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ABSTRACT 

The GypSlli11Ville sulphate deposit is approx:Lrnately 130 feet 

thick and overlies a sequence of red and grey shales. The upper 

40 or 50 feet is composed mainly of v.Jell-stratified gypsum, which is 

underlain by anhydrite. Fuslliine foraminifera indicate a Permian 

or younger age for the deposit. 

The gypsum has been_ deformed. T;,.m 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 betv;een fold geometry and inferred 

directions of ice-movement. 

Hinor intrastratal convolutions also occur &"'ld are regarded 

as the product of slumping Hhich occurred not long after deposition. 

Petrographic observations indicate that the gypsum of the 

outcrop is a. product 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 

gro1>1th of large, coarse gypm.u--n crystals at the expense of the 

anhydrite (G-1 stage); b) recrystallization of coarse gypsum 

crystals and fonnation of fine grained gypsvra (G-2 stage); and 

c) growth of euhedral or lath-shaped cryste..ls at the expense of 

fine grained gypsum ( G--3 stage) • 

It is likely that the aahydri te formed after an earlier 

generation of gypsum. but there is no petrographic evidence to 

substs11tis.tt3 this conclusion. 
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1 

IN'fRODUCTION 

The purpose of the study is to describe and interpret the 

str-u.cture and petrology of the Gypsumville gypsum deposit. The 

deposit is located north-'\.Jest of Lake St .. Nartin, between Lakes 

Winnipeg and Manitoba (Fig. 1). There are three major areas of 

gyps~~ outcrop; at Gypsumville, at Elephant Hill and at Whippoorwill 

Hill (Figs. 1 and 2). The Gypsumville outcrops eA~end for three 

miles north of Gypsumville and two quarries, the New Quarry and 

the Rece~t Working (Fig. 1), are in current operation. The original 

quarry, termed Old Quarry in the present paper, '\·ras opened in 

1901 half a mile north of Gypsumville. The Elephant Hill outcrops 

are located about 4 miles north-east of Gypsmnvil1e and the 

Whippoo~Iill Hill quarry is located 3 miles north:east of Oypsumvilla. 

The quarries at Gypsur1ville are accessible by road, but 

sw81llpy grotmd occurs around the Elephant Hill and the \fuipPJonrill 

Hill outcrops. The quarries at Oypsumville are described in greater 

detail than those at the other adjacent locations. 

The deposit was referred to by J. B. Tyrre1 (1887, p. 74A), 

and since that tiiiie only three re1--urts of note have been produced; 

Wallace (1914), Brownell (1931) and Bannatyne (1959). These reports 

describe the general geology of the area. 

Although the Qypsumville deposit is situated within the 

outcrop balt of the Silurian Interlake Group (Fig. 2), there is a 

lack of evidence to indicate the age of the deposit. The discovery, 

during this investigation, of fusuline foraminifera in the shale 

below the gypsun~, throliS new light on the age of the deposit. 
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3 

The gypsun1 deposit occurs in the form of isolated, low 

lying ridges, which rise above the surrounding s,..rampy plains. Several 

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; Brovmell, 1931, p. 12 

and Baru1atyne, 1959, p. 31). The hydration thea~ is not accepted 

here and the anticlinal folds have been interpreted to be the result 

of ice-dragging during glaciation. This interpretation is based on 

an ru1alysis of fold geometry and inferred directions of ic~ovement. 

A petrographic study was undertaken as an aid in interpreting 

the relationship between the various types of anhydrite and gypsum 

occurring in the Gypsumville area. 
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TO POGRAFHY. 

North-south ffi~d east-west trending ridges dominate the 

topography of the Gypsl1.mville gypsum deposit. !vlaximum relief in the 

area is not over 40 feet, and the average relief is approximately 15 

feet. The largest ridge in the area extends for three miles from 

Gypsurnville and trends north-south. Similar ridges of anhydrite and 

gypsum occur scattered over an oval shapea. area covering approximately 

90 square miles (Fig. 2). \fuile the bed rock in the area is covered 

by a thin sheet of glacial till, possibly wave eroded, the muskeg and 

open marshland that surround the gypsmn deposit are composed of glacial 

lake sediments (Fig. 25). 

Areas underlain by gypsmn, but not covered by a heavy m~~tle 

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 
l,.~V'!t ee , 20 to 30 foot /depth. Hany of the sinkholes are circular in outline 

;.. 
,:\. 

and have vertical wells. However, some of the larger ones, 

particularly those that were formed by the compounding of two or 

three small sinkholes,.are very irregular in shape. The sinkholes 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 tr~~s 

and leaves gives the till a black color. b) white insoluble 

residues capped by dark organic rich till. 
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Origin of Topogra}±ry 

The GypsQ~ville 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 

Brovmell (1931, p. 13) and Bannatyne (1959, p. 31) on the basis that 

the ridges wore formed post-glacially by the hydration of anhydrite 

to gypsu~, with consequent expansion and folding. This explanation is 

not completely satisfacto~ since a hill of nodular anhydrite occurs 

in the Whippoori.-Till area and rises above the surrounding depressions 

as prominently as any of the gypsum ridges. In addition, petrographic 

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 postglacial+y by 

volume expansion is not supported by petrographic observation. 

The sinkhole topography presumably resulted from solution by 

surface waters, and subsequent collapse, but it is not knot.r.n whether 

this occurred in pre- or post-Pleistocene time. 

Vegetation 

Gypsum hills, with a thin veneer of drift, are characterised 

by· taembling aspen, poplar and willows (Fig. 1). Spruce trees occur 

away from gypsum outcrops or in regions where a relatively thick cover 

of overburden occurs on gypsum. Pine is com.rnon on the surrounding 

muskeg. A striking change in vegetation can be seen at the northern 

edge of the New Quar17 (Figs. 1 and ·26B). 
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GENERPL Gill LOGY 

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 of the 

Silurian Interlake Group. The discovery of fusuline foraminifera 

in shales underlying gypsum (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 vlest sides of the Gypsumville 

deposit, Pre-Cambrian rocks outcrop or occur close to the surface 

(Fig. 2). Massive granite and other Pre-Cambrian 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, ur1der a drift cover of 15 feet. 

Bannatyne (1959, p. 32) suggested that some of the present 
___.....,. . .--

granite ridges in the region of Lake St. Martin were also topographic 
td 

features in Paleozoic tL~e. He further suggests that local topography 

may have caused local restrictions which led to the deJX)Si tion of 

the Gypsumville deposits. 

Quarr-.r Geology 

Gypsum overlies anhydrite and, in the quarry exposures, 
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changes from one to the other are abrupt and irregular. 

New Quarry: Shallow drill holes reveal that the ~rpst®-anhydrite 

deposits are about 100 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 gy-psum a_Yld 

anhydrite 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 than half 

an inch to 2 feet thick and less coiiLrnonly a.s massive beds. Bedding 

planes are marked by grey or red argillaceous material. Gypstw beds 

display granular, porphyroblastic (Pettijohn, 1957, p. 92) and 

fibrous textures. 

For convenience, the 3400 feet long N-S trending quarry face 
t tfft·l' v~·v<Q 

(Fig. 3) is described in two 'positions. One portion starts from the 

northern end of the 6 feet wide drainage ditch and the other starts 

from the southern end of the draina.ge ditch and continues to the 

southern end of the quarry. 

The bedding tenns used in this section are derived from 

Pettijohn (1957, p. 159) as sho\·m belo,.,r: 

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 ~1an 4 feet thick. 
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1'he g_ypsmn 1 fro:r1 the. northern end of the quarry to the 350 foot 

point (Section .A..B, F·ig. ll+) is thinly-bedded, greyish-white and fine 

grained. A section measured at the core of A2 (Fig. 14) southHard to 

the trough of S2 provides the follovJing succession: 

Depth from 
quarry top 

in feet 

0 - 12 

12 - 15 

15 - 15.25 

15.25- 16.25 

16.25- 28.25 

28.25- 30.2 5 

.3 0 • 25 -· 3 2. 2 5 

.32. 25- 36.25 

SECTION NO. 1 

Lithology 

Very thinly-bedded, fine 
grained, reddish-bro·~1 gyps~~; 
bedding marked by red clay 
partings. 

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

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

Laminated, fine grained, 
br01.mish-stained, -v1hi te 
gypsum; lamination marked 
by clay partings. 

Thinly-bedded, fine grained, 
creamish-t-rhi te to white gypsum; 
a six-inch thick bed of greyish­
blue, coarsely crystalline ~~hydrite 
at middle of unit. 

Thinly-bedded, coarsely 
c~sta1line, bluish-white 
anr~drite at middle of unit • 

Thinly-bedded, fine graj.ned, 
white gypsum • 

Base-rubble covered 

Total 

Thickness 
in feet 

12 

3 

.25 

1 

12 

2 

2 

_L 

36.25 
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From the 350 foot point to the 500 foot point, the sec~ion is 

characterized b;;r the presence of white, fine;:grained sphere_s of 

gypsum which weather to greyish and bro-vn1ish-~trhi te, coarse gypsum 

(for further discussion on spheres seep. 71 ). The sequence from 

the 500 foot point to the 900 foot point is characterized by the 

presence.of coarse gypsum crystals associated with fine grained, white 

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

Depth from 
quarry top 
in feet 

0 8 

8 8.5 

8.5 - 18.5 

18.5 - 23.5 

23.5 - 33.5 

33.5 - 43.5 

SECTION NO. 2 

Lithology 

Very thinly-bedded, fine 
grained, .red stained gypsum; 
fine grained, white spheres 
occur with red stained gypsrun 
and coarse gypswn crystals. 

Coarsely CFJStalline, grey to 
bluish-white anhydrite; bedding 
on top and bottom marked by grey 
calcareous shale. 

