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ABSTRACT

The Gypsumville sulphate deposit is approximately 130 feet
thick and overlies a sequence of red and grey shales. The upper
40 or 50 feet is composed mainly of well-stratified gypsum, which is
underlain by anhydrite. Fusuline foraminifera indicats a Permian
or younger age for the deposit.

The gypsum has been deformed. Two sets of ridge-forming
anticlinal folds are recognized and are interpreted as having resulted
from ice-dragging during Pleistocene glaciation. This interpretation
is based on a correlation between fold geometry and inferred
directions of ice-movement.

Minor intrastratal convolutions also occur and are regarded
as the product of slumping which occurred not long after deposition.

Petrographic observations indicate.that the gypsum of the
outcrop is a prodﬁct of the hydration of anhydrite and that.no
increase in volume accompanied this replacement. The development of
gypsum crystals from anhydrite occurred in three stages: " a) the
growth of large, coarse gypsum crystals at the expense of the
anhydrite (G-1 stage); b) recrystallization of coarse gypsum
crystals and formation of fine grained gypsum (G-2 stage); and
c) growth of euhzdral or lath-shaped crystals at the expense of
fine grained gypsum (G~3.stage).

It is likely that the anhydrite formed after an earlier
generation of gypsum but there is no petrographic evidence to

substantiste this conclusion,
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INTRODUCTION

The purpose of the study is to describe and interpret the
structure and petrology of the Gypsuuville gypsum deposit. The
deposit is located north-west of Lake St. Martin, between Lakes
Winnipeg and Manitoba (Fig. 1). There are three major areas of
gypsun outcrop; at Gypsumville, at Elephent Hill.and at Wﬁippoorwill
Hill (Figs. 1 and 2). The Gypsumville outcrops extend for three
miles north of Gypéumville and two qua:ries, the New Quarry and
the Recent Working (Fig. 1), are in current operation. The original
quarry, termed 0ld Quarry in the present paper, was opened in
1901 half a mile north of Gypsumville. The Elephant Hill outcrops
are located about 4 miles north-east of Gypsumville and the
Whippobrwill Hill quarry is lccated 3 miles north-east of Gypsumvills.

The quarries at Gypsumville ere accessible by road, but
swanpy ground occurs around the Elephant Hill and the Whippoorwill
Hill outcrops. The quarries at Gypsumville are described in greater
detail than those at the other adjacent locations.

The deposit was referred to by J. B. Tyrrel (1887, p. 744),
and since that time only three reports of note have been produced;
Wallace (1914), Brownell (1931) and Bannatyne (1959). These reports
describe the general geology of the area. |

Although the Gypsumville deposit is»situated within the
outcrop belt of the Silurian Interlake Group (Fig. 2), there is a
lack of evidence to indicate the age of the deposit. The discovéry,
during this investigation, of fusuline foraminifera in the shale

below the gypsum, throws new light on the age of the deposit.
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The gypsum deposit occurs in the form of isolated, low
lying ridges, which rise above the surrounding swamnpy plains. Sasveral
of these ridges are anticlinal folds with intrastratal convolutions.
These folds and convolutions have been interpreted by previous
workers as expansion structures formed during the hydration of
anhydrite to gypsum (Wallace, 1914, p. 275; Brownell, 1931, p. 12
and Bannatyne, 1959, p. 31). The hydration theory is not accepted
here and the anticlinal folds have been interpreted to be the result
of ice-dragging dufing glaciation. This interpretation is based on
an analysis of fold geomelry and inferred directions of ice-movement.

A petrographic study was underteken as an aid in interpreting
the relationship between the various types of anhydrite and gypsum

occurring in the Gypsumville area.



TOPOGRAFPHY

North-scuth and east-west ﬁrending ridges dominate the
topograrhy of the Gypsumville gypsum deposit. Maximum relief in the
rarea is not over 40 feet, and the average relief is approximately 15
feet. The largest ridge in the area extends for three miles from
Gypsumville snd trends north-south. Similar ridges of snhydrite and
gypsum occur scatlered over an ovai shaped area covering approximately
90 square miles (Fig. 2). While the bed roék in the area is covered
by a thin sheet of glacial till, possibly wave eroded, the muskeg and
open marshland that surround the gypswa deposit are composed of glacial
lake sediments (Fig. 25).

Areas underlain by gypsum, but not covered by a heavy mantle
of overburden, are pitted by sinkholes. These sinkholes range in size
from a few feet in diameter to 100 to 200 feet in diameter and
20 to 30 f%%tgg;pth. Many of the sinkholes are circular in outline
and have vertical ;E%l§, However, some of the larger onss,
particularly those that were formed by the compounding of two or
three small sinkholes, are very irregular in shape. The sinkhcles are
filled with two types of deposits: a) glacial till composed of
boulders of granite, dolomite and fragments of gypsum and anhydrite,
gravel, sand and silty clay. The occurrence of rotten tree trunks
and leaves gives the till a black color. b) white insoluble

residues capped by dark organic rich till.



Origin of Topograrhy

The Gypsumville area was affected by Pleistocene glaciation and
it might be expected that the relatively soft gypsum deposit would
have been planed during ice-movement. The fact that the gypsum occurs
as a topographically elevated prominence has been explained by
Brownell (1931, p. 13) and Bannatyne (1959, p. 31) on the basis that
the ridges were formed post-glacially by the hydration of anhydrite
to gypsum, with consequent expansion and folding. This explanation is
not completely satisfactory since a hill of nodular anhydrite occurs
in the Whippocrwill area and rises above the surrounding depressions
as prominently as any of the gypsum ridges. In addition, petrograrphic
evidence suggests that replacement of anhydrite by gypsum was volume
for volume, and not molecule for molecule. Thus, the interpretation
by previous workers that the ridges were formed postglacially by
volume expansion is not supported by petrographic observation.

The sinkhole topography presumably resulted from solution by
surface waters, and subsequent collapsé, but it is not known whether

this occurred in pre- or post-Pleistocene time.
Vegetation

Gypsun hills, with a thin veneer of drift, are characterised
by taembling aspen, poplar and willows (Fig. 1). Spruce trees occur
avway from gypsum outecrops or in regions where a relatively thick cover
of overburden occurs on gypsum. Pine is common on the surrounding
muskeg. A striking change in vegetation can be seen at the northern

edge of the New Quarry (Figs. 1 and 26B).



GENERAL GEOLOGY
Regional Geological Setting

There are no contacts visible for gypsum with underlying or
overlying rocks and there is some doubt about the geological
relations of the Gypsumville deposit to associated sedimentary
rocks (Fig. 2). The deposit lies within the outcrop belt éf the
Silurian Interlake Group. The discovery of fusuline foraminifera
in shales underlyiﬁg gypsun (Fig. 6, D.H.lc and Plate I-A and B)
indicates that the gypsum is Permian or younger.

On the north, south-east and west sides of the Gypsumville
deposit, Pre-Cambrian rocks outcrop or cccur close to the surface
(Fig. 2). Massive granite and other Pre-Cambrisn rocks form large
outcrops at the narrows, and nearby islands, of Lake St. Martin and
granite hills rise as much as 100 feet above the surrounding
lowlands on the west shore of Lake St. Martin. Brownell (1931, p.ll)
reported the presence of a massive, grey granite about 1 mile west
of the town of Gypsumville, under a drift cover of 15 feet.

Bannatyne (1959, p. 32) suggeﬁﬁiiﬁthat some of the present
grénite ridges in the region of Leke St. Martin were also topographic
features in Paleozoic time. He further suggestgéthat local topography
may have caused locsl restrictions which led to the deposition of

the Gypsumville deposits.
Quarry Geology

Gypsum overlies anhydrite and, in the quarry exposures,



changes from one to the other ars abrupt and irregular.

New Quarry: ©Shallow drill holes reveal that the gypsum-anhydrite
deposits are about 10C feet thick and are underlain by a sequence of
red and grey shales (Figs. 3 and 4). At a depth of 45-50 feet,
gypsum is underlain by anhydrite. The contact between gypsum and
anhydrité commonly is sharp (Fig. 4) but may be gradational over a
few feet. Lenses of red shale and dolomitic limestone are
interstratified with gypsum.

The gypsum at the surface occurs in beds from less then half
an inch to 2 feet thick and less commonly a8 massive beds. Bedding
planes are marked by grey or red argillacecus material. Gypsum beds
display granular, porphyroblastic (Pettijohn, 1957, p. 92) and
fibrous textures.

For conveﬁience, the 3400 ?eet long N-S trending quarry face
(Fig. 3) is described in two @22232218. One portion starts from the
northern end of the 6 feet wide drainage ditch and the other starts
from the southern end of the drainesge ditch and continues to the
southern end of the quarry.

The bedding terms used in this section are derived from
Pettijohn (1957, p. 159) as shown below:

a) laminated, less than half an inch thick;

b) very thin bed, half an inch to 2 inches thick;

c) thin bed, 2 inches to 2 feet thick;

d) thick bed, 2 feet to 4 feet thick; and

e) massive, more than 4 feet thick.
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The gypsum, from the northern end of the quarry to the 350 foot

point (Section AB, Fig. 14) is thinly-bedded, greyish-white and fine

grained. A section measured at the core of A2 (Fig. 1l4) southward to

the trough of S2 provides the following succession:

Depth from
quarry top

in feet

0 -12

12 - 15
15 - 15.25

15,25~ 16.25

16.25- 28,25

28.25- 30.25

30.25- 32.25

32.25- 36.25

SECTION NO. 1

Lithology

Very thinly-bedded, fine
grained, reddish-brown gypsum;
bedding marked by red clay
partings.

Thinly-bedded, fine grained,
greyish-white gypsunm;
bedding marked by grey
calcareous material,

A three-inch bed of grsy to
bluish-white anhydrite.

Laminated, fine grained,
brownish-stained, white -
gypsum; lamination marked

by clay partings.

Thinly-beddsd, fine grained,
creamish-white tc white gypsum;

a six~inch thick bed of greyish-
blue, coarsely crystalline anhydrite
at niddle of unit.

Thinly~bedded, coarsely
crystalline, bluish-white
anhydrite at middle of unit.

Thinly-bedded, fine grained,
white gypsum.

