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ABSTRACT 

Winnipcgosis reef complexes probably consist of coalesced 

bui ldups, 75 to 100 m thick. They occur on a plat:form, 10 to 

15 m thic~. Basin sedlments, 10 m thick, surround the 

complexes. 

six facies are identified: 1) platform 

platform subfacies); 2) buildup interior; 

(lower and upper 

3) buildup flank 

(laminated, bioturbated, cemented subfacies); 4) organic rim; 

5) stromatolite cap; 6) basin (Brightholme, Ratnpr Members) . 

Diagenesis occurred in four diagenetic environments: 1) open 

marine; 2) subaerlaljmeteoric; 3) restricted marinejshallow 

subsurface; 4) deeper subsurface. Fibrous cements occur in the 

cemented subfacies. Calcrete horizons with pendant cements 

formed ln the stromatolite cap facies. AlI sediments are 

dolomitized. 

Isotopie data suggest that dolùmitization occurred in the 

restricted marine and shallow burial environments in fluicts 

derived from normal to slightly hypersaline Middle Devonian 

marine waters. Dolomitizing fluids derived from either the 

mechanical compact ion of encasing evaporites or deeper 

formation waters were probably funnelled into the buildups. 

Minor fracturing and calcite cementation occurred in the 

deeper subsurface. Dedolomitization and calcitization of 

evaporites probably occurred at greater depths. 

ii 



RESUME 

Le complex de recifs du winnipegosis consiste probablement ~n 

une agglom~ration verticale de 75 à 100 m d'epaisseur. C~s 

agglom~rations de recifs se retrouvent sur une plateform~ d~ 

10 à 15 m d'~paisseur. Le complex est entoure de sedim~nts 

basinaux de 10 m d'~paisseur. 

six faciès sont identifi~s: 

base et au sommet de l~ 

1) plate forme (sous-facies a 

plateforme), 2) l'interieur 

Id 

de 

l'agglom~ration de r~cifs, 3) les flancs de l'agglomeration de 

r~cifs (sous-facies lamin~s, bioturbes et cimentes), 4) 

pourtour organique, 5) chapeau superieur stromatol igue, ()) 

basin (Membres de Brightholme et Ratner) . 

La diag~nèse est pr~sent dans quatre environments 

diag~nètiques: 1) mer ouverte, 2)suba~rier/meteoritique, J) 

sous surface profond. Les ciments fibreux (columnaires) sont 

presents dans le sous-faciés cimenté. Les horizons de caliche 

pri~sentants des ciments pendulaires se forment dans le ch(lpedu 

s~périeur stromatolique. Tous les sédiments sont dolomitiscs. 

Les donn~es isotopiques suggèrents que la dolomitisdtion S0 

produisit dans des environments marins et d'enfouissement peu 

profond à même des fluides puis~s des eaux Devon iennes de 

saI ini té normale a quelque peu hypersallne. La compact ion 

m~canique des sequences évaporitiques sUperIelJrS cl 

probablement servi a acheminer les fluides a l'agglomerdtlon 

de récifs. 

U.:e fracturation mineure ainsi qU'une ci mentation de Ci) 1 CIte 

sont présentes dans des environments d'enfouIssement pl us 

profond. La dédolomitisation ainsi que la calcltisation (les 

sequences évapori tiques sont presentes beaucoup plus 

profondément. 
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CHAPTER 1. INTRODUCTION AND GEOLOGICAL FRAMEWORK 

Th ~ s resea rch 

dillgenesis of 

Mdnitoba. 

1.1 OBJECTIVES 

pro]ect investigates the sedimentology and 

the Winnipegosis Formation in Dawson Bay, 

1. Ident~fy and describe the major lithofacies. 

2. Interpret the depositional history of the carbonate 

buildups and related basin facies. 

3. Invest~gate sedimentological evidence for sea level 

fluctuat~ons during Winnipegosis time. 

4. Describe and interpret the diagenetic textures. 

5. Determin€ the potent~al sources of dolomitizing fluids, and 

suggest possible mechan~sms of dolomitization. 

1.2 LOCATION OF THE STUDY AREA 

The Dawson Bay area occurs at the north end of Lake 

w~nnipegosis in central Manitoba (Fig. 1). Specifically, the 

study area is situated between latitudes 52°45'N and 53°15'N, 

and longitudes 100 0 30'W and 101 0 15'W on NTS map sheets 63C and 

63F (scale 1:250 000); between townships 43 and 28, and ranges 

21 and 25 west of the Prime Meridlan. 

1.3 PREVIOUS STUDIES 

The first deta~led investigation of the Winnipegosis outcrop 

belt was undertaken by J.B.Tyrrell in 1888 and 1889. He 

described the dolostone exposures in Dawson Bay, and assigned 

them to the Winnlpegosan Formation (Tyrrell, 1892). While 

working with Tyrrell, Whiteaves (1892) collected and 

identified many fossils including the pentamerid, 

strlngocephnlus burtini - an index fossil that confirmed the 
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Middle Devonian age of the se rocks. 

13ai11ie (1951) provided a detailed account of the 

sedimentology and paleontology of the Winnipegosan bioherm 

(kllntar) facies in Dawson Bay. In addition, he proposed a 

revised Cldssification of Devonian rocks in the Elk Point 

Group, and changed the name of the Winnipegosan Formation to 

the Winnipegosis Formation (Baillie, 1953, 1955). 

Jone~. (1964, 1965) subdivided the Winnipegosis Formation into 

Iower and upper members corresponding to the platform and 

reefal sediments. Carbonate laminites, named the Ratner 

Member, were restricted to interreef areas, and were 

interpreted to be facies equivalent to the carbonate buildups 

(Wardlaw and Reinson, 1971). 

~endall (1975) recognized the interbedded nature of the 'off

reef' bituminous laminites and 'reef' derived detritus on the 

foreslope facies of carbonate banks in Saskatchewan. He 

suggested that the evaporitic Ratner beds represented the 

basa l sediments of the prairie Evapori te Formation. 

Furthermore, he proposed that these sediments were not facies 

equivalent to the buildups but, in fact, postdated them. 

In a useful regional study, Norris et al. (1982) incorporated 

considerable drill hole and outcrop data, and prov ided a 

general overview of the stratigraphie and sedimentological 

history of the Devonian outcrop belt. In addition, a 

systematic report on ~he eonodont paleontology was ineluded. 

McCabe (1986) assembled the latest of a series of field trip 

guidebooks to the outerop belt, in whieh reeent core data has 

helped elarify stratigraphie relatlonships between 'reef' and 

'off-reef' sediments. Also, the guidebooks provide: 1) a 

use fuI overview of the stratigraphie; relationships between the 
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Winnipegosis Formation a~d younger Devonian bcds; and 2) il 

generai description of buildup and basin sedimcntology. 

Since the recent oil discoveries in Saskatchewan, th~ 

Winnipegosis buildups in Saskatchewan, Manitoba and NOt'th 

Dakota have received considerable attention from geologists. 

Sedimentologicai modeis outlining buildup devclopment in the 

different regions have been published: for eXilmple, 

Saskatchewan (Martindale and Orr, 1987; Martindale and 

MacDonald, 1989), Manitoba (Teare, 1987; Rosenthal, 1988) anù 

North Dakota (Perrin, 1982; Ehrets and Kissi ing, 1987; Prcchl, 

1987). 

1.4 METHODS AND PROCEDURES 

During the summers of 1986 and 1987, seven weeks were spent 

10gging, photographing and sampling 1700 metres of diamond

drill core from 21 wells of Winnipegosis buildup, platform dnù 

basin sediments at the Manitoba Department of Mines core 

facility, University of Manitoba, Winnipeg (Fig. 2). six dri J 1 

cores of Winnipegosis sediments were studied from outsidc tho 

study area: the Cameron Bay basin weIl, (M-3-73), situatcd 20 

km to the northeast; the Overflow Bay wells, M-G-78, M-7 --73, 

si tuated 20 km to the north; the Gunniaugson I imcstonc 

buildup, (M-5-87), and the Meadow Portage basin well, (M-5-

76), are respectively located 250 km and 150 km southeast o[ 

Dawson Bay; and the Home ail Macoun weIl, 14-3~)-U4-10W2, 

located in the southeast corner of Saskatchewan. Core W<1S 

provided courtesy of the Manitoba Department of Mines dnd Inca 

Ltd. The Home ail Macoun weIl core was sarnpled for carbon, 

oxygen, and strontium isotope analysis. In August 1981, threc 

weeks were spent undertaking detailed sedimentologlc,d mappinq 

of the Winnipegosis exposures in Dawson Bay. 
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'l'wo hundred and fifty petrographie thin sections wel'C made ta 

study sedimentary and diagenetic textures. All thin sections 

were stained with Alizarin Red S and potassium fcrricy~nide 

using the technique outlined by Dickson (1965). Sclccted thin 

sections were studied under cathodoluminescence at McGill 

University. Six specimens were analyzed for strontium isotope 

composition at McMaster University by Professor R.McNutt. 

Fort y three specimens were analyzed for carbon and oxygcn 

isotope composition at the Univer.3ity of Michigan by Professor 

K . C. Lohma nn . 

1.5 REGIONAL GEOLOGIe FRAMEWORK 

Winnipegosis buildups are scattered throughout the southern 

half of the Middle Devonian Elk Point Basin. The basin extends 

from the Northwest Territories, across the prairie provinces, 

and into North Dakota (Grayston et al., 1964). lt is bounded 

by the Presqu'ile Barrier to the northwest, the P0i1Ce River 

Arch and West Alberta Ridge to the west, the Black Hills 

Uplift to the south, and the craton to the east (Fig. 3). 'l'he 

exact distance to t~e eastern limit of the basin i5 uncertdin 

as a11 stratigraphie evidence has been eroded away. Howcver, 

McCabe (1967) demonstrated that the depositional strike of the 

Winnipegosis fringing shelf was abruptly truncdteù at right 

angles by the northwesterly trending erosional edqe Indicating 

that the basin margin must have occurred a considerable 

distance ta the east (Fig. 4) 
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KM 

Fig 4 Isopach map of the Wlnnlpegosls Formation ln southern ManitobA 

NOTE 1) the Blrdtall-Waskada ffils represents the bOlJndary zone betwepn 
the Supenor and Churchill crustal plates 

2) the truncatlon of the Wlnnlpegosls Isopach by the eroslonal edge 
(modlfled after Noms et al, 1982) Indlcates that the baSin may have 
extended sa me distance eastward pnor ta eroslon 
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The basin is divided tnto several subbasins in which carbonate 

shelf and buildup sediments were deposited contemporaneously. 

To the northwest, the Black Creek basin contains the 

hydrocarbon producing Keg River and Zama car~onate buildups 

(e.g., Schmidt gt al., 1985). In general, Winnipegosis 

buildups are located in the Saskatchewan subbasin limited by 

the Meadow LaKe Escarpment to the north and the 

Transcontinental Arch (Black Hills Uplift) to the south. The 

Dawscn Bay exposures of the winnipegosis buildups occur on the 

northern flank of the preserved portion of the subbasin (Fig. 

3) . 

1.6 REG10NAL TECTONICS 

The weIl defined western edge of the Winnipegosis fringing 

bank faiis on the projected boundary of the Birdtail-Waskada 

Axis, between the Churchill and superior crustal plates (Fig. 

4) (McCabe 1986). Furthermore, the Dawson Bay and Swan River 

'reefal' complexes occur along this zone. Structural flexure 

across the zone may have controlled the inception and 

orientation of the Dawson Bay buildups (Norris et al., 1982). 

1.7 REGIONAL STRATIGRAPHY 

The general stratigraphy of the Elk Point Group is outlined in 

Figure 5. The red dolomitic shales of the Ashern Formation 

represent the basal deposlts of a transgressive event which 

flooded the Elk Point Basin in the Eifelian. These deposits 

are conformably overlain by the Winnipegosis Formation which 

is divisible into four members: the platform sediments of the 

Lower Winnipegosis Member, the buildups of the Upper 

Winnipegosis Member, the basinal bituminous mudstones of the 

Br ightholme Member and the basinal bi tuminous lamini tes, 

dolomitic mudstones and calcitized evaporites of the Ratner 

Member. The term 'Brighthoime Member' was informally applied 
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to the bltuminous mudstones in Saskatchewan (Kendall, pers. 

comm., 1988). In the study area, the evaporites of the Prairie 

Evapor i te Formation have been d issolved c3using the structural 

co llarJse of younger Devonian formations on top of the 

underlYlng Winnipegosis. The Frasnian Souris River Formation 

outcrops ln structural] y low areas that correspond to the 

W inn i pe<]os i s '1 nterreef' or bas ln environments. The Dawson Bay 

Formation is preserved draping over the underlying 

Winnipegosis Formation. The gently rolling topography in the 

field area is attributed to this doming of the Dawson Bay 

limestones by the Winnipegosis buildups. 

1.8 DEPOSITIONAL FRAMEWORK OF THE DAWSON BAY BUILDUPS 

The bUlldups in the Dawson Bay area are 75 ta 100 m thick, and 

are situated 250 km north of the fringing shelf (Fig. 4) 

(McCabe, 1986). Because of the uniformity of buildup 

thicknesses and a reglon11 dip of only 1.8 rn/km, 'reef

supported' structural highs and 'interreef' structural lows 

are readily defined ln outcrop and from core (McCabe 

pers.comm., 1986; Norr's et 91., 1982). SubsequentIy, at least 

two 'rec f' complexes, the Red Deer River Complex and the Salt 

Point Complex, may be mapped in the outcrop area (Fig. 2). 

A second 

buildups 

important inference can be made if the Dawson Bay 

are of unlform hei'5ht (McCabe, 1986). As 

winnipegosis exposures on the lslands of Dawson Bay are traced 

up regional dip to the northeast, ~ach outcrop corresponds to 

sections that become stratlgraphically lower within the 

buildup successlon. To the southwest, the Steeprock Bay Dome 

is the stratlgraphically highest buildup exposure, whereas 

Mason Island represcnts the most up-dip, and stratigraphically 

lowest bulldup cxposure to the northeast (Fig. 2). 

ExtrapolatIon of the reglonal dlp would place the base of the 

Mason Island section about 25 m above the platform (McCabe, 

Il 



.la. 

1986) . 

From the data available, it is not possible to determilH.' tht' 

original size, shape or extent of the 'reef' complexes wilh 

certaipty. Horizoncal beds of the Dawson Bay Formation on thp 

Salt Point Complex suggest that the underlying Wlnnipeqo~i~ 

buildups are fIat topped (McCabe 1986). Other auterap 

exposures f such as the Bluff, appear to be sepdrated from tlH' 

main complexes and may represent more sImple bui Idllp~;. 

Possibly, the 'reef' complexes began as groups of individudl 

accumulat ions of shoal ing sediments. Dur ing bu i 1 dup 

development, the lateral accretion of flank sediments causeù 

individual buildups to merge to form larger single complexes 

on the order of a few kilometres across. 
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CHAPTER 2. SEDIMENTOLOGY 

2.1 INTRODUCTION 

The pp.trologlc and petrographie characteristics of 

Winnipegosis depositional units are outlined under six 

cnvironrncntal facies: platforrn, interior, flank, organic rim, 

stromntolite cap, and basin. The platform facies is subdivided 

Into the lower and upper platform subfacies. The flank facies 

is subdlvided into three subfacies: laminated, bioturbated, 

and cernented. The basin facies IS subdivided into two 

subfncies that correspond to the Brightholme and Ratner 

Mcrnbers (FIg. 6). 

This chapter includes a summary of the sedimentological data, 

an outline of platform, buildup and basin sedimentation, and 

a discussion of sea level fluctuations during Winnipegosis 

t irne. The sed irnentology plates appear at the end of the 

chapter. 

The term 'buildup' rcfers to the thick accumulations of 

carbcnate sediments above an underlying platform (Plate lA). 

The terms ' ree f ' or 'pinnacle-reef' were cons idered 

inappropriate bccause of the relative paucity of organic 

framework in indlvidual buildups. Nevertheless, the term 'reef 

compl ex 1 lS used to dcscribe the larger agglomeratlons of 

buildups. AlI figures outllning buildup development are 

schematic, and do not represent the cross sectional profile of 

any one buildup or complexe Diagrams outlining the 

stratlgraphy and sed lIrtentology of aU logged cores and outcrop 

sections occur ln Appendices 3 and 4. 

Winnipegosis rocks werc classlfied following Dunham (1962) and 

Embry and Klovan (1911). Microfacies analysis was carried out 

[ollowlng schemes by Wilson (1975) and Flugel (1982). Fossils 
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were ide nt i [ied [rom compendiums of photomicrographs and their 

descriptIons by Horowitz and Potter (1971) and ScholIe (1979). 

2.2 CARBONATE PLATFORM 

The regionally extensive platform 

winnipegosis Member is observed in 

facies of the 

aIl drill cores 

Lower 

which 

penetra te the entire winnipegosis Formation; it is not exposed 

in outcrop. In the study area, these sediments are completely 

dolomitized, and are differentiated into lower and upper 

platform subfacies. 

2.2.1 Lower P1atform Subfacies 

The lower platform subfacles underlies both buildup and basin 

sediments (FIg. 7). It is relatively uniform in thickness, 

ranging from 10 m to 12 m. Predominantly, the sediments are 

comprised of mottled crinoid wackestones and packstones. 

Rrachiopods are common, and ostracods and bryozoans occur in 

minor amounts. The llght coloured mottles are surrounded by a 

darker brown, finely crystaillne mud. 

2.2.2 upper Platform Subfacies 

The upper plat form subfacies overlies the lower platform 

subfacies, and varies in thickness from 3 to 5 m beneath 

bUlldups and 0.5 to 1.0 m beneath basin sediments (Fig. 7). 

Beneath the bUlldups, the se sediments are comprised of brown 

crinold packstones (Plate lB). Beneath the buildup flank 

sedlments, stromatoporold floatstones and wackestones contain 

abundant black bItuminous wisps of preserved organic matter 

incorporated Into the rock matrix by bioturbation (Plate le 
and D). 

15 
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2.3 CARBONATE BUILDUP 

Carbonate buildups, 75 to 100 m thick, are comprised of four 

facies: Interior, organic Rim, FJank, and stromatolite Cap. 

2.3.1 Interior Facies 

The interior facies represents the first 35 to 45 m of buildup 

development, and are best observed in outcrop on Mason and 

Rock islands (Figs. 2, 8). In outcrop, this facies is weIl 

bedded with individual beds varying in thickness from a few 

centimetres to 1.5 m (Plate 2A). The beds are comprised of 

fossiliferous and pelleted wackestones and floatstones. The 

dominant fossil types are whole (non-fragrnented) bryozcans, 

crinoids and calcareous algae with lesser amounts of branching 

corals (Tharnnopora), sponges, brachiopods and ostracods (Plate 

2B). Scattered f r:agments of massive corals and stromatopo.coids 

represent less than 5% by volume of the total bulk of the 

interior facies. 

From the study of outcrop exposures, the significant role of 

bryozoans as sediment stabilizers was recognized for the first 

time . Extensive meadows of dense 1 y concentrated bryozoans 

cover exposed bedding surfaces (Plate 2C). The delicate 

fenesteli ids, several centimetres in length, are preserved 

lying fIat. In cross section, the fine texture of the 

fenestellid zooecial apertures are impossible ta identify 

especially when dolornitized. In core, the vL;ible fossil 

fragment~ are easily mistaken for the debris of thin shelled 

brachiopods or tabular and dendritic stromatoporoids. 

In addition to bryozoans, crinoids and branching corals are 

common sediment stabilizers in the interior facies. The 

concentration, degree of articulation and diameter of crinoid 

stems increase toward the buildup cores. On the interior 
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facies margins, the stems are completely disarticulated, and 

individual columnals (2 to 5 mm diam.) are randomly scattcrcd 

throughout the crinoid wackestones. In the central intcrior 

facies, the stems are more intact (up to la to 15 cm long), 

and vary from 0.5 cm to 1.5 cm in diameter (Plate 2D). 

Calcareous algae are also significant fossil componcnts, but 

dolomitization can obscure their fine texturaI dct~ll. 

Furthermore, algal remains are often observed as a hash of 

filamentous debris. The dominant algae are the large and 

robust members of the Udoteacean Family: e.g., Par~l!QD~i~ 

(Plate 3A). Observed in lesser amounts are: the encruster, 

Wetheredella (Plate 3B): the binder, sphaerocodium (Plate 3e) : 

and the floater, Tentaculites (Plate 3D). 

The identification of sponges is made difficult by pOOl' 

preservation. However, the reticulate pattern of the interndl 

structure of sponges is often associated wi th a black miel' i tic 

and clotted fabric in the fossiliferous floatstones (Plate 

4A). In addition, the molds of sponge spicules are sometimc5 

preserved (Plate 4B). 