Greyish masses of coarse gypsum 
in thinly-bedded, fine grained, 
wh~te gypsum~ 

Thinly-bedded, greyish-masses 
of coarse gypsum. 

Thinly-bedded, fine grained, 
greyish-white gypsu~; middle 
of unit contains tvm beds of 
coarsely crystalline, greyish­
blue anhydrite half an inch 
thick. 

Base of face is rubble covered, 
but exposure 15 feet to the south 
is thinly-bedded, and consists 
of partly altered coarse grained 
&.~hydri te \.-Ti th large gypsum 
crystals. 

Total 

Thickness 
in feet 

8 

.5 

10 

5 

10 

10 

43.5 
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rrhe quarry face bet\-reen the 900 foot point and the 1600 foot 

point is represented by a. succession of light--grey, thinly-bedded, 

fibrous gypsu..rn, ~..rhi te coarse grr:.~:ned gypsum and greyish-white, 

fine grained gypswu. At the· 1150-foot point, a three-foot thick, 

grey to bluish-white, coarsely crystalline anhydrite bed is exposed 

and can be traced to the 1600 foot po:tnt (Fig. 14). The ·section 

measured betvmen the 1100 and 1?00 foot points on the quarry face is 

as follows: 

Depth from 
quarry top 
in feet 

0 - 20 

20- 30 

30 - 33 

33 - 38 

38- 41 

41 - 42 

SECTION NO. 3 

Lithology 

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

Thick bedc:led, coarse grained, 
greyish-white gypswn. 

Massive bed of coarsely­
crystalline, greyish-blue to 
bluish-white anhydrite; 
marginally \-leathers to fine 
grained gypsum .. 

Very thinly-bedded, f~ne grained, 
greyish-white gypsum; bedding 
marked by grey calcareous shale. 

Thinly-bedded, medium grained, 
\>Thi te gypsum. 

Coarsely-crystalline, bluish­
white anhydrite. 

Thickness 
in feet 

20 

10 

3 

5 

3 

1 



Depth from 
quarry top 
in feet 

42 - 41-t-

44-46 

12 

Lithology 

Thinly-bedded, fine grained, 
grey gypswn. 

Base-rubble covered. 

Thick.r:tess 
in feet 

2 

2 

Total 46 

Coarse gypsu_~ beds, up4o one foot thick, are prominent from the 

1600 foot point to the drainage ditch. The gypsum between the 

1800 and 1900 foot points, north of the drainage ditch is typified 

by grey coloured 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 bro~~ish-white, 

thinly-bedded, fibrous gypsum. A 4 foot thick bed of anhydrite 

is exposed in the lo1.;er part of the section, between the 720 and 

760 foot points (Fig. 14). The quarry face between the 760 ~r:td 

1500 foot points is composed of a sequence of white and greyish-white, 

fine grained gypsum. White spheres of gypsu_rn are enclosed in 

greyish-white, thinly-bedded gypsum and grey, coarse gypsum crystals. 

The upper half of the face, at the southern 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 face 

of the \.forking exposes a sequence of fine grained gypsum, white spheres 

of gypsu_m and coarse grey gypsum crystals. The upper half of the 
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quarry face is bro·w:n colou.red \vi th iron oxides. 

Old Quarry: About 40 feet of drift overlies an 80 foot sectioncf 

gypsu.rn, which overlies grey and red shaly beds (Fig. 6). The maxim1m1 

thickness of suJ.phates encountered in the northern part of the 

quar~ 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 

Old Quarry. 

Qypsmn 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 argillaceous limestone. 

Two varieti~s 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 Old 

Quarry, reddish-brown gypsum is interbedded with red clay in about 

equal proportions (Unit 1, Fig. 5). Further to the south and 

sout~east, 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 limestone~ 

Unit 3 is characterized by dark grey gypsum and fibrous 
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~Reddish-brown gypsum interbedded with red clay 

~Thin to thick-bedded greyish-white gypsum 

f~ Thin to thick-beljded (jork grey gypsum; 
~ abundant selenite stnngers 

~ Laminated, pink gypsum 

~ Thick-bedded to massive, grey to creamish-white, 
~ coarse-grained gypsum; nodules of anhydrite common 

~ Thin to thick beds of greyish-brown gypsum 

~ Gypsum assumed by vegetation type 

(30::-.R Jtsotated outcrops - R for red clay, 
- WG for weathered gypsum 

Scale 1 Inch to 660 Feet 

Figure 5 ~ Rock Types in' the 0 I d Q u a r r y 
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gypsum stringers are extensively developed. The gypslnn beds are thin 

to thick bedded., 

In unit 4, the gypsum is pi~~ banded due to iron oxides 

associated with contained clay. The gypsum beds, in contrast to 

unit 4, are well laminated. 

Unit 5 consists of dark grey to creamish-white, thick bedded to 

mas'sive, coarse grained gypsum. Anhydrite occurs at the base of the 

quarry fa.ce as thick beds and nodules. 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, uptto t'r,.,ro 

feet thick, of crea~ish-white. ~~ydrite. This unit, in the 

northeastern part of the quar~J, is characterized by gypsum beds with 

red clays. 

Whippoorwill Hill Quarry: This quarry is composed almost entirely of 

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 ~~hydrite are 4 inches to one fcot in 

diameter and marginally ·Heather:-. to fine grained gypsum. The 

weathered zones are concentric about the nodules. The thickness of 

exposed rock in the quarry is about 20 feet. 

Elephant Hill: The Elephant Hill deposit (:B'ig. 1) f:.tS' devslopsd on 

the south and southeast sides of the hill as three pits. About 20 

feet of gypsum is exposed. 

Distinctive lithologic features of the t•..ro pits on the south side 
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of the hill include the presance of large plates of gypsum crystals, 

which occur as pockets and sheets through the fine grained gypsmn. 

Continuous masses of gypsum crystals, smo.etin:es coated \.Jith an 

unidentified dark opaque mineral, have been observed. 

Fine grained, white gypsum occurs throughout the pit situated 

in the southeast part of the hill. The gypsu.TU is thinly-bedded. 

Thick beds of interstratified ruLhydrite are greyish-blue. 

Summary: The deposit in the Gypsumville a..'rld adjacent areas is 

approximately 130 feet. The upper 40 or 50 feet is mainly gypswu with 

the notable exception of the Hhippoorwill Hill, which is almost 

entirely composed of nodular anhydriteo In general, the ariQydrite 

content increases with depth. 

Age of the Gypsumville Deposit 

Historical Review: The age of the GypsQ~ville deposit has been the 

subject of considerable debate, since contacts of the gypsum beds 

with overlying and underlying units are not exposed. 

Cole (1913, p. 80) proposed that the Gypsmn.ville deposit might 

be included within the Devonia..'"l Ashern rorrna tion, the red shales of 

which are superficially s~uilar to the red shales underlying the 

Gypsumville deposit, although no evaporites are associated with the 

Ashern .. 

Wallace (1914, p. 273) and Brovmell (1931, p. 11) suggested 

that the gypsum deposit of the Gypsumville district is of Silurian 

age, because beds of this 8.ge outcrop both to the southeast and 

south-v1est of this deposit (Fig. 2). The Silurian age of the deposit 
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cannot, hovJever, be reliably accepted because of the absence of 

exposed contacts and the absence of fossil evldence of age. 

Baillie (1951, p. 35) suggested that the deposit of gypsum 

and anhydrite at Gypsurnville may be related to the middle Jurassic 

Amaranth gypsum deposit. The suggestion, however, lacks supporting 

ev:idence. 

Bannatyne (1959, p. 40), although inclined to the opinion that 

the Gypsumville deposit is of Sil~rian age, suggested that the 

" evaporites and the underlying dolomitic shale may have been deposited 

directly on the Pre-Crunbrian 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 

p>rQ;~-~~' when seas encroached on the southuestern and the central 

parts of Nanitoba. 

Present Study: Although the ~psum and anhydrite deposit in the 

Gypsumville area lacksexposures in contact with the underlying 

rock~, several cores drilled within, and on the edge of the deposit 

sho-vr that gypsum is underlain by red and grey calcareous or 

dolomitic shales (Figs. 1, 4 and 6). Core from the drill hole on the 

eastern edge of the Old Quarry (D.H. 1 in Figs. l and 6) consists 

of 80 feet of gypsu...-rn which is underlain by 110 feet of red and grey 

calcareous shale. In addition to the cores drilled (for location and 

stratigraphic position of the cores see Figs. 1 and 6) 15 samples of 

calcareous shale and argillaceous limestone, interbanded with the 

gypsum beds, were collected for micropaleontological investigation. 
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Only one of the above srJI.upJ..es yielded rr..icrofossils. F'usuline 

forruniniferas were found in D .H.lc, 160 to 180 feet belov! ground 

surface. These fossils 1.1ere studied and identified by Dr. W. K. 

Braun, of University cf Sasl~atche"t·Tan, 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 

con~unication). From the fossil evidence, it may be concluded that 

the gy-psum is Permian, or younger. 



Plate 1-A. Fusuline foraminifera from shales underlying 

gypsum in the Old Quarry (Sample D.H.lc-Fig. 6). 

Photographs X25. 



PLATE lA 



Plate 1-B. Fusuline foraminifera from shales underlying 

gypsum in the Old Quarry (sample D.H. lc-:F1ig. 6). 

Drawings X50. 
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STRUCTUHE 

General 

Folds are the main structural featlli--:'8 of the gypsum deposit in 

the Gypsurnville area. These are vJell ex}Osed on the quarry faces 

(Fig. 7). In order to study their geometry and origin the orientations 

of about 200 folds were measured and plotted on Schmidt, loHer 

hemisphere, equal area nets. 

