.....o.........

13. Lfgbt enct darl oll.ve clalr thtn beddect
12. Orcnge-brpwn Concfetion úyt, ..........ll. Dark ollve clay wtth bloeky iron-stalned

fractur.e surfaces anct lLgnlte f¡cgncnte.
10. Ollve sand, cor¡netcd rtiU stlt bÀnds

and llgnltg frggnentg ... .......... o. o..
f. lllve elay and yetlow ellt fnterlaye¡cct.ö. Orgnge-btowu lronEtone conc¡etlon layer.
J. _Otlye _clay and ¡rellor ellt lnterlsyei.ea.
U. 9.t* ollvc ptnk cJay wtth plant and

llgnlte frqgments, ancl iron-stalned
fractWe gwfaceg .......... ............

¡30

131

r|lr
ilÌe
1l+3

L.5
0.3
1.¡
o.5
o.5

O16

o.,

L.'l
0.8
o.2

2.8 $2
1.O l33

r3tl
135
136
$7
¡38

139

lllo

rHl

tll5
ill6
1l+?
rl18

ilû9

L.,

3.2
0.8
o.lt
l.o

1.8
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BOISSSFATIT FOSMAÎIOr .

l. Ollve sllt gradatlonal domward
lnto flue-g¡alned ollve BoDd ....b. O¡onge-brwn lronetone concÉtlon
l¿yer ..aa. .. a.a..............a..

J. Ollve thl¡ bed,cted e{lt and sand
rltb, nluor clÊy . . .... .... r.,. ...

2. Blue.gray to brornr ir.on-etalnecl
saacl wlth 6alt and pcpller
tgxtufe ..o......................

l. B¡or¡ oxtitlzett aanil, cr.ossbcdded
Iltb r¡inor sauclgtonc ... ot..o....

Total

lblcrness (fr)

1.3

o.2

3.5

Sanplc
JB-

r50

15r

Lr?

r53

r¡b - r55

1.0

h.o
3Ð3-



92

Iocaüty S3o

ln tbe ftrrtle Mounteln apsr abandonecl ¡oait cut

rall. ElÊT. of top L99j t¿et above sea lêvc1.

on eoutb facing yallcy

tlhf cknees ( ft. )

TUmIE HOt[trMrÍ Forü{ÀTroN (¡n¡ct oArÐEr Hn,l8B8)

sEf of L'8. 3r' sec. 5r Tp- zt Rgc. 22 wpM, blgbeet hnonn o*tcrop

Sanple
rI3 -

6. Ollve sand laterlayered rlth orrnge l¡onstone
couc¡ptlon l¡ygr ... .. . . . . . . . ... . ... .. . r. .. .

J. Ollve ffng-g¡.afngd sgnil ....,......,.........
4. Wblte to greyr ftgctureô genrtetone, oxtillzcd

fn peft .. a........ . r......... ..... r.... .....
J. Ollve flne-g¡qlned eantt rlth nLno¡ cLEy .....2. B¡¡otnt lronstone concrctlon taygr . . . . ... .. o. .
1. OllVe gAnd, .........r................ ........

Tot¿l

2.O
2.0

l.o
o.6
Q.5
l.o
7.r

7
6

5
b
3
2
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Iocalltv #4o

sEf, of Ls. 8; sec. zJ, Tp. r, Rge. prr ïplt{, contact of Goodr¡ncte

and Peace Gardcn Menbers of tbe [artle Mor¡ntaln Forqatfou; fn deep

rqvlne crossfng olit r.oail, JO fcet rcet of Ery. 21,

thlcheea (fü) Sau¡üe
iTB -

TUHTIE MOITNEATIq FOS!{AIIOTV (rMEr GA¡DEI I{EIßER)

[. Ieltou reatherlng thfn bcddtecl to bfockyellt rltb fron-etafncd fracturc sr¡r{acã"... 3., r8?