In addition to the sediment stabilizing roles of bryozoans, 

crinoids and calcareous algae outlined above, early submarine 

cements may feature importantly in the construction of the 

buildups (see Chapter 3). 

2.3.2 organic Rim Facies 

In the ecological succession of Winnipegosis [aundl 

communities, the large framebuilding organisms only appear in 

abundance toward the top of the buildups (Fig. 9). Massive, 

tabular and encrusting stromatoporoid and massive coral 

framestones are readily recognized in si tu throughout the 

upper ten to fifteeen rnetres of the buildup outcrop exposurcs, 
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(Rock Island, Simons Island and the Bluff, FIg. 2). In core, 

the overall abundance of framebuiding organisms appears less 

than in outcrop. In small core specimens, it is difficult to 

determine whether the framebuilders are in...ê.itu or disturbed. 

The principal massive coral species are Fayosil~ê (Plate 4C), 

Dendrostella (Plate 4D) , Alveolites (Plate SA) , and 

Syringopora (Plate SB). In addition, the enigmatic tabulate 

coraljsponge species, Chaetetes, is particularly common (Plate 

5C). stromatoporoids are common throughout (Plate 5D). Crinoid 

floatstones and rudstones are present ln considerable 

quantities. A large variety of other organisms are aiso 

observed such as branching and encrusting corais (Plate GA), 

brachiopods, nautiloids (Plate 6E), orthocones, gastropods, 

trilobites and solitary corals. Udoteacean algae dnd bryozoans 

are absent. 

2.3.3 Flank Facies 

The flank facies is divided into three subfacies: 1. Laminateù 

subfacies; 2. Bioturbated subfacies; 3. Cemented subf ac i0S 

(Fig. 10). The steeprock Bridge Dome weIl profile demonstrates 

the stratigraphie relationship between the laminated and 

bioturbated subfacies (Fig. 11). In addition, these subfdcies 

occur together in cores 47-76-2 and 47-76-14. 

2.3.3.1. Laminated Subfacies 

The laruinated subfacies varies fr~m l to 35 ru ln thickness, 

and thins toward the interior facies (Fig. Il). It contains 

dolomi tized bi tuminous laminated mudstones (O. l to 1.0 m 

thick) interbedded with crudely graded beds of dolomitized, 

light brown rnudstones, and fossiliferous wackestones and 

floatstones (0.25 to 1. 0 ru thick) (Plate Ge). The 1 nte rna l 

stratification of these facies increases in dip from ? ta 5 
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degrees at the base to 30 to 35 degrees at the top (Fig. 11). 

The wackestones and floatstones contain variable amounts of 

flnely comminuted and unidentifiable fossiliferous debris and 

larger clasts of massive stromatoporoids, branching corals, 

ca lcareous algae, brachiopods, bryozoans and crinoids. The 

long axes of elongate clasts are frequently orientated down

slope. 

The bituminous mudstones are black and very finely laminated. 

The indi v idual laminations are rarely interlaminated wi th 

stringers of Iight brown mudstones. Rare burrows are present. 

2.3.3.2 Bioturbated Subfacies 

The bioturbated subfacies vacies in thickness from 8 m to 40 

m, and thickens toward the interior facies (Fig. Il). They 

consist of light brown mudstones and fossiliferous 

floatstones. The fossil content includes fragments of the 

branching and colonial corals, Thamnoporq, Favosi tes, and 

Dendrostella, and tabul3r and bulbous stromatoporoids, 

ca Icareous algae, crinoids and abundant brachiopods (Plate 

7 A) • 

In outcrop (e.g., the Bluff), these weather-resistant 

sediments form massively bedded cliffs. Dips of the externai 

stratification of the buildup flanks range from 5 to 20 

degrees (e.g. McCabe, 1986). 

2.3.3.3 Cemented Subfacies 

1 nformat i on concerning the cemented subfacies lS based on a 

slngle core, M-18-77, that penetrates 80 m ot Upper 

Winnipegosis buildup facies and 10 m of Lower Winnipegosis 

platform facjes (Fig. 11). The lower 50 m of the Upper 

23 



Winnipegosis section is comprised of J to ~ m intcrvdls of 

dolomitized fossiliferous grainstones inlerbcdded with thinrwr 

units of f1oatstones and mudstones. This interval 1S overld1n 

by a 30 m interval of bioturbated subfacies sedIments. In the 

grainstones, the principal fossil type lS lhe Udotedc0an 

calcareous a1ga, Paralitanaia. Coral and stromatoporoid 

debris, brachiopods, ostracods and var iou<; qenerô ot 

calcareous algae also occur. 

Significantly, dolomitized submarine fibrous cements fil] the 

intergranular porosi ty in the grainstones (Plate 78). Al thouqh 

scattered occurrences of similar cements arc observcd [il1ing 

shelter porosity in the interior facies, this relatively thick 

interval of cemented grainstones appears to be locdl in 

extent. The M-18-77 drill hole is from an isolated bUlldup 

close to the western mdrgin of the Red Deer Rivel reef complcx 

(Fig. 2, Drillhole #1). However, the exact location ot the 

hole with respect to the different buildup facies 15 

uncertain. 

2.3.4 stromatolite Cap Facies 

The stromatolite cap facies is weIl exposed in outcrop at the 

Steeprock Bay Dome cliffs and in core (e.g., Inco 615-46, lnco 

635-48, M-2-84, M-3-84) (Fig. 9). It represents a 5 to 10 m 

thick interval of strata that overlies the organic rlm t~cics 

at the top of the buildups; it thlns rapidly down the buildup 

flanks, and ls rarely observed low on the t lank t ,lC l e~,. The 

strata are laminated, and contain a distinct fenestraI texture 

(Plate 7C and D). The rocks consist of do]omitlLed, whIte ta 

light brown, peloid oncolite grapestone packstones and 

gralnstones (Plate 8A). Laterall y l inked 1 c<\bbage head' 

stromatol i tes are common (Plate 8B). The ca lcarcous (11 gac 

Uslon ia, Ca lc i spheras, Biospheras, and 1?QKQ..thu r0mJILLDd, il re 

present in abundance (Plate 8C and D). Gastropods, brdchiopods 
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(the pcntamerid index tossil, stringocephalus burtini is 

particulalry common) and sponges are scattered throughout the 

sediments. Lenses of chaotically arranged bioclastic debris 

(e.g. brachiopod, coral, gastropod) are interlayered with the 

fenestraI beds. 

Laterally extensive horizontal truncation surfaces (can be 

traced for at least 10 m) are periodically interlayered with 

the fenestraI strata. They are covered by thin beds (0.05 to 

0.10 m thick) of grey, very finely cross laminated mudstones 

that pinch and swell around lenses of bioclastic debris (Plate 

8B). In core, these surfaces are associated with thin 

intervals of peloids, composite and coated grains, and 

oncol ite brecc las interbedded wi th stringers of dolomi tic 

green shale (Plate 9A and B). 

The bulk of the stromatolite cap facies consists of thick beds 

(0.5 to 1.5 m) of fenestraI grainstones. Horizontal elongate 

lobes (upto 2 m lung, 0.1 to 0.15 m wide) of grey mudstone, 

and boulder-sized, angular, rip-up clasts of fenestraI 

grainstones (teepee structures) occur throughout the fenestraI 

strata (Plate 9C). 

pisolites (1.0 to 1.5 cm diam.) occur rarely throughout the 

fenestraI grainstones. They are often connected 1 in series 1 by 

common laminations (Plate 90). Horizontal intervals of cream 

and brown coloured cal crete , 0.10 to 0.50 m thick, are 

distributed intermittently throughout the upper 4 m ot the 

fenestraI strata in the steeprock Bay Dome outcrop. Calcrete 

cons ists of thin plates, crusts and glaebules (Pla+:e IDA) 

(Chapter J). 

2.4 BASIN 

The basin environment refers to aIl deeper water environments 
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that occur between the reef complexes. Basin sediments ,ln' 

divided into two distinct members ot the Wlnnipt'<)o~;I~, 

Formation, the Brightholme ME'mber and the overlying H,ltlwr 

Member. The total thickness of the se depos i ts is approx i mate 1 y 

la m (Fig. Il). Basin sediments do not outcrop, dnd Cdll only 

be studied in core (M-3-73, M-5-76). 

2.4.1 The Brightholme Member 

The Brightholme Member is 5.0 m thick, and lies dlr8ctly abovc 

the upper carbonate platform subfacies (F igs. 10, Il). 1 t 

consists of horizontal, finely laminated bituminous mudstones 

identical to those that occur interbedded in bUlldup-derived 

carbonate debris flows in the flank facies (Plate lOB). These 

sediments conta in up to 6% TOC, and are thermally Immature 

(Osadetz, pers.comm., 1988). 

2.4.2 The Ratner Member 

The Ratner Member is 5.0 m thick, and lies dlrectly above the 

Brightholme Member (Fig. la, Il). The lower Ratner sediments 

are comprised of varved bi tuminous lamini tes intercalated w i th 

thin intervals (1. a to 3. a mm thick) of brown dol om i tic 

mudstones (Plate 1GC). Sediments in the upper pi1rt of the 

Ratner contain calcitized enterolithic horizons (1.0 to 2.~ mm 

thick) interbedded with dedolomitzed mudstones and laminiteG 

(Plate laD) 

Ratner sediments are overlain by at least two genetically 

unrelated solution breccias and the shales of the Second Red 

Beds (Figs. 5, Il). The evaporites of the prairie Evaporite 

Formation have been completely removed by solution. 
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2.5 BUMMARY 

1. The carbonate platform of the Lower Winnipegosis consists 

of the lower and upper platforrn subfacies. The lower platforrn 

subfacies is relatively uniforrn in thickness (10 to 12 rn), and 

contains rnottled crinoid .lackestones and packstones. The upper 

platforrn subfacies expresses subtle relief due to 

accumulations of crinoid packstones (3 to 5 rn thick) that lie 

adjacent to depressions filled by fossiliferous debris and 

convoluted wisps of biturninous rnudstones (0.5 to 1.0 rn thick). 

2. The carbonate buildup, 75 to 100 rn thick, lS divided into 

four facies: interior, organic rim, flank, and strornatolite 

cap. The interior facies, 35 to 45 m thick, is weIl bedded and 

contains bryozoan crlnoid calcareous algae wackestones and 

floatstones. Various forrns of cor lls, strornatoporoids and 

other organisrns occur in rninor amounts. The organic rirn facies 

occurs toward the upper 20 rn of the buildups, and contains 

massive coral and strornatoporoid frarnestones. The flank facies 

is divided into three subfacies: laminated, bioturbated, and 

cemented. The larninated subfacies, 1 to 35 m thick, contains 

biturninous laminated mudstones interbedded with units of 

crudely graded fossillferous wackestones and floatstones. The 

dip of these beds increases upward through the subfacies. The 

bioturbated subfacies, 8 to 40 m thick, is structureless, and 

contains mudstones and fossiliferous floatstones. The cemented 

subfacics is very local in extent, and contains fossilferous 

grainstones cernented by marine fibrous cements. The 

strornatolite cap facles, 5 to 10 rn thick, overlies the organic 

rim facies at the top of the buildups. These rocks conta in 

fenestral peloid oncolite grapestone grainstones with varying 

amounts of calcareous algae, gastropods and sponges scattered 

throughout. In addition, brecciated oncolites, large rip-up 

clasts (teepee structures), green shale stringers, erosional 

truncation surfaces, elongate mud lobes and pisol i tes are 
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commonly distributed in these facies. 

3. Basin sediments, 10 m thick, arc divided into ttH:' 

Brightholme and Ratner Members. The Brightholme, ~ m thlck, 

contains finely Iaminated bi tuminous mudstones. 'l'he lowor

Ratner, 4 m thick, overiies the Brightholme, and contclins 

varved bi tuminous Iamini tes intercalated wi th th in i ntcrvill s 

of mudstone. The upper Ratner, 1 to 2 m th 1 ck, cont,l i ns 

calcitized evaporites and dedolomi tes. A th i n hor l zon of 

brecciated carbonate overlies the Ratner beds. 

2.6 DISCUSSION 

2.6.1 CARBONATE PLATFORM 

The fossii content and reiatively uniform thlckness of the 

lower platform sediments suggest that normal marIne conditions 

prevailed throughout the Elk Point Basin durlng the Elfelian. 

Although these mottled sediments are dOlomit1zed, this texture 

is aiso observed in the stratigraphically equlvalent non

dolomitized Elk Point limestones situated 200 km to the south 

of the Dawson Bay area. Norris et al. (1982) ùttributed these 

tex'cures to bioturbation rather than to dl aqenes is. The 

mottied texture in the Lower Winnipegosls 1S similarly 

interpreted to be due to bioturbation. 

The thickness variation of the upper platform corresponds to 

the di fferentiation of the platform into topograph ic highs and 

lows. Whetner the distribution of the se highs was structurally 

controlled is not clear. Norris et a~. (1982) suggested that 

flexure along the junction between the Churchill and Superior 

crustal provinces, the Birdtail-Waskada Axis, may have exerted 

some influence on the inception and orlentat lon of the buildup 

complexes ln the Dawson Bay areù. Regionally however, 

Winnipegosis buildups are randomly scattered throughout the 

28 



southern half of the Elk Point Basin, and show little 

preferred orientation with respect to structural lineamËnts in 

the basement (Perrin, 1982i wilson, 1984i Ehrets and Kissling, 

1987). It is clear therefore that the influence of tectonic 

act i vi ty on Winnipegosis buildups is perhaps not as weIl 

defined as for the Upper Devonian reef trends in the Alberta 

Basin (e.g., Mountjoy, 1980). 

The faunal variety and density on the highs represent the 

pioneering stage of buildup development, posslbly signifying 

the onset of shoal sedimentation. similar platform thickenings 

have not only been identified and interpreted as shoals in 

other Lower Winnipegosis platform sediments (Wilson, 1984 i 

Ehrets and Kissling, 1987; Martindale and Orr, 1987) but also 

in the Middle Devonian Lower Keg River Member (Langton and 

Chin, 1968; Rhodes et al., 1984; Qing, 1986), and in the Upper 

Devonian FIume and Cooking Lake Members (Andrichuk, 1956 i 

Mountjoy, 1980). 

Preservation of bituminous wisps in top0graphic lows marks a 

change in local marine conditions from weIl aerated to 

restricted and anaerobic bottom waters. However, evidence for 

bioturbation in these sediments indicate that although 

conditions were becoming anaerobic facilitating the 

preservation of the organic matter, a more hardy infauna still 

existed under these conditions. 

The upper platform represents deeper water sedimentation which 

correlates with a proposed global eustatic rise in sea level 

that occurred in late Eifelian time (Johnson et al., 1985). 

Al though carbonate systems can maintain growth in optimum 

conditions under any increase in the rate of sea level rise 

(e.g. Schlager, 1981; Neumann and Macintyre, 1985), this rise 

of sea level probably restricted carbonate sedimentation to 

the highs developed on the upper platform. 
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2.6.2 CARBONATE BUILDUP 

2.6.2.1 Interior Facies 

The weIl bedded interior facies is interpreted to represent a 

vertical succession of shoals. Although classic framebuilders 

such as massive corais and stromatoporoids are rare, organisms 

such as bryozoans, crinoids and robust calcareous algae more 

suited to sediment stabilization prevai1ed during the 

deposition of this facies. 

The role of the bryozoan as a sediment stabi1izer and 

framebuilder has been 1argely unrecognized by prey ious workers 

in ~he Middle Devonian bui1dups in western Canada. However, 

Cuffey (1977) has discussed their abi1ity to stabiilze 

sediment in many Paleozoic reefs and bioherms. The bulk ot 

biohermal cores of Silurian pinnacle reefs in the Michigan 

Basin consists of up ta 40% bryozoans (Gill, 19~5). Simi larly, 

the dense concentrations of bryozoans ln the winnipegosis 

sediments probably played a significant framebuilding raie 

during the deposition of the interior fdcies. 

A recent reappraisal of calcareous algal taxonomy has resulted 

in the reclassification of the genus, Litanaia, ta the Family 

Udoteacea (Mamet pers.comm., 1988). ~lthough previous workers 

on the Winnipegosis have described Li tanaia as a codJ acean 

alga (e.g., Perrin, 1982; Ehrets and Klssling, 1987; 

Martindale and Orr, 1987), it lS referred to as an udoteacean 

henceforth. The distribution of living calcareous codiaceans 

provide a good basis for interpreting environmental re~'mes of 

similar fossi1 forms such as Litanaia (Wray, 1977). Most forms 

colonize sand and muddy substrates where the rhizoids of thr. 

plants penetrate the soft sediments ta develop holdfasts. They 

tend ta live below intense wave agitation under strongiy 

illuminated cO:ldi tians. In the Winnipegosis buildups, the 
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udoteaceans probably contributed to the stabilization of the 

interior facies below wave base. 

2.6.2.2 Organic Rim Facies 

Whether the organic framework forms a continuous rim around 

the buildup is uncertain. Careful documentation of the 

di stribut ion of buildup organisms on Knob Two, the Bluff, 

indicates that framebuilders form a narrow rim aJong the 

northeastern-eastern margin of the buildup (Fig. 12). However, 

the relatively low abundance of framework encountered in core 

from other buildups indicates that organic rims are 

discontinuous. The distribution of framework in the 

Winnipegosis is likely determined by local environmental 

factors such as proximi ty to nutrient sources, exposure to 

well oxygenated waters, and accessibil i ty to sunlight. The 

dir.tribution of framebuilders on the northeast margin of Knob 

Two might indicate that this particular margin was 

preferentially exposed ta nutrient-rieh, weIl oxygenated 

waters. The relationship between the windward margins of the 

buildups and the distribution of framebuilders is supported by 

the southwesterly direction of prevailing winds in the Elk 

Point Basin proposed by Heckel and Witzke (1979). 

In drill core, the organie rim varies from zero to four metres 

in thickness and pinches out across the underlying buildup 

flanks. This stratigraphie relationship indicates that the 

organic rim facies overstepped the underlying flank sediments 

dur ing the late stages of organic rim construction. A similar 

development of organic framework occurs in the Winnipegosis 

buildups of Saskatchewan and North Dakota (Wilson, 1984; 

Ehrets and Kissling, 1987; Martindale and Orr, 1987). 
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Fig. 12 

~eowind Direction (Heckel and Witzke. 1979 J 
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2.6.2.3 Flank Facies 

2.6.2.3.1 Laminated Subfacies 

'l'he graded bedding and preferential orientation of 

fossil i ferous clasts in the carbonate beds of the larninated 

subfacies reflect hydraulic transportation and sortlng of the 

consti tuent allochems. The carbonate beds represent 

fossiliferous debris flows derived from the interior facies 

that were shed down the buildup flanks. 'l'hese relatively 

catastrophic episodes of sedimentation (passibly storm

induced) periodically interrupted the deposi tian of 

pelagically deri ved organic matter preserved as the bi tuminous 

laminated mudstones. Similar graded debris flows, or 

calciturbidutes, interbedded with bituminous larninites occur 

on the flanks of Keg River and winnipegosis buildups in 

Alberta and Saskatchewan (Davies and Ludlam, 1973). The 

preservation of these sedimentary structures and the organic

rich mudstones indicate that bottom waters were predominantly 

anoxic. Furthermore, the increase in the dips af the internal 

stratification of these flank sediments reflect the vertical 

accretian of successive shoal s in the interior facies. 

2.6.2.3.2 Bioturbated Subfacies 

'l'he massive cliff forming beds observed on the Bluff represent 

the accumulation of carbonate mud and skeletal debris on the 

buildup flanks. The increase in the abundance of arganic 

framework debr i s si tuated ln the upper third of the 

bioturbated subfacies indicates that the organic rim 

eventually became a principal source of material for flank 

sedimentation. 'l'he randomly scattered distribution of skeletal 

allochems, and the conspicuous absence of laminated bi tuminous 

mudstones strong ly suggest that these sedimEnts were 

intenslvely bioturbated under oxic conditions. 
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2.6.2.3.3 Cemented Subfacies 

Aithough the submarine cements in drill core M-18-77 arc 

diagenetic phenomena, and are discussed in detail in Chapter 

3, their distribution in the flank facies may be of 

sedimentoigicai significance. The windward or palcowindward 

margins of many modern and ancient carbonate bui Idups arc 

cemented by texturally similar submarine cements (e.g., ,James 

et al., 1976; Marshall and Davies, ]981; Marshall, PHl3; Walls 

and Burrowes, 

1986) The 

1985; Aissaoui et al., 1986: 

M-18-77 Winnipegosis buildup 

Kcrans ~t ~l., 

y/a s exposcd to 

reiatively open marine waters from the north and northwest. 

The cemented grainstones possibly represent the bu ildup mdrfJ ln 

which was subjected to strong agitation by prevailing winds 

and waters. However, fibrous cement distribution ln the t l ank 

facies requires further investigation before a clear 

relationship between this subfacies and paleowind directlon 

can be established. 