Base-rubble coversd
. Total

Thickness
in feet

12

12

36.25
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From the 350 foot point to the 500 foot point, the section is
characterized by the presence of white, fine;grained spheres of
gypsum which weather to greyish and brownish-white, coarse gypsum
(for further discussion on stheres see p. 71 ). The sequence from
the 500 foot point to the 900 foot point is characterized by the
presence of coarse gypsun crystals associated with fine grained, white

gypsum. The section at the 500 foot point (Figs. 3 and 14) is:

SECTION NO. 2

Depth from Lithology Thickness
quarry top in feet
in feet

0 - 8 Very thinly-bedded, fine 8

grained, red stained gypsum;
fine grained, white spheres
occur with red stained gypsun
and coarse gypsum crystals.

g - 8.5 Coersely crystalline, grey to 5
bluish-white anhydrite; bedding
on top and bottom marked by grey
calcareous shale, N

8.5 - 18.5 Greyish masses of coarse gypsunm 10
in thinly-bedded, fine grained,
white gypsum.

18.5 - 23.5 Thinly-bedded, greyish-masses 5
of coarse gypsum.

23.5 - 33.5 ' Thinly-bedded, fine grained, 10
greyish~white gypsum; middle
of unit contains two beds of
coarsely crystalline, greyish-
blue anhydrite half an inch
thick.

33.5 - 43.5 Base of face is rubble covered, 10
but exposure 15 feet to the south
is thinly-bedded, and consists
of partly altered coarse grained
anhydrite with large gypsum
crystals.

Total 43.5
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The quarry face between the 900 foot point and the 1600 foot
point is represeﬁted by a succession of light-grey, thinly-bedded,
fibrous gypsum, white coa;se‘grained gypsum and greyish-white,
fine grained gypsum. At the 115C-foot point, a three-foot thick,
grey to bluish-white, coarsely crystalline anhydrite bed is exposed
and can be traced to the 1600 foot point (Fig. 14). The section
measured between the 1100 and 1700 foot points oxn the quarry face is

as follows:

SECTION NO. 3

Depth from Lithology Thickness
quarry top - in feet
in feet

0 - 20 Laminated, fine grained, 20

grey gypsum; lamination marked
by grey clay; gypsum fibres
oriented perpendicular to .
bedding and growth apparently
has displaced clay.

20 - 30 Thick bedded, coarse grained, 10
greyish-white gypsum.

30 - 33 Massive bed of coarsely- 3
crystalline, greyish-blue to
bluish~white anhydrite;
marginally weathers to fine
grained gypsum.

33 - 38 Very thinly-bedded, fine grained, 5
greyish-vhite gypsum; bedding
marked by grey calcareous shale.

38 - 41 Thinly-bedded, mediwn grained, 3
vhite gypsum.

L1 - 42 Coarsely-crystalline, bluish- 1
white anhydrite. :
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Depth from ' Lithology Thickness
quarry top in feetl
in feet :
42 ~ L4 Thinly-bedded, fine grained, 2
grey gypsum.
bl ~ 46 Base-rubble covered. ' 2
Total 46

Coarse gypsum beds, up#o one foot thick, are prominent from the
1600 foot point to the drainage ditch. The gypsum between the
1800 and\l?OO foot points, north of therdrainage ditch is typified
by grey éoloured rosettes of gypsum (for further description see
p. 74 ).

Between the 0 foot point and 700 foot point, south of the
drainage ditch, the succession consists of greyish to brownish-white,
thinly-bedded, fibrous gypsum. A 4 foot thick bed of anhydrite
is exposed in the lower part of the section, between the 720 and
760 foot points (Fig. 14). The quarry face between the 760 and
1500 fool points is composed of a sequence of white and greyish-white,
fine grained gypsum. White spheres of gypsum are enclosed in
greyish-white, thinly-bedded gypsum and grey, coarse gypsum crystals.
The upper half of the face, at the souﬁhern end of the quarry, is

red coloured.

Recent Working: The rock types encountered in the Recent Working
are similar to those of the New Quarry (Fig. 14). The eastern facs
of the working exposes a séquence of fine grained gypsum, white spheres

of gypsum and coarse grey gypsum crystals. The upper half cof the
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quarry face is brown coloured with iron oxides.

01d Quarry: About 40 feet of drift overlies an 80 foot sectiond
gypsum, which overlies grey and red shaly beds (Fig. 6). The maximum
thickness of sulphates encountered in the northern part of the

quarry by a drill hole, is 130 feet, the base of the gypsum lying

40 feet from the surface (Fig. 6). -Evaporites were not encountered
in any of the shallow wells for water drilled on the southwestern
edge of the deposit.

The enclosed map (Fig. 5) shows the gross rock types in the
0l1d Quarry.

Gypsum occurs in beds ranging from one quarter of an inch to
about 4 feet with an average of 6 inches. The beds of gypsum are of
variable colour from white to grey, pink, red and brown. The beds are
separated by thin partings of clay and units of afgillgceous limestone,
Two varieties of gypsum are common: the thick bedded gypsum, .
constituting the bulk of the deposit and the fibrous gypsum which
forms layers from one quarter of an inch to one inch thick between
some of the beds.

At the extreme southeast corner of the west arm of the 0ld
Quarry, reddish-brown gypsum is interbedded with red clay in about
equal proportions (Unit 1, Fig. 5). Further to the south and
southeast, the deposit appears to grade laterally to red clay.

The unit 2 of Fig. 5 consists of thin to thick bedded,
greyish-white gypsum. The bedding planes are marked by thin
laminae of argillaceous liﬁestone,

Unit 3 is characterized by dark grey gypsum and fibrous
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gypsum stringers are extensively developed. The gypsum beds are thin
to thick bedded,

In unit 4, the gypsum is pink banded due to iron oxides
associated with contained clay. The gypsum beds, in contrast to
unit 4, are well laminsted.

Unit 5 consists of dark grey torcreamish—white, thick bedded to
ma§sive,.coarse grainéd gypsun., Anhydrite occurs at the base of the
quarry face as thick beds and noduies. The gypsum contains abundant
fibrous stringers.

Thin to thick beds of greyish-brown gypsum comprise unit 6.
The lower part of the section contains distinct beds, upite two
feet thick, of creamish-white;anhydrite, This unit, in the
northeastern part of the quarry, is characterized by gypsum beds with

red clays.,

Whippoorwill Hill Quarry: This quarry is composed almost>entirely cf
greyish-blue to bluish-white, nodular anhydrite. The upper 4 or 5
feet of the deposit is composed of poorly-bedded, creamish to greyish-
white gypsum., The nodules of anhydrite are 4 inches to one fcol in
diameter and marginally weather: to fine grained gypsum. The
weathered zones are concentricgabout the nodules. The thickness of

exposed rock in the quarry is about 20 feet.

Elephant Hill: The Elephant Hill deposit (Fig. 1) #t& developed on
the south and southeast sides of the hill as three pits., About 20
feet of gypsum is exposed.

Distinctive lithologic features of the two pits on the south side
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of the hill include the prsesance of large plates of gypsum crystals,
which occur as pockets and sheets fhrough the fine grained gypsuaz.
Continuous masses of gypsum crystals, somstimes coated with an
unidentified dark opaque mineral, have besn observed.

Fine grained, white gypsum occurs throughout the pit situated
in the southeast part‘of the hill, The gypsum is thinly-bedded.

Thick beds of intersiratified anhydrite are greyish-blue.

Summary: The deposit in the Gypsumville and adjacent areas is
approximately 130 feet. The upper 40 or 50 feet is méinly gypsum with
the notable exception of the Whippoorwill Hill, which is almost
entirely composed of nodular anhydrite. in general, the anhydrite

content increases uifh depth.
Age of the Gypsumville Deposit

Historical Review: The age of the Gypsumville deposit has been the
subject of considerable debate, since contacts of the gypsum beds
with overlying and underlying units aré not‘exposed.

Cole (1913, p. 80) proposed that the Gypsumville deposit might
be included within the.Devonian Ashern Formation, the red shales of
which are superficlally sﬁﬁilar to the red shales underlying the
Gypsumville deposit, although nd'evaporites are‘associated with the
Ashern.

Wallace (1914, p. 273) and Browmell (1931, p. 11) suggested
that the gypsum deposit of the Gypsumville district is of Silurian
age, because beds of this age outcrop both to the southeast and

southwest of this deposit (Fig. 2). The Silurian age of the deposit
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cannot, however, be reliably accepted becauss of the absence of
exposed contacts and the absence of fossil evidence of age.

Baillie (1951, p. 55) suggested that the deposit of gypsum
and anhydrite at Gypsumville may be related to the middle Jurassic
Amaranth gypsum deposit. The suggestion, however, lacks supporting
evidence.

Bannatyne (1959, p. 40), although inclined to the opinion that
the Gypsumville deposit isiof Silurian age, suggested that the
evaporites and the'undérlyiné dolomitic shale may have been deposited
- directly on the Pre-Cambrian rocks which are known to occur on the
north, southeast and west sides of the deposit. Assuming that the
evaporite basin is underlain by Pre-Cambrian rocks, the gypsum |
deposit could have formed during any of the Paleozoic or Mesozoic
Erasyic when seas encroached on the southwestern and the central

parts of Manitoba.‘

Present Study: Although the gypsum and anhydrite deposit in the
Gypsumville area lacksexposures in contect ﬁith the underlying

rocks, sevgral cores drilled within, and on the edge of the deposit
show thaé gypsuna is underlain by red and gréy calcareous or

dolomitié shales (Figs. 1, 4 and 6). Core from the drill hole on the
eastern edge of the 01d Quarry (D.H. i in Figs. 1 and 6) consists

of 80 feet of gypsum which is underlain by 110 feet ofvred and grey
calcareous shale. In addition to the cores drilled (for location and
stratigraphic position of the cores see Figs. 1 and 6) 15 semples of
calcareous shale andvargillaceous limestone, interbanded with the

gypsum beds, were collscted for micropaleontological investigation.
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Only one of the sbove samples yielded microfossils. Fusuline
foraminiferas were found in D.H.lc, 160 to 180 feet below ground
surface. These fossils weré studied and identified by Dr. W. X.
Braun, of University of Saskatchewan, and are believed to be of
Pennsylvanian-Permian age. The spindle shape of the fossils
(Plates I-A and B) suggest a Permian age (Braun, 1967, personal
communication). From the fossil evidence, it may be concluded that

the gypsum is Permian, or younger.
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Plate 1-A. Fusuline foraminifera from shales underlying
gypsum in the 01d Quarry (Sampie D.H.lc-Fig. 6).