0.5 $8

TUmIE UOt t{EÀrn FoSMÀTIOIÍ (COOOT¿$OS Mtr{BE8)

1' Gt*y f'on-gttlnctl clay .o.'. ...............2. D9¡k Erstr l¿nln¿tecl¡ c¡ossbcdiled eand anãsllt¡ oxldtzed tn par{; contalns S" ;lat-
tOngUe .. a.a... a.....?... a........a...... o.l' Dark B'er carbonaceoug cJay . .. r. . .... . . ..,

lotal
6.o
3.6

t3.6

r8g a
lgo

-B
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Ioeellty #{s

ltEÈ of L;S,, Z; Sec. 2!, Tp. l,
strea,n cut about $ nffe waet of Ery.

SEerIon Fo8 OOODLAT{DS MEUBER)

nge. 2lr Hp!í, on eouth

2L antt localtty f 4 .

sttle of

(rrps

rhlckneas (rt)

3.b

0.2
o.7
o.6
o.7
o.,

SanpIe
JB.

ItaTIE MOIASTATIÍ ro$,fauor (coor¿ros MB,ÍBEE)

12. Br"orm blocky sltty cI¡¡ Jetlor etafned,thln bgtlilect uparü9 ..r:......... .......
11. Llgbt grêy clay nottlcd ntth yellou and

Ol3ngg StglnS ............... ........ r..p. Poøt qtraltty pcaty llgnlte ... ....... . . .
?. Gr"y uncterclay . . .... . ... ....... .. . . . .. oö. Poor gualfty peaty llgulte .............
?. IrXgbt gtsy undercl¡y .. ....,... . ... .. .. .6. Brorn cerboneceoue clay rltb ycllor

Stalng . o..., a. ..... ...... . ... ... ., ... . .J. Black, brlttLe ltgnftc ................,
T. G¡.ey-bf.own undgfcÞy ...................
3. Ig].log-grey silty gand . .. .. . .. .. . ... .. .2. Tellon ellt lnterlâyered, rlth gÉ¡¡ clay.l. TeL or and o¡q¡gc gtahcá gs¡¿ .. .-... . .-.

fotal

O.,
o.8
o.5
2.1
2.7

*#

16r

L62
163
16tt
t6¡
t6
L6T
168
L69
170
r7r
tTz
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APPENDTX C

DRILL HOLE DATA

Locations of d.rill holes are described asL. S. Sec. Tp. - Rge., and a1l are !tpM.(Example: t3-36-f-fe) I
Numbers in vertical columns are elevationsabove sea leve1 in feet and refe, io_iñ"
!9p of_respective formations and members.(Example: well No. L, Turtle Mountain Formation,upper surface is L73g feet above sea level).
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APPENDTX D

SELECTED DRÏLL HOLE LOG DESCRTPTTONS

1' colour des-criptions are those of d,ry sediments.colours of wet sediments forlow immåaiat.iv ---afterward and are enclosed in p"rãnth"""=.
2. For drill hole locations see figure 3, page 5.
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Drlll f,ole #16

Los' 5., sec. 20, Tp. r, ¡ge. ?alHyìr, Georoglcar sunrcy of cansda

borehola 68-33r swface elev. 231o feet above eea le'velr flret J2! feet
1s glaclel drtft. (trprsn pART or CoMposUE EI"E sECEIor{ troR l'trE rEACE

GA¡DAI ME}ß88)

De¡Êh ln feet

*TÏ"M:TtrMT*
125-1.b1 Sand, ve¡.¡r flae grralneil, qua¡tÈzose, ¡úcacêous. non_celcarsous, l¡on-etalncrl, ollve, A-.Ttr.j/Z (U.æZltù.
*1-157 sllt, flae g¡alne<[, nfcaceous, grÊJ¡' 2.1y7/2.

f58-f8o 9fry, eftty, nlcaceous, tfgbt Brc¡ fI[/" (U.al[E/e),
forea Potrvtrotobtna sp. at l?O feei.

f88-aeo !aad, flnc grsfued, frrn-stafnedr oltve, 5Ï6/S 6ßla)luterbeddlect wfth clÂl¡ ellty, olive, 2.rfu3/.'-
âl-23o Clâyr stlty, keollnftlcr Br.êÍr y6/t (fffÉ/f).
23L-285 Sandl, flne grefnedÌ, nalcaeeou6, Br€vr X6/t (51¡S/t).