2.6.2.4 Stromato1i te Cap Facies 

Aithough stromatolites grow in reiatively quiet supratidal to 

subtidai waters (Kinsman, 1966; Kinsman, 1969; Playford and 

Cockbain, 1976; James, 1983), the grainstone texture of the 

fenestraI strata suggests that these sediments were dCpOSltcd 

in agitated waters. Furthermore, the elongate mud lohes, tho 

large rip-up clasts (teepees) of fenestraI strata, dnd the 

oncolitic breccias represent erosion, brecciation and 

deposition by intense pydraulic acti vi ty su ch as storms. Th lS 

evidence for peritidal sedimentation is sLnilar ta the teepee 

structure and related breccia deposits of the 'l'riassic Calcare 

Rosso of Val Brembana, Italy (Assereto and Kendall, 1977) 

The laterally extensive truncation surfaces aiso represent 

submarine erosion. They are often associated with green shale 
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stringers, brecciated oncolites and stromatolitic debris of 

poss ible storm origin. This interpretation of the orlgln of 

the green shale is consistent with that of Wendte and Stoakes 

(1982) and Machel (1985) who consider green shales interbedded 

with t.he carbonates of the Upper Devonian Swan Hills and Nisku 

buildups to be marine muds stirred up and depùsited during 

storms. The few occurrences of dissolved oncolites indicate 

that sorne of the surfaces may have been exposed to a 

freshwater influence before being bùried by more submarine 

deposits (Chapter 3). Furthermore, the recementation of 

brecciated oncolites by radiaxial f ibrous cements reflect a 

marine influence cturing the deposi tion of these sediments 

(Chapter 3). 

The laminations that connect individual pisolites indicate 

that these structures formed in si.tu, and are therefore quite 

distinct from other coated grains in the Winnipegosis 

sediments. similarly, pisoli tes are quite distinct from other 

coated grains in the pisolite Cap facies, Winnipegosis 

Format ion, south-central Saskatchewan (Wardlaw and Reinson, 

1971) • Whether Dawson Bay pisolites formed in marine phreatic 

or vadose diagenetic environments is not certain. However, 

the y do meet certain criteria that would favour a submarine 

orlgin (after Esteban (1974) and Esteban and Klappa (1983): 1. 

the y are associated with fenestral grain-supported carbonate 

rocks; 2. they are not directly associated with calichei 3. 

the y are weIl laminated, whereas calcrete glaebules are poorly 

laminated (Chapter 3) . 

Although the plates and crusts in Winnipegosis calcrete may 

resemble simi l ar textures in travertine (e. g., Esteban and 

Klappa, 1983; Folk et al., 1985), the occurrence of glaebules 

(e.g, Estebdn and Klappa, 1983) strongly suggests that these 

cream and brown coloureù bands are calcrete that modified, and 

thereforc post-dated, the stromatolite cap facies. 
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Furthermore, the considerable amount of sedimentary cvid("nce 

for erosion, brecciation and deposition of the cap sediments 

by intense hydraulic activity is not typical of the relatively 

quiet depositional environments of hot spring travertincs. 

The restriction of calcrete to the upper 4m of the stecprock 

Bay dome and the very rare occurrences of calcrete at the same 

stratigraphie levels in core suggest that on 1 y the h l gh("~,t 

portions of the buildups were ever period ica Il y exposed ta 

vadose diagenetic processes. This contrasts with the eVldence 

for karst throughout North Dakota Winnipegosis buildups that 

is interpreted to represent sustained exposuI:e of the bu Ildups 

in this area at the end of Winnipegosis time (Perrin, 1987). 

2.6.3 BASIN 

The Brightholme mudstones represent the accumulation {\BÙ 

preservation of pelagically derived organic matter. The lack 

of evidence for bioturbation indicates that bot tom waters were 

completely anaerobic and unsuitable for infaunal organisms. 

These deposits are probably contiguous with the bituminous 

lamini tes interbedded wi th the buildup n.anks. Bence, they are 

facies equivalent to the carbonate bulldups. further carcful 

drilling of the buildup-basin transition would confirm this 

important stratigraphie relationship. Although Dawson Bay 

Brightholloe mudstones are immature with regard ta hydrocarbon 

generation, the geochemistry of recently dlscovered 011s from 

the Winnipegosis formation in souther~ S3.skatchewi:m 1 nù i C{lte 

that the oils may have been derived frOl:1 local petroleum 

sources such as the Brightholme Member in the Upper Elk POInt 

Group (Brooks et al., 1988). 

The original mineralogy of the Ratner Member cale i t i zed 

horizons was probably gypsum or anhydrite. In Saskatchewan, 
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very similar textural evidence for the calcitization of 

anhydrite occurs in the Ratner sediments (Shearman and 

Fuller, 1969). Noncalcitized varved and laminated evaporites 

occur at the base of the Muskeg-Prairie Evaporite formations 

in Alberta and Saskatchewan that are texturally similar to the 

Dawson Bay basin deposits (Fuller and Porter, 1969; Wardlaw 

and Reinson, 1971; Davies and Ludlam, 1973; Kendall, 1984). 

The varves of bi tuminous mudstones may correspond to the 

seasonal life cycles of plankton. In modern evaporitic 

environments, salinity-tolerant species of plankton tend to 

bloom in enormous concentrations usually after an influx of 

nutrient-rich, open marine waters (Kirkland and Evans, 1981). 

After death, these organisms settle out of the water column, 

and are preserved in anoxie waters on the basin floor. 

In the Saskatchewan outcrop belt, the Ratner sediments onlap 

the f]anks of the Keg River-Winnipegosis buildups to heights 

of at least 20 m, and thus postdate buildup development 

(Kendall, 1984). Despite close weIl control in the study area, 

the stratigraphie relationships between the Ratner Member and 

the buildups cannot be established with certainty. However, 

the texturaI similarity between the sediments in the study 

area, Saskatchewan and Alberta strongly supports the proposal 

that aIl Ratner sediments throughout the Elk Point Basin 

postdate buildup development. 

The brecciated deposits are interpreted to represent the 

remnants of carbonate horizons within the evaporite succession 

which collapsed on top of the basin sediments during evapori te 

solution; for example, the Quill Lake beds (after Wardlaw and 

Reinson, 1971). 
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2.6.4 WINNIPEGOSIS WATER DEPTHS 

The principal controls on cratonic basin sed iment ,lt ion are 

global eustatic changes in sea level and basin subsidence. It 

has become clear from work by Sloss (1963) and Vall ~t gl., 

(1977) that eustatic sea level changes are perhaps the most 

important of the two controls. Other workers have reported on 

the sedimentological, stratigraph ic and pa leonto log ica 1 

implications of worldwide sea level fluctuations (e.q., 

Mesolella et al., 1974; McKerrow, 1979; Lenz, 1982). ln 

particul ar, Johnson et al. (1985) used conodont 

biostratigraphy to demonstrate that Devonian transgressive

regressive events may have been synchronous around the globe. 

various mechanisms have been proposed to explain subsidence 

patterns based on the stratigraphie evidence of basin fi Il dnd 

the rheological properties cf the earth's lithosphere dnd 

asthenosphere (e.g., Sleep and Snell, 1976; Burke, ]()-/G; 

McKenzie, 1978; Quinlan and Beaumont, 1984). Fowler and Nisbet 

(1985) suggested that the gabbrojecloglte phase transformation 

model, first proposed by Haxby et al. (1976), proviùed <l 

possible mechanism for the subsidence history of the wi Il i stan 

Basin which is inextricably linked to that of the Elk POInt 

Basin. 

The Elk Point Basin was a snallow basin in which wide, gent1y 

sloping shel ves restr icted marine circulation. 1 n the 

northwest of t_he basin, the Presqu' ile Barrier probabl y 

restricted circulation further by .limiting the exchange of 

waters between the basin and the open sea (Mdiklem, 1911). 

However, the eastern margin of the basin 1S poorly deflncd, 

and relationshlps between basin and open marIne waters arc 

uncertain (Williams, 1984). Basin sedimentdtion was 

characterized by nearshore carbonates, deeper water evaporlte 

fill, and minimal clastic invasion. 
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Transgressing Eifelian seas covered much of the Mackenzie 

platform, and advanced southeastward depositing the Louer Keg 

River and Upper Chinchaga Formations in northwestern Alberta 

(Grayston et al., 1964; Johnson gt, al., 1985). In the southern 

portion of the Elk Point Basin, argillaceous dolostones of the 

Ashern Formation were deposited unconformably over the Lower 

Silurian Interlake Group (Johnson and Lescinsky, 1986) (Fig. 

5) . 'l'hese dolostones may represent the reworking of a residual 

soil formed during the Late Silurian ta Early Devonian 

erosional period (Norris et al., 1982). As sea level rose, the 

Lower Winnipegosis platform carbonates were deposited under 

relatively open marine conditions. 

Al though knowledge of variations of water depth is critical to 

the understanding of carbonate platform and buildup 

development, few attempts have been made to quantify this 

parameter due to: 1) a lack of core control across subsurface 

buildup to basin profiles; and 2) the logistical difficulties 

of tracing beds laterally in mountain outcrops. 

Certain assumptiolls were made ta determine an estimate for 

maximum water depth at the end of Winnipegosis time. First, 

the water in which the basin sediments were deposited must 

have been deep enough to accomodate the preserved thickness of 

buildup and basin sediments. Second 1 the variety of li thotypes 

made i t impossible to determine a reasonable correction factor 

for differential compactional effectsi subsequently, the 

calculated value for water depth is a maximum value. Third, a 

subjective estimate of the depth of water which covered the 

buildups was included to determine a total water depth. In the 

Upper Devonian Alberta Basin, Stoakes (1980) proposed that 

carbonates were immersed in at least 20 m of water based on a 

comparison with modern environments. This value may be too 

high for an interior basin such as the Elk Point Basin and 50 

should be considered a maximum value. 
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The faunal assemblage and bioturbated nature of the D,lw~;on Bdy 

Lower Winnipegosis platform sediments represent ùepo~ 1 t Ion 111 

relatively deep subtidal waters. However, 1t is not pO!;!,lblp 

to determine an accurate water depth 1 n wh 1 ch il 1.1 t f II nn 

sediments were deposited. Rosenthal (1088) propo!;ed lhdt 

depths did not exceed a few tens of metres dur i nq clOPll!; 1 t ion. 

Wardlaw and Reinson (1971) reported that the presence 01 ,llepl 

oncoliths and breccias in the Saskatchewan platform ~;(>dlmer1t!; 

represented deposition in shallow, agitated wa.ters perhap!~ 

accompanied by periodic exposure. 

An estimate of 95 m (assumes that the buildups wen~ submerqcd 

by 20 m of water) for the maximum water depth at the end of 

buildup development was determined from a campo!.> i te core> 

profile across an idealized Winnipegosls bUlldup (l'I<J. Il). 

This calculation is based on the assumpt ion th,l t t IH' Ha tnol

sediments are correctly interpreted to pas lÙd t e bu 1 1 dup 

development; therefore, the Brightho l me l am 1 I1d t e.] mtld!;tono~; 

represent the maximum thickness (5 m) 0 f bd!,l n !,f>d 1 rnent~; 

deposited during buildup development. KonÙ'-ll1 (1<)-/~) 

determined a similar water depth for Winnlpegosls dOposltlon 

from an outcrop occurrence in Sas}~atchewan "whc,re sloepl y 

dipping, fore-bank deposits pass downward 1nto il thlnly beddoù 

laminated styliolinid-rich argillaceous uni t". Fr Dm th 15, he 

concluded that the basin sediments "must have aCCllffiU lated 

under water at least as deep as the th lcknes!; 0 t the 

neighbouring banks, up to 75 m". 

During the deposi tion of the basal inter Lor f i1C les, the 

increase in flank dip from 3 0 at the base to ] ~' Cl t the top 

indicates that sea level was rising during the carly Glvetian. 

At this time, the principal buildup constructors (bryo~oans, 

echinoderms and udoteacean ca lcareous algéle) were wc Il f,U 1 tcd 

ta quiet, sub wavebase conditions; furthermore, U1e cla!;sic 

framebuilding organisms, better suited to higher enolqy surf 
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zone conditions, were 

buildup depositional 

conspicuously 

history, the 

absent. Later in the 

interior fauna were 

d isplaced by the framebuilders as the organic rim facies 

developed vertically and laterally over underlying flank and 

interior sediments. This ecological succession of deeper water 

to shallower water faunal communities indicates that the 

buildups eventually 'caught-up' to sea level facilitating the 

proliferation of framebuilding organisms in shallower, more 

agitated waters (after Schlager, 1981; Neumann and Macintyre, 

1985). Furthermore, the deposition of the stromatolite facies 

and the development of calcrete horizons in the upper few 

metres of the buildup jndicate that the depositional 

environments shifted from subtidal to intertidal waters, and 

that sea level may have fallen slightly exposing the buildup 

crests to vadose diagenetic processes. 

The ex te nt of sea level fall in the Elk Point Basin has been 

a contentious issue amongst workers. Fuller and Porter (1969) 

and Shearman and Fuller (1969) interpreted the Ratner Member 

sediments ..in Saskatchewan to be sabkha-type stromatoli tic 

deposits. Similarly, Baillie (pers. comm., 1986) favoured this 

1 nterpretation for the Ratner sediments in the Manitoba 

outcrop belt. From this evidence, they inferred that sea level 

tell and entirely exposed the buildups. More recently, Kendall 

(1989) favours the proposaI that desiccation occurred in the 

El k Point Basin after Winnipegosis time. Similarly, Perrin 

(1982) interpreted North Dakota inter-reef lamlnites to be 

stromatolltic, and reported extensive evidence for freshwater 

karsting in the buildups. However, Wardlaw and Reinson (1971) 

and Davles and Ludlam (1973) noted that the abundant cellular 

plant tIssue in the Saskatchewan lamInites was of planktonic 

origin representing submarine rather than supratidal 

sedimentdtion. Furthermore, Davies and Ludlam (1973) 

demonstrated that the undisturbed laminites and interlaminated 

anhydrite could be correlated basin wide and were therefore 
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sub wavebase sediments. 

In Dawson Bay Brightholme and Ratner sedimen~s, the Iùminites 

cannot be correlated over wide areas due Lo the lùck of core 

control, and dolomitization has oblite~ated aIl raunai 

evidence from the laminites. However, thé ab~en('e of s,\bkh'l

related sedimentary featu1::"ss such as bioturbated cùrbondte 

muds, aeolian and beach sands, mudcracks, storm-relatcd rip-up 

clasts and evidence for caliche development l ndicùte thclt 

these sediments were not deposi ted in a suprat id,ll 

environment. However, the preservation of undisturbed 

bituminous Iaminites represents deposition below wùvebasc in 

anoxie waters. S imilarly, Wardlaw and Rei nson (1971) and 

Davies and Ludlam (1973) proposed that the Saskatchewan basin 

sediments are sub wavebase deposits. 

In summary, steep flank dips and a relatively deep water 

faunal community in the interior facies lndicatcs thdt the 

Givetian sea Ievel rose during the formative stages of buildup 

development. As buildups 'caught-up' to sea level, the deeper 

water bryozoans, crlnoids and calcareous algae were displaced 

by massive corais and stromatoporoids better su i ted to the 

shallower, agi::ated conditions. The deposltlon of the 

stromatolite cap facies represents a shift from subtidal to 

intertidal depositional environments. The dcvelopmcnt of 

calcrete in the cap facies suggests that sea level reached a 

stiiistand or fell slightly during the later stages of bUIIdup 

development. However, the preservatlon of the Bnghtholme and 

Ratner laminites, mudstones and evaporltes in subtldal waters 

indicate that the adjacent basin waters were up to 9~ m deep 

during the final stages of buildup development. 
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2.7 SEDIMENTOLOGY PLATES 

PLATE 1 

A) Rock Island, Dawson Bay. The Rock Island outcrop exposure 

represents the lower portion (interior facies) of a 

Winnipegosis buildup. Cliff heights range from five to ten 

metrcs. 

B) Upper Platform Subfacies. Thick accumulations of 

dolomitized crinoidal (C) floatstones form topographie highs 

on the platform upon which further buildup development 

occurred. centimetre scale. M-18-77 (3). 315 ft .. 

C) Upper Platform Subfacies. Black bi tuminous w isps were 

incorporated into dolomitized stromatoporoid (S) and coralline 

(C) floatstones during the earliest stages of buildup 

dcvelopment. Centimetre scale. M-3-85 (4). 285 ft .. 

D) Upper Platform Subfacies. A weIl defined burrow (B) and 

mottled texture (M) represents bioturbation of the bituminous 

and micri tic mudstones that accumulated in the topographie 

lows of the platform. These lows later contained the 

bltuminous mudstones of the basin facies. Centimetre scale. M

l - n (l (3). 2 4 0 ft.. 

43 

1 



f 



PLATE 2 

A) Interior Facies. A weIl bedded outcrop exposure 

illustrates the vertical succession of shoals in the buildup 

intcrior facies. Cliff height is approximately ten metres. 

M,1son Island. 

B) Interior Facies. A typical fossil assemblage of dolomitized 

branching corals (Thamnopora (T)) and fenestraI bryozoans (8) 

in early interior facies sediments. Mason Island. 

C) Interior Facies. Extensive rneadows of dolorni tized bryozoans 

(B) cover the bedding planes of individual shoals in the 

interior facies. Bryozoans were largely responsible for the 

stabilization of interior facies sediments. Mason Island, S

Bry .. 

D) Interior Facies. Intact stems of robust crinoids (C) litter 

bods throughout the core of the interior facies. These 

orgdnisms contributed to the stabilization of buildup 

sodlments. Mason Island, S-17. 
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PLATE 3 

A) Interior Facies. The large and robust (dolomitized) 

Udoteacean calcareous a1ga, ParaI i tanaia 1 (P) is similar to 

modern ca1careous algae that stabilize sediment~ in strongly 

illuminated, sub-wave base waters. Scale bar, ] .13 mm .. Plane 

l ight. S-5-75 (8). 235 ft .. 

B) Interior 

kletheredella 

Facies. 

(W) , is 

The encrusting 

widely scattered 

calcareous alga, 

throughout the 

wackestone and floatstone matrices in the interior facies. 

This specimen provides an excellent example of allochem 

preservation by fabric retentive microcrystalline replacement 

dol 0 mit e . Sc ale bar, 0 • 3 mm.. Pla n e l i 9 h t . S - 5 -7 5 ( 8). 2 3 5 

ft. . 

C) Interior Facies. The characteristic chain link texture of 

the binding calcareous alga, Sphaerocodium (S), is identified 

throughout the dolomitized carbonates of the interior facies. 

Scale bar, 0.3 mm .. Plane light. S-5-75 (8). 235 ft .. 

D) Interior Facies. The floating calcareous alga, Tentaculites 

(T), is rarely observed in the interior facies. This specimen 

15 particularly weIl preserved by fabric retentive 

microcrystall ine replacement dolomite. Scale bar, 2.69 mm .. 

Pldne light. Mason Island, S-41. 
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, PLATE 4 

A) Interior Facies. The black micri tic and clott.ed fabr ic 

represents the reticulate pattern of the internaI structure of 

sponges (S). These poorly preserved remnants of sponge debris 

are encrusted by laminations of possible algal origin and 

several generations of dolornitized acicular fibrous cement 

(C). Scale bar, 2.69 mm .. Plane light. M-3-85 (50). 77 ft .. 

B) Interior Facies. Molds of sponge spicules (S) are rarely 

preserved throughout the interior facies. Scale bar, 0.3 mm .. 

Plane light. S-5-15 (8). 235 ft .. 

C) organic Rim Facies. The massive coral, Favosites (F), is 

intermittently distributed in the relatively narrow organic 

rim facies. Rock Island. 

D) organic Rim Facies. The disphyllid coral, Dendrostella (D), 

lS particularly common throughout the upper organic rim 

facies. The Bluff, 87S-1. 

49 

1 



1 



1 
PLATE 5 

A) Organic Rim Facies. The tabulate coral, Alveolites (A), 

encrusts bulbous stromatoporoid debris (S). Scale bar, 2.0 

mm .. Mason Island. S-63 B/2. 

B) organic Rim Facies. A cross sectional view across the 

corallites of the dendritic coral, Syringopora (S). Scale bar, 

2.69 mm .. Plane light. The Bluff, S-101B. 

C) organic Rim Facies. The enigmatic spongejcoral species, 

Chaetetes (C), was a principal framework constructor during 

the later stages of buildup development. Note the distinct 

growth banding in this specimen (B). The Bluff, S-84. 