Photographs X25,



PLATE 1A
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Plate 1-B. Fusuline foraminifera from shales underlying .
gypsum in the 01d Quarry (sample D.H. lc-Fig. 6).

Drawings X50. -



PLATE 1B
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STRUCTURE

General

Folds are the main structural feature of the gypsum deposit in
the Gypsumville area. These are well exposed on the quarry faces
(Fig. 7). In order to study their geomstry and origin the orientations
of about 200 folds were measured and plotted on Schmidt, lower
hemisphere, equal area nets.

Three types of folds are present in the gypsum deposit of the

a) a well developed set of N-S trending folds that occur on
all scales from a fraction of an inch ito a quarter of a mile in
wavelength (s2t 1),

b) an older set of E-W to WIW-ESE trending folds (set 2)
that also vary in wavelength from a fraction of an inch to a guarter
of a mile, and,

c) a series of intrastratal convolutions not related to

either of the previously mentioned fold sets,
Determination of set 1 and set 2 Folds

The orientations of fold hinges and axial planes were plotted
and analysed following procedures adopted by Turner and Welss
(1963, p. 49-64 and p. 125-143). Contouring of the points was
accomplished by square grid method suggested by Stauffer (1966, p. 475).
The contour diagrams of the fold elements for all the quarries
plotted in the nels are presented in Fig. 8, vhich indicates well-

defined point maxima for both axial planss and fold axes. Two groups



Figure 8.

Lower hemisphere equal area projection of fold
elements of 205 major and minor folds in the
Gypsumville quarries. Contours at 1, 3, 5

and 20 percent (stippled area) per 1 percent area.

A. Fold hinges

B. Poles to axial planes






of fold axes can be seen in Fig. 84; one well-defined group plunges
gently east and west and the other, poorly-defined, plunges gently to
the north and south. The diagram of poles to axial planes (Fig. &B)
also shows two well-defined maxima; one tending to lie east-west
(set 1) and the other north-south (set 2). Both sets 1 and 2
consist of concentric to kink style folds and range in size from
nearly microscopic to 4+ mile across and a mile or.more loné; they
differ only in orientation, set 1 trending N-S with nearly vertical
axial planes (Fig.48B) and set 2 trending E-W, also with nearly
vertical axial planes (Fig. 8B).

Fold axes in the New Quarry and Recent Working are seen to
plunge at low angles to the east (Fig. 9A) with a well-defined
maximm at about 20° to the east. Most axial planes dip vertically
but some are inclined to the north and to the sou?h (Fig. 9B).

Folds in the 01d Quarry also have gently plunging axes
(Fig. 10A), but the strikes of their axial planes vary greatly
(Fig. 10B). The dips of the axial planes are vertical for most
folds (Fig. 10B). The great diversity of strikes and plunges for
axial planes may be indicative of superposed folding in the area.

Both sets 1 and 2 folds are present in this quarry.
Set 1 Folds

The set 1 folds (with axial planes which strike generally
N-8) are well exposed in the quarry faces of the Gypsumville area
(Fig. 7). Most of the folds have vertical axial planes and are

gently plunging; however, a few are asymmetrical. The folds are



Figure 9.

Lower hemisphere equal area projections of fold
elements of 100 major and minor folds in the New

Quarry and Recent Working of the Gypsumville outcrop.

A. Fold hinges. Contours at 1, 5, 11 and 15

percent (stippled area) per 1 percent area.

B. Poles to axial planes. Contours at 1, 3,
9 and 22 percent (stippled area) per 1

percent area.
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] Set 2

Figure 9A S

Set2 ¢

Figure 9B



Figure 10. Lower hemisphere equal area projections of fold
elements of 105 major and minor folds in the Old

Quarry of the Gypsumville outcrop.

A. Fold hinges. Contours at 1, 3, 5 and 7

percent (stippled area) per 1 perdent area.

B. Poles to axial planes. Contours at 1, 3,

5, 7 and 10 percent (stippled area) per 1

percent area.
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dominantly concentric in style (Turner and Weiss, 1963, p. 112), but
locally may be deséribed as kink folds (Turner and Weiss, 1963, p. 114).
Folding of this type is most prevalent in thinly-bedded and well-
stratified gypsum with prominent clay layering. As with othef
concentric folds, the vertical extent probably is limited and the

folds are, therefore, superficial in nature.

Several prominent set 1 anticlinal folds are particularly
well developed in the east arm, eastern part of the west arm of the
01d Quarry, and the northern and southern parts of the New Quarry
(Fig. 7). The northwell of the southeastern pit in the Elephant Hill
exposes six set 1 folds, which plunge at low angles northward (Fig. 114
and B). The Whippoorwill quarry (Fig. 12) also contains set 1
anticlinal fold,

Associated with the major anticlinal folds (wavelengths
from three feet to a quarter of a mile) there are ﬁinor,folds with
wavelengths from a fraction of an inch to two feet or so. These
folds occur most commonly on the flanks and hinges of the major set
1 folds (Flate II and Fig. 13). Most of the folds are concentric in
nature and only a few show thinning and thickening in the limbs and
axial regions.

These minor folds have plunges which are consistent with the
plunges of major set 1 folds (Fig. 13). Locally they have either
fanning or reverse fanning relationships (Turner and Weiss, 1963,

p. 189) with the major folds.

The rocks invelved in minor folds include gypsum beds,

layered clay and fibrous gypsum stringers. Many of the clay layers

have been displaced by seams of fibrous gypsum deposited by sclutions
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Figure 11A., Structure of the southeastern pit of the

Elephant Hill Quarry.
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Figure 11B.

Lower hemisphere equal area projection of fold
axes (dots for set 1 and triangles for set 2

folds) and poles to axial planes (crosses for

- set 1 and squares for set 2 folds) of folds in

the southeastern pit of the Elephant Hill

Quarry (see Fig. 114).
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Figure 11B
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Figure 13A. Diagramatic section of a major N-S trending set 1
fold at the northern end of the 0l1d Quarry.

Note also the associated minor folds.

Figure 13B. Orientation of minor set 1 folds developed on
flanks and hinge of major set 1 fold 18A
(Fig. 134); dots and crosses represent plunges
of hinges and poies to axial planes, respectively,
of minor folds; dot and cross within circle
indicate plunge of hinge and pole to axial plane

of major fold 18A respectively.



31

[Il Major anticlinal fold

FE:CI)'W | a ] Minor fold B
L '/‘_,..-..l Selenite stringers 3
K IB:A l l Thinly bedded gypsum ]
- me \'\gned gypsum 25
= it 7S 5 2
| — o A =9 Q el
G5, oo P i e O s ]
Reoal ey e S
0 50 100 150 200 250 FEET
Figure13A

Figure 13B



32

Plate II-A. Minor folds in the limb of a major set 1 fold.
Location, northern end of the east arm of the

01d Quarry. Photograph taken facing north.

B.  Minor folds on the flank of an anticline of
small amplitude (set 1 fold). Location,

northern end of the 0ld Quarry.
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peseing between the beds.
Set 2 Folds

The set 2 folds (with axial planes which strike predominantly
E-W) are present in all the quarries of the Gypsumville gypsum
deposit (Figs. 7, 11A and 12). As with the set 1 folds, most of
these folds have vertical axial planés and are gently plunging. Folds
are dominantly of concentric style but locally develop into kink and
isoclinel folds, especially, in the cores of large concentric folds.

The set 2 folds are particularly well-developed in the 3400
feet long N-S trending face of the New Quarry (Figs. 7 and 14). The
axial planes of the folds dip’'to the north in the 0-350 foot part of the
northern end of the New Quarry (Fig. 7) and along the quarry face
(Figs. 7 and lA)f The asymmetrical folds have short steep limbs on
the scuthern sides of the enticlines and the longer limbs dip gently
to the north (Flate III A and B). Fold asymmetry is most pronounced
in the north and decreasss to the south; folds become symmetrical at
the 350 foot point. Further to the south, the folds are irregularly
symmetrical and asymmetrical. At the 500 foot point, the dip of the
axial plane of the anticline marked A6, in section AB (Fig. 14), is
to the south, whereas the anticline A8 has pronounced asymmetry, with
a northerly dipping axial plane. The remainder of the folds of the
sections in Fig, 14 are normal (or upright) except at a few localities.

Throughout the entire length of the quarry face, the rock
invoived in the deformation is thinly-bedded gypsum excepl at a few
localities. The threz fool thick bed of anhydrite thal crops cut at

the 1160 foot point, at the base of the quarry face, is found to
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Plate III-A. Asymmetrical anticlinal fold (set 2) at
northern end of the New Quarry. Horizontal
dimension of outcrop is 50 feet.

Photograph taken facing east.

B. A series of asymmetrical anticlines and
synclines (set 2) at the northern end of the
New Quarry. Horizontal dimension of outcrop'

is 150 feet. Photograph taken facing east.



PLATE 1L



Figure 15A,

Figure 15B.

Orientation of minor set 2 folds developsd on
flanks and hinge of major set 2 fold Al5

(Fig. 14); dots and crosses represent pluﬁges

of hinges and poles to axial planes, respectively,
of minor folds. Dot and cross within circle
indicate plunge of hinge and pole to axial

plane of major fold Al5.

Orientation of ﬁinor set 2 folds developed on
flank and hinge ;f major set 2 fold A2

(Fig. 14); dots and crosses represent plunges

of hinges and poles to axial planes, respectively,
of minor folds. Dot and cross within circle
indicate plunge of hinge and pole to axial

plane of major set 2 fold A2.
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extend upto the 1600 foot point (Fig. 14) without any epprecisble
change in thickness. The anhydrite-bed is folded into several
anticlines and synclines with the same style and orientation as those
developed in gypsum beds. Beds of anhydrite exposed at the cores of
anticlines A2 and A4 (Fig. 14) are also found to be involved in
folding.

In the 01d Quarry & series of.set 2 folds intersect some
prominent set 1 folds. The intersection 6f,folds is well-displayed
in the west amm of‘the quarry. Fold hinges are curved rather than
linear in a number of cases, which may be the result of superposed
folding (discussed later in this chapter). |

The west and east walls of the southeastern part of the
Elephant Hill quarry contain three set 2 folds, two of which plunge
gently westward and one of which plunges westward at one end and
eastward at the other (Fig. 11A and B). An anticline belbnging to set
2 is also exposed in the Whippoorwill quarry (Fig. 12).