290€00 Cl¡y, allty, Brey.r ff6h þ.Xl/Z) tnrerùectdeit wftbcl¡& calcareoue, lfgbt. brpr¡nfeh grey.

306 CbTr kaolfnttlc, tfsht Breyr ît6.j/L (¿.1r3/e).

312 Sand, flne greined, lfgbt b¡ewn, A.fl6/A.

3r5 9byr, carbonaceoue anct eand, verlr flne gr.ained, gr€yr(xblr).
321-3h5 Sanct, very ffue srrafncdr 6r€y, îtl/]t (5t3/t) rtth

nfnor yetlow cl¡yr z.TÍT/z (X6/t) at-3er'fået.
354 sancr, ftno gr.arnect, ETgr,, ,r|/L (¡t\/t) nlxed, rrltbcl¡r Br.err ft6/L (Xz/tI.
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!b.9. 15, scc.'12, Tp. r, Rge. zz llpM, Irhnttoba Mfnee and

EesoUrces bor.ehole #1, suúace e!cv. l9T0 fect above gce leyel.
PAEI OF COMFqSITE TTPE SESTIOII FO8 Effi PEACE GAIDET{ UEI,BER)

De¡Êb ln fcet

N'trIE }rÒUtrIATN rOTü,ÍATIOD¡
Peace Garden Menber

tratur.al

(I,OJER

3-19

2r+0

b5-80

81-95

96-Lo,

197-lLL

rr3-u5

tL?-125

r26-r[o

lllr-$o

183-t9¿l

Sancl, gf lt¡r -ye$r ffnc to netlh¡n gr.efne¿, nteaceous,8r€tr 5:t6/t (x3/z).

|iiiti*Til.*o rlne srerned' niceccot¡'' sreYr

iffil.il}e sÉlncd' aoa-calcêFo'6r 
'¡"err 

îr''rh
Sllt, clayayr vcry flne 6rcfncd, grey TtS/t (fie/Ð.
Clayr ellty, Bretr Tt¡/t (Tta/ù.
Sancl, verl flne grelndr grey, flj.r/L.

nt¡nlE UOUflTAIn roRMAÎIffi
Gootl]¿ncle Menrber

Til, ::t4-flï. qrelned, upper parr catcareoua,
Brey, Tl6lL (1[4/2)r forqn pr.otelphlc[rlg it iZú feer.

Cþrr sflty, Srey, fr6/tlllr feet.

Sancl, vet.y ffne gr.a1ned,

Sflt, vc4r ffne gñrlncd,

ßVg/t), bentonttlc ar

8reY, fl¡,t (>Y3/t).

8r"evr 1r6/t (X3/Z).

81Lt, ver.¡r flne grslned, llgbt BÉyr X6/t (3.U3/Z).
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195-2OI Senct, ve¡ry ftne Br.atned, Brey, 5t6/t (3.tt3/Z).
203-230 

3lk"ïä,:'::.-Ëåîïli,ll.il iüLîr/r 
(xglr),

Z3l-23) at", stlty, carbonaceous, trs¡r, lt\/trmfnor pyrtte
2*-23, ftgnfte, blsck Z.Ðtxz/o.

236 Sllt,, vet.Jr ffne gretaed, Ifgbt Br^eyr haoLinltlc,
lr7/L.

237-246 Sanct, vcrrJr fine gr.atned, Iight gr.etr ,t6/t (ifl(g.¡/t).
?bg-Ðrz C]atr et1ty, ueht Brey, ft6/t (l-lt3.j/t).
2r3 lÁgnlte, black, A.'IUAO.

2rr-2r8 gpvl etrry, olfve, îtl+.j/t (tirzh), rith thinllgnlte f¡sgpente.

219-€l& 911t, nectfnn €Þnalued, olive, ,î.;r/L (XZ/t.5¡.