D) Organic Rim Facies. Bulbous stromatoporoids range in size 

from a few centimetres to over a metre in diameter and are 

common throughout the organic rim fdcies. This particular 

specimen is approximately the size of a cricket baIl. Simons 

Isl<1nd. 
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PLATE 6 

A) organic Rim Facies. A typical faunal assemblage of 

stromatoporoids (S) and the branching coral, Thamnopora (T), 

are observed ln the outcrop exposures of the organic rim 

facies. The Bluff. 

B) Organic Rim Facies. Coiled nautiloids are amongst a wide 

variety of non framebuilding organisms preserved in the 

organic rim facies. The Bluff. 

C) Flank Laminated Subfacies. Dolomitized bituminous laminated 

mudstones (M) are interbedded with llght coloured 

fossillferous wackestones and floatstones (L). The fossil 

content and crude graded bedding in the carbonate intervals 

indicate that they were deposited as episodic, buildup-derived 

debris 110ws shed down the bulldup flanks. The bituminous 

mudstones were pelagically derived, and are probably 

contiguous with the basinal bitumlnous mudstones. The internaI 

strdtification of these facies increases in dip from 2 to 5 

degrees dt the base (8) to 30 to 35 degrees at the top (T). 

The dips represent the continuaI accretion of flank sediments 

during bulldup development. The preservatlon of the bituminous 

mudstones suggest that the original sedlments were deposited 

in anoxie bottom waters. M-6-86, core boxes 160-312 ft .. 
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PLATE 7 

A) Flank Bioturbated Subfacies. Chaotically arranged skeletal 

debrls (0) derived from organic rim facies was deposited in a 

pelleted mudstone matrix. Bituminous mudstones are 

conspicuously absent in this subfacies indicating that the 

original sediments were bioturbated by infaunal organisms in 

acrobic waters. M-6-78 (10). 80 ft .. 

B) Flank Cemented Subfacies. At least two generations of 

submarine fibrous cements (C) infills intergranular porosity 

in a dipping interval of calcareous alga grainstones. The 

grainstones are interbedded with thinner units of 

wackestones/packstones (W/P) typical of flank sedimentation. 

centimetre scale. M-18-77 (20). 22 ft .. 

C) stromatolite Cap Facies. Laminated fenestraI strata 

represent the final stage of post-buildup carbonate 

sedimentation. Birch Point. 

D) Stromatolite Cap Facies. Outcrop (0) and core (C) samples 

of the coated grain gralnstones and associated fenestraI 

textures. 635-48 (20). 120 ft .. Canadlan quarter for scale. 

stecprock Bay Dome Cliffs. 
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PLATE 8 

A) stromatolite Cap Facies. Dolomitized grainstones and 

packstones containing a wide variety of coated grains such as 

pcloids, oncolitcs (0), and grapestones (G) represent 

sedimentation in relatively agitated waters during the final 

stages of buildup development. Centimetre sca1e. M-3-85 (50). 

70 ft .. 

B) stromatolite Cap Facies. The fenestraI texture outlines two 

latera11y linked eabbage-head stromatolites (SI, S2 defined by 

eut 1ines). The erests of these structures are capped by a 

horizontal truncation surface (T) and a unit of very finely 

laminated mudstones (M). Steeprock Bay Dome Cliffs. 

C) stromatolite Cap Facies. The calcareous alga1 cyst, Uslonia 

(U). Plane light. Scale bar, o.] mm .. M-]-84 (44). 77 ft .. 

D) stromatolite Cap Facies. The calcareous a1ga1 cysts, 

Parathurammina (P) and Biosgheras (B). Scale bar, 0.95 mm .. 

Plane light. M-3-84 (23). 90 ft .. 
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PLATE 9 

A) stromatolite Cap Facies. Peloid (P), composite grain (C', 

and oncolite (0) grainstones. Note generations of submarine 

acicular fibrous cement (A) that encrust coated grains; note 

also the brecciated cemented coated grains (8). The brecciated 

grains suggest that strongly agitated hydraulic conditions 

prevailed during the latter stages of post-buildup carbonate 

sedimentation. Scale bar, 2.69 mm .. Plane light. Salt Point 

Cliffs. SPB 4B. 

B) stromatolite cap Facies. Thin beds of green shale (S) are 

often interbcdded with the coated grain grainstones. The green 

shales were probal.Jly stirred up in deep water environments 

during periodic storm activity and deposited in the shallow 

water stromatolite cap facies. centimetre scale. 635-46 (30). 

58 ft .. 

C) stromatolite Cap Facies. Large angular rip-up clasts of 

brecciated fenestral st rata (teepee structures) (B) are 

incorporated into undisturbed fenestral strata. These teepees 

represent the destruct l ve force of intense storm activity 

during the deposition ot thcse facies. Hammer head for scale. 

Stceprock Bay Dome Cllffs. 

0) stromatolite Cap Facies. The common laminations between the 

pisolites (P) show that these structures formed in situ. The 

pisolites' association with grain-supported carbonates suggest 

that they were formed in a submarine environment. Steeprock 

Bay Dome Cl iffs. 
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PLATE 10 

1\) stromatolite Cap Facies. Calcrete. The limited distribution 

of calcrete ta the upper four metres of the buildups indicate 

th<lt anly the uppcrmost parts of the buildups were exposed to 

subacrial dlagenetic processes. The crenulated and bandeà 

texture of calcrete and related calcrete glaebules (G) are 

observed in this sample. steeprock Bay Dame Cliffs. 

B) Basin. Brightholme Member. The black bi tuminous, lamina ted 

mudstones of the Brightholme Member represent hi'lsin 

sedimentatIon during bUlldup development. These deposits are 

most probably contlguous with the bituminous mudstones 

intcrbedded with buildup-derived flank sediments in the 

laminated subfaeics. M-3-"73 (3), 87 ft. 

C) Basin. Ratner Member. Varved bituminous partings (P) are 

Interlaminated with thin intervals of dolomitic mudstones in 

lower Ratner Member sediments. centimetre scale. M-3-73 (6), 

Cl<J ft. 

D) Basin. Ratner Member. Upper Ratner sediments are 

intcrbeddcd dcdolomites (0) and calcitized evaporites (E). 

Note the re 1 iet enteroi i th ic texture a f the calei ti zed 

evapor i tes. Centi metrc sca le. M-6-86 (12), 56 ft. 
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CHAPTER 3. DIAGENESIS 

3.1 INTRODUCTION 

'l'he dlaqencsis of the Winnipegosis carbonates lS complex. Many 

of the 0,lrl y [abri cs are modified by later diagenetic 

processcs such dS dolomi tlzatlon and dissolution. Often, they 

can only be cleùrly dlstinquished and photographed under cross 

nicol prisms. AlI dolomites and calcites are nonferroan. The 

limestone buildup calcites are nonluminescent, the dolomites 

express a dull and uniform lumjnescence, and the cavity and 

fracture tllllnC] calcItes show bright lumInescence across 

crysta l term 1 na t lOns and bounda rIes. A paragenet ic sequence of 

all the diagenetic features lS presented J n Figure 13. The 

diagenesis plates appear at the end of the chapter. 

'l'he stratlgrélphlc dIstrIbutIon, petrography, and relative 

timu.g 0 [ pree 1 pi tat Ion ai each of the dlagenet ie fabr lCS are 

presented aecordlng ta four princIpal diagenetic 

env i ronments: 1) open marine; 2) sub':lCrialjrneteoric: 3) 

restr i cted ma r l ne/sha Il ow subsurface; 4) deepe! subsurface. 

The open mdr 1 ne d lagenet l c env 1 ronment represents normal sea 

waters iavourable for the cdr':"y lithlficatlon of Winnipegosis 

sediments by mlcrocrystaillne and fibrous cements. Subaerialj 

meteorlc conditIons are assoclated with the early evaporative 

draw down oi water ln the Elk Point Basin, and the subsequent 

expo!,ure .l.nd modIficatIon of the upper parts oi ,-he buildups. 

The restrlcled marlne/shallow subsurfùee dlagenetie 

env i ronrnents r cpresent cond 1 t Ions ln wh ieh hypersaline waters 

werc possibly responslble for dolomltization on the seafloor 

and ln the shallow subsurface. The deeper subsurface 

diagenetic processes Include fracturing, dissolution, calcIte 

cementatIon, dedolomltlzatlon and evaporite calcitizatlon. 

Under the sect l on, Geochem Istry, élIe, <5 lRO, and s'Sr jA' Sr 
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j C30tOplC data, stailling and cathodoluminescence are discussed 

clnd 1 nterpreted. At the end of the chdpter, a general 

dIScuSSIon of the texturaI and geochemical data investigates 

tt1C' dl agenet l c proccsses invol ved in ti1e early submar ine 

cemenLltion of buildup sed1merlts, L~e contemporaneity of 

~;ubi1C'r laI and subma r i ne di agenetlc processes 1 the ev idence for 

restrlcted marine dnd shallow burial dolomitization, possible 

mechanlsms for dolomitlzing fluid flow, the dissolution 

poroslty ln the buildups, and the late stage cementation, 

calcltlzation and dedolomitization of buildup and basin 

sediments. 

3.2 OPEN MARINE DIAGENESIS 

The d iagenetlc fel1tures assigned to open marine diagenesis are 

syntax1al cementation, microspar cementation, micritization, 

dnd acicular f1brous and fibrous cementation. 

3.2.1 syntaxial Cement 

Dolomltlzed syntaxial cements occur around echino1d ussicles 

in mud supported wackestones (Plate lIA). 

3.2.2 Kicrospar Cement 

The bulk of the wackestones anu packstones in the lowe"t" 

Gunnlaugson Ilmcstone buildup and platform sediments consists 

of grey and brown skcletal debris ln a brown mud matrix. The 

matrlx lS comprlsed of a mosaic of micrite and microspar. The 

constItuent crystals are anhedral, cloudy, dnd range in size 

from J to ,) jJm (Plate lIB). It lS not certain that th1S cement 

moso ic i s il pr l mary f abr lC, but rather a neomorphi c f abric. On 

the bdSlS of petrographic ddta aione therefore, it is not 

clear whether these textures formed on the seafloor or Iater 

in a deeper burial diagenetic environment. However 1 
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geochemistry i nd icates thùt these fabr ics wc re t 01 mcd 0<11 1 Y 

from marIne waters. These cements arc the only Cl~llll'nt!; 

preserved cS ci'llcite. In other buildups, m,ltrix cement:" 

acicular fibrous and flbrous cements are ùll dolomitL:ed. 

3.2.3 Micrite Envelopes 

The ev idence for mi cr i t l zatlon of carbonate g ra i ns th rouqlloll t 

the buildups has been largely obscured by fahric destructivp 

matrix dolomi t~zatlon, and is only preserved ln UIP 

stromatolite cap facIes (Fig. 9). Dolomlt..i7C~d ffilCdlll' 

envelopes form black and gra iny films, 5 ta 10 J-L1ll th l ck, will dl 

ou t Il net h e c l .-:::: u l ~ r toc l 1 i p soi d aIs h a p e 0 t () r i (p n (l 1 Il O!; t 

grains (ü.5 to 1.0 mm dlam.), posslbly pelold:..: ,lnd oncollt(:; 

(Plate Ile). The interlor cavitlf~s wlthin tlH' envC'lopn~> .ln' 

filled by doloml tlzed f Ibrous cements or' CdV i ty 1 1 III nq 

rhombic dolomIte. This texturaI relationshlp slHJqe::;ts tlldt tlll' 

micritization of carbonate grains was one of the very edrll('~,l 

diagenet ic processes to have occurred, p reddt 1 ng tJ rd III 

interlor solutIon and flbrous cement porc fill inq. 

3.2.4 Acicular Fibrous Cement 

Dolomitized acicular fibrous cement can only he idcntlt Icd ln 

thin sectIon, and is minor 11'1 occurrence comprlslng les~:; then 

5% of aIl cavity fi11ing cement types. Commonly, It occur~ ln 

she1ter porosity and sheet cavlties in the fLlnk ld('1('5, dlld 

f i 11 s the cor a 11 i tes 0 f cor a Il 1 ne de b rIs dl!; t lIb II ~ c' d 

throughout the interior ùnd fli1nk fùcles. Rdrf>}Y, lhe cC'mL'l1t 

separates paralle1 lamInatIons P'i<'t cncru:;t (Jclol(l~; dnrl 

oncolites in the stromatolite Ci1p tacies. 

Acicular flbrous cement conslsts 01 Incluslon-rlel1 cry";tdl!; 

which vary from 75 to 200 !-Lm in length and <) tu 10 JLm 1 n 

width. The sweeping extinctIon patt0rn (1CrO~iS cl ~~ln(Jlr' 
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yeneration of cement suggests that the constituent crystals 

<ire radiaxlal. IncluSlon-r1ch banding is para1lel to the 

cement substrate. ln shelter porosity and sheet cavities, the 

cement occurs dS fans of d1stally ~iverging crystals (Plate 

llO). In intraskeletal porosJty, it occurs as an isopachous 

nm cement which may pi:lrt.ially or completely infi11 the 

cav1ties (Plate 12A). Up to four generations of the cement are 

concentrically arranged around the perimeters of some 

oncolltes, grapestones and relict sponge debris (Plate 12B). 

AC1CU 1 ar f ibrous cement lS probably the earl iest fibrous 

cement because: 1) 1t predates the more coarsely crysta11Ine 

bladcd fibrous cement; 2) it is overlain by carbonate muds in 

IntrasheleLll cavitles; J) reworked fragments of oncolites and 

~rape5tones encrusted by the cement are recemented by 

coarsely crystdlline fibrous cement (Plate 12C). 

3.2.5 Fibrous Cement 

Dolomitizeù tibrous cement represents 5% of aIl cement 

fabrlcs, anù ]~% of cavity f111ing cements in the interior and 

flank L1cles. The dIstribution of these brown and cream 

coloured cements 15 facies controlled commonly occurring as 

intergranu1ar cements in thro cemented subfacies (Plate 120) 

(Fig. 10). It a1so occurs as a cavi~y fi11ing spar in shelter 

poros1ty dnù sheet cavitles along bedding planes in the flank 

fdc i cs. l t 1 S pdrt 1 a Il y preserved 3.S a ml nor cement in the 

re~orked storm deposlts of the stromatolite cap facies. 

Fibrous cement is characterlzed by crystals which are 275 to 

':>00 J-Lm long, 2~ ta 75 jJm w1de, inclusion-rich, banded, and 

arranged normal to the substrate (Plate lJA) Undulose 

extinctIon across Individuai crystals indlcate that they 

display il radidxlal split crystal growth fabric (Plate 138) . 

Otherwlse, Intercrystalline boundaries and crystal tips have 
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been destroyed by neomorphic processcs. The cement mm;t 

frequently occurs as a single generatjon preClpltatc, but C,ln 

occur as two generdt Ions. Both gencrat Ions may cont,l i n 

internaI banding. In a cavity contalninq two gcncrdt Ions ot 

f ibrous cement, the l ater generat i on di sp l,lYs a dcn~;c 

concentration of inclusIons that appears bldck (P1(ltc IJC). ln 

addition, an unusual pattern of irregular internd1 "fri1ctures" 

ramifies across the black, Inclusion-rich [tbrous cry~;t,lls 

(Plate 130). These "fractures" tend to be normal, sub-normal 

or parallel to the substrate. They are 5 to 10 ~m wide and up 

to 400 IJ.m long, often extending the length of the host 

crystals. Thelr orientation IS not necessarl1y detcrmlncd by 

the intercrysta Il ine boundaries of the host crystal s. They are 

filled by a hlghly bi.refringent mlcrospar which m,lY bi' n:>Lltcd 

to the next generation oi cernent, cav i ty f I Il 1 ng rhomb 1 c 

dolomi te. Th is texture in the cement 1 s st rd t igrllptll ca Il y 

restricted to a ~o m interva 1 above the pl Li t f orm 1 n the 

cemented subfacles (Figs. 10, Il). 

Fibrous cement postdates acicular fibrous cement. Locally, It 

is observed on a substrate of aClcular f ibrous cement (Pl ate 

110); and fragments of grapestones encrus ted by ae 1 cu l a r 

f ibrous cement are frequently reworked and recemented by 

fibrous cement. The timing of formation of the Interndl 

"fractures" ln the f ibrous cements preda tes thc> subsequent 

precipitation of the cavity fllling rhomblc dolomite on the 

fibrous cement substrate. 

3.3 SUBAERIAL/METEORIC DIAGENESIS 

The following diagenetic fcatures are élSS Igncd tu 

subaerial/meteoric diagenesis: dissolution (ph(1~,e 1), dnd 

calcrete formatIon (penddnt cements, glacbulcs). 
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3.3.1 Dissolution (Phase 1) 

Phase 1 dissolutlon of the cortices of peloids and oncolites 

i s rcstr icted to the stromatol i te cap facies. The rims of 

these allochems are preserved as micritic envelopes that are 

fliled by fibrous marIne cements (Plate Ile). The timing of 

Phase 1 dissolutIon postdates the deposition of the peloids, 

and predates the precipitation of the cements in the peloidal 

cort ices. 

3.3.2 Calcrete 

Horizontal intervals (10 to 25 cm) of calcrete are interbedded 

with thicker peloid-oncolite grainstones (50 to 75 cm) in the 

upper 4 m of the stromatol i te cap facies exposed in the 

steeprock Bay dome outcrop. Evidence for calcrete development 

ln drill core is limited to a single weIl (M-4-87) on Salt 

POlnt. Calcrete IS comprised of brown and cream bands 

containing a chaotic jumble of dolomitized crenulated 

laminatIons and glaebules (Plate lOA). Considerable porosity 

lS preserved in the voids of the crenulated fabric. 

Calcrete contains two characteristic diagenetic fabrics: 1) 

pendant cements; 2) glaebules. 

3.3.2.1 Pendant Cements 

Dolomitized pendant cements represent less than 5% of aIl 

cavity filllng cements. They line the ceilings of voids in the 

ca lcrete hor i zons (Plate 14A). These cements appear blocky 

with rectangular crystals, 75 to 150 ~m long and 50 Mm wide, 

arranged parallel to void ceilings. Successive cement phases 

develop downward into the underlying cavities. Internal 

sedimentation in the cavlties is hard to identify because of 

modificatlon by dolomitization. 
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3.3.2.2 Glaebules 

Severely modi f ied circular to eU ipsoida l do l am i t i zed 

glaebules (0.2 ta 0.4 mm diam.) are distr ibuted throughout the' 

calcrete-related mdtrix dolomites (Plate 14 B) . Gener<ll 1 y, the'y 

are structureless, although vague concentric laminations ,ire 

rarely preserved in the glaebule walls. Invariably, the' 

glaebules contain central cavities whic...h outl ine the shape ot 

original host grains. These cavities indicate thdt the 

glaebules were subjected to a phase of dissolution prlor to 

their recementation by cavity filling rhombic dolomite. 

The relationships between the various texturaI features dnù 

cements in these calcretes indicate t.hat pendant cement,lt Ion 

was contemporaneous with or postdated calcrete formation. 

3.4 RESTRICTED MARINE/SHALLOW SUBSURFACE DIAGENESIS 

Microcrystall ine replacement dolomite, matr ix do lom 1 te!,;, .1 nd 

cavity filllng rhombic dolomIte are interpreted to hdve 

precipitated in the restricted marine/shallow subsurl.lce 

diagenetic environments. 

3.4.1 Microcrystalline Replacement Dolomite 

Fabr ic retentive microcrystalline replacement do 1 am i tr-· 

mimetically replaces and preserves delicate structures such dS 

micritic envelopes, laminated oncolites and grclpestone!;, ilnd 

calcareous algae (Plate 14C). It is only cle.1rly ro~;olved 

under the scannlng electron microscope, and l" Lompr 1 ~;(·d 0 f 

anhedral to subhedral crystals less thdl1 5 {lm III ~;l?e (Pldtc~; 

15A, 158). It occurs most commonly in the uppermost 1l1te'rlor 

and organic rim facies. It is rarely preserved ln the pl.ltfarm 

and the lower~ost interior facies. 
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whûrû more coarsely cr" stalline matrix dolomites have not 

completely obliterated the original diagenetic fabrics, this 

labric retentive type of dolomite has preserved textures such 

as f ibrous and pendant cements. Al thoug!1 intercrystall ine 

boundaries may be obliterated by neomorphic fabrics, sweeping 

undulose extinction define the width and length of mimetically 

replaced radiaxial fibrous and acicular fibrous crystals 

(Plates 12A, 13A). Sirnjlarly, the dolomitized blocky crystals 

of the pendant cements are clearly delimited by their unit 

extinction (Plate 14A). 

Mimetic replacement of radiaxial submarine and pendant vadose 

cements indicates that this generation of dolomitization 

postdated the early cementation, and subsequent subaerial 

exposure of the buildup sediments. 