Many set 2 minor folds occur on the flanks ané hinges of
major set 2 folds. Since the style and orientation of these minor
folds are similar to those of the major folds, they are probably
genetically related; the difference being only the scale. Fig. 15
exhibits the relationship between set 2 major fold axes of anticlines
A15 and A2 (Fig. 14) in the New Quarry, and their associated minor

folds developed on fold limbs and hinges.
Age Relationships

Six N-S trending anticlines (set 1) have minor E-W trending

folds (set 2) developed on their limbs (Fig. 7). Evidence of the
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relative ages of the two sals of folds may be obtained by meking

a series of orientation diagrams for these folds. To facilitate
analyses, the 0ld and Neﬁ Quarries are divided into three structural
domains (I, II and III, Fig. 7). Bl, in the following discussion,
represents the axis of the large set 1 folds and B2 represents the

average fold axis of the E-W trending set 2 folds.

Domain I: Fold 5A (Fig. 7) is the only structure in this domain
vhich contains E-W trending folds on its limb. Because there is a
high angle betwsen Bl and B2 (80°, Fig. 16) and due to the lack of
data for the eastern limb bf the anticline, interpretation of the

relative age of the folds is not possible.

Domain II: The domain contains foldé LA and EA8 and their subsidiary

E-W trending folds. Fig. 17 shows the orientation of hinges of both

the large fold 4A, and the associated minor folds developed-on its limb,

In fold 44, cross folds plunging west (on the west limb of fold 44)

average 780 from the fold hinge (Bl) whereas cross folds plunging

east (on the east limb of fold 4A) average 68° from the main fold

hinge. The average angle between Bl and B2 is, therefore, 73°. In

equal area projection, B2 lies in a 73° small circle centred on Bl.

Therefore, the E-W trending folds are interpreted as being older

than the N-S trending folds (Turner and Weiss, 1963, p. 128 - Fig. 4-31).
The orientation of fold hinges of both the larger fold, EAS,

and its associated smaller folds, is plotted in Fig. 18. The data in

this figure cannot be interpreted because of lack of information on

the western limb Qf EAS8.



Figure 16. Orientations of the N-S trending anticlinal
fold 5A in doﬁain I and the small set 2 folds
on its 1limbs (lower hemisphere equal area
diagram); dot within a circle represents plunge
of hinge for fold 5A. Dots indicale plunges of
hinges for small folds; cross represents their
average. Anguiar separation between fold 5A and

the avérage of set 2 folds is 80°.

Figure 17. Orientations of the N-S trending anticline 44 in
domain II and the small set 2 folds on its
limbs (lower hemisphere equal area diagram);
triangle within a square represents plunge of
hinge for fold 4A. Triangles indicate plunges of
hinges for set 2 small folds; cross represents
their average. Apgular separation between fold
LA and the average of set 2 folds plunging west

is 78° and the folds plunging east is 63°.
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Figure 16 S

Figure 17 ’ s



Figure 18. Orientations of the N-S trending anticlinal fold
EA8 in domain II and the smell set 2 folds on its
limb (lower hemisphere equal area diagram); dot’
within a square indicates plunge of hinge for
fold EA8. Squares represent plunges of hinges
for small folds; crossrindicates their average.
Angular separation between fold EA8 and the

average of set 2 folds is 70°.

Figure 19. Orientations of set 1 folds 44 and EA8 in
domain II and the small set 2 folds on their
limbs (lower hemisphere equal area diagram);
triangle within a square and dot within = équare
represent plunges of hinges for folds 4A and EAS
respectively. Triangles and squares indicate
plunges of hinges for set 2 small folds
associated with set 1 fold 4A and EAS respectively;
cross and cross withinya'circle show their averages.
Angular separation between average set 1 folds
and the average of set 2 folds plunging west is

81° and the folds plunging east is 73°.
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Figure 18 s

Figure 19 s



Figure 20. Orientations of set fold RWA in domain III and
the small set 2 folds on its limbs (lower
hemisphere area diagram); dot within a circle
indicates plunge of hinge for fold RWAi. Dots
represent plunges of hinges for small folds;
cross indicates their avérage. Ingular separation
between fold RWA and the averége of set 2 folds

is 90°.

Figure 21. Orientations of set 1 fold A39 in domain III
and the small set 2 folds on its 1limb (lower
hemisphere equal area diagram); small circle
within a square indicates plungs of hinge for fold
439. Smell circles represent plunges of hinges
for small folds; cross indicates their average.
Angular separation between fold A39 and the

average of set 2 folds is 44°,



Figure 21



Figure 22.

Figure 23.

Orientations of ‘the N-S trending anticlinal fold
£X1 in domain III and the small set 2 folds on its
limb (lower hemisphere equal area diagram); square
within a square represents plunge of hinge for fold
AX1. Squares indicate plunges of hinges for

small folds; cross shows their average.

Angular separation betﬁeen fold AX1 and the average

of set 2 folds is 83°.

Synoptic diagram of fold hinges for anticlines
RWA, ‘239 and AX]1 in domain III and the small set

2 folds on their limbs (lower hemisphere equal

area diagram); dot within a circle, circle

within a square and square within a square

indicate plunges of hinges for folds RWA,

A39 and AX1 respectively. Dots, circles and
squares represent plunges of hinges for small

folds associated with RWA, A39 and AX1 respectively;
crosses show their averages. Angular separation
between average set 1 folds and the average

set 2 folds is 90°.
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Figure 22 S

Figure 23 S
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Fig. 19 shows the orientation of hinges of folds EA8 and
4A combined, and their associated cross folds. Since the main E-W
folds (B2) tend to lie on a small circle 77° away from the average of

Bl, it is suggested that they are older than the N-S folds.

Domain III: Unfortunately the orientations of E-W trending folds,
in relation to the three large N-S trending folds, R.W.A, A39 and
AX1, in domain III (Fig. 7), are too irregular and the data too
incomplete to interpret an age relationship (Figs. 20, 21 and 22).
Also the combined plotting of data for folds R.W.A, A39 and AX1 (Fig. 23)
shows too much scattering of points for the E-W folds and too high an
angle between average Bl and average B2 (86.5°).

In summary, it appears'likely that large north—éouth trending
folds (set 1) are younger and supefimposed on the smaller east-west
trending folds (set 2), although the data is not as conclusive one

as one would wish.
Intrastratal Convolutions

The folds of this category commonly occur as intricate,
internal contortions limited to individual gypsun beds, within which
folds die out both upwards and downwards. Some of these contortions
exhibit considereble, though irrégular, thickening and thinning
(Plates IV - A and B, and V - A). "The contortions are in the form of
domal and basinal structures (Plates V ~ B and VI). In some cases,
smaller marginal folds occur on the domes with radially afranged
axial planes (Plate VI - A). In profile, the domal structures appear

either as steep~sided isoclinal folds (Plate IV), or sharp-crested,
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Plate IV-A. Isoclinal folds in cut perpsndicular to bedding.

Location, northern end of the 014 Quarry.

Photograph taeken facing north.

B. As for Plate IV-A; layers tend to be thicker and
thinner on limbs of folds; anticlines are
sharp-crested and synclines are box-shaped.

Dome-shaped upfolds can also be seen.,



PLATE 1V



Plate V-A. Marked thinning and thickening of layers in

axes and limbs of folds. Such folds probably
formed by slumping shortly after deposition.
Location, northern end of the east arm of the

014 Quarry.

B. Small dome, possibly a pfoduct of exfoliation
or surface weathering. Location, northern end

of the 0ld Quarry;






Plate VI-A.

Bedding surface with small spiral structures
apparent at the centre of the dome. Location,

northern end of the 0ld Quarry.

Convolubtions associated with small basinal

structure. Location, northern end of the 014 Quarry.
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steep-sided anticlines and wider, rounded to box-shaped synclines
(Plate IV - B). Some of the intrastratal contortions form spiral
patterns (Plate VI - A).

Minor folds, with the above characteristics, are not widespread
in the Gypsumville quarries and are absent in the Whippoorwill and
the Elephant Hill quarries. They occur most abundantly in the north

end of the 0ld Quarry and in the central part of the New Quarry.
Origin of Folds

The folds developed in the gypsum beds of the Gypsumville
area must have formed by causes other than tectonism, since there is
no evidence of intense orogenic activity in this region of Manitoba.

-

A number of nog&ectonic processes coﬁld possibly be responsible for
the origin of the folds. These are:
1. Expansion due to hydration of anhydrite to form
gypsum.
2. Subsurface solution and collapse.

3. Penecontemporaneous slumping.

L. Glacial ice-push.

1. Expansion due to Hydration of Anhydrite to form Gypsum: Anhxgrite
expands on changing tovgypsum. An increase in volume of 60.5 pe;%ent
occurs with complete hydration assuming that initial and final pérosities
are zero. This volume increase could cause folding in gypsum beds and
folds formed in this wey, described as enterolithic structures

(Grabau, 1924, p. 758), have certain characteristics: lack of

systematic deformation, lack of slickensiding, tightly closed folds,
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irregular thickening of beds and confinement of the structure within
individual layers.

Most of the previous workeré in the Gypsumville area ascribed
the origin of the major folds (sets 1 and 2 here) to hydration of
anhydrite to gypsum. Bannatyne (1959, p. 31) assumed that the total
thickness of the evaporite sequence is 100 feet and that half of the
§riginal anhydrite was transformed to gypsum. The transformation of
the upper half of the anhydrite to gypsum, would, according to
Bannatyne, be adequate to account for the formation of 30 - 40
foot ridge-forming anticlinal folds., This idea is not accepted here
for the following reasons:

a) The style and geométry of all the major and most of the
minor (sets 1 and 2) folds in the area are markedly different from
those cited for typical enterolithic structure ( Grabau, l924, p. 758).

b) Expansion due to transformation of anhydrite to gypsun
can hardly explain the presence of two sets of folds with different
trends.

c¢) Volume expansion due to hydration of anhydrite to gypsum
only occurs if the replécement is molecule for molecule. Petrographic
evidence indicates that the replacement of anhydrite by gypsum, at

Gypsumville, has been volume for ﬁolume and not molecule for

- molecule,

2. Subsurface Solution and Collapse Structure: The deposit is
characterized by the presence of abundant sinkholes., The origin of
the sinkhole topography has been ascribed to the solution effects of

surface waters followed by collapse. If the origin of the folds in
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the Gypsumville area is relatéd to the formation of sinkholes, then

a definite relationship between the two should exist. However,
sinkholes occur randomly within the folds (Plate VII and Fig. 14)

and their distribution (as plotted from aerial photographs, Fig. 7)
indicates that the formation of these depressions is quite independent
of folding. |

3. Penecontemporaneous Slumping: Although the sets 1 and 2 folds

in the area cannot be explained by the slumping of unconsolidated
sediments, some of'the intrastratal convolutions in gypsum

beds show a strong resemblance to examples of slump structures
described in the literature (Rettger, 1935; Kuenen, 1948; Carozzi,
1960; and Kelling and Williams, 1966). Carozzi (1960, p. 111-130),
while conducting microscopic investigations of limestones and
sandstones, encountered spiral structures associated with small scale
domes, similar to those at Gypsumville (eg. Plate VI—A’. He
attributed these structures to slumping, without initial folding of
the unconsolidated sediments. Kelling and Williams (1966, p. 927-939),
while working on deformation structures of sedimentary origin,
observed sharp-crested folds, overturned folds, domical upfolds and
box-shaped synclinés, all of which were related to penecontemporaneous
deformation.