Three types of folds are present in the gypsThll. deposit of the 

Gypsumville area: 

a) a ·Hell developed set of N-·S trending folds that occur on 

all scales from a fraction of an inch to a quarter of a mile in 

wavelength (set 1), 

b) an olde:c set of E-H to \·nr~rl-ESE trend.ing folds (set 2) 

that also vary in· 'tvavelength from a fraction of an inch to a quarter 

of a mile, and, 

c) a series of intrastratal convolutions not related to 

either of the previously mentioned fold sets. 

Determination of 1 and set 2 Folds 

The orientations of fold hinges and axial planes were plotted 

and analysed following procedures adopted by Turner and ~leiss 

(1963' P· 49-64 and P· 125-14.3). Conto11.ring of the points \,JaS 

accornpli shed. by square grid method suggested by Stauffer (1966, n 475). 1;'· 

The contour diagrams of the fold elements for all the quarries 

plotted :i.n the nets are p:r·esented in Fig. 8, vihich indicates H8ll-

defined FOint mt:lXlm.a for both axial planes and fold axes. T1.-ro 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 
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of fold axes can b.e seen in Fig. 8A; one ·Hell-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. 8.8) 

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 t mile across and a mile or more long; they 

differ only in orientation, set 1 trending N-S with nearly vertical 

axial planes (Fig. 8B) and set 2 trending E-W, also with nearly 

vertica~ 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 

maximum at about 20° to the east. Most axial planes dip vertically 

but some a.re inclined to the north and to the south (Fig. 9B). 

Folds in the Old Quarry also have gently plunging axes 

(Fig. lOA), but the strikes of their axial planes vary greatly 

(Fig. lOB). The dips of the axial planes are vertical for most 

folds (Fig. lOB). 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 gener~lly 

N-S) are well exposed in the quarry faces of the Qypsumville area 

(Fig. 7). Most of the folds have vertical axial planes and are 

gently plunging; ho,·Tever, a few are asymmetrical. The folds aTe 



Figure 9. Lower hemisphere equal area projections of fold 

elements of 100 major and minor folds in the New 

Quarry and FBcent Working of the Qypsumville 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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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 percent ~rea. 

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

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

percent area. 
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Figure lOA 

figure 10 B 
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dominantly concentric in style (Turner and ~'>Ieiss, 1963, p. 112), but 

locally may be described as kink folds (Turner and Weiss, 1963, p. 114). 

Folding of this type is most prevalent in thinly-bedded and 1-Tell­

stratified gypsum with prominent clay layering. As with other 

concentric folds, the vertical extent probably is limited and the 

folds are, therefore, superficial in nature. 

Several prominent set l.anticlinal folds are particularly 

well·developed in the east arm, eastern part of the west arm of the 

Old Quarrf, and the northern and southern parts of the New Quarry 

(Fig. 7). The northwa.ll of the southeastern pit in the Elephallt Hill 

exposes s'ix set 1 folds, \<rhich plunge at lo\? angles northward (Fig. lli 

and B). The Hhippoorwill quarry (Fig. 12) also contains set l 

antie;linal fold. 

Associated with the major anticlil1e~ folds (wavelengths 

from three feet to a quarter of a mile) there are minor folds with 

wavelengths from a fraction of an inch to two feet or so. These 

folds occur most commonly on the flanks ~~d hinges of the major set 

1 folds (Plate 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 pllli~ges 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 involved in minor folds include gypslli-rn beds, 

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

have been displaced by seams of fibrous gypsum deposited by solutions 
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F'igu:re llA. Structure of the southeastern pit of the 

Elephant Hill Quarry. 
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Figure llB. 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 Hi£1 

Quarry (see Fig. llA). 
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r.-::::;----, 
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Scale 

0 165 FEET 

Figure 1·2 - Folded structure m the Whippoorwill quarry 



Figure 13A. Diagramatic section of a major N-S trending set 1 

fold at the northern end of the Old 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 

(:F'ig. 13A); dots and crosses represent plunges 

of hinges and poles to axial plfu!es, respectively, 

of minor folds; dot and cross within circle 

indicate plunge of hinge and pole to axial plane 

of major fold 18A respectively. 
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Plate II-A. Minor folds in the limb of a major set 1 fold. 

Location, northern end of the east arm of the 

Old 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 Old Quarry. 
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passing bet~resn tho beds. 

Set 2 Folds 

The set 2 folds (with axial planes which strike predominantly 

E-W) are present in all the quarries of the Gypsu~ville gypsum 

deposit (Figs. 7, llA and 12). As with the set 1 folds, most of 

these folds have vertical axial planes and are gently plunging. Folds 

are do::n.in&."ltly of concentric style but locally develop into kink and 

isocline .. l folds, especially, in the cores of large concentric folds. 

Tho set 2 folds are particularly i.-Tell-developed in the JLrOO 

feet long N-S trending face of the Ne\v 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 Ne\·T Quarry (Fig. r7) and along the quarry face 

(Figs. ? and 14). ·rhe asyT!lffietrical folds have short steep limbs on 

the southern sides of the anticlines and the longer limbs.dip gently 

to the north (Plate III A and B). Fold asymmetry is most pronounced 

in the north and decreases to the south; folds become symmetrical at 

the 350 foot point. Further to the south, the folds are irregularly 

symmetrical and as>jiiiffietrical. 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, "\vhereas the anticline AS has pronolliiced asymuJ!letry, with 

a northerly dipping axial plane. The remainder of the folds of the 

sections in Fig. 14 are normal (or upright) except at a fevT localities. 

Throughout the entire length of the quarr--.r face, the rock 

involved in the deformation is thinly-bedded gypsum except at a few 

localities. The three foot thick bed of anhydrite that crops cut at 

the 1160 foot point, at the base of the quarry face, is found to 



Plate III-A. 
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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 

s.ynclines (set 2) at the northern end of the 

Ne~1 Quarry. Horizontal dimension of outcrop 

is 150 feet. Photograph taken facing east. 
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Figure 15A. Orientation of minor set 2 folds developed on 

flanks and hinge of major set 2 fold ~~5 

(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 ~~d pole to axial 

plane of major fold Al5. 

Figure 15B. Orientation of minor set 2 folds developed on 

flank and hinge of 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 vrithin circle 

indicate pl1mge 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 appreciable 

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 Old Quarry a series of set 2 folds intersect some 

prominent set 1 folds. The intersection of folds is well-displayed 

in the west arm of tho 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 &!d one of which plunges westward at one end a~d 

eastward at the other (~ig. llA and B). An anticline belonging to set 

2 is also exposed in the Whipfoonrill quarry (Fig. 12). 

Many set 2 minor folds occur on the flanks and hinges of 

major set 2 fold~ 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 betwee·n set 2 major fold axes of anticlines 

Al5 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-\{ trending 

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

a series of orientation diagrruns for these folds. To facilitate 

analyses, the Old and New 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 ~xis of the E-W trending set 2 folds. 

Domain I: Fold 5A (Fig. 7) is the only structure in this domain 

which contains E-W. trending folds on its limb. Because there is a 

high angle between Bl and B2 (80°, Fig. 16) and due to the lack of 

data for the eastern limb of the anticline, interpretation of the 

relative age of the folds is not possible. 

Domain II: The domain contains folds 4A and EA8 and their subsidiar-.r 

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

the large fold 4A, and the associated minor foids developed·on its limb. 

In fold 4A, cross folds plunging west (on the west limb of fold 4A) 

0 average 78 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 Bland 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, EA8, 

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 of EA8. 



Figure 16. Orientations of the N-S trending anticlinal 

fold 5A in domain I and the small set 2 folds 

on its limbs (lower hemisphere equal area 

diagram); dot within a circle represents plunge 

of hinge for fold 5A. Dots indicate plunges of 

hinges for small folds; cross represents their 

average. Angular separation between fold 5A and 

the av~rage of set 2 folds is 80°. 

Figure 17. Orientations of the N-S trending anticline 4A in 

domain II and the small set 2 folds on its 

limbs (lo't-rer 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. Angular separation bet'\<reen fold 

4A and the average of set 2 folds plunging west 

is 78° and the folds plunging east is 63°. 
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Figure 18. Orientations of the N-S trending anticlinal fold 

EA8 in domain II and the small set 2 folds on its 

limb (lovrer hemisphere equal area diagram); dot · 

within a square indicates plunge of hinge for 

fold EA8. Squares represent plunges of hinges 

for small folds; cross indicates their averag~. 

Angular separation between fold EA8 and the 

average of set 2 folds is 70°. 

Figure 19. Orientations of set 1 folds 4A and EA8 in 

domain II and the small set 2 folds on their 

limbs (lo\oTer hemisphere equal area diqgra~); 

triangle vTi thin a squ?.re and dot within a square 

represent plunges of hinges for folds 4A and EA8 

respectively. Triangles and squares indicate 

plunges of hinges for set 2 small folds 

associated with set 1 fold 4A and EA8 respectively; 

cross and cross vrlthin a 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 easi;. is 73°. 
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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 RWA. Dots 

represent plunges of hinges for small folds; 

cross indicates their average. angular separation 

bet\.reen fold RWA and the average 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 limb (lower 

hemisphere equal area diagram); small circle 

within a square indicates plunge of hinge for fold 

A39. Small circles represent pltmges of hinges 

for small folds; cross indicates their average. 

Angtliar separation between fold A39 and the 

average of set 2 folds is 44°. 
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Figure 22. Orientations of the N-s·trending anticlinal fold 

AXl 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 

AXl. Squares indicate plunges of hinges for 

small folds; cross shows their average. 

Angular separation bett.reen fold AXl and the average 

of set·2 folds is 83°. 