3.4.2 Matrix Dolomites 

Matrix dolomites are widespread throughout the buildup, basin 

and platform sediments, and represent 60% of aIl Winnipegosis 

textura l fabrics. They occur in a variety of colours and 

textures. White matrix dolomite is chalky, and constituent 

allochems are poorly preserved. Light to dark brown matrix 

dolomite is not 'halky, and the cream coloured allochems and 

early diagenetic fabrics are better preserved. The platform 

sediments are characterized by yellow, chalky mottles 

surrounded by a distinctly different brown matrix. 

In the basin sediments, thin «50 ~m), light to dark brown 

intervals of matrix dolomite are intercalated with the black, 

lamlnated, bituminous mudstones of the Brightholme Member. In 

the Ratnûr Member, 3.0 ta 5.0 mm thick, brown intervals of the 

dolomite are interbedded with bituminous laminites. 

Matrix dolomite is divided into t\JO categories based on 
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crystal size: 1) microcrystalline matrix dolomite «20 ~m; 

commonly 5 to 10 J1.m); and 2) finely crystalline matrix 

dolomite (20 to 50 J1.m; commonly 30 to 40 J1.m) (Plate I5C and 

D). Bath types of matrix dolomite are inclusion rich. 

In buildup sediments, microcrystalline matrix dolomite is 

comprised of poorly defined anhedral crystals that form an 

interlocking mosaic associated with submicroscopic pin-point 

porosity. Under plane light, it most often appears black and 

grainy giving the matrix a poorly defined, clotted appearance. 

In the buildups, the occurrence of finely crystalline matrix 

dolomite ranges from a dense mosaic of tightly interlocking, 

euhedral to subhedral rhombic crystals (Plate ISC) to a very 

porous fabric of poorly preserved rhombs. The crystal edges of 

these rhombs are often solution pitted and rounded. 

Platform sediments are comprised exclusively of finely 

crystalline matrix dolomite. The distinctive chalky mottlcs 

are characterized by individual rhombs surrounùed by 

considerable porosity. The brown, non-chalky mottles contain 

a less porous, dense mosaic of the matrix dolomite. 

In basin sediments, finely crystalline matrix dolomite occurs 

as a dense mosaic (Plate 15D). In upper Ratner beds, some of 

the dolomite was dedolomitized during the calcitization 01 

associated evaporite beds. 

The fabric destructive natur2 of finely crystaillne matrix 

dolomite affects allochems and early diagenctic fabries 

throughout the buildups. In particular, allochem peripharie!i 

and marine cement intercrystalline boundarles are often the 

sites of neomorphic replacement fabrics by the dolomite (Plate 

16A and B). 
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The distribution of the various types of matrix dolomite does 

not appe~r to be facies controlled. However, the platform, 

basin and lowest buildup sediments are characterized bV the 

dense flnely crystalline matrix dolomite, whereas most of the 

overlylng buildup sediments contain the whole range of matrix 

dolomlte crystal types and fabrics. 

Matrix dolomites neomorphically replace micritic sediments and 

mimetlcally dolomitized fibrous cements. These texturaI 

rel~tlonshlps suggest that matrix dolomitization postdated 

both carl y sediment cementation, and dolomitization by the 

fabrlc retentlve replacement dolomite. 

3.4.3 cavity Filling Rhombic Dolomite 

Light brown to white cavity filling rhombic dolomite 

represents 20% of aIl replacement and cernent fabrics, and 40% 

of the various cavity filling cements in the buildups. It is 

di [! l cul t to d istinguish from other replacement fabrics in 

hand speCImen. It forms the primary intergranular cernent in 

the peloid oncolite grainstones of the stromatolite cap 

tac ies. Cav i ty f ill ing rhombic dolomite occurs as a minor 

cement in shelter porosity and sheet cavities in the flank 

fac ies 1 and rarel y in intraske~ .'tal cav i ties of ske~ etaI 

debrls thraughout the bu~ldup. In addition, the dolomite forms 

a void flll ing cement in cavities of uncertain origin in 

l<atner sedimel.t:; and in horizons cf calcrete which accur 

intermittently in the buildup cap. 

Crystals of cavity filling rhombic dolomite are anhedral to 

euhedral. In the interqranular porosity of the peloid oncolite 

grainstones, crystal sizes vary from 5 to 20 ~m (Plate 16C). 

In larger Inte~granular, intraskeletal and calcrete cavities 

or shelter porosity, they range in size from 25 to 200 ~m 

(Plates 160 and 17A). In cavities originally lined by fibrous 
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cernent, the dolomite cernent inherits an undulatory ~xtlnction 

pattern from its fibrous cernent substrate. More commonly, the 

dolomite develops directly on a matrix or Lillochem substrilt~ 

and expresses unIt crystal extinction. ln yener,ll, the' 

crystals are cleaner than the du st Y matrix rlolomltes. Where 

present, primary intergranular and shelter porosity 15 cithcr 

partially or completely infilled by the cement. in Rtltner 

sediments, cavity 1'illlng rhombic dolomIte lS obser'ved as weIl 

formed rhombs w 1 th dusty nucle l, clean r Ims and sh,lrp crysta 1 

tips indicating at least two periods of crystal growth (Plate 

178) . 

Locally in the buildup sediments, rhomb cores have becn 

removed by dissolution (Plate 17C). The preserved rlms vary ln 

thickness from 5 to 25 ~m, display unit extinctIon and dre 

relatively clean. Al though the rlm tips and bounddrles clre 

poorly defined, their general shape, Slze and othcr texturaI 

characteristics resemble modifled crystals of Cdvlty f l11ing 

rhomLic dolomite. 

Where fibrJu'3 cements and cavity filling rhomblc dolomite 

occur together in the same cavity, the dolomite cement al~ays 

postdates the fibrous cernent. Cavlty filljng rhomblc dolomite 

infills voids I~ calcrete horizons, forms Intergranular 

cements in the peloid-oncol i te grd i nstones tha tare 

interbedded with the calcrete, and occurs as ,1 cement in 

varved Ratner lamini tes. These textura 1 re lat 1 onsh 1 ps i nd l cate 

that the dolomite cernent postdates open marine cementation, 

buildup exposure, and Ratner sedimentation. 

3.5 DEEPER SUBSURFACE DIAGENESIS 

Dissolution (phase 2), two fracture generations, cementdtlon 

by cavity and fracture fil1ing calcite, dedolomitizatlOn, 

calcitization of evaporites, and pressure solution are 
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.1~Sl~ned to the deeper subsurface diagenetic realm. 

3.5.1 Dissolution (Phase 2) 

In h,md speci men, most of the Winnipegosis carbonates contain 

small to coarse vugs, and are extremely porous. The coarse 

vugs (1.0 to 1.5 cm) are often enlarged moldj c pores of 

skeletal qrains. Fine vuggy porosity (0.2 to 0.5 mm (after 

Choquette and Pray, 1970)) is abundant in the matrix 

dol om i te~:;. 

ln thin section, intercrystalline porosity in aIl dolomite 

types is greatly enhanced by dissolution; for example, the 

dissolved COLes of cavlty filling rhombic dolomite and the 

weIl rounded crystal tips of finely crystalline matrix 

dolomIte. However, it is unlikely that this porosity can be 

attrlbuted to a single dIssolution event as winnipegosis 

sedIments were prob~hly subjected to more than one period of 

dissolutIon during geolog~c time; therefore, constraining the 

tIming of this event is somewhat probiematic. AIso, the extent 

of dissolution due to present day exposure is uncertain. 

3.5.2 Fractures 

In outcrop, cliff faces exhibit vertical to subvertical 

fractures and joints. A major disruptian af the f1ank 

sediments occurs at the southwest end of Rock Island where 

undisturbed southwesterly dipping [lank beds are juxtaposed 

along a fracture next to a hause-sized black containing 

northeasterly dlpping flank beds. 

In core, at least two generations of fractures arc observed. 

The earller, and most common, generation Ls infi11ed by 

secondary cavity and fracture fi11ing calcite cement (Plate 

.L 7D); whcreas the làter generation of fractures are open. 
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Fracture orientatlon is genera11y vert lCdl to ~;ubvcrt le,11, 

although it is sU'ù;:times random. Where oricnLlt Ion l~; 1 tlndom, 

the rock IS sllghtly brecclated, élnd ,lll int('rc1tl~;ti(" l"dVltlP:; 

are filled with the calcIte cement (Plate IRA). H,ln.'ly, t Il',t 

genera t Lon fractures are cross eut by :.:;t y 10 Il t C~;. 1 n ont> 

instance, a second generation fracture lS tllll1Catpd by ,i 

st y 1 0 lit e ( Pla tel 8 B). Fra c t ure S 0 f bot h t Y pc!:; l TaS S eut .1 1 l 

facies in bath limestone and dolostone buildulJ!>. 

Sorne small cavities and aIl first generation frélctures conL11n 

calcite cement and predate stylolitlzation. The texturdl 

relationship between bcth generatlons of fractures élnd the! 

stylaI i tes indlcates that these rocks were t r,lctureLl pr 1 or to 

significant buriai. 

3.5.3 Cavity and Fracture Filling Calcite 

Cav i ty and fracture f 1111 ng calcite cement rcpre~>en t~; dDoul 

15% of aIl Winnipegosis cement types, and about 1')% of cdvity 

filling cements in the bUlldups. It fl11s moldic, vuqqy, 

intercrystalline, and intraskeletal poro~ities, anLl t irst 

generatlon fractures. In very large cav 1 t 1 es (2. U to 1. () cm 

diam. ), grey, euhedral, calel te crysta l s sever,ll mil l 1 Jllc·t t cs 

in size are observed. ln tlnn sectlon, the cement 1:3 r(>,Hllly 

identified by its large (O.S to 1.0 mm), euhedr',ll cry~;L1I~_; 

with rhombohedral cleavage (Plat l8e). 

The calcite cement is the last cement. to be preciplt.ltcLl ln 

the buildups. It fills, and thereforc postdates, the t In,t 

generation fractures. It predates thu development of second 

generation fract~Les that lack cement. 

3.5.4 Dedolomite and Calci~ized Evaporite 

Dedolomite occurs within a 0.5 to 8.0 m i nt('rval of the top uf 
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!;om(> bUlldups in the Oaws')n Bay area (e.g., Steeprock Bridge 

()nme, drIll core S-5-75). The orIgInal carbonate precursor is 

often completely obliterated by the very coarse crystalline, 

brown dnd grey, sugary ca 1 cite. In upper Ratner sediments, 

)~mln~tions of caIcltized evaporite contain anhedral calcite 

cry~tals that cross cut and preserve thin du st Y units that 

wcre ~ssoclated wlth the precursor evaporite (Plate 180). In 

these basinal sediments, the original textures of the 

dedolomites resemble finely crystalline matrix dolomite 

3.5.5 Btylolites 

Rdre stylolites are observed in both buildup and basin 

sediments. In the buildup secllments, horizontal stylolites are 

restr icted to the GunnI augson 1 imestone bu I] dup and the 

Ilmestone Intervals which cap the doIomltized buildups. 

Simllùrly, styloiites have developed in the dedolomitized 

intervùls of the Rùtner Member. In addItion, microstylolites 

occur aiong the bitumlnous pùrtings contained by the 

calcltlzed and dedolomltized Intervais of the basin sediments. 

signIflcantly, stylolltes ùre not observed i~ any dolomitized 

Winnipegosis carbonates in the Dawson Bay ùrea. However, they 

are observed in the more deeply buried dolomitized carbona~es 

in Saskatchewùn. In both bu Ildup and basin settings, the 

lateral extent of styloi i tes lS uncertilln as they are only 

observed ln core. 

ln buildup and dedolomitized sediments, stylolites have 

amplitudes which vary from a few microns to 1 to 2 cm, and 

wavel engths which vary from a few microns to 0.5 cm. They 

often contain a black, petroliferous, insoluble residue most 

probably comprised of clays and organic matter (Plate 19A). In 

the Gunnlaugson limestone buildup, first generation fractures 

containing cavity and frùctLlre fi11ing calcite cements are 

truncated by cl horizontal styloli+:e. In the Bell River Bay 
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dolostorle buildup, stylolites aiso cross eut first QCI1L'l",lt 1011 

fractures and an interval of dedolomlte. 

Along bituminous partings in the baSll1 scùimt'l1t~., 

microstylol i te ampl i tudes and wave 1 engtt1~3 Velt'y from 2'> to 'JOU 

J..Lm. Microstylolites are heavily stalned wlth a red-browll ' 

black insoluble residue acquired trom the oriqll1dl bitumlll, 

partings. ]n the limestone intervals of the I\dtrwr Mellllwr, 

calcltized evaporlte (calclte crystals >7')() ILm) ,1re oth'll 

abruptly j uxtaposed aga i nst fine l y erysta Il 1 rH' ùedo 1 om 1 t ('~. 

«100 ~m) along stylolites. 

stylolites cross cut and, therefore, post ddte c,ilcltlzel! 

evaporite and dedolomite cement fabrics ln ,111 dolomitued 

bui ldup and bas in sed iments. Furthe rmore, t ho text li r',ll 

relationship between fractures, calclte cement-, <inti stylollt(·~. 

in the Gunnlaugson Ilmestone bUll dup 1 nd l (',j te~:; t li,} t 

stylol i ti zat ion rostdated fractur ing and Cd l,' 1 te cement 

precipitation. 

3.5.6 Dissolution (Phase 3) 

The timing of the dissolution events 15 highly problematlc. 

The Winnipegc.sis carbonates in Dawson Udy wcre undoubted 1 y 

subj ected to at least one, if not many, dit f (. r'ent phd~;e~. of 

dissolution late in their dlagenet lC hi s tory. lIowever, i t l~; 

hard to differentiate between the 0vi(jt'nce tot- d,~;~.ol\ltion 

caused dur ing the removal of the over 1 yI nq l'l', \ i rIe Evapor 1 te 

and similar effects caused by present ddy ground wdters. There 

are several possible episodes durlng which the buildups were 

exhumed and subj ected to d ls~::ol ut ion, the M J SS 1 ~;~; 1 pp lan, the 

Permian/Triassic boundary, lhe Lower' CreLl('POU5, and the 

Tertiary (Fig. 14). In the Dawson Bdy drea, .111 tldce~, of the 

prairie Evaporite Formatlon have been completely removed by 

one or more solution events that causeJ the colldVje of 
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younger Paleozoic stratigraphy over undcrlyinq Wlnnlpcqosls 

carbonates. 

3.6 SUMMARY 

The various stages of diagenesis are summari~ed belQw in thclr 

order of occurrence: 

3.6.1 Open Marine Diagenesis 

1. Ral'e syntaxial cementation of monocrystdlline (>l:hlnoid 

ossicles. 

2. Cementation and neomorphic replilcement of l lmc ll1!His by 

microspar cements. 

3. Micritizatlon of carbonate grains to form mllTlte envelopp~~ 

4. Precipitation of rare acicular cements. 

5. Precipitation of tlbrous cements in cernent cd subfacles. 

6. Development of internal "fractures" ln Inclll~;lon rlL'h 

generations of flbrous cements. 

3.6.2 SUbaerial/Meteoric Diagenesis 

1. Phase 1 dissolution of carbonêlte allochems ln stromatolltp 

cap facies 

2. Developmen t of calcrete in uppermost stromiltolite Cdp 

facies 

3. PrecipitatIon of pendant cements and calcrcte glilebules ln 

calcrete horizons. 

3.6.3 Restricted Marine/Shallow Subsurface niagenesis 

1. Precipitation of fabric retentive mlcrOCl y:.Lllllnc 

replacement dolomIte thr oughout aIl bu i l ùup f dL' i es. 

2. Precipitation of fabric destructive mlcrocryst,lll ine 'weI 

finely crystalline matrix dolomites ln buildup, basin and 

80 



pl dt f orm s~>d i ments. 

l. Precipitation of cavity filling rhombic dolomite in 

~;tromdtol ite cap facles, calcrete horizons, Ratner sediments, 

d!1Ù loccllly in buildup scdJments. 

3.6.4 Deeper Subsurface Diagenesis 

1. Phase 2 dlssolutlon of aIl dolomite fabrics generating 

uncertain amount of observed porosity in buildups; e.g., the 

dlssolved rhomb cores of cavity filling rhombic dolomite. 

2. First gencration fracturlng. 

J. Local precipitatIon of cavity and fracture filling calcite 

cement. 

4. Calcitization of uppermost t~ildup dolomites and Ratner 

cvaporites and dolomites. 

~. Second generation fracturing. 

6. stylolitization of limestones, calcitized evaporites and 

dedolomites. 

7. Extenslve phase J dissolution of dolumites generating most 

01 observed porosity. 

3.7 GEOCHEMISTRY 

3.7.1 Radiog~nic Isotopes 

'l'he resul ts of the E'Sr/BCSr radiogenic isotOplC analyses are 

summarized in Appendix 1. They are aIl 0.7080 for Dawson Bay 

and Saskdtc~ewan limestones and dolomites. They plot on the 

Burke ct Q 1. ( 1 C) B? ) curve for Illsr/Rbsr variations in 

Phanerozoic seawdter (Fig. 15) suggest ing that: 1) the primary 

carbonates were preCl pi tated j n chemical equil ibrium wi th 

Middle Dcvonian marine waters; and 2) the dolomitizing fluids 

were derived from Middle Devonian marine waters. 

81 



Fig. 15 
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outer hmits (modifled alter Burke et al , 1982) 
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3.7.2 Stable Isotopes 

3.7.2.1 Dolomites 

The resu l ts of the 0 180 and o!Je stable isotopic analyses for 

aIl Dawson Bay and Saskatchewan dolomites are summarized in 

Appendix 2, and plotted in Figure 16 according to diagenetic 

texture and host grain type. AlI measurements are reported in 

permil (L) PDB values. 

The 8 1ilO of the d0lomitized fibrous cements, allochems, finely 

crystalline matrix dolomites and cavity filling rhombic 

dolom i tes se 1 ected from both Dawson Bay and Saskatchewan 

buildup 1nterior, buildup platform, buildup flank and basin 

sediments rélnges [rom -4.1 ta -6.4 •. The ol3e ranges from +0.5 

to +2.9 •. Although the dolomite types can be differentiated 

petrograph1cally, their isOtoplC compositions are aIl quite 

similar and are therefore discussed toqether. 

An original marine 0"'0 sIgnature (-4.3.) for the Dawson Bay 

1 imestones was deterrfllned by averaging the isotopie 

compositions of low-Mg calc1te brachiopods. In general, the 

brachiopods contained little evidence of neomorphism, and were 

better preserved tcxturally than other shelly constituents as 

revealed by petrography and cathodoluminescence. Therefore, 

this value 15 1nterpreted to represent the isotopic 

compos1tion ol primary biogenic calcite precipitated in 

equil1brium with Middle [)cvonlan mi1rine waters. It corresponds 

ta isotopie values proposed tor Middle and Upper Devonian 

marine waters, for 0xample 0 11'0 -4.5. (Lohmann, 1985), 0 180 -

J.7. (Popp .Qi ~11., l(j8G), .s' 0 -5.1. (Qing and Mountjoy, 1989). 

The hcavicst value (-3.7.) 1S probably the most representativq 

[or the Middle Dcvonian. 

As the matrlx dolomites [ormed from the neomorphic replacement 

83 

-



a ,----, - +3 r------------, o Il 

1 
MIDDLE DEVONIAN 

1 
o 1 x 1 

RAlNBOW DOLOlArTES 0-

1 1 
voo~i x 1 

Xx - +2 

1 1 
v~ 

x 1 

xOI i v 
1 

S13 C PDB 
1 v v ~ 

~--\~ 1 1 ° x - +1 

1 1 
t.tIDDLE AND 

X 

° 
UPPER DEVONWI 

L __________ ..J lUroRINE CDlEHTS 

, 1 1 1 - 0 
1 1 1 1 1 1 , 

-10 -9 -8 -7 -6 -5 -4 -3 

6 18 0 PDB 

LEGEND 

8 - Calcite brachiopods 
'il - Dolomitiz,sd allochems 
o - Dolomitb3d fibrous cements 
o - Cavity filling rhombic dolomite 
X - Finely crystalline matrix dolomite 

~-----------------------------------------------------------------------

Fig. 16 Carbon and oxygen isotope compositions of Winnipegosis dolomites 
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of limestones, their isotopes represent sorne combination of 

the isotopie composjtions of the dolomitizing fluids and the 

limestones, reaction temperatures, and waterjrock ratios 

(after Land 1980, 1983). 

The influence of evaporation on the isotopie compositions of 

winnipegosis dolomitizing fluids is uncertain. Dolomites 

[ormcd from hypcrsaline evaporative sea water are typically 

enriched in 6 1hO (e.g. McKenzie, 1981; Botz and van der Borch, 

1984). However, the relatively depleted 6180 isotopes of the 

Winnipegosis dolomites might suggest that the original 

dolomitizing fluids were not derived from evaporative waters, 

although hypersaline brines were available for dolomitization 

in the Elk Point Basin following buildup deposition. 