It is quite probable that the minor intrastratal contortions, in
the G&psumville area, have been formed by penecontemporaneous
deformation.

4. Glacial Ice-push: The ability of glacier ice to deform

consolidated and unconsolidated sediments, on a regional scale,
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Plate VII-A. Sinkhole, on crest of an anticlinal fold, is
filled with white, insoluble residue and
organic rich glacial till.’ Locatioﬁ, northern
end of the west arm of the 014 Quarry.
Horizontal dimension of outcrop is 20 feet.

Photograph taken facing north.

B. A synclinal strﬁcture in the southeastern pit‘
of the Elephant Hill. Sinkholes occur in the
synclinal trough. Horizontal dimension of
outerop is 40 feet. Photograph taken facing

north,
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Plate VII.
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was established by Fuller (1914), and Slater (1920). The work of
Byers (1959) and Kupsch (1962), on the icerthrust features in Western
Canada, provide excellent examples of rock deformation by glacier
ice. The following lines of evidence may indicate that the sets 1
and 2 folds of the Gypsumville area were caused by glacial action:

a) The folds in the Gypsumville area are superficial, which
accords with the superficial nature of>defonnation by
glacier ice.

b) The Gypéumville area probably was a topographic high
during late pre-Fleistocene and Pleistocene time. The
gypsum deposits are covered by a thin sheet of till,
possibly wave eroded (Johnson, 1934) (Fig. 25 of the
thesis), indicatiﬁg that the area was glaciated.

Large erratics of Silurian dolomite and Pre-Cambrian
granite, randomly distributed over the Gypsumville quarries,
are conspicuous and provide further evidence of glaciation.

c) The two major inferred directions of ice movement
(Fig. 24) are found to be at right angles to the trends of
major fold axes in the area.

Direction of Ice-movement —- Structures indicating direction of
ice-movement, such as bed-rock striatiéns and various stream-line
features, have not been observed in the Gypsumville area. However,
several sets of lineaments characterize the area surrounding the
gypsun hills and are well developed in the muskeg (Figs. 26A and 26B).
These lineaments have been.the subject of some controversy and may

not be of glacial origin. Due to the prominence of these linesments,
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and because of the present coniroversy concerning the origin of
similar lineaments elsewhere in the plains of Glacial Lake Agassiz
(Clayton et al, 1965 and Mollard, 1957), they form the subject of
a separate chapter (see section on intersecting lineaments).

Although the direction of ice-movement in the Gypsumville
area cannot be determined from local_features, two probable directions
can be estimated from records of bed-rock striae in adjacent areas
(Fig. 24). Regional studies of’glaeial striae, érumlins, eskers and
moraines (Davies et al, 1962, p., 151) indicate two centres of
accumulation for the ice-sheets which covered Manitoba during the
Wisconsin glacial period; the Keewatin centre, in the Northwest
Territories west of Hudson Ba}, from which the ice flowed south, and
the Patrician centrs, southwest of James Bay, from which the ice
spread to the southwest and west (Fig. 24). The nearest bed—rock
striations to Gypsumville are in the Steep Rock area, on the eastern,
western and horthern shores of Lake Winnipeg, and in the Ceder Lake -
Pass Moraine areas; evidence from these areas indicates two
directions of ice-movement; one southerly and the other westerly. The
relative ages of the two sets of striations, however, are not known.
Ice-movement and Genesis of Structure -- There is a correlation between
fold geometry and inferred directions of ice-movenent, suggesting that
the two may be related. The N-S trending set 1 folds may have been
caused by the westerly moving Patrician ice-sheet (Fig. 24) and the
E-W trending set 2 folds by the sbutherly moving Keewatin ice-sheet.
Structural evidence suggests that the set 1 folds are younger than the

set 2 folds.



Plate VIII-A. Small basinal structure probably formed by the
superposition of synclines (sets 1 and 2).
Location, southern part of-the west arm of the

Old.Quarry.

B. Axial trace of N-S tremding fold (set 1) is
marked by the hammer. At the extreme right
corner another fold with BE-W trend (Sét 2)
can be seen. Location, northern eﬁd of the

west arm of the 01d Quarry.
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Plate VIII.
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The symmestrical nature of most of the folds in ths areca can

be explained if the ice-push was very wesk and gypsum and anhydrite
were folded by dragging of the ice over the area. The asymzmetric
nature of the folds in the northern part of the New Quarry (Fig. 14
and Plate TII) could indicate-a comparatively stronger push, perhaps
induced by the presence of an escarpment along the edge of the gypsunm
outecrop, similar to the present ~“carpmpnt.

The two ice-sheets, moving cver the area at different time

U‘

j
could explain the s perposed nature of the two gels of folds (Fig. 7
and Plate VIII)., The minor set 1 and set 2 folds probably formed as
a result of interlayer slippage which accompanied progressive

flexing of the major folds.

Conclusion: Folds in the gypsum beds of the Gypsumville area probably

O

have two types of nontectonic origin. The folds classifisd as set 1
”~

St

-

and set 2 mzy have formed as a result of glacial push and drag

during Fleistocens glaciation. Small scale, complex and domal
g

convolutions, which occur within and not between beds, may have

formed as a result of slumping which occurred not long after deposition.



INTERSECTING LINEAMENTS
General

Several sets of intersecting linesments occur in the Gypsumville
area and are particularly well developed on the muskeg or open
marsh—iand. The gypsum deposit atl Gypsumville is covered by a thin
Sheeﬁ of unsorted drift or boulder till, composed of boulders, gravel,
sand, silty clay and enclosing rotten tree trunks., These glacial
deposits are regarded by Jonnston (1934) (Fig. 25 of the thesis)
as having been modified by wave sction in Lake Agassiz., The muskeg
surrounding the gypswn ridges is ﬁnderlain by silty, sandy loam and
clayey loam of glacio-lacustrine origin.

The present study on the intersecting lineaments is based on
exemination of airpholos. Several sets, with consistent qrientations,
occur. The majority of these lineaments are oriented N30W - N45W
(Fig. 27). ]

Five sels of lineament trends aré discernable on aerial
photographs of the area (Figs. 264, 20B and 27). Some of these
lineasments show "cross-éutting” relationships. Individuals belonging
to set no. 5 are found to cut scross individuals of set no. 1, in
several places (see areas marked.Xl, X, end in Figs. 26A and 26B).
The evidence suggeste that sel no. 1 1s older than set no. 5. The
erea marked 'Y (Figs. 26A end 26B) shows the intersection of 4 sets
of 1ine3m§nts; sets no. 1, 2, 3 and 5, of which set no. 5 cuts linear

sets no, 1, 2 and 3; set no. 3 cuts sets no, 2 and 1. It is
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Figure 20A. Ilineaments in the Gypsumville area as drawn
from airrhotos. ‘Xl’ X2 XB and Y positions are

lineament intersections referred to in text.
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Figure 20B.
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Airphoto mosaic off the Gypsumville area.

16’ 22, 27,535,and 512 labels on lineaments-
indicate lineaments referred to in text.
Xl’ XZ’ XB and Y positions are lineament

intersections referred to in text.
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inferred, therefore, that lineament set no. 3 is older than set no. 5
but younger than set no. 1. Set no. 1 appears to be the oldest
and no. 5 the youngest. The relative age of sets no. 2 and 4 could
not be established.

Some individual lineaments in the Gypsumville area csan be
traced continuously, or discontinuously, for distances of upitoe
Z miles (see lineament no. 2, in Fig. 264). The lineaments range in
width from 40 to 400 feet. Some are curved slightly towards the east

or west.

Intersecting lineaments on the Lake Agassisz plaing, apparently
similar to the ones at Gypsumville, were discussed {irst by Horberg
(1951, p. 1-18). Horberg suggested that these lineaments formed in
a "periglacial' climate and were relic pemmafrost features. This
theory was severely criticized by Nikiforoff (1952, p. 99-103) wvho
attributed the intersecting linear feabures to shore line procesces.

Mollard (1957, p. 26-50) proposed that systematic intersecting
linear depressions, in the regicn between Lakes Manitoba - Winnipegosis

and Lake Winnipeg, were caused largely by leaching of the overburden
which was controlled by bed-rock fractures. Mollard pointed out thsat
"the orientation and incidence of these minor limear features of the
lendscape bear little or no relation to the age, origin, composition or

depth of the surficial materials. Geologic processes forming The

surface linear elements are thought to have persisted over a great
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length of time; morsover, Lbe procegses are acblve at present.”

In suppert of his theory that the intersscting lineaments ar

®

the surface expression of joint patlterns in the underlying bed-rocks,
Mollard furnished examples from Saskatchewan and Manitoba. He
indicated that surficial linesments can be traced to fracture patterns

developed over locally exposed bed rock.

In the Steep Rock area, about 24 miles southwest of Gypsunville
(Figs. 25 and 28), Devonian Blm Point limestones are exposed. From o
study of airrhoto ﬁosazcs, the bed-rock joint patitern has been
intepreted (Figs. 28 and 29) and plotted in histogram form (Fig. 30).
The maximum concentration of joints is N65E. The presence of two
subordinate trends, NASE and N20W, is apparent also in the histogram.
The muskeg to the south and east of the Steep Rock limestone
quarry (Fig. 28),.covered by a thin sheet of glacial till (Fig. 25),
exhibits well developed linear depressions. The lineaments in the
Steep Rock area have the following characteristics:
a) The maximum concentration of linssments lies
between N30W - N45W (Fig. 30).
b) Some linesments ars up to half a mile wide (see area
marked in parallelogrem, about 4 miles east of the
quarry).