Figure 23. S,rnoptic diagram of fold hinges for anticlines 

RWA, A39 and P..X.l 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 ~~d square within a square 

indicate plunges of hinges for folds R~vA, 

A39 and A...x.i respectively. Dots, circles and 

squares represent plunges of hinges for small 

folds associated with RWA, A39 and ~~1 respectively; 

crosses sho1ar their averages. Angular separation 

bet1areen average set 1 folds and the average 

set 2 folds is 90°. 
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Fig. 19 shows the orientation of hinges of folds EA8 &"1d 

4A combined, and their associated cross folds. Since the main E-v1 

folds (B2) tend to lie on a small circle 77° aw~ 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 t~ending folds, R.W.A, A39 and 

AXl, 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 AXl (Fig. 23) 

shows too much scattering of points for the E-W folds and too high an 

angle between average Bland average B2 (86.5°). 

In swmrrary, it appears likely that large north-south trending 

folds (set 1) are you.."'lger and superimposed on the smaller east-\·lest 

trending folds (set 2), although the data is not as conclusive one 

as one would wish. 

Intrastratal Convolutions 

The folds of this category cornrnonly occur as intricate, 

internal contortions li1ni ted to individual gypsum beds, within uhich 

folds die out both upwards and downt.fards. Some of these contortions 

exhibit considerable, though irregular, thickening and thinning 

(Plates IV- A and B, and V-A). ·The contortions are in the form of 

domal and basinal structures (Plates V ~Band VI). In some cases, 

smaller marginal folds occur on the domes with radially arranged 

axial pl~~es (Plate VI- A). In profile, the domal structures appear 

either as steep-sided isoclinal folds (Plate IV), or sharp-crested, 



Plate IV-A. Isoclinal folds in cut perpendicular to bedding. 

Location, northe1n end of the Old Quarry. 

Photograph taken facing north. 

B. As for Plate IV-A; layers tend to be thicker and 

thinner on limbs of folds; ru1ticlines are 

sharp-crested and s,rnclines are box-shaped. 

Dome-shaped upfolds can also be seen. 
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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 

Old Quarry. 

B. Small dome, possibly a product of exfoliation 

or surface weathering. Location, northern end 

of the Old Quar~. 
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Plate VI-A. Bedding surface with small spiral structures 

apparent at the centre of the dome. Location, 

northern end of the Old Quarry. 

B. Convolutions associated with small basinal 

structure.. Location, northern end of the Old Quarry. 
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steep-sided anticlines and H·ider, rounded to Lox-shaped synclines 

(Plate IV- B). Some of the intrastratal contortions for~ spiral 

patterns (Plate VI- A). 

Minor folds, with the above characteristics, are not widespread 

in the Qypsurnville quarries and are absent in the Whippoorwill and 

the Elephant Hill quarries. They occur most abundantly in the north 

end of the Old Quarry and in the central part of the New Quarry. 

Origin of Folds 

The folds deYeloped in the gypsu.rn. 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 nlli~ber of no~tectonic processes could possibly be responsible for 
h 

the origin of the folds. These are: 

1. Expansion due to hydration of anhydrite to form . 

gypsum. 

2. Subsurface solution a~d collapse. 

3. Penecontemporaneous slumping. 

4. Glacial ice-vush. 

1. ExpEL11sion due to Hydration of .&.~ydrite to form Gypsum: .Anhydrite 

expands on changing to gypsum. An increase in volume of 60.5 per/cent 

occurs "Y:ith complete hydration assuming that initial a.7!d fine~ porosities 

are zero. This volume increase could cause folding in gypsum beds and 

folds formed in this 'I!Tay, descr1bed as enteroli thic 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 a..Yld co:q.finement of the structure \ori thin 

individual layers. 

Most of the previous workers 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 ~s 100 feet and that half of the 

original 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 fonnation of 30 - 40 

foot ridge-forming anticlinal folds. This idea is not accepted here 

for the follo1-ring reasons: 

a) The style and geometry 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, 1924, p. 758). 

b) Expansion due to transformation of anhydrite to gypsum 

can hardly explain the presence of two sets of folds with different 

trends. 

c) Volume expansion due to hydration of a~drite to gyp~m 

only occurs if the replacement is molecule for molecule. Petrographic 

evidence indicates that the replacement of anhydrite by gypsum, at 

Qypsumville, has been volume for volQme 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 silliu~ole 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 Gypsurnville area is related to the formation of sinkholes, then 

a definite relationship between the two should exist. However, 

sinkholes occur randomly '"i thin 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, '\.Jl thout initial folding of 

the unconsolidated sediments. Kelling and ~~illiams (1966, p. 927-939), 

while working on deformation structures of sedimentary origin, 

observed sharp-crested folds, overturned folds, domical upfolds ru1d 

box-shaped synclines, all of which were related to penecontempor::neous 

deformation. 

It is quite probable that the minor intr~stratal contortions, in 

the Gypsumville area, ha:ve been formed by penecontempor&"leous 

deformation. 

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

consolidated fu"ld 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.· Location, northern 

end of the west arm of the Old Quarry. 

Horizontal dimension of outcrop is 20 feet. 

Photograph taken facing north. 

B. A synclinal structure in the southeastern pit 

of the Elephant Hill. Sinkholes occur in the 

s.ynclinal trough. Horizontal dimension of 

outcrop is 40 feet. Photograph taken facing 

north. 
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was established by Fuller (1914), ru1d Slater (1926). The work of 

Byers (1959) and Kupsch (1962), on the ice;thrust 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 Qypsumville area were caused by glacial action: 

a) The folds in the Qypsumville area are superficial, uhich 

accords with the superficial nature of deformation by 

glacier ice. 

b) The Qypsumville area probably was a topographic high 

during late pre-Pleistocene and Pleistocene time. The 

gypsum deposits are covered by a thin sheet of till, 

possibly wave eroded (Johnson, 1934) (Fig. 25 of the 

thesis), indicating that the area was glaciated. 

Large erratics of Silurian dolomite and Pre-Cambrian 

granite, randomly distributed over the Qypsumville 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 striations and various stream-line 

features, have not been observed in the Gypsumville area. However, 

several sets of lineaments characterize the area surrounding the 

gypsum hills and are well developed in the muskeg (Figs. 26A and 26B). 

These lineaments have been.the subject of some controvers.y and may 

not be of glacial origin. Due to the prominence of these lineaments, 
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and because of the present controve~sy concerning the origin of 

similar lineaments elsewhere in the plains of Glacial Lake Agassiz 

(Clayton et al, 1965 and Mallard, 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, t1>lo probable directions 

can be estimated from records of bed-rock striae in adjacent areas 

(Fig. 24). Regional studies of glacial striae, drumlins, eskers and 

moraines (Davies et al, 1962, p. 151) indicate two centres of 

accumulation for the ice-sheets which covered }lanitoba during the 

Wisconsin glacial period; the Keewatin centre, in the Northwest 

Territories \.Jest of Hudson Bay, from -vrhich the ice flowed south, and 

the Patrician centre, southwest of James Bay, from which the ice 

spread to the southvrest and west (Fig. 24) • The nearest bed-rock 

striations to Gypsumville are in the Steep Rock area, on the eastern, 

western and northern 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-movement, 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 southerly moving Keewatin ice-sheet. 

Structural evidence suggests that the set 1 folds are younger than the 

set 2 folds. 
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Plate VIII-A. Small basinal structure probably formed by the 

superposi ti.on of synclines (sets 1 and 2). 

Location, southern part of the vrest arm of the 

Old Quarry. 

B. .Axial trace of N-S trending fold (set 1) is 

marked by the hmnm.er., At the extreme right 

corner another fold ui th E-~l trend Cset 2) 

can be seen. Location, northern end of the 

west arm of the Old Quarry .. 



A 

B 

PLATE "Yl[" 

Plate VIII . 



A 

8 

PLATE~ 



The symmetrical nature of most of the folds in the aro3, C2J.'l 

be explained if the ice-push -vras very l.Jee.k and gypsum and anhyclri te 

\.Jere folded by dragging of the ice over the area. The asylli..metric 

nature of the folds in the northern part of the New Quarry (Fig. 11+ 

and Pla·'-e :rT. T) cou,_Lc:l 1· ndl. cat":· t · 1 t , · v ____ _ . '= a compara ·lve y s -ronger p.1S.1.1, pernapR 

induced by the presence of an escarpment along the edge of the gypsllill 

outcrop, similar to the present sscarpnent. 

The t~:ro ice-sheets, moving over the area at different tines, 

cou~d exple_in the superposed nature of the t1vo sets of folds (Fig. 7 

and Plate VIII). The minor set 1 e..nd set 2 folds probably formed as 

a result of inter layer slippage vhich accompanied progressive 

flexing of the major folds. 

Conclusion: Folds in the gypswu beds of the Gypsum.ville area probably 

have t1-10 types of· nontectonic oriein. The folds classified a.s set 1 

and set 2 raay ha.ve formed as a result of glac:i.a1 push and dr2.g 

during Plei.stoeene glaciation. Small scale, complex and doraal 

convolutions, ,_,rhich oc0ur ui thin and not betueen beds, may have 

forJJJ.ed as a result of s1uEping '\-rhich occur:red not long after daposi tion .. 
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INTERSECTING LINE.tJJ1ENTS 

Genera~ 

Several sets of intersecting 1inewnents occur in the Gypsmnville 

area and are particularly '\<Tell developed on the muskeg or open 

marsh-land. The gypsum deposit at Gypsumville is covered by a thin 

sheet of unsorted drift or boulder till, composed of boulders, gravel, 

san.d, silty clay &'1d ~Jnclosing rotten tree trunks. These glacial 

deposits are regarded by Johnston (1934) (Fig. 25 of the thesis) 

as having been modified by wave action in Lake Agassiz.. The muskeg 

surrou_nding the gyps1.w1 ridges is underlain by silty, sanely loam and 

clayey lo31n of glacio-lacustrine origin. 