Al ternativeIy, the Iack of enriched 6H '0 that might be derived 

from hypersaline Elk Point brines may be attributed to the 

l imitations of sampI ing fabric retentive microcrystalline 

replacement dolomite with crystal sizes less than 5 ~m (see 

later discussion) . 

The effect of mixlng fresh and marine waters on the isotopie 

composition of the resultant dolomitizing fluid has been weIl 

documented fur both modern and ancient rocks (Land, 1973; 

Marq<1rltz gt al., 1980; Ward and Halley, 1985; Given dnd 

Lohmann, 198G; Con 19 l io et al., 1988;). Carbonate sediments 

that are dolomitized in mixed solutions of meteoric and sea 

water are cl1dracterlU'd by dep] eted 6180 and relatively light 

and often vùriablp O'lC values. Although 6 180 (mean -5.2~) for 

Winnipegosis dolomites are deplete by 1~ compared to th~ 6180 

(mcan -'l.3%J) for non-dolomit ized marine fossils and might 

indicate a n:eteoric influence, the very narrow range of 6D C 

in Wlnnipegosis buildup dolomites does not represent 

dolomitization in CO,-rlch meteoric wdters. ~he unlikelihood 

01 a mcteoric wdter influence on Winnipegosis dolomitization 

lS furthcr supported by the Ilmlted amount of vadose textures 
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and meteoric cements in the buildups. 

Dolomi te depleted by more than 0 1RO 2~ campa red to l t s 

precursor may have formed at elevated temperdtures (Lilnù, 

1980, 1983). In Upper Devonian buildups, Matte~ and Mountjoy 

(1980) and Machel (1985) interpreted a 2 to 3~ 6 1RO depletion 

in dolomites ta represent shallow buri<!l dolomitlz~tion at 

elevated temperatures. Similarly, Qing and Mountjoy (19Hq) 

interpreted a 5 ta 8~ 6180 depletion in Middle Devon ian Hel i nbow 

dolomites to represent dolomitization at shallow to 

intermediate burial depths. For Winnipegos is do l omi t8s, the 

6180 of Middle Devonian marine waters was about -4. o~, and thé 

range of 6 180 for the dolomites va ried from -4.1 to -6. 4~. t\ \f'o 

SMOW (-2.5.) for Middle Devonian narine waters was detcrmined 

from: 

10 3 ln 0Cdl-waler = 2.78 X 106 T- 2 ("K) - 2.89 (Friedman and 

O'Neil, 1977) 

and: 

(HudsOIl, 1977) 

From the Middle Devonian 0 180 SMOW and Winnipegosis dolomite 

6180 PDB, a temperature range of 45 to 65°C for dolomjtization 

was determined (after Land, 1980, 1983, 1985) (Fig. 17) from: 

2.78 X 106 rr-l(OK) + 0.91 

Using an average surface tempe rature of 30 0 C and a geothorm'11 

gradient of 33°Cjkm, the calculated temperatures correspond to 

burial depths of about 600 m. If average surface temper(.ture~ 

in the Elk Point Basin approached the hiqher vdlue of 40 C 

record2d for modern da y Pers ian GuI t wator~" the calcul a teù 

temperatures indicate that dolomi tizatlon may hdve stc1rted ,tt 

even shallower (<. 200 m) buriai depths. ln conclusion, t:hp 

isotopes suggest that the 8 1e O of the dolc)mitizing fluids wero 
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modl f ied by elevated temperatures at very shallow turil:ll 

dcpths. 

3.7.2.2 Calcites 

'rhe resul ts 0 f the 6 180 and 6 l3e isotopie analyses for aIl 

calcite specimens are summarized in Appendix 2, and plotted in 

Figure 18. 'l't.e cavity and fracture filling calcite cements 

range i 11 6 IRa from -7.2 to -la. O'*xl, and in 6 l3 e from -6.0 to -

8. 2~. 6 1RO of calcitized evaporites and dedolomites in basinal 

Ratner sediments ranges from -3.2 to -6. 6'*x1, and 613e ranges 

from -3.3 to -7.7'*x1. 

Both 6 1AO and 6 De of the calcite cements are signi f icantly 

depleted relative to normal marine waters. The 6180 

composi tions indicate that the cements were probably 

precipitated from either fresh warers or at elevated 

temperatures. The range of depleted 6 13e values may be due te 

light carbon derived from either soil-gas reactions during 

periods of subaerial exposure, bacterial red~ction of organic 

matter under reducing conditions during burial (Hudson, 1977; 

Anderson and Arthur, 1983), or hydrocarbons (e.g. Budai et 

al., 1984). 

The isotopie compositions of the dedolomites and calcitized 

evaporites are also significantly depleted relative to normal 

marine waters. The 6 180 suggests that dedolomitization and 

calcitization of evaporites occurred in either fresh waters or 

at elevated temperatures; the 6 13e indicates that these 

processes took place under the influence of either sulphate 

reducing bacteria, soil-gas reactions, or during hydrocarbon 

maturation and migration. 
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3.6 SUMMARY 

1. The mean 87Srj86sr value (0.7080) for the analyzed Dawson 

Bay and Saskatchewan limestones and dolomites indicate that: 

1) the primary carbonates were precipitated in equilibrium 

with Middle Devonian marine waters; and 2) the dolomitizing 

fluids were derived from the same Middle Devonian marine 

waters. 

2. The mean 6 18 0 composi tion (-4. 3%J) for unal tered Winnipegosis 

brachiopods represents the isotopie composition of primary 

biogenic calcites precipitated in equilibrium with Middle 

Devonian marine waters. 

J. The relat lvely depleted oxygen isotopie compositions of the 

winnipegosis dolomites suggest that the dolomitizing fluids 

were not derived from evaporated waters. However, the isotope 

data may reflect a sample bias due to the impossibility of 

accurately sampling microcrystalline replacement dolomite 

crystals « 5 ~m) 

4. The very narrow range of enriched carbon isotopie 

compositions of the dolomites suggests that freshwater 

probably did not influence the isotopie compositions of the 

dolomitizing fluids. 

5. The depleted oxygen isotopie compositions of both Dawson 

Bay and Saskatchewan dolomites suggest that winnipegosis 

dolomi tization occurred at very shallow ta shallow burial 

depths and elevated temperatures. 

6. The significantly depleted isotopie compositions of cavity 

and fracture filling calcite cements, calcitized evaporites 

and dedolomites represents cementation and calcitization 

ei ther in a near-surface d.1agenetic environment under the 
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influence of fresh waters and soil-gas reactions or at depth 

under the inf luence of elevated temperatures, su 1 ph,ltt~ 

reducing bacterla and hydrocarbon generation. 

3.9 DISCUSSION 

The petrographic and isotopie investigatIon of the 

Winnipegosis carbonates reveals that: 1) the orIginal 

sediments were cemented in an open marlne environment during 

and shortly after their deposition; 2) the upper p,n-ts of the 

buildups were modified by suhaerlal and meteorll' dldgenetic 

processes; 3) three genera l types 0 f dol om 1 t i za t 1011 OC('U rred -

fabric retentlve, fabric dest!:"uctlve and cavlty filllnq; 4) 

the buildup, platform and basin sediments wcre lacally 

modified by relatively deeper burlal dlagenetic processes. 

3.9.1 Early submarine cementation 

Al though considerable evidence for early submar 1 ne ccmentat ion 

by microspar has been documented for modern 'ind clnc i ent 

carbonates (e.g., James et aL, 1976; Walls ct ,lI., 19-/9; 

Marshall, 1983; Kerans et aL, 1986; Aissouai ct ~\l., 198G), 

it is difficult ta determine the extent of thl~; type of 

cementation in Winnipegcsis buildups due to the Ilnol tcd amount 

of preserved limestone in the study arca. Tt lS clear from the 

isotopes and cathadoluminescence that the II mcstonos were 

precipitated from Middlr Devonian marine waters. lIowever, 

destructive neomorphlc processes have rendered the 

relationship between the fine textured microspar and 1 dter 

stages of submarlne cement dlfficult or ImpOSSIble ta 

identify. 

The occurrence of aragonitic acicular fibrous cemÛnLS in the 

growth chambers of corals and gastrapods 1/1 modern reef s 

(James et SiL, 1976; Marshall, 1983) mlght suggest thdt the 
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originol m1nûrùlogy in similar winnlpegosis cements was 

,lrilqonltc. lIowever, Sandberg (1983) and James and Choquette 

(1983) proposed that so-called 'calcite seas' prevailed durlng 

the> Devonliln ln wh1ch aragonitic cements would not be expe\ ted 

to prcùominate. In addition, square-ended fibrous cryst:tls 

rcpresontinq the orthorhombic crystal habit of aragonite w~re 

not obscrvcù (e.<]. Sandberg, 1983); however, these mdy ha\Je 

been ohl i terated by later neomorphic processes especiall '{ 

dol om l t 1 z.,t i on. Furthermore, microdolomi tes were no': 

Idenl1tied ln the calcite textures indicating that the 

orlg1nol mineralogy of the primary carbonates was probably not 

higtl-Mg calCIte (c.g. Lohmann and Meyers, 1977). Due to the 

lack of distinctive criteria, the original mineralogy of 

W1nnipcqosis cements remains uncertain. 

Untortunately, undolomltlzed fibrous calcite cements were not 

preserved ln the study area. Although the isotopie signatures 

of the dolomitlzed cements indicate that the dolomitizing 

fluids were derived from Middle Devonian marine waters, the 

tcxtu r<ll si mi l<1r i ty between these cements and other Mg-calcite 

cements observed in Devonian carbonates (e.g. Walls et al. 

19"/<), Playford, 1980; Machel, 1985, Carpenter and Lohmann, 

1(89) sugg~st that they were nct precipitated as primary 

dolomitic cements. 

ln both modern and ancient marine settings, a facies specifie 

distrIbution of fibrous cements has been observed along the 

seawdrd margins of modern and ancient carbonate platforms and 

buildups exposed to prevailing wind and current activity 

(e.q., James et aL, 1976; Playford, 1980; Lighty, 1985; 

Machel, 1985; Marshall, 1985; Aissouai et al., 1986; Kerans 

et Ql., 1986). SimilarJy, the distribution of fibrous cements 

in the Winnipegosis cemented subfacies may represent the 

exposed seaward margin of these carbonate buildups. 
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How the internaI "fractures" 1 n 1 i brous cemC'nts t ormed 1 .. .. 
uncerta in. It i s unI ikel y that they reprcsent des l(~c,1t ion 

features as they occur weIl below the estlmated extl'nt of ~,e,l 

level draw down as defined by eVldence for sub~C'rlal C'xposure. 

S imi la r interna l "fractu res" thùt eût acro'lS ~-;('ve r,l 1 

generations of submarine cements in Sllurlan recf pLlttorm 

rocks were identified by Savard and Bourque (1<)8')). They 

proposed that this type of fractur 1 ng mdy be 1 nduced by 

mechanical readjustments assoc1ated with physic~L compact Ion. 

The internaI fractur1ng of Winnipegosis cements may have 

formed in a similar manner. 

3.9.2 BubaerialjMeteoric Diagenesis 

The local dissolution of peloids and oncol1 tes and the 

development of calcrete in the uppermost few metrC's of sornC' 

buildups suggests that meteoric diagenesis motilt led 

W innipegos is carbonates dur 1ng a per iod 0 f sub,wri d 1 expo~o.ure 

at the end of buildup construction. In pdrt lculdr, pendant 

cements, calcrete glaebules and the th 1 n crenul.l ted 

laminations are distinct diagenet1c cha l'dct el' 1 st 1 cs 0 f 

subaerlally exposed carbonates (Esteban, 19/4; Esteban and 

Klappa, 1983). Subsequent episodes of dolomlt17atlon appears 

to have erased freshwater isotopie signatures from the se 

pendant cements. 

Diagenetic and sedimentolog ical ev idence i nd i ca t cs tha t d LI 

winnipegosis sediments were deposited in marine wdters. At the 

end of Winnipegosis time, only thin interva]s (. 1 m thlCk) of 

the uppermost stromatol i te cap fac les rcp resent sed i ment 

modification by calcrete during periods of subdC'l'ldl exposure. 

The presence of acicular fibrous cements around rn,lny oncol i tes 

and grapestones, and the subsequent prf'Clpltdtlon of f lbrous 

cements between reworked oncolite clasts ln the~;e L1Cics 

represents cementation ln marine waters. Thc~;e textur,ll 
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relatlonships show that the oncolites, grapestones and oth~r 

relatpd allochems su ch as peloids were deposited as 

qrrlin~,tones ln agltated marine waters. Furthermore, 

depo!J 1 l 1 ond 1 -uld eros i onal textures su ch as cross laminated 

,Ind q rdded bpdd 1 ng, gra Instones, !Jè.nd to boulder sized rip-up 

clast~; (l('0pee structures), laterally extensive truncation 

sur f dC0S, (Ind ha rdgrounds represent marine processes. Capping 

the> buildups, fenestral textures, oncolites, and grapestones 

indic,lte th,lt water depths shallowed (possibly with 

Intermittent periods of non deposition), and that 

sedimentation occurred ln intertidal waters. As waters 

shallowed further, the bands of calcrete were formed by v1dose 

diagenesis during Intermittent periods of subaerial exposure. 

Thus both subaerlal and submarine diagenetic and depositional 

processes were Inextricably linked and contemporaneous during 

late Winnipegosis time. 

The ev idence of submarine sedimentological and diagenetic 

proccsses ln the stromatolite cap facies challenges the 

proposaI by Kendall (1989) that these uppermost sediments are 

travcrti ne deposi ts deri v(:':!d from subaerial springs. One of 

several important controls that strongly influence the 

delicate balance between the physio-chemical and/or 

blochemical processes that precipitate calcium carbonate to 

form travertine is water turbulence (Julia, 1983). In 

travcrtine, water turbulence is carefully controlled by walls, 

dams and dykes to create a relatively quiet environment suited 

to the maintenancé of algal colonies and other organisms 

involved in trave:--tine formatIon. In Winnipegosis stromatolite 

cap sediments, the boulder-sized rlp-up clasts, erosional 

tcuncation surfaces, and grainstone textures represent 

strongl y ag i tated, high energy \laters ln which traverti.ne 

would not forme rt is therefore unlikely that the 

stromatolite cap facies represents travertine deposition. 
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3.9.3 Dolomitization 

InterpretatIon of the origin of the pervaslve Wlnnlpeq()t-;l~; 

dolomItes is made difflcult by complex petrography dnd isotope 

geochemistry, especially the wlde range of fabril' retcntlVl' 

and fabric destructive types of dolomlte. In thelr rCVICW 01 

possible models for dolomitizatlon, M<-lchel anù Mount JOY (I<JHh) 

ascr i bed the or ig in of dol omi tes to: ] ) t re~;hw<\ t l' rand 

seawat'.:!r mixing zone fluids; 2) hypcrsal ine onrws denved 

from evaporated water s in sdbkha env l ronments; J) subt HL\I 

marIne to hypersaline brines; 4) cl wide vanety 01 subsurLH'P 

fluids. Machel and Mountjoy (1986) discussed the Improhaolilty 

of the mixing zone hypothesls due to redctlon klnetlc 

constraints and the very Iimited eVldence for dolomltlzatlon 

in modern freshwater /seawater mi Xl ng zone env 1 r"onme>nt s. 'l'hC'y 

demonstrated that these f lu Ids wc re more su 1 tdb 1 e ,1CJC'nts t CH" 

carbonate dissolution than carbonate preClpltdtlon. The 

pervasive character of Winnipegosis dolomItes, theJr Isotope 

compositions, and the lack of extenSIve texturai eVldence for 

freshwater dlagenesis in these rocks preclude the possibll ity 

of significant freshwater influence on Wlnnlpeqosls 

dolomitization. Although marJne waters werc probably 

hypersaline at the end of Winnlpegosls tlme, il lack of 

diagenet ic and sedirnelltary ev idence for bu Il dup exposure <lnd 

sabkha deposition suggests that the dolomltlzation of 

Winnipegosis sediments did not occur under evaporated sabkha 

conditions. Furthermore, the limited areal extent 01 modern 

sabkha -related dolomi tes does not adcqui'l te 1 y account t or th i ck 

sequences of pervasively dolomitized carbonates (Machel and 

Mountjoy, 1986) 

Fabric retentive dolomitization of Wlnnipegosls fdbrics (e.q. 

fibrous cements) by microcrystalline replacement dolomite 

possibly occurred in normal to Sllghtly hypersa1ine subtidal 

waters shortly after the end of bUlldup development. Althouqh 
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the ~.IO data tend not to represent an evaporative influence 

on the origInal dolomitizing flulds, the difficulties of 

élccurately Si1mpllnq these extremely srnall « 5 /.Lm) crystals 

may i1ccount for a sample blas toward the more depleted 6'180 

COd r'sc l y crysta III ne matr IX dolomites that were probably 

prccipit~ted at depth. Early subtidal dolomitization by 

restricted marine hypersaline waters has been suggested for 

slmllarly weIl preserved ~extural detail in carbonates 

throughout the rock record (e.g. Morrow, 1982; Sass and Katz, 

1982; Coniglio ~t QI., 1988). Although IlISr/RhSr compositions 

(mean 0.1080) for aIl Winnipegosis dolomites represent fluids 

derlved from Middle Devonian waters, 8: eO composItions (-4.1 

to -6.4~) are depleted compared to normal marine limestone 

values (-4. O~), and may not be affected by evaporation. 

Subsurface dolomltlzation at sllghtly elevated tempe ratures 

(4~ to 65"C) mély account for the depleted 8:"0 as the narrow 

range of éllC (+0.5 to +2.911;(x,) rules out any significant 

meteoric influence. If these tempe rature data are valid, they 

suggest that subsurface dolomitization occurred at about 600 

m depth or less. By comparison, the more depleted 6 180 

compositions of Middle Devonian Rainbow matrix dolomites 

represent burial dolomitization at depths between 650 to 1500 

m (Fig. 14) (Qing and Mountjoy, 1989). 

In the Winnipegosis buildups, the distribution of the fabric 

retentive and fabric destructive types of matrix dolomites 

appears to be stratigraphically controlled. In upper buildup 

sediments, the fabric retentive microcrystalline replacement 

dolomite preserves delicate biological and cement textures, 

and the fabric destructive matrix dolomites only occur locally 

in patches. Lower in the buildup sediments and throughout the 

platform and basin sediments, finely crystalline matrix 

dolomite predominates obliterating most of the original 

textures and non-skeletal allochems. This stratigraphically 

controlled distribution of the dolomite types suggests that 
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the more deeply buried lower parts of the Winnipegosis 

Formation were exposed to the fluids that precipitated the 

matrix dolomites for longer than the upper less buried p~rts 

in WhlCh the fabrlc retentive microcrystailine replacement 

dolomIte was preserved. 

The coroll ary of these geochemica l, textura 1 ilnd ût rat_ i grdplll C 

relationships is that the dolomitlzatlon of the Wlnnlpegosis 

sediments started wi th the microcrysta Il i ne repi acement of 

organlc allochems and carly diagenetic fabries ln normal to 

hypersaline waters on or just below the sea floor. As the 

buildups were buried, dolomltization contlnued at elevated 

tempe ratures as slightly more coarsely crystalline mé1tr-lX 

dolomites (N.B., the crystal size of finely crystalline matrlx 

dolomi te rarely exceeds 50 /--Lm) rep l é1ced the ea r Ile r 

microcrystall ine replacement dol omi tes (, 5 lm) from the 

bot tom of the bUlldups upward (see section 3.9.4 [or possible 

subsurface fluid flow mechanisms) . 

Cavity f111ing rhombic dolomlte 1S the third and latest type 

of Winnipegosis dolomite. Rhombs of thls dolomIte cement are 

texturally distinct from the other dolomite types, and are 

characterized either by zonation or by hollow rhombs (rhombs 

wi th dissol ved cores). Isotopicall y, the depleted oxygen 

signature of cavity filling rhombic dolomIte (-~.4L) Indlcates 

that it was precipitated at shallow burlai d0pths. "Sr/fl'Sr 

isotopic values (0.7080) support that lt was also derlved from 

Middle Devonian marine waters. Rhomb zones / compr Ised of 

dusty, inclusion-rich nuciei and clear eplt(lxlal rims, may 

represent dolomitization by two flulds of distInct chemlcal 

composition. Similarly, the hollow rhombs may have [ormed in 

at least two distinct phases, an carl 1er, 10ss stable, 

inclusion and calcian-r ich phase tha t f orm,--'d the or 1 9 in<11 

rhomb cores, and a lat~r, magneslan phase that f ormed the 

rhomb dms (e.g. Ward and Halley, 1985; Conlgllo çt 01., 
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1 'HW) . 