Figure 30, which is a combined histogram of lineaments and

b B o

joint sets, indicates that ‘here is, as interpreted from airphotlos,
no obvious correlation between bed-rock joints and surface lineaments.,

However, direct measurements of joint trends on outcrop is required to

:..J .

substantiste this preliminary work from airphotos.
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Figure 28. Airphoto mosaic of the Steep Rock area showing

lineaments and jeint trends.
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Clayton et gl. (1965, p. 652-656) noted intersecting lineamuents,

£ ’1
0
e
s
o)
=3
foe
jo7)
g
Q
[4i)
™
0
5]
b

in the form of grooves he Dakota, Msniltoba and

Minnesota portions of the Lake Agassiz plains,They likencd these

.

lineaments to linesments which can be cbserved developing in lake

Py

i

bottom sediments by ice-rafting. Weber (1958, p. 332-341) found

identical groovings, updo 108 fest wide,

( D
)
ol
<
-
R
()
v
B~
=
®
©
o
[
o
o
oo
-
]
3

the recent lsake botlom sediments of Greal Slave Lake, Northwest

Territories. The N30W to NAOW trend of many of the l;nCSn

\x)
cr
0
[N
W

explained by these suthors on the assumption that the prevailing wind
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was from northwest and southeast., Under pres nb clinatic conditions,
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these are the prevalling wind directions durin
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gpring break up.
The curvature of the lineaments is ascribed to change in wind

direction as the ice dragged along the lake bottom.

Intersecting Linesments as Ice-movenent Indica

Ice-movement indicators, such as sltrialions or groovings,

c-l.

have not besn observed in the Gypsumville area. Interseciing
lineaments,; developed on adjacent muskeg, may not be of glacial
origin and cannot be used as reliable indicabtors of directlon of ice-
movenent. In fact, the domwinant M20W -~ NAOW trend of the linsaments
in the Gypsumville area, and elsevhere in the plains of Lake Agassiz
(Iollard 1959 and Clayton et al, 1965), does nobt corresiond with the
bed-rock striations which more surely provide evidence of directipn of
ice-movement (Ceder Lake - Pass Moraine area (N), eastern shore of
ipegosis (NO2T), eastern, western and northern shores

of the Lake Wimnipsg (WA5E - NOOB) (Fig. 24).
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Conclusion

The theory that the linesments represent ice-floe
features (Clayton et gl, 1965) is favoured because this theory
accounts for the observed curvature of some linesments and the present
study has not revealed any adequate correlation between bed-rock
fractures and surface lineaments, which would support the alternative
theory of bed-rock control. The glacial origin of these features can
be discounted on the grounds that the trends of these lineaments
do not agree with directions of ice-movementv inferred from bed-rock

11

striae and other features.
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PETROLOGY

A petrograrhic study was underiesken in an attempt to
interpret the relationships between the various types of anhydrite

and gypsum.

Gypsumville Quarries

The following rock types occur:
1) thin to thick beds of anhydrite;
ii) fine grained, well-stratified gypsum;
iii) white gypsun with medium to coarse granular texture;
iv) spheres of white finéugrainedrgypsum which weather out on
bedding planes of coarse gypsum;
v) large, coarse gypsum crystals;
vi) rosettes of fibrous gypsﬁm;
vii) veins of fibrous gy psum;
i) Thin to thick beds of anhydrite: Anhydrite occurs in outcrop as
beds 2 inches to 4 feet thick, which are interlayered with gypsum.
The anhydrite is hard and greyish-blue to bluish-vhite on fresh
surfaces. Weathered surfsces consist of fine grained gypsum.
Anhydrite crystals range in size from .05 to .50 millimetre,
vith less common larger anhedral crystals of up to 3 millimetres
length. The crjstals are elongate having a sub-parallel or parallel
orientation and commonly are bant (Plate IX-A).
Fine grained aggregates of gypsum occur along'grain—boundaries
and cleavsge planes of anhydrite (Flate IX-B). Irregular grains of
anhydrite occur in gyvsum, bubl become less common away from the

anhydrite-gypsum contact. The anhydrite grains are highly
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Plate IX. Photomicrographs of sample from a three-foot
thick bed of anhydrite. Location, 1100 foot

point (Fig. 14) in the New Quarry.

A. Elongate anhydrite grains (a) within fine
grained gypsum (fg). Grains are bent.
Plane polarized (X11.5).

B. Seme slide as that of Plate IX-A. Fine
grained aggregates of gypsum (fg) occur
along grain boundaries and cleavage planes
of anhydrite (a). Plane polarized (X11.5).

C. Relics of anhydrite grains (a) replaced by
fine grained gypsum (fg). Thin section as
for Plate IX-A. Plane polarized (X 11.5).

D. Euhedral to subhedral, medium to coarse-
textured gypsun (cg) associated with fine
grained gypsum (fg) and anhydrite (a).
Note planar grain-boundaries of coarss
gypsum compared with irregular grain-
boundaries of fine grained gypsum. Thin
section es for Plate IX-A. Plane
polarized (X 11.5).



PLASIEe IX



C
PLATE IX




69

irregular, with fine grained gypsum oécurring preferentially along the

cleavege planes and grain-boundaries (Flates T¥-B and C). Medium %o

coarse~textured, euhedral to subhedral gypsum crystals are found to be

associated with fine grained, enhedral gypsun and anhydrite grains

(Plate IX-D). The fine grained gypsum has irregular grain-boundaries.

The large gypsun euhedrs contain numerous inclusions of fine grained

gypsum. Il is suggested that the coarse gypsum crystals have grown

in situ at the expense of fine grained gypsum. Such a suggestion is

based on plansr grain-boundaries of the coarse gypsum as compared with

irregular grain-boundsries of fine grained gypsun,

ii) Fine grained, well-stratified gypsum: This is the most abundant
ariety of gypsum in the Cypsumville quarries. Bedding planes

are definad by red snd grey argillaceous and calcareous materials,

Gypsum graing sre anhedral and range from .0l to .2 milliimetre.

Medium to coarse grained, euhedral gypsun crystals, with plenar
boundaries, occur embedded in the fine grained gypsun aggr@g vbes
which have highly irregular boundaries (Plate X-A). It is inferred

that the lerge gypsun crystals have grown at the expense of the

gmaller snhedral gypsum grains., Thers i1s no evidence here of the
Ler grains having replaced the largsr,

+

iii) White gyp Sum with coarse granular texbure: Gypsum crystals,
ranging in length from .5 to 3 millimetres, occur in a matrix of fine

1 similax to that deseribed ahove, Th

’l)

coarse gypsum crystals are subhedrsl to esuhedral and have planar
boundaries. The fine grained gypsum has irregular grain-boundaries
(Plate X-B). The large gypsum plates have s mottled appearance.

individual mottles bave s similar size and form to fins gypswm grains

in the groundmase and mottles may be ghosts of replaced finer grains,
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Plate X-A. Photomicrograph of fins-grained, well-stratified
gypsum. Location, northern end of thé New
Quarry. Medium to coarse, euhedral gypsum (cg)
occurs in a matrix of fine grained, anhedrai
gypsum (fg). Note the irregular grain-boundaries

of fine grained gypsum. -Crossed nicols (X 40 ).

Plate X-B. Photomicrograph of white gypsum with coarse,
granular texture. Location, 1600 foot point
(Fig. 14) in the New Quarry. Coarse, euhedral
gypsum (cg) in a matrix of fine grained,

anhedral gypsum (fg). Crossed nicols (X 40 ).

Plate X-C. Sphefes of white, fine grained gypsum (fg) which
weather out on bedding planes of coarse gypsum (cg).

Location, northern end of the New Quarry.

Plate X-D. Photomicrograph of the white spheres. Location,
same as fof Plate X-C. White spheres are composed
of fine-grained, anhedral gypsum (fg) with
irfegular grain-boundaries; the matrix is
composed of coarse gypsum crystals (cg) with

planar grain-boundaries. Crossed nicols (X 40 ).
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It is suggested that coarse gypewn crystals have grown at the expeuse
of fine grairad gypsun.

iv) Spheres of white, fine grained gypsum which weather out on hedding
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Spheres of white, fine grained gypsun (Plate
X-C) are commcn in the New Quarry and in the Recent Working. They
range in diameter from .5 to 3 centimetres and commonly weather out

on the bedding planes of coarse, grey gyprsun beds.

In thin section, the spherss are seen to consist of gypsuma
grains ranging in size from .01 to .2 millimetréu' The matrix is
coarser grained, being composed of euhedral crystsls of gypsum in the
range .5 millimet:e o L centimetre. The gypsum of ths whilte spheres

is egimilar to the fine-grained gyosum described under section

S

"Fine grained, well stratified gypsur in p, 69 ." The marked planar
grain-boundaries of the coarse gypsuwsz, in contrast to the irregular grain-
boundaries of the fine grained gypsun (Plate X-D), suggest growth of

the coarse gypsunm crystals at the expense of the fine gypsum.

v} lLarge, coarse gypsum crystals: These occur exte

i3
"
|~

New Quarry and are commonly essociated with fine grained gypsuz. Two
types of coarse gypsum are recognized. One type oceurs as irregular,
tabular crystals snd the cther as aggregates of euhedral gypsua,

y

Tabular gypsum corystale commonly have transparent cores wh

tde

.ch
constituta the bulk of the crystal. The transperent cores contain; in
prlaces, abundant inclusions of anhydrite. Some isolatsd inclusions

of anhydrite in coarse gypswn have common optic and therefore

crystallographic orientation (Flate XI). This ests that they

m,

zre remnants of partially replaced grains.

Tabular gypsum crystzls are frequently found to be embayed
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Photomicrographs of relic anhydrite crystals.

Location, northern part of the New Quarry.

A. Relics of anhydrite grains (a) embedded in
large gypsum (leg). Isolated portions of
anhydrite have common optic orientation.

Plane polarized (X 40 ).