BOTSSEVAIT x'o8[iraTror

2654175 Sanit, nectfi¡¡ grralnedr, .üsalt a¡ct I¡eBI¡er,n non-calce¡eqer gre& y6/t (115/2).- --

276 Clay, 9i1ty, ltgbt Br.ê$ Tyl.j/L.
27e-321 

l:ii¿"ílll5"ï:lä,*Ëåifr#iå,:". DepÞerrr

32h Clayr stttyr Bret.r lIr/L.
325-350 Sanll, very ffne to flne grqlned, ñsalt end ¡nppe¡rü8æy, ¡t6/t.
351-363 

*àiiiËtl.i.rr¡'sralned, 
reatt ancl pc¡ryerrn sreyr

*too.Hlii"ffl'^**
36549L Sltt, rrcry ftne Br€ined, yeltor_greq, l¡t6h (yl/S),ulnor flne-gralnetl eand.
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Drill Uote #19

L. S. 15, Sec. SZ, Tp. l, &e. 24 V{pM, Manitoba Mines

Branch drilL trole M-3-21, surface elev. 1964 feet above sea levef,.

Depth in feet

TURTLE MOUNT.À]N FOFM.AIION
Peace Garden Member

Clay, light grey.

Silt, fine graÍned, groenish-grey, minor clay.

5.0-10.0

10.0-20.0

20. o-43.3

43.4-77.9

91"1: greenish-grey¡ minor siIt. (Frorn
25-43 feet, forarns Nodosaria sp. and
Guttulina sp. ).

Sand, nodium grained, grelr minor clay.



L02

L. S. 8, Soc. 25, Tp.

Branch drill hole' M-lt-ZO,

sea Ievol. Peace Gerdon -

Drill }Iote f,2i

1, Rgo. 24 lÍtr\,tr, Manitoba Minos

surface elsv. IBZO feet abovs

Goodlands contact.

Depth in feet

7.4-1 0. g

I 0. g-32. 4

32,4-39.75

38.75-45. 0

45.0-45.8

45. g-46.3

TUmLE ¡fOUNT.â,IN F0RVH,TION
Peace Garden Menber

SiLt, clayey, coarse qraÍned and very finegrainedr greJ¡ (olive), partly oxidized to
ye11ow, tignite flecks, biotite flakes.

Clayr .silty, becomÍng siltier downwards,
grey (oIive), very finely laminated, liinitefragnents, muscovito flakes, mÍcro_fo"rflu,
ostracods, forams, echinoderms, (Fron IO.Bto 38.75 feet, foranls protelphidiurn cf .
llbt "?I:, ^ 

Ân oTg I in o i deEiFffiFfãTh rg snoí de ssp., and Ammodiscui spl

llrt: *"";-grey (olive), rinely raminatod,lignito frsgments, micro-fossils: ostracoas,
forams, echinoderms.

TURli,E IIOIruTAIN FOHT.A,T ION
Goodlands Member

Clay, buff boconing dark brown (dark olive)
downwards, yery finei.y Iaminatod, large Iifnitofragments, (From 38.?5 to 98.B feet, forans
Hapl ophraflmoides sp. and Saccamrnina sp.).

CIay, sJ lty, ¡rrelr very finely laninated.

Li6nite, bIeck, poorly doveloped thin
Ianlinations.



46.3-60. 0

60.0-64.25

64. 25-69.0

69, o-74.2

74.2-74.4

74.4-77.3

77.3-87.0

87.0-88.5

88.6-92.75

92.7 5-93,75

93.75-96.3

96. 5 -97. 0

97. O-gB. B

Clay and siIt, very fine ¡1rainod, interleye,rod, 
103

light grey to buff (fight olÍve), finetv -

laninatod, abundant lignite fragments,
micro-fossils¡ ostracods and forams.

- SiIt and clay, interlayered, dark grey' (UIact), carbonaceous, velT finoty Iaminated.

Sand, fine to medium greined, dark greyish-green
(olive ), muscovite frägments.

Silt, fine qrained, dark greyish-green (o1ivo).

Clay, dark grey (dark grey).

SÍlt, f ine-grgrined, dark grey (o1ive ), with
iruegr:Ler blebs of silt, nodiun grained,
tight, grey.

-SiIt, beconi_ng sand, fine graÍned, downward,
Iight grey (fight otive), iinely laminated
with abundant lignite fragments along Ianinations
in lower part.