The present study on the intersecting lineaments is basecl on 

examination of airphotos. Several sets, ·t-ri th consistent orientations, 

occur. The majority of these linec~11ents are oriented N3Qi,~ - N45d 

(Fig. 27)c 

Five sets of lineament trends are discernable on aerial 

photographs of the area (Figs. 261-\, 26B and 27). Some of these 

linemnents sho·H 11 cross-cutting" relationships. Individuals belonging 

to set no. 5 are fou..r1d to cut e~cross individuals of set no. 1, in 

severRl places (see areas marked x
1

, x
2 

e.nd ~ in Figs. 26A and 26B) • 

'Ihe evidence suggests that set no .. ·1 is older than set no.. 5. The 

area mal~ked 1Y 1 (Figs,. 26A and 26B) shows the· ~ntersection of 4 sets 

of lineBment.s; sets no. 1,. 2, 3 and 5, of \vhich set no. 5 cuts linear 

sets no., 1, 2 ani 3; set no .. 3 cuts sets no. 2 and 1. It is 
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Figure 26A. Lineaments in the Gypsurnville areu. as draHn 

from airphotos.. x
1

, x
2 

x
3 

and Y positions are 

lineament intersections refer:r·ed to in text. 
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Figure 26B. Airphoto mosaic of the Gypsumville area. 
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inferred, therefore, that linem:1ent set no. 3 is older than set no. 5 

but yo1L11ger than set no., l. Set no .. 1 appears to be the oldest 

and no.. 5 the youngest.. The rela.ti ve age of sets no. 2 and /{- could 

not be established. 

Some individual linearnents in the G'"fpswnville area can be 

traced continuously, or discontinuously, for distances of up-Lt() 

4 miles (see lineament no. 2
7 

in Fig. 26A). The lineanents rang:..: in 

Hidth from. 40 to 400 feet. Some are curved slightly to1·Ie.rds the east 

or west. 

Origin 

Intersecting lineaments on the L&ko Agassiz plains, apparently 

similar to the ones at Gypsumville, Here discussed first by Horberg 

(1951, p. 1-18) .. Horberg suggested that these linf3aments formed in 

a 11 perig1acial n climate and \<Jere relic permafrost features. This 

theory vJas severely criticized by Nikiforoff (1952, p. 99-103) \<Tho 

attributed the intersecting linear features to shore line processes. 

Hollard (1957, p. 26-50) proposed that systematic intersecting 

linear depressions, in the region betvreen Lakes lfg_ni toba - Hinnipegosis 

and Lake l1innipeg, ··Here caused largely by leaching of the overhu:cden 

which 1-ras controlled by bed-rock fractures. Hollard pointed out that 

nthe orientation and incidence of these minor lim ar features of the 

landscape bear little or no relation to the. age, oi·igin, composition or 

depth of the surficial materials. Geologic processes forming the 

surface linear ele:caents are thought to have persisted over a gre2.t 



length rao:re.Jver, the processes are active at present .. 11 

In support of hie~ theory that the intersecting lineament.~ are 

the surface expression of joint patternE; in the underlying bed-rocks, 

Hollard furnished exrur~ples frorn Saskatche\-Ja..Yl ru1d Hanitoba. He 

indicated that surficial linea.o.ents can. be traced to fracture pa.tterns 

developed over locally exposed bed roc}::. 

In the Steep Rock area, about 2/+ miles fiouth-vrest of Gypsu:nvj_lle 

(Figs. 25 Emd 28), Devonic:1.n Elm Point lin:estones are exposed. From a 

study of air rho to mosaics, the bed-rock joint pattern has been 

intepret~d (Figso 28 and 29) and plotted in histogrmn form (Fig. 30). 

The maximum concentration of joints is N65E. The presence of t·Ho 

subordinate trends, N45E and N20H, is apparent also in the histogr&'ll. 

The muskeg to the south and east of the Steep Rock limesto::1e 

quarry (Fig. 28), covered by a thin sheet of glacip.l till (Fig. 25), 

exhibits Hell developed linear depressions s The linecun.:;nts in the 

Steep Rock area have the follo1..ring characteristics: 

a) The ma:Y_inrum concentrt:1.tion of linoc:\Irlents lies 

betHeen N3m~ - N45H (Figo 30). 

b) Some lineaments are up to half a. mile vride (see area 

marked in parallelogrmn, about 4 miles east of the 

quarr.r). 

Fig1.1re 30, ,,:hich is a combj ned histograrrr of linearr..ents a.11d 

joint sets, indicates that there is, as int~rpretec1 from airphoto8, 

no obvious correlation betHeen bed-rock joints e.nd surface linex:1ents. 

Hovrever, direct ::neasurer::tents of joint trends on outcrop is required to 

substantiB.te this prcliTainar-y- l:ork from airphotos .. 
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Figure 28. A.irphoto mosaic of the Steep Rock area showing 

linerunents and joint trends. 
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in the form of groovss and. rit'lg':::!S, on the Dakota, · H.s_:n:i..tobf::1. s.nd 

Hinnesota portions of the Lake Agassiz plains .. Thse:y 'lir~enod these 

linea-rr:ents to 1ineBJnents 1>1hich can be observed developing in lake 

bottom sediments by ice-rafting. 1-Jeber (1958, p. 333-341) folli'1d 

identical groovings, UFd-O 103 feet \·rids, and 15,654 feet long, on 

the recent lake l)ottm~ sedilnents of Great SlclVe La.ke, North-v:est. 

explained by these authors on the asE3UIIlption that the rrevailing 1Tlnd 

uas frolil north'.\1e st ::-.nd sou the as t, Under present c.lhnatic conditi()YJ.S' 

these are the prevailing -Hind directions during spring brea.k up. 

The curvature of the lineaments is ascribed to chanGe in wind 

direction as the ice dragged f',long the lake bottom .. 

Intersecting Lineanents as Ice-movE:ment Indicators 

Ice-movement indicatorf;, such as striations or groovi.11g~:;, 

have not been observed in the G'-Jpsumvi1le area. Intersecting 

l::Lneaments} developed on adjacent muskeg, may not be of glacial 

origin 8.IK1 ca:nn.ot be used as reliable indicators of direction of ice-

mover:t.ont.. In fact, the dorr.insnt N30\·l -- 1.-TL~-o:·J tri:;;nd of the lineements 

in the Gypsumville area, and elsevrhere in tho plain.s of Lake Agassiz 

(Hollard, 1959 Bnd Clayton et al, 1965), doos not. corresrond \·Jith the 

bed-rock striations vrhich more· flurely provide evidence of direction of 

ice-movement (Ceder Lake - :Pass Nora:i.ns arE;8. (N), eastern shore of 

the Lake Hinrd.pego.::;is (N023), easter/l, -Hestern and northern shores 
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Conclusion 

The theor.f that the lineBJnents r epresent ice-floe 

features (Clayton~ lt].., 1965) is favoured because thi s theor.:r 

accou.11ts for the observed curvature of some lineaments and the present 

study has not reveal ed any adequate correl ation bet1.Jeen bed·-r oek 

fractures and surfa ce lineaments, i·Ihi ch Hould support the alt ernative 

theory of bed-rock cont rol. The gl ac ial origin of these f eatures c an 

b e discounted on the grounds tha t the trends of these lineaments 

do not agree l·rith direc t ions of ice-moven.ent inferred from bed-rock 

striae and other features . 
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PETROLOGY 

A petrographic study was undertcJren in an attempt to 

interpret the relationships bet\.;een the various types of anhydrite 

and gypsuJn. 

Gypsumville Quarries 

The follouing rock types occur: 

i) th1.n to thick beds of anhydrite; 

ii) fine grained, 1:1811-stratified gypsum; 

iii) white gypsuin with m.edium to coarse granular texture; 

i v) spheres of vrhi te fine-grained gypsum ,,Jhich Heather out on 

bedding planes of 9oarse gypsum; 

v) large, coarse &'JpSuin crystals; 

vi) rosettes of fibrous gypsmn; 

vii) veins of fibrous gypsu.rn; 

i) Thin to thick beds of anhydrite: Anhydrite occurs in outcrop as 

beds 2 inches to 4 feet thick, 1.·lhich are inter layered 1·Ti th gypsum,. 

The anhydrite is hard and greyish-blue to bluish-v;rhi te on fresh 

surfaces. \~eathered surfaces conBist of fine grained gypsurrr. 

lmhydri te crystals ral1ge in size from • 05 to • 50 millimetr·e, 

,,lith less cormnon larger anhedral crystals of up to 3 millimetres 

length. 'I'he crystals are elongate having a sub-pa.rallel or parallel 

orientation and coinmonly are bent (Plate IX-A) • 

Fine grained aggregates of gypsu.rn occur along grain-boundaries 

and cleavage pla.11es of anhydrite (Plate IX-B). Irregular grains of 

anhydrite occur in gypsum,. but become less common avray from the 

a.nhydri te--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. lL):) in the New Quarry. 

A. Elongate anhydrite grains (a) within fine 
grained gypsum (fg). Grains are bent. 
Plane polarized (Xl1.5). 

B. Same 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 (X 11. 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 gy-psu."11 ( cg) as so cia ted ·''Ti th fine 
grained gypsum (fg) and anhydrite (a). 
Note planar grain-boundaries of coarse 
gypsum compared with irregular grain­
boundaries of fine grained gypsu.m. Thin 
section as for.Plate IX-A. Plane 
polarized (X 11.5). 
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irregul.ar, vii th fine grained gypSWJl occurring pref:erentially along tho 

cleava.ge planes and grain-boundaries (Plates IX-B and C)~ Hediwrl to 

coarse--textured, euhedral to subhec1ra1 gypsu:n crystals are found to be 

associated -vri th fin.e grained, anhedral gyps-u:m and ~mhydri te g:-ai.ns 

(Plate IX-D) ~- The fine grained gypsum has irregular grain-b01.mdaries. 