B. Isolated inclusions of anhydrite (a) have
common optic orientation in gypsum (lcg).

Crossed nicols (X 11.5).
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Photomicrbgraphs of large gypsum crystals partially
recrystallized to fine grained gypsum. Location,
southern part of the northern end of drainage ditch

(Fig. 14), New Quarry.

A. Coarse gypsum crystal (1cg) surrounded by
finely crystalline gypsun (fg). In the lower
left portion of the figure a coarse euhedral
gypsun crystal (cug) has gréwn at the expense
of the large gypsum crystal (lcg). Note the
presence of a relic anhydrite grain (a) in the
upper right portion of the crystal. Crossed
nicols (X 40 ).

B. Large gypsum crystal (lcg) surrounded by fine
grained gypsum (fg). Note the presence of
finely disseminated gypsum grains (fg) within
the large crystal. Crossed nicols (X 40 ).

C. A large gypsum crystal (lcg) partly
recrystallized by fine grained gypsum which heas
a fibrous texture (ffbg). Note recrystallization
occurs preferentially along cleavage planes.

AGrossed nicols (X 40 ).

D. Ghost of an almost'completely recrystallized,
large gypsum crystal (lcg). Note that fine
grained gypsum has assumed a fibrous texture

(ffbg). Crossed nicols (X 40 ).
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and surrounded by fing grained gypsum (FL

be partly or completely recrystallized to
commonly has a fibrous texture (Plate XII-C and D). Recryshallization
of coarse gypsum crysbals to fine greined gypsum has occurred
preferentially along cleavage planes.

The coarse gypsum of the second variety, thal is subhedral to
euhedral gralns, occur in a groundmass of fine-grained gypsum. The
large gypsun euhs d s do not contain inclusions of anhydrite and thess
grains ars interpreted &5 having grown in situ ab the expense of the fins

grained groundmass. This conclusion iz based on the planar form of the

.C

P
o

ha fine

grain-boundaries for the large grains in contzel with
grained gypsom (Plate XIII-A).

ctes of fibrous gypsum: Grey colouved rossiles of gypsum
oceur locally and sre elliptical to subrounded in shape and range

from .5 %o 3 centimetres in meximun diamster (Plate XIi.~B). The
rosettes are composed of radiating laths of coarse gypsum with minor
associated clay, perticularly near the centres of the rosetties

(Flate XIII-C). There are no relic grains of anhydrite,

vii) Veins of fibrous gypsun Fibreus gypsun veins occur extensively

in both the New Quarry and the 01ld Quarry. GCoarse fibres of gypsum are

(.

aligned perpendicular to bedding. The veins vary in thickness from
a few millimetres to about 6 centimetres, A thin calcareous clay
parting, parallel to beldzn g, occurs centrally in some of the velng
(Plate XIIT-D).

Since the fibrous gypsum veins lack porphyroblasts, pseudoﬁorphs

or relic minerale, thsy are interpretad to have grown by displacement

rather than replacement. They appear to have formed selectively
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Plate XII1I-A. TFhotomicrograph of a coarse, euhedral cryst%l
(cug) in a matrix of fine grained gypsum (fg).
Fine grained gypsum has irregular grain-
boundaries. Location, southern part of the
northern end of the drainage ditch (Fig. 14),

New Quarry. Crossed nicols (X 40 ).

Plate XIII-B. Rocettes of fibrous gypsum-(r). Location,

drainage ditch, New Quarry (Fig. 14).

Plate XIII-C. Photomicrograph of a rosette. Rosettes are
composed of radiating laths of coarse gypsum
(cg) with minor associated clay (c). Plane
polarized (X 11.5), IlLocation, as for
Plate XIII-B.
PFlate XII-D. Fhotomicrograph of vein of fibrous gypéum
(fog). A thin calcareous clay parting occurs
centrally in the vein. Crossed nicols (X 11.5).

Location, northern end of the 0ld Quarry.
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along planes of clsy partings.

Elephant Hill

Three rcck types are recognized:

e
g

bedded anhydrite;

e
S~

i large crystals of gypsum associated with anhydrite;

(=4

iii) fine grained vhite gypsun,

i) Bedded enhydrite: The anhydrite occurs interlayered with gypsum.
The central portions of anhydrite beds are grayish-blue to bluish-white
o o 3
but grade marginslly upwerds and downwards into overlying and
v b &

underlying fins grained white gypsum (Plate XIV-A).

The

LJ

anhydrite occurs as elongate crystals arranged in
spherulitic aggregates which vary from 2.5 to € millimstres in
diameter (Flate IV ). GCypsum occursvalong aﬁhydrite grain
boundaries and preferentially along prlanes of cleavage in anhydrite.
Irregular, veins of fins graiﬁed gypsun radiate from the centres of
spherulitic aggregetes of anhydrite (Plate XV-A and B).

Thin sections reveal thalt the transition from anhydrite to
gypsum occurs cver avcut 5 millimetres. Irregular masses of anmhydrite
crystals occur isolated in gypsum and can be interpreted as remnant
grains., The fine grained gypsum bas a sphervlitic structure (Plate XV-C

and D) similer to that of the anhydrite, and this structure

presunably resulted from the pseudomorphing of anhydrite. Anhydrite

w

spherulites are present in various stages of replacement, gypsum ocourring
preferentially along anhydrite cleavages. No distortion of the

original radial arrangement of anhydrite crystals is observed.



Plate XIV-B.

A blue core of spherulitic anhydrite (a)
with weathered white exterior of fine grained
gypsun (fg). Location, southeast pit of the

Elephant, Hill.

Anhydrite (a) - coarsz gypsum (cg) contact.

Sanple from the south pit of the Elephant

Hill.
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Fhotomicrographs of spherulitic anhydrite and

associated weathered exterior. Location, same as

for Plate XIV-A.

A.

A single spherulite, 2.6 millimetres in
diameter, composed of elongate anhydrite
crystals (a). Fine grained gypsua (fg) with a
fibrous texture occurs along cleavage planes and

grain-boundaries. Plane polarized (X 40 ).

Elongate crystals of anhydrite (a) arranged
in spherulitic aggregates with radial veins of
fine grained fibrous gypsum (fg). Plane

polarized (X 40 ).

Spherulitic texture characteristic of anhydrite
is preserved in the outer margin which is
composed of fine grained gypsun., Note lack of
distortion in the spherulites. Plane

polarized (X 40 ).

Fine grained fibrous gypsum in the outer pari af
the anhydrite bed preserves the radial structure
typical of anhjdrite spherulites. Crossed

nicols (X 40).
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ii) Learge crystals of gypsun a 5socmau vd with arhydrite: Anlgydrite

in the south pit of the Elephent Hill querry grades laterally to large
gypsum crystals, n@‘anhyJW1Le is composed of spherulites (Plate XVI-4)
of up to 2.5 millinmstres radius. Similar spherulites cccur as gypsum

I

within large gypsum crystals and are interpreted as "ghosts!

reneining after anhydrite replacement by gypsum (FPlate XVI-B).

iil) Fine grained, white gypsum: The moét_abundant form of

gypsum in the Elephant Bill consigts of crystalloblastic grains of
sbout .01l to 0.1 millimetre (Plate XVI-D). Coarse gypsun crystals
occur embedded in a matrix of fine grained gypsum. These crystals

are embeyed and surrounded by finer grained gypsum. Plate XVI-C
illustrates a coarse gypsum crystal, partially recrystallized to

fine grained, fibrous gypsun. Reerystallization of coarse gypsua
crystal to fine grainsd gypsum has occurred preferentially along the
cleavags planes. Flate XVI-D shows the relic of a large, coarse gypsum
crystél completely recrystallized to fine grained gypsum. It is inferred
that the {ine grained gypsum of the Elephant Hill is a product of
recrystallization of coarse gypsum crystalsleading to grain

dininution.
Whippoorwill Quarry

Bluish~white, nodular anhydrite occcurs in the Whippoorwill
quarry (Plate XVII). The nodules vary from 10 to 40 cenbimetres
in diameter and are concentrically lesyered. Typically, the cutermost

leyer is composed of fine gralned gypsun.



Plate XVI-A and B.

Plate XVI-C and D.
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Photomicrographs of anhydritebfrom the

south pit of Elephant Hill,

A.

Spherulitic anhydrite in contact
with coarse, gypsum crystals (cg).
Plane polarized (X 11.5).

Coarse gypsum crystal (cg) with
pseudomorphed spherulites of

anhydrite. Plane polarized (X 11,5)

Photomicrographs of fine grained, white

gypsun in the southeast pit of Elephant Hill.

C.

Remnant of large gypsum crystal (lcg).
The crystal has been partially replaced
by fine grained gypsum (fg). Crossed
nicols (X 40 );

Fine grained gypsum aggregates (fg).

" Note the rélic of a large gypsum crystal

(leg) completely recrystallized
to fine grained gypsum. Crossed

nicols (X 40 ).
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Plate XVII-A. DNodular anhydrite with an outer layer of white,

fine grained gypsum at Whippoorwill Hill.

Plate XVII-B. Section cut through the nodule indicated in

Plate XVII-A.
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Plate XVII.
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.

Several thin ssctions were msde across a nodule. Region TAY
(Plate XVII-B), at the centre of the nodule, is composed of anhydrite

with minor grey clay. The anhydrite grains are from .1 to .5
millimetre in size and occur as blades and felit~like masses
having a spherulitic structure (Flate XVIII-A).

The region 'B' (Plate XVII-B) is characterized by aggregates
of spherulitic anhydrite and sssociated fine grained gypsum. TFibres
of anhydrite occur'isﬁlatad in gypsum and gypsuan occurs preferentlially
along anhydrite cleavage planes and grain boundaries (Plate XVIII-B).

L lcoeal concentration of clay occurs at the bowdary bebween

regions 'A' and 'B! (Plate XVII-B), but the boundary between 'B' and 'C!?

et

s gradational. Region 'C' is composed mainly of finely crystalline

E

gypsun with rellcs of anhydrite grains (Plate XVIII-C). The raedial

o

spherulitic structure, characteristic of anhydrite, is found to ©

. ﬂJ_‘w

preserved in finely crystelline gypsum. The outermost part of Th

f
o)

Y

nodule is coemposed almost entirely of fine grained gypeum with only
a few relics of anhydrite spherulites (}lmta XVITI-D).