Clayr minor siIt, light grey (dark olive),
man€lanese stains.

Lignite, black, finely Ìaminated.

Sand (slump?), Iight grey (tight olive).

Ligníte, bIack, finely laminated.

Clay, silty, brownish-grey (f ignt oJ,ive ).
Sand, J.ight grey (tight olivo), laminated.
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Drí11 Hote #ZS

L, S. 15, Sec. 33, Tp. Z, Rge. Zl WpM, Manitoba Minos

Branch driLl hoJ.e M-l-71, surface elev. rz6g feet above sea leveL.

Depth in feet

BOISSEVAIN FORMATION

0oo-2.0 Sand, light grey (grey).

2.0-4.75 Clay, buff (yetlow).

4.75-12"5 Silt, Iight buff (yellow) with ninor two
i ronstone I aye rs , b rovtn.

12,3-26.0 Sand, cream-coloured., salt and pepper toxùure,
minor clay, pyrito.

26.0-30.0 CIay (slumped?), buff (yotlonish-green).

3o'o'44'4 sand, fino grained, light bruish-grey (btue),
beeoming clayey near base with miño. tfrio
brown layers.

44.5-52.0 Sand, medium grainedr gref (Ulue) with minor
sandstone fragments.

52.0-55., Clayr silty, dark greenish-brown.

55,2-57.5 Sand and clay, interlayered, buff.
57.3-62.0 CIay, buff (greyish-green).



Drill Uote #28 105

L. S. 15, Sec. 5, Tp. 2, Rge. 2õ l,ypM, Manitoba Mines

Branch drill hole M-z-zr, surface elev. IBZS feet above sea

leve1. Peace Gardon - GoodLands contact.

Depth in feet

I.2-2.9

2.9-26.9

26. g-31. 0

31. 0-õ4. 0

34.0-59. 5

õ9.6-42.0

42.O-43.0

43.0-43.3

43.3-52,9

52,9-70.7

70,7-73.9

TURTLE MOUNTAIN FOF¡ATION
Peaco Garden Member

Siltstone, clayeyr buff, oxidized, manganesestains, lignite fragrnents.

CIay and silt, interlayored, dark grey¡ finelylaninated, rnottled due to oxidation, äbundantlignito and minor plant fragments. 
- 
(Fr;n 6 io

31. fest micro-fossils¡ dialoms and seed .""uu¡.
Silt, minor clay, Brey, partly oxidized toyelIow, finely laninated

91"y, siltyr grelo (From 3I to 36 feet foramProtelphidiun cf. sublaevis).

!itt, grey¡ oxidized to yellow in lower part,finely laninatod.

ruNTLE MOUNTÀTN FOM{â,TION
Goodlands Membor

CIay, brownish-groy, finely laninated.

CIayr 1Íght grey!

Clay-shale lignitic.

Silt, clayoy, dark grey, Iignite fragments.

SiIt and sjltstono, Frey, finely Ianinated.

SiIt and clay, buff, oxldized.



73.9-77.0

77.0-80. 0

80.0-82.0

82.0-83.9

83. 9-85.0

95.0-87.9

87" g-95.9

95.9-99.5

99.5-100. g

100.9-102.0

102. O-106.3

106" 3-109.0

108. o-110. 0

ll0.o-Ill.0

llI.O-112.3

1I2.3-112.75

ll 2.75-1I3. 2

106Silt, F.royt muecovite flakes. (Fron 7b to l0Ofeet, micro-fossll¡ diatorns, spores and
f ragmental ostracods ).

Silt, dark grey, massive, Iignite fragmehts.

. CIay-shale, dark grey, fractured 600 to
horizontal, bedding parallel to fractures.

Silt, dark grey, 60o fractures.

Sand (stump?), light grey.

Clay-shale, mÍnor silt, grelr 600 fractures.

Silt, dark grey, massive.

silt, clay, sand (s1unp?), tigr,t groy.

Silt, dark qrey. (From l0O to 106 feet,
foram Eaplophragmoides spp. ).
CIay, grey and sandstone fregmonts (stunp?).

Silt, light grelr Iignite fragments.