The large gypsmn euhedra contain numerous inclusions of fine grained 

gypsmn. It is suggested that the coarse gypsurn. crystals hP_ve grovm 

in situ at the expense of fine grained g~rpsu1n. Such a suggestion is 

based on planar grain--bound.aries of the coarse gypswn as cora pared 1.-Ti th 

irregular grain-bow1da.ries of fine grained gypsum. 

J.l) Fine grained, vmll-->stratified gypsum: This is the most abuucla11t 

Vciriety of gypsum. in the Gypsurnville quarries c. Bedding planes 

are defined by red a.nd grey argillaceous and calcareous materials. 

Gypsum grai::1s are anhedral and range from .01 to .2 millimetre. 

Hedium to coar-se gro.inecl, euhedral gypstl[il cr..vstals, l;Ii th pla.nB.r 

boundarif)S, occur embedded in the fine grained gypsum aggrege:tes 

\vhich have highly irreg·ular boundaries (Plate X-A) • It is i.nfer:::-ed 

that the lo.rge gypsum crystals have gro'.·.m at the expense of the 

H'naller E.mhedral gypsum grains. There is no evidence here of the 

smaller gr3,111s having replaced the larger. 

iii) w1-titc; gyp&"'lun 11ith coarse granular texture: Gyps1.li:l cryst2J.s, 

ranging in length fro;n • 5 to 3 millimetres, occur in a matrix of fine 

grained gypsum pres1.1r:ably sil11ilar to that described above. The 

coarse g:,rpsum crystals are subhedra~ to euhedra1 and have plenar 

bOlUldaric:s. rfhe fine grained gJpS1.1.'ll has ir:regular grain-boundariee 

(PlatE: X~-B). The large gy·psmn plates hd.Ve a mot·tled appearance. 

Indi vidlJ.al Elot tles have a. similar size m1d for;t1 to fine f!.JpSrtl:l grains 

in the grm.:mcln:.ass ai'1d mottles msy be ghosts of replaced finer. grains. 
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Plate X-A. Photomicrograph of fine· gra.:tned, well-stratified 

gypsum. Location, northern end of the New 

Quarry. Nedium to coarse, euhedral gypsum (cg) 

occurs in a matrix of fine grained, anhedral 

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 Ne'YT Quarry. Coarse, euhedral 

gypsum (cg) in a ~atrix of fine grained, 

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

Plate X-C. Spheres 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 for Plate X-C. White spheres are composed 

of fine--grained, anhedral gypsum (fg) with 

irregular grain-boundaries; the matrix is 

composed of coarse gypsum C~fstals (cg) with 

planar grain-boundaries. Crossed nicols (X 40 ). 
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It is suggested that coa.:r·sr;; gypsuriJ. .crystals have e:r·o'.·m. E~t the expense 

of fine gra5.ned gypsr;x,1,, 

i v) Sphr-n·e s of white: fine grained gypsv.m. i.·Thich \vea ther out on bedding 

pla11es of coart~e r:;y. vsum.: • b~ ~ Sp!J.e:'es of \?hitr:~, fine grained gypsum (Plate 

X-C) are common in the New Quarry and in the Recent Harking. They 

range in diametGr from .. 5 to .3 centimetres a~1d co:mrnonly weathe:c out 

on the bedding planes of coarse, grey gyps1J_,!J. beds., 

In thin section, the spheres are seen to consist of &rps:Jln 

grains rang]_ng in size from .01 to .. 2 millimet-ce ... The matrix is 

coarser grained, bcdng composed of euhedrcLL cryst.a.1s of gypS1ml in the 

range .. 5 mi11irwtre to 1 centimetre. The grpsuia of ths white spheres 

is similar to the fine~grained gypsu.:.-a described under section 

liFine grained, \-Tell str<?.tified gypsure in p. 69 • " The marked planar 

grain"""bo1~11da:ries ·of the coarse gypsurn, in contrast to the i.rreg11la.r g:r·aTn-

bm.:mdaries of the fine gr~dr..ed gypssrn (Plate~ X-D), suggest gro\.·.rth of' 

the coarse gypsum cr-tstals at the ex:ponse of the fine gypsw.-rn .. 

v) La.rge, coarse gypsmn cr.Jstals: These occu:-- extsnfd.vely in the 

Ne\·J Quarry and are commonly asso·::iatc;d vrith fine grained. gypsu~. T\·J(J 

tabular crystals and the ether as aggregates of euhedral gypsurn. 

Tabular [.;ypsmn c:rystalr, co:m.rtwnly ha•v-e trm1sparent cores ~-!hich 

consti tut<? the bulk of the cr.rstal. The transpc-.rer.t cores contain, ir1 

plac.E::s, abund<::mt inclusions of anhydrite.. Some isolated inclusions 

of a.nhydri te in coarse g:ypsu.:.Y1 have r;onm"con optic and therefo:rr-::; 

Thir:~ suggests thr.t thsy 

ren1ntmt.s of pa:etial1y replaced grains .. 

TabulB.r gypsum crystals are :freq1..E:ntly found to be or;o.bc:yecl 
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Plate XI. Photomicrographs of relic ap~ydrite c~stals. 

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 (leg). 

Crossed nicols (X 11. 5). 
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Plate XII. Photomicrographs of large gypsum c~stals partially 

recrystallized to fine grained gypsu1n. Location, 

southern part of the northern end of drainage dit~h 

(Fig. 14), New Quarry. 

A. Coarse gypsum crystal (leg) surrounded by 

finely crystalline gypsum (fg). In the lower 

left portion of the figure a coarse euhedral 

gypsum crystal (cug) has grown at the expense 

of the large gypsum crystal (leg). Note the 

presence of a relic anhydrite grain (a) in the 

upper right pGrtion of the cr,ystal. Crossed 

nicols (X 40 ). 

B. Large gypsum crystal (leg) 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 (leg) partly 

recrystallized by fine grained gypsum which has 

a fibrous texture (ffbg). Note recrystallization 

occurs preferentially along cleavage planes. 

Crossed nicols (X 40 ). 

D. Ghost of an almost completely recrystallized, 

large gypsum crystal (leg). Note that fine 

grained gypsum has assumed a fibrous texture 

(ffbg). Crossed nicols (X 40 ). 
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They are seen to 

be partly or conpletely recryBta111.zed to fine grained r;ypsv.ln \-Jhich 

commonly has .g_ fibrous textu::e (Plate XII~·C and D) .. Rec:rysteJ_l.izstion 

of coarse gypsum crysta1s to fine grained gyp6urrr has oec:urred 

prefere:ntially along cleavage rla:nes. 

The coarse gyp~nJlil of the sec.ond vaTiety, that is subhed.raJ_ to 

enhedraJ. g:r·ai.rw, OCCUr in a groU.11ClJJlaE'S of fine-grained gyps-vln e lJ:'he 

large gypsu:n euhsd:ra do not contain inel11sions of a.nhydri t.e e.:::J.d these 

grains. n:r e interpreted c:.s having gro·Hn in s:i t:c: Ett the expense of the fine 

grained groundJ.nr~st::. This co:-1clusion is 'bas·sd on the planar form of the 

g:::·ain-~-b;)unda:r·ic-w for· the lt:u--ge grains in ~ont13.ct ;,rith the .fine 

grain eel B:YPS-,..J.m (Plate XIII-A) • 

vi) Rosettes of fibrous gypsu.w: 

occur loc!:tl1y and s-re c:lliptical to subrow'1ded in .s2u:.pe and rELnge 

from .5 to 3 centbletres in me.xirnum diaueter (l'late XIII-B). The 

rosette;:~ are c:>Jnposed of radiating laths of co2.rse gypsum -vri.th minor 

a.ssociat.eC. clay, pa:ctieularly near the centres of the rosettes 

There e.re no relic grains of aJLhydrite $ 

vii) Veins of fibrous gyps:.:rrn: Fibrous gyps-u.rrr ve:i_ns occur extensively 

ir_; both tl1e NeH Quarry a:nd the Old Quarr.t. Coarse fibres of gyps·:..rm are 

aligned perpz:~!ldicular to bedding. The veins vary in thickness from 

a f8i..J millimet::·eE> to about 6 centimetrf.!S, A thin calcareous clay 

parting, parallel to bedding, occu:."s centr?l1y in somE"; of the veins 

(Plate XIII-D). 

Since the fibro1.1s gypsu01 ve.1.ns lack po1·phyroblasts, pssudoiaorphs 

or relic nineraJ. s, they are interpreted to have gro~.rn by displacm:le:r:t 

ra.t.her than roplacer:cent.. They appear to havr3 formsd selectively 
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Plate XIII-A. Photomicrograph of a coarse, euhedral c~stal 

{cug) in a matrix of fine gra:i.ned 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. Rosettes of fibrous gyps1~ (r). Location, 

drainage ditch, New Quar~ (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). Location, as for 

Plate XIII-B. 

Plate XII-D. Photomicrograph of vein of fibrous gypsum 

(fbg). A thin calcareous clay parting occurs 

centrally in the vein. Crossed nicols (X 11. 5). 

Location, northern end of the Old Quarry. 
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along planes of clay partings .. 

Elephant Hill 

Three rock types are :·ecogaized: 

i) bedde0 Lrriliydrite; 

ii) large crysta~s of gypsrrrn. associated vii th anhydrite; 

iii) fine grained lThi te gypsmn. 

i) Bedded anhydrite: The anhydrite occ11rs i.nterlayerod vJi th gypsum"' 

The central portions of anhydrite bsd s are greyish-1J1ue to bluish-1.1l1i ta, 

but grade margin8.lly up\·TB.rcls m:td do\·muard~1 into overlying and 

underlying fine grained ,,rhite gypsum (Plate XIV-A). 