3.9.4 Bubsurface Fluid Flow Mechanisms 

In the shèllow burial environment, mechanical compaction of 

the carbonates and overlying evaporites may have provided 

winnipegosis dolomitizing fluids of marine origine Illing 

(19'J(J) and Jodry (1969) proposed that differential compaction, 

sl'c.h dS off-reef compaction cxceeding recfal compaction, will 

expel large volumes of fluid into the less compacted reefal 

strata. Machel and Mountjoy (1986) demonstrated that 

compact ion fI u ids are capable of doloml ti z ing carbonates, 

provided the reactlon klnetics are suitable for 

dolomltlzatlon. Machel and Anderson (1989) demonstrated that 

aIl petrologic and geochemical characteristics, and mass 

balance calculations show that the dolomitlzation of Upper 

Devonlan Nisku buildups by burial compact ion is a plausible 

dolomitization model for these carbonat8s. similarly, Qing and 

Mountjoy (1989) proposed that sorne early dolomite rhombs and 

patches ln the Keg River buildups were precipitated from 

solutions derived from mechanical compaction. Although fabric 

retentive replacement dolomitization probably started on or 

just below the seafloor, the distribution of fabric 

destructive matrix dolomites in the lower Winnipegosis 

sediments suggests that this phase of dolomitization began in 

fluids derived from the wechanical compaction of surrounding 

sediments as soon as the Duildups were encased in evaporites 

at very shallow depths. 

Varlous workers have lnvestigated dolomitization by fluids 

generated by the dehydration of gypsum. Morrow (1978) 

determined that the brines from which Muskeg sulphates were 

precipi tatcd had high Mg/Ca ratios, and would be suitable 

dolomitizlng fluids for nearby Keg River bUlldups. During the 

conversion of gypsum to anhydrite at elevated tempe ratures and 
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pressures, significant volumes of water of crystallization is 

released and pore pressure is increased (Blatt !,:J.:, Sll., lC)80; 

Sonnenfeld, 1984). QIng and Mountjoy (1989) ~,ugqestC'd that 

this increase in pore pressure may have caused microfracturing 

that would facilitate the mobllization of the diluted brines 

into the ~eg River carbonates. The typical assocIation between 

anhydri te caps and Saskatchewan Winnipegos is bu il ùups 

(Martindale and Orr, 1987, Kendall, 1989) indicates that the 

Dawson Bay buildups were probabl y encased by sim llar anh'ydri te 

caps prior to extensive dissolution. However, It is unllkely 

that waters of crystalllzation derived from gypsum dehydration 

inf] uenced Wi nnipegosis dolomi tization becduse· 1) the 

dolomites do not have an evaporati ve 6 1RO signature, and 2) 

~ass balance constraints indicate that the volume of 

dolomitizing fluid required to pervasively dolomitize 

Winnipegosis buildup and basln carbonates (after Machel and 

Mountjoy, ]986; Machel, 1989) vê'stly exceeds the overall 

volume of the locally distributed anhydrite caps. 

Sorne dolomitization of Devonian carbo~ate sequences has also 

occurred by the funnelling of intermediate or deeper buriai 

subsurface fluids up fault and fracture systems (e.g., Barss 

et al., 1970; Machel, 1986; Halim-Dihardja, 1986; Qing and 

Mountjoy, 1989). However, the marine isotopie signatures of 

Winnipegosis dolomites do not represent fluids derived from 

significant burial depths. Therefore, it appears unlikely that 

deeper burial fluids influenced Wlnnipegosis dolomitization. 

Kendall (1989) proposed that dolomitization may have occurred 

in Mg-bearing fluids derived from the mixiny of formation 

waters and marine brines. These fluids migrated beneath a 

desiccated Elk Point basin and flowed up through the 

Winnipegnsis to emerge at the top of the bUlldups to form 

travertin~. In the Dawson Bay area, there is limlted evidence 

for travertine deposits above and on the flanks of 
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Winnipegosis buildups. However, the upward movement of 

dolornitizing fluids through the buildups could explain the 

distribution of the two main types of dolomite present, the 

fabric retentive replacement dolomite and the fa bric 

destructive matrix dolomite. The pervasive distribution of the 

matrix dolomites in lower winnipegosis sediments may be due to 

the continuous exposure of these sediments to dolomitizing 

formation waters that funnelled into the bases of the buildups 

from the underlying older Paleozoic carbonates. Higher in the 

buildups, these fluids may have preferentially selected more 

permeable upward flow paths that avoided sediments previously 

dolomitized on or just below the sea floor by the fabric 

retentive replacement dolomite. 

If the distribution of matrix dolomites can be explained by 

this model of fluid flow, their isotope signatures then become 

more difficult to explain. Carbonates dolomitized by fluids 

derived from depth should be more deplete in S 180 (e.g. Qing 

and Mountj oy, 1989) than the recorded winnipegosis values 

(mean SIRO -5%1). Furthermore, the isotopic signatures of fluids 

exposed to deeper Paleozoic carbonates may have re

equilibrated ta assume the isotopic signatures of the older 

rocks. If the se contaminated fluids then dolomi tized 

Winnipegosis rocks, th~ir S 180 would no longer represent the 

isotopic composition of Devonian marine waters and further 

problems of interpretation would ensue. 

In summary, there were at least two phases of Winnipegosis 

dolomitization. Phase one was the precipitation of the fa bric 

retentive dolomites that probably began in normal to slightly 

hypersal ine marine waters on or j ust below the seafloor. Phase 

two was the precipitation of the fabric destructive matrix 

dolomites tr.at occurred at shallow burlal. Cavity filling 

rhombic dolomite was also precipitated at this time. Phase two 

dolomite fluids were possibly derived from either rnechanical 
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compaction of surrounding carbonates and evapor i tes or the 

upward passage of formation waters derived from benedth the 

buildups. 

3.9.5 Later Diagenetic Events 

Dissolution has probably affected winnipegosis rocks during 

the Mississippian, at the end of the Perrnian, during the Lower 

Cretaceous, and since the Tertiary. It is largely responsible 

for the considerable porosity observed in the buildup and 

platforrn sediments. However, the reg ional extef1t of 

dissolution related fabrics and their relative timing of 

formation is unknown. Thus the distribution of poroslty and 

perrneability in deeper subsurface Winnipegosis reservoir rocks 

can not be predicted with accuracy. 

The relative timing of first and second generation fracturing 

is poorly constrained by cavity and fracture filling calcite 

cementation and stylolitization. Fracturing may be related to 

the solution and collapse of the overlying prairie Evaporite 

Formation. Isotopie data indicate that the ca lei te cement 

precipi tated in ei ther a near-surface or deeper diagenet lC 

environment. 'rhe original calcite-bearing fluids may have 

travelled up the fracture system from depth and precipitated 

out the cernent thereby infilling the fractures. 

Lirnited 613C isotopie data indicate that the calcitization of 

evaporites and dedolomitization rnay have occurred under 

reducing conditions in the presence of sulpha te reduc ing 

bacteria, or in the presence of hydrocarbons. The association 

between organic-rich sediments, sulphate reducing bacteria, 

and calcitized evaporites and dedolomties has been recognized 

throughout the rock record (e.g., Kirkland and Evans, 1981; 

pierre and Rouchy, 1988). However, the spread of depleted 6 1le 
derived from rnethanogenesis in most of these documented cases 
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j s far greater than that observed for Dawson Bay Ratner 

sediments. Budai et al. (1984) proposed that depleted 613C (-2 

to -6~) in styloli te and bi tumen related Mississippian 

dedolomites may be attributed to a Iight carbon source 

associated with hydrocarbon migration. The depleted 6 180 (-6 

to -11~) in Ratner rocks represent dedolomitization at higher 

temperatures. Al though the evidence for hydrocarbon generation 

is l imi ted in the Dawson Bay Ratner sediments, the bi tuminous 

residue that lines the stylolites may have provided the source 

for light carbon in these rocks. As Brightholme bituminous 

mudstones are thermally immature, light carbon may be derived 

from hydrocarbons generated from older source rocks. Further 

isotopie and petrographie work is required before the 

influence of sUlphate-redueing baeteria on Ratner evaporites 

and dolomites is understood. 
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3.10 DIAGENESIS PLATES 

PLATE 11 

A) syntaxial Cement (C). A poorly preserved echinoid ossicle 

is outlined by the syntaxial cernent overgrowth. Scale bar, 

0.61 mm .. Cross nicols. Mason Island, S-30. 

B) Microspar Cement (M). The original lime mud matrix of this 

fossiliferous wackestone was neomorphosed to microspar. Scale 

bar, 2.78 mm .. Plane light. Gunnlaugson limestone buildup, M-

2-87 (4). 120 ft .. 

C) Micri tic Envelopes (M). The rims of allC'chems, possibly 

peloids or oncolites, were micritized and preserved while the 

cortjces of allochems were dissolved. The cavities were later 

infilled by early submarine fibrous cements (C). Scale bar, 

0.69 mm .. Plane light. Inco 635-48 (24), 103 ft .. 

D) Acicular Fibrous Cement (A). A sheet cavity is partiaJly 

occluded by fans of distally di verging acicular crystals. The 

fans provide a substrate for a later generation of more 

coarsely crystalline radiaxial fibrous cement (F). AlI cements 

are preserved bl' fabric retenti ve nd crocrystall ine replacement 

dolomite. Scale bar, 0.78 mm .. Plane l ight. Mason Is1 and, 8-48 

(3) • 
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PLATE 12 

A) Acicular Fibrous Cement (A). Isopachous rims of dolomitizf'd 

acicular fibrous cernent form in the intraskclctal cavities of 

Thamnopora coralline debris. Scale bar, 1. 17 mm.. Cro~~s 

nicols. Simons Island, S-81 (2). 

B) Acicular Fibrous Cement (A). Several gencrat ions of 

isopachous acicular fibrous cement encrust peloids, onco 1 i tes, 

and composite grains. Each generation is separatcd by ,1 

laf.lination of uncertain origin, possibly algal, that 15 

parallel ta the original allochem substrate. Note the 

brecciated allochems (B) with cement rims reprcsentlng 

evidence for early submarine cementation prior to brecc i dt Ion 

by hydraul ic processes. AlI textures are preserved by f dbr 1 C 

retentive microcrystalline replacement dolomite. SC31e bdr, 

2.69 mm .. Plane light. Salt Point, SPB-4B. 

C) Acicular 

Dolomi tized 

Fibrous cement (A) and Fibrous Cement (F). 

radiaxial fibrous crystals (note undu 1 ose 

extinction pattern) cernent brecciated clasts with isopachous 

r ims of dolomi tized acicular f ibrous cernent. Thi s tex tu rd 1 

relationship indicates that fibrous cements postdate de i cu Ll r 

fibrous cements. Scale bar, 2.0 mm .. Cross nicols. 6JS-4B 

(28). 96ft .. 

D) Fibrous Cement (F). At least two generations of brown dnJ 

cream coloured, dolomi tized f ibrous cernent in f 111 the 

intergranular porosity of these Udoteacean gralnstones that 

occur in the cemented subfacies of the buildup flank. M-18-/1 

2 (27). 123ft .• 

105 



1 



j 
PLATE 13 

A) Fibrous Cement (F). A single generdtion of Inclusion-ric:h 

and banded fibrous cemer~ts occurs as an lsopachous rim around 

poorly preserved remnants of Udoteacean calcareous algac (A). 

The cements were dolomitized by fabrlc rctcntivo 

microcrystalline replacement dolomite. Scale bar, O.f)t) mm .. 

Plane light. M-18-77 87(2). 293 ft .. 

B) Fibrous Cement (F). Undulose extinction across indivldu~l 

crystals of dolomitized fibrous cement indicate that t.hcy 

exhibit a radiaxial split crystal growth fabnc. ~)c(lle b,u', 

2.69 mm .. Cross nicols. M-18-77 2(27). 123 ft .. 

C) Fibrous Cement CF). The first generation of fibt·ous cements 

(FI) provides a substrate for the second gencration of 

inclusion-rich fibrous cements 

dolomitized. Scale bar, 1.39 mm .. 

294 ft .. 

(F2) • All cements 

Plane light. M-IH-)) 

arc 

( -j) • 

D) Interna! "Fractures" (I). A pattern of internaI" fractures" 

are arranged across a generation of inclusion-rlch flbrous 

cements. Note how the Il fractures" do not extend (1cros" the 

substrate surface of the calcareous alga frdgment (A) or 

across the next generation of relatively clcdr cavity t il 1 Inq 

rhombic dolomite (C). Scale bar, 0.95 mm .. Plane llqht. M-1A-

77 2 ( 22). 178 ft .. 
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PIJ\TE 14 

A) Pendant Cement CP). Blocky, rectangu!ar crystals of pcnd,lllt 

cements line the ceilings cf voids in a calcrete horizon. All 

cements are preserved by 

dolomite. Scale bar, 0.69 mm .. 

Dome Cliffs. 

microcrystalline replacement 

Cross nicols. Steeprock B,lY 

B) Cal crete Glaebules (G). Dolomitized circular to ell ipsoidal 

calcrete glaebules are distributeù throughout the cLll crete 

horizons in the stromatolite cap facies. The hollow glclCbule 

centres outline dissolved ho st grains. Scale bar, 1.13 mm .. 

Steeprock Bay Dome Cliffs. 

C) Microcrystalline Replacement Dolomite. The fine texturaI 

detail of the calcareous alga, Tentaculites, is weIl preserved 

by fabric retentive microcrystalline replacement dolomite. 

Scale bar, 1.25 mm .. Plane light. Mason Island, S-41. 
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PLATE 15 

A) Microcrystalline Replacement Dolomite (M) • 1I1qh 

magnification photomjcrograph (X 1.5K) of the fabric retcntivc 

microcrystalline replacement dolomite. Scale bar, S ILm •• 

S.E.M .. Mason Island, S-41. 

B) Microcrystalline Replacement Dolomite (M). Very hlyh 

magnification photomicrograph (X 5. OK) of fabric rctent 1 ve 

microcrystalline replacement dolom.i te. Sca le ba r, '..> ILm •• 

S.E.M .. Mason :.sland, S-41. 

C) Finely Crystalline Matrix Dolomite (F). The matrix of the 

carbonate platform crinoidal wackestones is completely 

replaced by tightly interlocking crystals of this fabric 

destructive type of dolomite. Scale bar, 2.69 mm.. Cross 

nicols. M-18-77 (2). 319 ft .. 

D) Finely Crystalline Matrix Dolomite (F). The non 

dedolomitized carbonate mudstones that are interbedded with 

bi tuminous laminations (B) in basinal Ratner beds conta in 

finely crystalline matrix dolomite. Scale bar, 1.35 mm .. Cross 

nicols. M-3-73 87(8). 71 ft .. 
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PLATE 16 

A) Finely crystalline Matrix Dolomite (F). A crinoid ossicle 

is gradually replaced by this type of fabric destructi ve 

dolomite. Scale bar, 0.61 mm .. Cross nicols. M-18-77 (2). 310 

ft .. 

B) Finely crystalline Matrix DOlomite (F). Radiaxial fibrous 

cements, dolomi tized by microcrystall ine replacement dolomi te, 

are later partially replaced by the fabric destructive matrix 

dolomites. Scale bar, 0.69 mm .. Cross nicols. M-3-85 (49-2). 

78 ft .. 

C) cavity Filling Rhombic Dolomite (C). The relatively clear 

primary dolomite cement partially occludes the intergranular 

porosity (P) in peloid oncolite grainstones. Scale bar, 1,39 

mm .. Plane light. M-3-84 (23). 55 ft .. 

D) Cavity Filling Rhombic Dolomite (C). A single generation of 

this dolomite cement forms isopachous rims inside and outside 

an ostracod and around other poorly preserved allochems. Scale 

bar, 0.95 mm .. Cross nicols. M-3-84 (23). 55 ft .. 
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PLATE 17 

A) Cavity Filling Rhombic Dolomite (0) . This f inel y 

crystalline dolomite forms a void-filling primary cement in 

calcrete horizons. Scale bar, 1.39 mm .. Cross nicols. 

Steeprock Bay Dome. SBD-1 (1). 

B) Cavity Filling Rhombic Dolomite (C). WeIl formed rhombs of 

this dolomite cernent partially infills cavities in non 

dedolomitized basinal Ratner carbonates. Note the dusty rhomb 

nuclei (N) and thej r relatively clean epitaxial nms (E) 

indicating at least two periods of crystal growth. Scale bar, 

0.30 mm .. Plane light. M-3-73 (7). 69 ft .. 

C) Cavi ty Filling Rhombic Dolomi te (C). The cores of the 

cernent rhombs have been preferentially dissolved. The 

preserved rims (R) retain unit extinction inherited from their 

host nucleii (N). Scale bar, 0.30 mm .. Cross nicols. Masan 

Island. 5-59. 

0) First Generation Fracture (Fl). These fractures are 

distinguished from other generations of fractures by the grey, 

secondary calcite cernent (C) that fills aIl first generation 

fractures. 635-47 (22). 63 ft .. 
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PLATE 18 

A) First Generation Fractures (FI). Fracture orientation 15 

often random resul ting in the brecciation of the rock and 

cementation of the clasts by cavity and fracture filling 

calcite (C). M-5-76 (3). 274 ft .. 

B) Second Generation Fractures (F2). The F2 fracture cross 

cuts the FI fracture filled by cavity and fracture filllng 

calci te cement. The F2 fracture 1.S also truncated by the 

stylolite (8). M-5-76 (2). 294 ft .. 

C) cavity and Fracture Filling Calcite Cement (C). The cernent, 

characterized its by coarse crystal size and rhombohedral 

cleavage, completely infills a cavity. 8cale bar, 1.17 mm .. 

Cross nicols. M-5-76 (6). 255 ft .. 

D) Calcitized Evaporite (C). Laminations of calcitizeù 

evaporite contain anhedral calcite crystals that cross cut and 

preserve thin dusty units (0) that were probably a5sociated 

with the precursor evaporite. 8cale bar, 0.61 mm .. Plane 

light. M-5-76 (6). 255 ft .. 
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PLATE 19 

A) stylolite (S). Stylolites are pressure solution teatures 

that are observed in Winnipegosis limestones, calcitized 

evaporites and dedolomites. Typically, a black residue (R) , 

most probably comprised of clays and bituminous organic 
matter, is preserved along the stylolite. Scale bar, 0.75 mm .. 
Plane light. M-8-86 (19) . 182 ft .. 
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CHAPTER 4. SUMMARY AND CONCLUSIONS 

1. The Winnipegosis reef complexes in the Dawson Bdy an',l an" 

comprised of individual carbonate builùup~; thtlt PI'Ob<lbly 

coalesced during their development to lorm largor COmpOGltc 

reef structures. 'The buildups are local ln extcnt .md ri1l1rjl' in 

thickness from 75 to 100 m; they arc ]OC<1tcù on n~qion,llly 

extensive platform sediments 0 f rel ati vel y un i t onn th 1 ("knc!;~~, 

10 ta 15 m. Basin sediments, 10 m thick, are S1 tU;lt cd betwQon 

the reef camp] exes and 0n the carbonate pl i1t t orm. Thc:;p 

carbonate sedIments were initlally deposited in shallow wdter 

that increased to a maximum depth of about 9~ m dt Lhe end ot 

buildup developrnent. 

2. six environmental facies are Identlfied in the Wlnnipegosis 

carbonates. They are: 1) platform (Lower Winnipegosis Member) ; 

2) interior, 3) flank, 4) organic rim, anà 5) stromatolite C_lp 

(Upper Winnlpegosis Member); and 6) basin (Brlqhtholme dnù 

Ratner Members). The platform facies is subdivideù into ]ower 

and upper platform subfacies. The flank facIes lS SUbÙ1V1Clcd 

into bioturbated, cemented, and laminated suo f dC les. Tt1C' 

basin facies consist of two subfacies, the Brightholme Member 

bituminous mudstones, and the Ratner Member v<1rveJ mudstones, 

dedolomites and calcitized evaporites. 

3. Winnipegosls carbonates ln the Dawson Bay area are dlmost 

exclusively dolomitized with the exception of some local 1 y 

distributed dedolomites and one limestone bUlldup nt 

Gunnlaugson's Farm. 

4. At least twenty phases of diagenesls are Idcntll1ed ln the 

Winnipegosis carbonates. They are interpreted to have occurrcd 

in four principal diagenetic environments: 1) open manne, ?) 

subaerialjmeteoric, 3) restricted rnarinejshallow suhsurfdcc, 

and 4) deeper subsurface. 
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~. Open marine diagenetic processes modified the carbonate 

sedIments during the deposition of platform, basin and buildup 

sediments. Although aIl textures are dolomitized, many are 

prcserved: syntaxial cement, microspar cement, micritic 

cnvelopes, and aC1cular fibrous and fibrous cements. 