CIay, silty (slunp?)r light grey.

Silt, carbonaceous, horizontel, Iaminations.

Silt and sand, fine grained, inte1Layored,
light grey.

Sand, dark grey and larqe siltstone fragments
(slunp ? ).

Clay' siIty, J.ight grey.

Lignite, dark black and oily residue?



APPENDTX E

COMPUTATTON OF MEAN PREFERRED CROSSBEDDTNG
ORTENTATTONS FROM LOCALTTTES #3, #Lg, AND #24.
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TABIE I

*-*.*. gggTtrTATION OF tæAt¡ pË¡-EnrüD cnoss -BEDDINGORTEI{T/ITION tsY R/\DIUS-\.ECTON SUI,ÍTAÂTrOi{ }ETHOD ¡ON OUICROP. AT tref r,.s. rt*, sr".-'¡i, ,n. p, Rge. L9 lvpM

r08

I.7320

3.OO00

n(0) cos €

h.33oo

.5000

xa arctan 5.ZSZO
9;õ6ã

arctan O.5TT4
oSoo

E

¡

Locality f 5

Azlmuth
C lasses n(o) slu ê

tr45
bl-75

75-ro,

105-135

L3s-t6s

]:65-r95

19r-225

?25-255

255-285

2B5gr5

315-3h5

34r-a5

150

rBo

210

2l¡'o

270

300

330

360

.5OOO

.866o

1.0000

.866o

2.5OOO

.866o

1.0000

.8660

.866o

.5OOO

.0000

-.5OOO

.866o

1.0000

5,2320
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TABIE 2

COT4PIJTATIOÌ{ OF I,{I.A,T PRSFETTICD CNOSS BFÐDII{G
oÌrElJTATroìi BY eoIUS wcrojì s1jy,'"tA?rot,t 

'.ETII'D 
IfoR oLJrcÃops. L.8. 9r gec. .lt Tp.3, I€e. fg Wp¡l toun| l"á" lo, s u")7, úp.-3, n¿". t9 wru

!,ocality f 19

Azfmuth
CLasses

n(0) sin O n(9) cos e

r5-l+5

I+r-7i

75-ro5

105-135

135-165

L6r-r95

rg5-22'

225-2r5

255-285

2Br-3r5

3L54t+5

30

6o

9o

J20

150

180

2]:O

210

270

300

330

360

.8660

Ì.000c

.8660

.5000

2.5930

5.00oo

L.7320

2.OOOO

.5000

.0000

-.5000

-.866o

-.856o

L.5oco

-1.0000

-3.1+61+o

- 1.7320

12.3300 -3.6960

x=

-
E

- arctan 12.3300
ETdo

- arctan 3.3360
- 73" and - ZS3"
2B7o and IOZof rom I 0?o solectod
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TABIE 3

COI"ÍPITTATIOT OF I'îUIW PREF'ER¡ED CNOSS BÐDINû
o8rÐ'ru'ÂTroll BY fr"lDrus \EffioR sui'f'ATroN t,ETtIoD FoR otncnop

AT sni L.s. 13, gec. 11; Tp. 3, r1gu. ão wp¡,r

Locallty f 24

Azi¡uuth
Clnsses

Mfdpolnt
0

n (e) sfn e n(e) srn 0 cos 0 n(e) cos

15+5

\r-t¡
75-ro5

105-135

r3r-].:65

]:65-L95

L95-?25

225-255

2r5-285

285-3L5

315-3h5

3r+¡-ts

30

6o

9o

120

150 
I

rBo I

aro I

2bo I

270 I

3oo I

JJU ¡

3;6o I

2

2

I

,

I
2

2

.5000

.8660

1.0000

'.866o

I.0000

1.7320

1.0000

ll.33oo

-.866o

-.5000

.ooo0

-.8660

-1.0000

.8660

"5OOO

.0000

-.50@

.5000

.866o

1.0000

L.732O

1.0000

-2.5OOO

.5C00

L.732o

2.0000
fotaL 6.L96o l+.1+61+O

x o arctan 6.1960
A:A-æõ

- arctan l.3BB0
= 054o