The EUJhydrite oecu_rfJ as elongate crysta1s arranged in 

spherul:L tic aggregates ~Jh:Lch vary from 2 .. 5 to G millimetres in 

diameter (Plate 101 ). Gyps1m occurs along anhydrite grain 

boundaries and preferentially along planes of cleavage in anhydrite .. 

Irregular, veins of fine grained gypsm~ radiate fro:w. the cent:::es of 

srllerll].it:Lc aegreg2.tes of anhyd.ri tf; (Plato 1:V-A and B). 

Thin se~tions reveal that the transi tio~'l from anhydrit-e to 

gypsum oc.cn:r·s over about 5 millimetres. Irregular masses of an..hydri te 

cr.rstals occu:r isolated in gypsum and can be interpreted as remnant 

grains.. Th~:J fine grained &JPSl!.ill has a spherDJ.itic structure (Pl.ato JS! -C 

and D) similr:.u~ to that of the .anhydrite, ttnd this structure 

premruablj- rasul ted from the pseudomorphing of anhydrite. .A .. nhydri te 

spherulites are present in vetrious stages of repl&csmentJ t:YP!31.:un occ1u·:·ir:g 

preferentially along anhydrite cleavages. No distortion of the 

original radial arran.gement of m1hydri t.e crystals is observed. 
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Plate XIV-A. r~_. blue core of spheruli tic a:hhydri te (a) 

w1.th 'i·:eathered white exterior of fine grained 

g:y""pslm1 (fg) • Location, southeast pit of the 

Elepha..11t Hill .. 

Plate XIV-B. Anhydrite (a) - coarse gypsQm (cg) contact. 

Sample from the south pit of the Elephant 

Hill. 
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Plate XV. Photomicrographs of spherulitic anhydrite and 

associated 1.Jeathered exterior. Location, same as 

for Plate XIV-A. 

A. A single spherulite, 2.6 millimetres in 

diameter, composed of elongate mL~ydrite 

c~stals (a). Fine grained gypsmn (fg) with a 

fibrous texture occurs along cleavage planes and 

grain-boundaries. Plane polarized (X 40 ). 

B. Elongate crystals of anhydrite (a) arranged 

in spherulitic aggregates with radial veins of 

fine grained fibrous gypsum (fg). Plane 

polarized (X 40 ). 

C. Spherulitic texture characteristic of anhydrite 

is preserved in the outer margin which is 

composed of fine grained gypsum. Note lack of 

distortion in the spherulites. Plane 

polarized (X 40 ). 

D. Fine grained fibrous gypsum in the outer part of 

the anhydrite bed preserves the radial structure 

typical of anhydrite spherulites. Crossed 

nicols (X 40). 
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.. ) ll Large crystals of gypsmn associated 1-ri th ar.lhydrite: Anhydrite 

in the south pit of the Elephe.nt HiJ.l C[LlHrry grc·l.cles laterally to large 

gypsmn crystals. 'rhe m1hydri te is composed of spherulites (Plate YJJI-A) 

of up to 2., 5 mill:iruetres radius. Similar spherulites occur as gypsum 

Hi thin large gypsum cr-.rstals and are interr;reted as n·ghosts 11 

remaining e.fter anhydrite replacement by gypsum (Pl&to XVI-B) .. 

iii) li,ine grained, 1inite gypsw'll: The most abundflJlt fo:nn of 

gypsmn in the Elephant :Hill consists of crystalloblastic gra:!_ns of 

about .01 to 0.1 millil-r.t.etre (Plate XVI-D). Coarse gypswn crystals 

occur embedded in a matrix of fine grained gypsuDl.. These crystals 

are embnyed and surrounded by· finer gl'ained gypsu.m. Plate :X:VI-C 

illustr-ates a coarse gypsum crystal, partially recr-.rstallized to 

fine grained, fibrous gypsum. Recrystallization of coarse gypsu.n 

crystal to fi.ne grain.3cl gypsum has occur:r·ed preferentially along the 

cleavage planes. Plate XVI.,..D sho-.>Ts the relic of a large, coarse g;>rpslml 

Cr'.fsta.l completely recrtstallized to fine grained gypsum. It. is inferred 

that the :f"L1e grained t,rypsm1 of the Elephant Hill is a product of 

reerystallization of coarse gy-psum cryst~:-..1s leading to grain 

diminution .. 

i.Jhippoorvrill Quar.r;y 

Bluish-vihi te, nodular anhydrite occurs in the ~{hippoorHill 

(p- · xvr--' quarr-y ..La:ce . . 1, • Th(:: nodules vary from 10 to 40 centit"'TI.etres 

in diaE1eter and are concentrically layered. Typically, the cutorrrrost 

layer is composed of fine g-.rained gyps·um. 
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Plate XVI-A and B. Photomicrographs of a."rlhydri te from the 

south pit of Elephant Hill. 

A. Spherulitic anhydrite in contact 

with coarse, gypsum C~Jstals (cg). 

Plane polari~ed (X 11.5). 

B. Coarse gypsum crystal (cg) with 

pseudomorphed spherulites of 

anhydrite. Plane polarized (X 11.5} 

Plate XVI-C and D. Photomicrographs of fine grained, white 

gypsum in the southeast pit of Elephant Hill. 

C. Remnant of large gypsu111 crystal (leg). 

The c~stal hae been partially replaced 

by fine grained gypsum (fg). Crossed 

nicols (X 40 ) • 

D. Fine grained gypsum aggregates (fg). 

Note the relic of a large gypsrnn cr,ystal 

(leg) completely recrystallized 

to fine grained gypsum. Crossed 

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

fine grained. gypsu.rn at Hhippoort·lill Hill .. 

Plate X'lii-B. Section cut through the nodule indica ted in 

Plate XVII-A. 
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Sevc:cal thin sscticn1s Here illftde across a noclule.. Rsgion 'A 1 

(Plate XVII--B) at the centre of the noduJ.e, is cor"1pot:~ed of a.nhydrite 

\vith minor grey clc:.y ~ The anhydr]_ te gralns are fro::n .1 to • 5 

millimetre in size and occur as blades I:'U1cl felt-like masses 

having a spher-o.J.i tic structure (F·late 1.'VIII-A). 

The region 1B' (Plate XVII-B). is characterized by aggregates 

of spheruli tie anl1ydri te and associated fine grained gypsu:m. Fibres 

of anhydrite occur. isolated in gypsum. and gyps1L1 occurs preferentially 

along anhydrite cleavage planes [Lnd grain bou,""!daries (Plate XVIII--B), 

A local concentration of clay occurs at the boundary betueen 

regions 1 A.i ru1d 'B t (Pla t.e i::VII-B), but the boundary be tv-men t B' and 1 C 1 

is gradational.. Regi:m tCt is co::nposed mainly of finely crystr:1.lline 

g)TIJS1.1LJ. \Jith relics of anhydrite grains (Plate XVIII-C). The r2.dial 

sphoruli tic stru(.::tu:ce, characteristic of Bllhydri te, is found tc 00 

preserved. in finely cry::;talline gypsum.. The outer:nost p.'J.rt. of -'.::he 

nodule is corapc;scd. almost entirely of fine g:r·ained grpsmn vrith only 

a fe-vJ rel:i.cs of anhydrite spherulites (Plate XVIII-D). 

Interpretation 

.A variety of petrographj_c ol)servations indic~:.ts that gypsum has 

replacsd anhydrite. The evidence may be ~3u:·rLmarized! i) gypsl:J.m 

tends to enclose or surround anhydrite; . ' \ 
llJ gypsurn occurs 

preferE·ntia1ly cllong a.nhyd.ri tc: clr::avd.ge pl::mes e11d arL~ydr-i tE; g::-·ain 

boundaries; 

in latt:Lce co:ntinuity, oceur isolated in gypsum; iv) 

a::1 pseudcmorphs nfter radially arrE,;.,..'lged aggregates of fibrous e:u1.hydri te, 



Plate XVIII. Photomicrographs i.llustrating nodular anhydrite 

from ~nippoorwill Hill. 

A. ~1hydrite grains (a) occur as blades and 

felt like masses in region 'A' of Plate XVII-B. 

Plane polarized (X 11.5). 

B. Elongate crystals of anhydrite (a) arranged 

in spherulitic aggregates with radial veins 

of fine grained gypsum (fg) in region 1B1 

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

c. Relics of radial aggregates of anhydrite 

crystals (a) in a fine grained groundrnass of 

fibrous gypsum (fg) (region 10 1 of Plate 

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

D. From the outer part of an anhydrite nodule, 

an aggregate of fine grained fibrous 

gypsum (fg) with relics of ar~drite 

spherulites (dark). Crossed nicols 

(X 40 ). 
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refeiTed to a::: spherulites .. 

Volmne exponsion: It h.::::.s· been inferred by m.?c.ny workers (Grabau, 

1924, p., 758; Go1drrian, 1952 5 p .. 10 and Fettij ohn, 1959 t p .. 1+79) 

that the hydration of anhydrite to gypsu.JT1 is mo1ec'L1le for molecu.le 

1v-i th an associ a.ted volvro.e expansion·. Comp1 ete hydr-ation of· a~1hydri te 

to gypsum uou.ld result in a volume exp2_nslon of 60.5 percent, 

as~·nuning the in:L tia.l and fi.nal porosity to be ze:r·o., 

PetrogrEq:.hie evidence frora the Gyp::~vmviJ.le deposit suggests 

that no volume increase has accompanied the alteration of the 

anlv.,.drite to g.ypsu01, Hhere gypm.1In has ps.rtially replaced arJ1ydrite 

laths the remnant portions of the laths ha·v-e suffered no displacement 

relative to each ot2.1er ~ a fact ·~.-rhich is apparent from the perfect 

optic, and therefore, cryf3teJ.lographic aJ_ignment, This observation, 

made repeated1y in many samples, indicates that the anhydrite ha.s 

been replaced ln1t not displaced~ Scme displnc&ment vouJ.d be ~)_rwvit::c.blc 

had volume exp-·nsion occurred .. 