6. The crests of the buildups were modified by dissolution, 

mi nor pendant cement precipitation, and calcrete formation 

during periods of subaerial exposure and meteoric diagenesis 

at the end of Winnipegosis time. The calcrete horizons are 

also dolomitized, but textures such as the crenulated 

laminations, pendant ce~ents, and glaebules are preserved. 

7. Three types of dolomite occur: 1) fabric retentive 

microcrystalline replacement dolomite that replaces and 

preserves delicate a1ga1 and skeletal forms and fibrous 

cements, 2) fabric destructive matrix dolomites 

(microcrystdllLne and finely crystalline ma1...rix dolomites) 

that tend ta ob1iterate aIl original textures, 3) cavity 

fi111ng rhombic dolomIte, a primary dolomite cernent, that 

partially occ1udes intergranular, intraskeletal and moldic 

porosity. The matrlx dolomites obliterate textures previously 

do1omitized by the fabric retentive dolomites, and are 

therefore considered ta postdate the earlier dolomite phase. 

8. The olle (+2.5%J), OHlO (-4.3%J), and 87Sr/"fSr (0.7080) 

isotoplC slgndtures of Winnipegosis limestones suggest that 

the carbonates were originally deposited in normal marine 

Middle Devonidn waters. 

9. The range of 0180 (-4.1 to -6.4~), 

related temperature/burial depth data 

87Sr/85Sr (0.7080) 

of Saskatchewan 

and 

and 

Dawson Bay Winnipegosis dolomites suggest that do1omicization 

occurred in fluids derived from normal ta slightly hypersaline 

marine waters either under the influence of fresh water or 
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elevated t 1". ,~ratures at depth. However, the narrow range 0 [ 

O'De (+0.5 t.o +2.9%1) and the l imi ted texturaI ev idence for 

meteoric diagenesis do not favour dolomitization by freshwùtcr 

mixing. Therefore, elevated temperatures at depths of 600 m or 

less are considered the most likely influence on the SI·'O. 

This interpretation does not preclude the possibility th.:lt 

dolomitization, particularly fabric retentive dolomitization, 

occurred in marine waters during or very shortly a fter 

T'linnipegosis deposi tion and prior to shallow bur Lü. 'l'he 

problems inherent of sampling crystal sizes of less than 5 Mm 

prevents accurate isotope analysis of the fabric retentive 

dolomites to establish under what conditions this type of 

dolomite formed. However, the unusually weIl preserved fabrics 

of this type of dolomite may represent dolomj tization at 

sedimentary temperatures on or just below the seafloor. 

10. The exact source of dolomitizing fluids is not clea.c. 

87Srj86Sr isotopes indicate that aIl Winnipegosis 

dolomitization occurred in fluids derived from marine waters. 

The fabric retentive microcrystalline dolomite may have 

precipi tated on or j ust below the seafloor in norma l to 

slightly hypersaline waters. However, 0' 180 isotopes indicate 

that the matrix and cavity iilling rhombic dolomites were 

precipitated at slightly elevated t(~mperatures. Therefore, 

these slightly modified dolomitizing fluids derived from 

marine waters may have: 1) funnelled into the carbonates by 

the early mechanical compaction of the evaporites that encase 

the buildups, 2) sank by gravit y into underlying platform 

sediments, or 3) funnelled upward through the bu i ldups as 

formation waters from aIder Paleozoic carbonates. 

11. The texturaI relationships between fractures and 

stylolites, and the 0' 180 isotopes (-7.2 to -lO.On) of late 

cavity and fracture filling cdlcite cements suggest that aIL 

these diagenetic phenomena took place at intermediate burlal 
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depths. However , extensive dissolution in the Dawson Bay 

Winnipegosis dolomites may have occurred later in the 

subsurface or near ground level. 

12. The o13e (-2.0 to -6.0~) of Winnipegosis dedolomites and 

calcitized evaporites was possibly derived from a light carbon 

source associated with the bituminous residue along through

going styloli tes. The 0180 (-6.0 to -11.0%1) suggests that 

dedolomitization and calcitiz~tion of evaporites occurred at 

elevated temperatures during shallow to intermediate burial. 
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1\ppendix 1. Il!sr/ Ilhsr radiogenic isotopes 

Sdmple No. Sample Description 

M-18-71 2 (2 J) DOL Dol. fib. cmt 
M-1B-77 8"/-26 DOL Dol. fib. cmt 
M-2-87 24 CAL Brachiopod 
M-8-8G 20 DOL FCMO 
()"l!S-4G 1 J DOL FCMO 
Sask. (3"7-9 DOL FCMO 

0.70795 
0.70800 
0.70804 
0.70804 
0.70795 
0.70800 
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C and 0 stable isotope analyses 
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Appendix 2 . C and 0 stable isotope analyses 
of 

~ ~);}mplt:' No. Sélmplc Description Location 0 C 

M-)-BI 20 CAL Brachiopod -5.0 +1.5 
M-2-BI ) '3 CAL Brachiopod -3.9 +2.8 
M-2-Rï ? ') CAL Brachiopod -4.0 +3.2 
M-l"j-Hl 1 DOL Crinoid grn -4.5 +1.5 
M-l-il4 () DOL Crinoid grn -5.2 +2.2 
M-]-B'J 22 DOL Crinoid grn -5.5 +2.3 
SB ] DOL Crinoid grn -5.2 t1.9 
M-IB-Jl /.(70) DOL Brachiopod -5.3 +1.3 
63~-4B 36 DOL Peloid -4.6 +1.3 
M-18-Fl 11 DOL Dol. fib. cmt -6.3 +1.5 
M-18-/ï Il DOL Dol. fib. cmt -5.9 +1.2 
M-lfl-77 14 DOL Dol. fib. cmt -4.9 +2.4 
M-l B-7"1 14 DOL Dol. fib. cmt -5.2 +2.1 
M-IB-77 23 DOL DoL fib. cmt -4.9 +0.9 
M-IB-"n 23 DOL Dol. fib. cmt -5.8 +1.0 
M-]-B5 26 DOL Dol. fib. cmt -4.9 +1.1 
63':>-46 22 DOL Dol. fib. cmt -5.0 +1.9 
()3~-46 22 DOL Dol. fib. cmt -5.9 +0.5 
M-18-77 23 DOL MMD -5.9 +2.1 
4 / -"JfJ -14 9 DOL FCMD -5.4 +1.0 
M-18-77 3 DOL FCMD -4.4 +1.7 
M-]-R4 <J DOL FCMD -4.8 +2.2 
M-3-8~ 14 DOL FCMD -6.4 +1.4 
M- 3-B'J 26 DOL FCMD -4.8 +1.0 
M-7-86 23 DOL FCMD -4.1 +2.7 
Sask. WM 87-9 DOL FCMD -6.4 +0.6 
Sclsk. WM 1 DOL FCMD -5.8 +2.1 
Sask. WM 2 DOL FCMD -5.0 +2.3 
47-76-2 SI DOL CFRD -5.2 +2.9 
M-5-87 J6 DOL CFRD -5.4 +2.2 
S 130 l 1 DOL CFRD -5.2 +2.5 
SB 2 DOL CFRD -5.3 +2.2 
S-5-75 24 CAL Sec. cal -7.2 -6.2 
M-3-85 26 CAL Sec. cal -9.2 -6.0 
635-46 22 CAL Sec. cal -8.7 -8.2 
635-46 J2 CAL Sec. cal -10.0 -7.2 
M-3-73 (87) 8 CAL Sec. cal -9.2 -7.8 
M-J-73 4 CAL Dedol -6.2 -3.5 
M-J -"j J 7 CAL Dedol -6.1 -3.9 
N-]-73 7 CAL Dedol -6.0 -3.9 
M-]-73 (87) 6 CAL Dedol -3.9 -5.2 
M-5-76 IJ CAL Dedol -5.8 -3.3 
M-5-76 13 CAL Calcit. evap -6.6 -J.5 



APPENDIX 3 

Outcrop cross sections showing distributions of fauna, 
sedimentary features and diagenetic textures for Mason Island, 
Rock Island, Simons Island, The Bluff, and the steeprock Bay 
Dome Cliffs. A legend for aIl symbols used appears at the end 
of the appendix. 
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APPX. 3. FIGURE 1. Mason Island. northern exposure. Buildup Intenor faCies contalnlng a vertical series of weil bedded shoals 

of crinOidal. bryozoan. coralline and calcareous algal floatstones. Scattered massive stromatoporOids are 

distnbuted throughout. Note that bedded sediments dip northward away trom buildup core at north end of 
the exposure. 
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APPX.3 FIGURE 2. Mason Island. southern exposure. BUlk'Jp interior facies containing a vertical senes of weil bedded 

shoals of cnnoldal. bryozoan. coraillne and calcareous algal floatstones. Note that bedded sediments 
dlp southward away from bUildup core at south end of exposure. 
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FIGURE 3. Mason Island. northern exposure. Relative amounts (by percentage) of various dolomite and cement 
types observed petrographically in collected outcrop specimens. DoIomitized submarine cements and 
fabnc retentlve dolomites are common at this stratigraphic interval. Fabnc destructive and cavity filling 
rhombe dolomites occur in lasser amounts. 
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APPX. 3. FIGUFE 4. Mason Island. southern exposure. Relative amounts (baj percentage) of varlOus dolomite and 
cement types observed petrograptllcally in eollected outcrop specimens. Dolomitized submarine 

cements and fabl'lc retentlve dofomites are common at this stratigraphic mterval. Fabl'lc destructive 
and eavlty filling rhombe dolomites oceur in lesser amounts. 
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APPX. 3 FIGURE 5 Rock Island. Buildup intenor facIes conta," a vertical senes of weil bedded shoals of crinoidal. bryozoan. and 

calcareous algal floatstones. Pebble to boulder-slzed massive coralline and stromatoporoid debris is commonly 

scattered throughout these sediments. Toward the top of the outcrop exposure. the enigmatic sponge/coral . 

Chaetetes. massIve corals and stromatoporOids are preservee! m situ. and represent the early development 
of the organlc nm faCIes. The poorly defmed beds of commtnuted skeletai debrls and peloidal wackestones and 

mudstones on the outcrop flanks represent the bulldup flank faCies. Note how these beds dip east and west 
away trom the bulldup core. Aiso note the upturned black of sedIments on the east flank of the outcrop. 
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APPX. 3. AGURE 6. Rock Island The refatiYe amounts (by percentage) of vanous dolomite and cement types observed 
petrographically in collected outcrop specimens. Submarme cements and other textures preserved by 
the fabnc retentlve mlcrocrystalhne replacement dolomites are common. The hlgh occurrence of caVlty 
filling rhombc dolomrte may represent a sample bas as thls dolomite cement type was oot observed in 
slgnlflcant amounts in core 
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APPX. 3. FIGURE 7. Simons Island The organlC rim facies contains ln situ and disturbed massive conlls. 
stromatoporOids and the enlgmatic sponge/ coral.Chaetetes. &chinoderms. branching 
and tabulate cora/s. brachlopods and a p/ethora of non-framebullding organisms. Large 
volumes of skeletal debrls and muds are mterbedded Wlth the framebuilders. The apparent 
dommg of the beds ma)' represent the exposed core of the buildup. 
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APPX. 3. FIGURE 8 Simons Island The relative amounts of the vanous cement and dolomite types observed 
petrographlcall., III collected specimens are recorded by percentage. Submanne cements 
and other textures are preserved by the mlcrocrystalline replacement doIomi1e. Cavity 
filhng rhombtc dolomite commonly occurs as pnmary dolomite cement ln vanous poroslty 
types Fabrïc destructive matnx dolomites occur ln smali amounts only 

1 411. 
~ 

~ 



----- ---------------------------------._--------------------------------------------------------------------------------------~-----------------------------------------

---'l.~ N 

Plan VIeW of cliff rim orientation 
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APPX.3. FIGURE 9. The Bluff. The orgamc nm faCies contains in situ and disturbed massive corals. 
stromatoporolds and the emgmatic sponge/coral. Cha etetes. echinoderms. 
branchmg and tabulate cerals. brachlopods and many non-framebullding orgamsms. 

Fosslliferous wackestones and cross laminated mudstenes are interbedded with the 
framestones. 
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APPX 3 FIGURE 10. Knob One. The Bluff A plan Vlew of the distribution of frame and 
non-frametx.Jlldmg orgamsms ln the orgamc rim facies. 
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APPX_ 3. FIGURE 11. Steeprock Bay Dome Clifis. The stromatolite cap facIes represents pentidal sedimentation accompanied by 

intermittent penods of subaenal exposure. meteonc dlagenesls and calcrete devefopment. These sedments 

are predomlnantly eoated gram gramstones wlth a weil developed fenestrai fabrie throughout. Bioclastic debrls 

IS mterbedded wlth the fenestrai gramstones. Laterally extenSive truncation surfaces. boulder-sized teepee 
clasts and green shale stnngers represent Intense eroslonal actlvlty posslbly dunng storms. Cross laminated 
mudstones, elongatOO mud lobes. coated gram gralnstones. and laminated plsolites ail represent submanne 

depo3itional processes. Thin « a.5m) hOrizons of banded calcrete occur wlthln the fenestrai grainstones 

representmg penods of subaenal exposure dunng whlch calcrete plates. crusts. and glaebules were formed . 
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APPX.3. FIGURE 12. Steeprock Bay Dome Cliffs. The relative amounts of the vanous freshwater and submanne 
cements and dolomite types observed petrograph.cally in collected outcrop specimens are 

glven t:7t percentage. Dolomltlzed freshwater pendant cements are common ln calcrete 

hoqzons. CaVlty fllltng rhombtc dolomIte IS very common as an Intergranular cement ln the 
coated gram gralnstones The fabnc retentlve and fabrlc destructive dolomite types may 
occur more commonly ln the cap facies that extend over the bulldup flanks 
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LEGEND 

Diagenetic Fabrics 

Symbol 

MX 

X 

0 
,v'\/v 

~ ~v 

'Y 
Mie 
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[ J 
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IG 

Description 

Microcrystaillne replacement dolomite 
(fabtlc retentlve) 

Matnx dolomites (fabnc destructive) 

Cavity fllllng rhoi J Ibic dolomite 

Radiaxlal flbrous :ement 
(shelter poroslty) 

Radlaxlal tlbrous cement 
(intergranular porosity) 

Radiaxial acicular fibrous cement 

Mlcntic envelope 

Pendant c:emElnt 

Calcrete glaebule 

Minor quantity 

PoroSlty 

Intercrystalline 

Dissoived nuclel of cavlty fllling 
rhomblc dolomite 1 hombs 

Intergranular 

InorrJanlc/indeterminant Components 

C? Pelold 

® Pisolttes 

~ Oncohtes o 0 00 
~ 

• 
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Biogenlc Components 

* Echlnoderm 

y Bryozoan 

U Udoteacean calcareous algae 

6 Brachlopod 

CW Branched coral 

~ Massive coral 

0 Solitary coral 

~ M3ssive stromatoporoid 

~'î\ Fenestrai Aigae jCyanobacterial 

rm.o Gastropod 

1 1 1 Il Il Orthocone 

C7 Ostracod 

Sedlmenta, y Structures 

1111 

•• •• 

Interbedded wackestonesj 
floatstones with mudstones 

Rippled sediments 

Normal graded bedding 

Calcrete 

t 1slonal surface 

Flnely lamlnated mLlds 



APPENDIX 4 

Locations of wells, and logs for aIl co:-u::~ ~escribed in Dawson 
Bay and surrounding areas. AlI cores iogged i~ Imperial units 
(ft). A legend for the log symbols appears at the end of 
Appendix 3. 
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Locations of wells with logged cores 

M-18-77 
~-10-72 

47-76-14 
47-76-2 
M-17-81 
M-8-86 
M-7-86 
8-5-75 
M-5-87 
635-48 
M-4-87 
615-47 
635-46 
M-Z-84 
~-3-84 

M-3-85 
M-6-78 
M-12-71 
M-3-73 
M-2-87 
M-5-76 

03-17-45-25W1M 
08-17-45-25W1M 
14-12-45-26WIM 
10-11-45-26WIM 
08-14-44-25W1M 
08-14-44-25WIM 
05-13-44-25WIM 
03-01-44-25WIM 
06-17-44-24W1M 
Salt Point 
06-21-44-24W1M 
Salt Point 
Sai t Point 
16-33-43-24W1M 
09-33-43-24W1M 
09-33 -43-24W1M 
13-21-30-17W1M 
12-07-48-25W1M 
09-15 -46-22WIM 
05-35-24-10W1M 
10-22-30-16WIM 

~------------------------------------~ 
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GRAPHIe LOGGING FORM
CARBONATES 

WELL NAMf M-2-84 

ronMA TiaN WINNII:EGOSIS 

LOGGE!) RY MARK TEARE 

CORllNTEFlVAL 142-325 ft 

DA Tf JUNE 2'l, 23, 1986 
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GRAPHIC LOGGING FORM
CARBONATES 

WEll NM.1E M-3-85 

FORMA TIOtJ WINNIPEGOSIS 

LOGGED BY MARK TEARE 
cenE :NrcnvAL 58-327 ft 

DA 1 [ JUNE 28. 1988 
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GRAPHIe LOGGING FORM
CARBONATES 

WELL NAME M-6-7B 

f OHM il IleHl WINNIPEGOSIS 

MARK lEARE 
canE INTHlVAL 51-239 ft 
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- GRAPHIC LOGGING FORM
CARBONATES 

WELLNAME M-12-71 LOCATION DAWSON BAY 
---~ 

FORMATION WIN_NjfE_G_Q.SIS 

LOGGED BY MARK TEARE 
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CARBONATES 
WELL NAME M-3-73 

ronMATI'Jtj WINNIPEGOSIS CORE INTERVAL 54-141 ft 
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.. GRAPHIC LOGGING FOqM- WELL NAME M-2-87 -=- CARBONA TES 
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LOGGED BY MA8K TEARE 
com: 1~ITEf1VAL 0-150ft 

I--T----,----,--- - - --------,---

Z 
~t-

<lZ 
0 z·u 
ï= ;;:;o~ 

" GE~ :::lE ~O~ cr: 
0 "-> 
LL W7 

oU. 

E >- .J '" ~ >- cr: «Ul ut-Cl " cr:w _z 
~ 0 1- o:Jcr: Zw 

.J Z zl-:::> wL 
I 0 w «UI- ()Q 
l- I :::lE :J« 0"-a. l- n cr: III -::1; 
W ::; W 1- IL "'0 0 Cf) (/) 

U 

--- ----

--- t---

z 

~ 
160 

1;' 1,.. (J I-l 1 n 1 

DA T[ SEPTEMBER 3. 1987 

i-
l 

1 

l " 
1;,' 
1 

III 
;! 1 

" 1 
1 1 

i\J11 

",,~1 

WSl 

... ~1 

811 
\AST 

W81 

B11 
..,g1 

W'l1 
--

""Sl 

WSl 

--

,. 
'>-
~ 
Cf) 

0 
cr: 
0 
a. 

v 

V 

- -

V 

mlcV 

V 

-

;>- : 1-
in l 

OIP ! 
a: 1 
0 
n. ! 
'T 1 

1 

1 

Il 

1 

1 

1 

1 1 

i i 1 

! 
1 

, 
, 

! 

1 , 

i Il : i , , 

, l' 

t! Il 
,1 

1 l' , 1 
i , 

1 , , 

III 

~ 
::E 

~ 
~ 
~ ... 
(/) 

20 
19 

" 17 

18 
15 .. 
" 
" 
" 
'a 

Q 

e , 
• 
" 

• 
1 

• , 

~ -
Vl a: 
LU 

~ 
:J 
Z 

1 

GUNIAUGSON'S 
LOCATION FARM 

KB rLfVAllON 2493111 

["AGr 1 or 

n: 
::J 
0 ., 
0 

" 

rH 

flnN 

'fI 

( (l~IMr N' .~ 

I~ cl" \,1'\ l'rr1 ~j .. t"l t"1! "111113 rr f, "" 

." 

lS '''''''''IIIIt, t..-.n.'iI",I,,'" "'r '*" .f ffl"" r 
l'Wlr vtlQ 1 1 

l!i II!tt\d",l~t./u.t~. hlr-IIJ,h br! /l'IQ",'f'''I'' 
d,.h, ~ 10 r1lll Intt of l'-dt ""'" Il,Illlti 1_ 
ni",,,, 'r.tl/llir "Mt fth rll'ltol \n IntÜ,.\ 
du"llpr , 

l C; 'l'fil .,)(' n'lltt .. \.\ V fn .t\ ,,, q.,. h." !fI'_ 
br'HI! {ri" ,Irh hlntllfh "'yi .. fr,ut'ffttr 



.. - GRAPHIe LOGGING FORM WEll NAME M-5-76 
CARBONATES ---=------------------------ -- -- --- ------ -- - --

FORMA TION WINNIPEGOSIS 
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CORE INTERVAl 222-313 ft 
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