Interpretation

A variety of pelrographic. observatione indicate thal gypsum has
replaced anbydrite., The evidence may be swmmarized: 1) gypsum
tends to enclose or surround snhydrite; ii) gvpsun occurs
preferentially along snhydrite cleavage planss ead anhydrite grain
boundaries; 1il) fregments of anhydrite in optical, and therefore
in lattice continuity, occur isolated in gypsum; iv) gypsum occurs
pseudcmorphs after radially arrange& ag

regates of fibrous anhydrite,

o
f=)
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Plate XVIII. FPhotomicrographs illustrating nodular anhydrite

from Whippoorwill Hill.

A. Anhydrite grains (a) occur as blades and
felt like masses in region 'A' of Plate XVII-B.

Plane polarized (X 11.5).

B. BElongate crystals of anhydrite (a) arranged
in spherulitic aggregates with radial veins
of fine grained gypsum (fg) in region 'B!

of Plate XVII-B. Plane polarized (X 11.5).

C. Relics of radial aggregates of anhydrite
crystals (2) in a fine grained groundmass of
fibrous gypsum (fg) (region 'C' of Plate

XVII-A). Plane polarized (X 40 ).

D. From the outer part of an anhydrite nodule,
an aggregate 6f fine grained fibrous
gypsum (fg) with relics of anhydrite
spherulites (dark). .Crossed nicols

(x 40).
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referred to as spherulites,

Volune expansion: It hag bsen inferred by many workers (Graben,

1924, p. 758; Goldman, 1952, p. 10 and Fettijohn, 1959, p. 479)

that the hydration of anhydrite to gypsum is 1 molectle for molecule
with an associated volume expansion. Couplete hydration of> anhydrite
to gypsuwn would result in a volume expansion of 60.5 percent

assuming the initial and final porosity to be zerc.

it suggests

0

Petrographic evidence from the Gypsumville depo
that no volume increase has accompanied the alteration of the
anhydrite to gypsum. Where gypsum has partially replaced anhydrite
laths the remnsnt portions of the laths have suffered no displacement
relative to each other, a fact which is apparent from the perfect
optic, and therefore, crystellogrephic aligmment. This observation,
nade repsaledly in many samples, indicates that the anhydrite has
been replaced buit not displaced. Scme displacarent would be inevitzble
had volume expnsion occurred,

The radial structure of the an’jdrits crystal aggregates ig

completaly preserved in gypsum pseudomorphs, without evidence of

in many semples in various degrees of replacemsnt., Such preservation
of structure would not be possible had volume expansion occurred.

The conclusion is that the hydrstion of anhydrite occurred

without volums change., Since the porosity of gypsum rocks and
anhydrite rocks are approximately the same (ses table below) this

1

means thal some calcium sulphate must have been leached during

hydration.
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Table of porosity data:

Sanple Location Reek Porosity

_.no. — R in percent

WWl Whippoorwill Anhydrite - 3.34
(nodular)

W2 Whippoorwill Gypsum 2.86

(outer margin
of nodule)

NQ8 New Quarry, Anhydrite 5.35
Gypsunville

NQ33 New Quarry, Anhydrite £.00
Gypsunvills :

NQ21 «  New Quarry, Anhydrite 4.32
Gypsunville

NQ20 ew Quarry, Cy psum 1.23
Gypsumville

NQ22 New Quarry, Gy psum 1.36
Gypsunville

0Q8 01ld Quearry, Gy psum ' 1.26
Cypsumville ‘ .

NQR3 New Querry, Gy psun 1.06
Gypsunviile

Develomment of Gypsum crytals: The sequence of development of
gypsum crystals during the hydration of anhydrite was complex and in
cther areas has formed the subject of varied interpretations by
other workers (Goldman, 1952; 1957 and 1958 and Ognitin, 1957a

and 1957D) .

" Goldman (1952, p. 11) claims that the initial stage of
anhydrite~gypsun transformation is the formation of'small randomly
oriented gypsunm crystals which, by a process of recrystallization
gradually develop into a few larger crystals. Ognibin (1957, p. 68-

- st

73) maintains that the primary stage is the formation of large
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"limpid sslenite cores". These cores underge volume expansion

forming an inter-granular fine sized agpregates of gypsun.
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The general sequence of gypsum crystal development, for the
Gypsumville area, based on petrographic observation, is summarized
in Figure 31 and has been interpreted as follows:

a) The growth of large, coarse gypsum crystals at the expense
of the anhydrite (G-1 stage). |

b) Recrystallization of coarse gybsum crystals and the
formation of fine érained gypsun aggregates (G-2 stage).

¢) Growth of euhedrel or lath shaped, medium to coarse-
textured gypsum crystals at the expense of fine grained gypsum
(G-3 stage).

The most abundant form of gypsum, in the Gypsumville and
Elephant Hill quarries, is a fine grained mosaic of anhedral
grains. Locally the graing have been increased by grain growth
to about 2 millimetres. Here designated as the second gypsun stage
or G-2, this variety in many places a direct conversion from anhydrite
(Plates IX, XV and XVIII). It wost commonly occurs near or in
contact with anbydrite rock, having by-passed the stage of locally
formed early coarse gypsun crystals, here called G-1.

The G-1 stage is the earliest gypsum formed from anhydrite.

s

pockets end sheels through the fine grained gypsum and anhydrite.

They are recognized by inclusions within them of numerous residual
anhydrite grains (Plates XI and XII-A), which possibly were preserved
because of rapid growih of gypeum crystels and subsequent isolation of

anhydrite remnaants from percolating water. As now seen, these coarse



gypsum crystals are embayed, éurrounded and obliterated by finer
grainedrgypsum (Plates XIT and XVI-C and D) and their present
irregular outline and relic structures are the result of recrystallization
to the surrounding fine grained gypsum.
There is also a younger growth of coarse gypsum crystals
(Plate XII-A). These can be distinguished by their euhedral form and
the absence of anhydrite inclusions. They ere most conspiéugus
developed in the fine grained gypsum of G-2 (FPlates IX-D and X). Such

coarse gypsum crystals are assigned to stage G-3.

Summary

The gypsun of fhe Gypsumville outerops formed by hydration of
anhydrite. This does not imply that the anhydrite is a primary
precipitate or deny the possibility of anhydrite having been derived
from an earlier generation of gypsum. There is no cvidence that a
volume change resulted from the hydration of anhydrite to gypsum and
the petrographic evidence indicates that gypsum has replaced anhydrite

without change of volume.



SUMMARY

The Gypsumville gypsum deposit lies within the outercp
belt of the Silurian Interlake Group. Owing to the absence of
visible contacts of gypsum with underlying or overlying rocks, the
geological relationships of the deposit to associeh ed sedimentary
rocks are not certain. The age of the deposit had been a mattier
for speculation until the discovery, during present investigation,
of fusuline foraminifera in shales underlying the gypsum. The
fossil evidence indicaltes a Permian or younger age for the
deposit,

The sulrphate deposit in the Gypsumville and adjacent areas
is approximately 130 feet thick and is underlain by a sequence of
red and grey shales. At a depth of 40 or 50 feet, gypsum is
underlain by anhydrite. Ths contact bstween gy psum and anhydrite
commonly is sharp, but may be gradational over a few feet. Lenses
of shale and dolomitic shale are interstratified with gypsum.

The deposit cccurs as isoiated, north-south and east;west
trending ridges, immediately to the north and northeast of Gypsumville.
Several of the ridges are anticlinsl folds with intrastratal
convolutions. In order to study their geometry and origin the
orientations of about 200 folds were measured and plotted on Schmidt,
lower hemisphere equal area nets.

Two groups of anticlinal folds are recognized: a well-
developed set of N-S trending folds (set 1) and an older set
of E-W to WNJ-ESE trending folds (set 2). Both sets 1 and 2

consist of concentric to kink-style folds and range in size up 1o
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+ mile in smplitude and a mile or more long; they differ only in
orientation, set 1 trending N-S with nearly verticsal axial planes
and set 2 trending E-W, also with nearly vertical axial planes.

Several of the set 1 folds have minor set 2 folds developed
on their limbs. A series of orientation diagrams for these folds
indicate that large north-south trending set 1 folds are younger
and superimposed on the smaller east;west trending set 2 folds.,

The folds of the Gypsuaville area éould have been produced
only by non;}ectonic processes. Absence of evidence of post-
Pre-Cambrian orogenic activity in this part of Manitoba rules
out disastrophism as a cause of the formation of the folds.
Expansion forces, due to the fransformation of anhydrite to
gypsum, have been discounted as a cause of folding on the grounds
that: a) the style and gecmetry of the folds are markedly
different from those cited for typicel expansion folds; 5) expansion
theory can hardly explain superimposed folding in the area;
end c¢) petrographic evidence indicates replacementuof anhydrite
by gypsum has been strictly volume for volume and not molecule for
molecule. The folds may have formed.as a result of glacial push
and drag during Pleistocene time. Such an inference is based on:
a) superficial nature of the folding in the ares; and b) perpendiculer
orientation of two major inferred directions of ice-movement to
the trends of the major fold axes of the area.

Small scale, complex and domal convolutions, which ocecur
within beds; bsar a stfong resemblance to slump structures
describad in the literatufe. These intrastratal convelutions may

have formed as a result of slumping which occurred not long after

deposition.
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Petrographic observations suggest thalt the gypsum of the
outcrop has been derived from anhydrite by hydration. The evidence
is that: a) gypsum tends to enclose or surround anhydrite;

b) gypsun occurs preferentially along anhydrite grain-bounderies
and cleavage -planes; and c¢) gypsum occurs as pseudomorphs after
spherulitic anhydrite. The microscopic evidence further shows
that: a) there is no distortion of the replaced anhydrite
crystals; and b) the sphefulitic structure of the anhydrite
crystal aggregates is undistorted in perfect gypsum pseudomorphs.
The conclusion is th;ﬁ the hydration of anhydrite did not result
in volume change and that the replacement was volume for volume.

Study of thin sections indicates that three growth stages
are present in most beds at most localities: a) the growth of
large, coarse gypsum crystals at the expense of the anhydrite
(G-1 stage); b) recrystallization of coarse gypsum crystals and
formation of fino grained gypsum aggregates (G-2 stage); and
¢) growth of euhedral or lath-shaped crystals at the expase of
fine grained gypéum. V

* Aithough the present gypsum was derived from anhydrite,
'this does not imply that the anhydrite is a primary precipitate.
It is still possible that the anhydrite was derived from an earlier

generation of gypsum.
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