~:h2 radial structl:re of the an.hyd:d.te cryst?.J. aggregates i~~ 

completely- preserved in g:rpsum pseudo:morphs ~ Yi thout O\dJtence of 

displacement or disruption. Again, this rel~1tionship \1B.f3 obse:rvecl. 

in mci.ny se..c1ples in various d·::;grees of replacemsnt. Such preservation 

of structure \.rould. not be possible hacl volume expansion occurrec'l.. 

The conc1us5.on is that the hydration of anhydrite occurred 

without volu::ne change.. Since the porosity of gypslm rocks and 

ar..hydri ~:.e rockB are approximately the 2ame (see te.b1e bolo-r..J) this 

calc:Lum sulphate must have been leached during 

hy·dra tion v-
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Table of porosity data: 

Sample Location 
_n<?...:_ 

Rock 

---·-·---
Porosity 
i.!! .... E~K£~.n t 

w~~l vlhippoorwill Anhydrite 
(:nodular) 

vr,r2 Hhi ppoo~,rill Gypsurn 2.86 
(outer margin 
of nodule) 

NQ8 Ne1·J Quarry, Anhydrite 5.35 
Gypsum ville 

NQ3.3 Ne1..J Quarry, Anrqdrite 5.00 
Gypsmnvill8 

NQ21 Nevi Quarr-J, Anhydrite 4.32 
Gypsum ville 

NQ20 New Quarry, Gypswll 1.23 
Gypsumville 

NQ22 Nevr Quarry, Gypsum 1.36 
Gypsumville 

OQ8 Old Quarry, Gypsum 1.26 
Gypsl1Io.ville 

NQ23 N e1.·l Quarr.r, Gypsum 1.06 
Gypsumville 

Develop:1ent of Gypsum cry;:tals: The sequence of devolop-nent of 

gypsmn crystals during the hydration of anhydrite was complex and in 

other areas has forTI1ed the subject of varied interpretations by 

other vrorkers (Goldman, 1952; 1957 and 1958 Bnd.. Ognibin, 1957a 

and 1957b) .. 

Goldrna"l (1952, p. ll) claims that the initial stage of 

anhydri.te··-gypsw-n transformation is the formation of small randomly 

oriented gypsum CY".fstals which: by a process of recrystallization 

gradually develop into a feu larger crystn1s. Ognibin (1957, p. 68-

73) maintains that the primary stage is the fonnat.ion of large 
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11 limpj,.d selenite cores 11 .. These cores undergo volume expansion 

forming a.n inter~-gTs.nuJ.ar fine sized aggregates of gypsum .. 

The general sequence of s.fpsum crystal develoFment, for the 

G-.rpsmnville area, based on petrogrA-phic observation, is summarized 

in Figure 31 and has been interpreted as follo\.JS: 

a) The grm·Jth of large, coarse gypsu.rn crystals at the expense 

of the ru~1ydrite (G-1 stage). 

b) Recrysta~lization of coarse gypsum crystru_s and the 

for1nation o:f fine grainecl gypsum aggregates (G-2 stage). 

c) Gro\vth of euhedral or lath shaped, medium to coarse-

textured gypsurn. cry stA.ls at the expense of fine grained gyp.sum 

(G-3 stage). 

The most abundant form of gtJpSUin, in the Gypsumville and 

Elephant Hill quarries, is a fine grained mosaic of anhedral 

grains. Locally th.e grains have been increased by grain grm.rth 

to about :3 millimetres.. Here designated as the second gypsu:rn. stage 

or G-2, this variety in maey places a direct conversion from an..~ydri te 

{Plates IX, 1.'V and XVIII). It 1uost corDJ110nly occurs near or in 

contact -vd.th m1bydri te ·rock, having by-passed the stage of locally 

fonned ec.u·J.y coarse gyps;,nn cryst.a.ls, here called G-1. 

The G-1 st.a.ge is the earliest gypsum formed from anhyd.ri te. 

Gypsum of this stags occurs B.s v!idely scattered crystals and as 

pockets a.L'1d sheets through tho fine grained gypstw and arL~ydri te. 

They are recognized by inclusions 1~rithin them of numerous residual 

ruiliydri t9 grain.s (Plates XI and XII-A), which possibly were pr·ese:;.'ved 

because of rapid grovrLh of gyr_;s1.1m cr.rstals and subsequent isolation of 

anhydrite remnants from percolating vrater. As now seen, these coaTse 
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gypsmn crystals are embayed, surrounded and. obliterated by finer 

grained gypsum (PJ.ates XII and Tvi-G e.n(:l. D) a.."'ld 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 ClJ(stals 

(Plate XII-A). These can be distinguished by their euhedral fonn and 

the absence of anhydrite inclusions. They are most consplcuous 

developed in the fine grained gypsum of G-2 (Plates IX-D and X). Such 

coa;rse gypsum crystals are assigned to stage G-3 .. 

The gJrpsum of the ~Jpsumville outcrops fonned by hydration of 

anhydrite. This does not m1ply that the anhydrite is a pri~maiJ~ 

precipitate or deny the possibility of anhydrite having been derived 

from an earlier generation of gypsw11. Thsre is no evidence that a 

volume change resulted from the hydration of anhydrite to gypSU.l11 and 

the petrographic evidence indicates that gypsum has replaced anhydrite 

vri thout chm1ge of volume. 
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SU11tv1ARY 

The Gypsumville gypsum dsposi t lies 1-1i thin th9 outcrop 

belt of the Silurian Interlake Group. 0\>ring to the absence of 

visible contacts of gypsum with underlying or overlying rocks, the 

geological relationships of th9 deposit to associe:t ed sed:i.mentary 

rocks are not certain. The age of the deposit had been a matter 

for speculation until the discovery, during present investigation, 

of fusuline foraminifera in shales underlying the gypsmn. The 

fossil evidence indicates a Permian or younger age for the 

deposit .. 

The sulphate deposit in the Gypsu_rnville a.nd adjacent areas 

is approximately 130 feet thick and is underlain by a sequence of 

red and grey shales. .r~t a depth of 40 or 50 feet, gypsui'U is 

underlain by anhyd;ri te. The contact bett . .reen gypsu1n and a.nhydri.te 

commonly is sharp, but may b:3 gradational over a f.ew feet. Lenses 

of shale and dolomitic shale are inter stratified with gy-psum. 

The deposit occurs as isolated, north-south and east-1vest 

trending ridges, immediately to the north and northeast of Gypsmnville. 

Several of the ridges are anticlinal folds with intrastratal 

convolutions"' In order to study their geometry and origin the 

orientations of about 200 folds 1.vere measured a.'1d plotted on Sch~.uidt, 

lo\.Jer hemisphere equal area nets. 

T1·ro groups of anticlinal folds are recognized: a ,_,rell­

developed set of N-S trending folds (set 1) and an older set 

of E-vl to 1;J}Ji.·I-ESE trending folds (set 2). Both sets 1 and 2 

consist of concentric to kink-style folds 2.11d range in size up to 
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i mile in arnpli tude and a mile or more long; they differ only in 

orientation, set 1 trending N-S with nearly vertical axial planes 

and set 2 trending E-\·l, 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-\>rest trending set 2 folds. 

The folds of the Gypsruuville area could have been produced 

only by non-tectonic processes. Absence of evidence of f.'!lst­
f' 

Pre·,Cambrian orogenic activity in this part of Hanitoba rules 

out disastrophism as a cause of the formation of the folds. 

Expansion forces, due to the traJsfonnation of anhydrite to 

gypsum, have been discounted as a cause of folding on the grounds 

that: a) the style and geometry of the folds are markedly 

different from those cited for typical expg.nsion folds; b) expansion 

theory can hardly explain superimposed folding in the area; 

and c) petrographic evidence indicates replacement of 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 e.n inference is based on: 

a) superficial nature of the folding in the area; and b) perpendicular 

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, v.rhich occur 

vri thin beds~ bear a strong resemblance to slump structures 

described in the literature. These intrastratal convolutions may 

have formed as a resu1 t of slumping '\..rhich occurred not long after 

deposition. 
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Petrographic observations suggest that 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) gypsum occurs preferentially along anhydrite grain-boundaries 

and cleavage-planes; and c) gypsum occurs as pseudomorphs after 

spheruli tic anhydrite.. The microscopic evidence further shm.vs 

that: a) there is no distortion of the replaced anhydrite 

crystals; and b) the spherulitic structure of the anhydrite 

crystal aggregates is undistorted in perfect gypsum pseudomorphs. 

The conclusion is tha.,t the hydration of anhydrite did not result 

in volume change and that the replacement 'ltJas volume for volume .. 

Study of thin sections indicates that three grovrth stages 

are present in most beds at most localities: a) the grov~h of 

large, coarse gypsum crystals at the expense of the anhydrite 

(G-1 stage); b) recrystallization of coarse gypsum crystals and 

fonnation of fine: grained gypsum aggregates (G-2 stage); a.n.d 

c) growth of euhedral or lath-shaped crystals at the expense of 

fine grained gypsum. 

Although the present gypsum was derived from anhydrite, 

·this does not iinply that the anhydrite is a primary precipitate .. 

It is still possible that the anhydrite \·Tas derived from an earlier 

generation of gypswno 
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A 
FEET N DH 1-25-2 DH 1-17-4 

850 
Thinly bedded gypsum with grey shale laminae Gypsum - abundant red clay in fractures in upper 21 feet; 

GYPSUM FLOOR 
lower 26 feet- very white, ivory and massive 

Dark grey anhydrite with patches and streaks Coarse grained, dark grey anhydrite; 
of mineral dolomite abundant red shale at lower port 
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