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ABSTRACT

The JurassÍc Lower Amaranth Member ís the lowermost unit of the Amar-

anth Formatíon, southwestern Manitoba. The Lower Amaranth Mernber is

composed of greeni sh-gray, Vêr".y f ine-grai ned subarkose and i nterbedded

reddish-brown siltstone. Comnrcrcial hydrocarbon production was first
obta'ined f rom thi s i nterva'l i n 1980 wi th the di scovery of the [*laskada

Field. In this study, the stratigraphy, sedimentology, and diagenesis

were examined to determine the depositional environment, reservoir po-

tential, and an expìoratÍon model. The study area extends from Town-

sh'ip 1-3, Range 25-29 lllPM.

The basal 20-25 metres of the Lower Amaranth Member is composed of sev-

eral repeated fining-upward sequences comprised of a basal (1-4 metre

thick ) ripple-l arni nated, gì auconj tíc, very fi ne-grained subarkose grad-

ing upwar,C to lenticular bedded mudstone, siltstoneo and subarkose

overlain by siltstone with nodular anhydrite. The glauconític, very

fíne-grained subarkose i s di stributed as a seri es of ínterfingeri ng

units, where 2-4 subarkose intervals are present at most well loca-

tions. A second sequence dominated by coarse-grained sublítharenite

fining-upward to paral lel-bedded and cross-beddedu medium-grained sub-

a rkose i s devel oped I oca'l 1y.
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The Lower Amaranth Member tvas deposited on a 1ow-energy tídal flat

a'l ong the northeastern fl ank of the f^Ji I I i ston Basi n. Sedimentation was

associated with periodic inundation and exposure of the tÍdal flat

where the very fine-grained subarkose represent tidal creek deposits

and coarse-graÍned sequences represent tidal channels.

The very fine-grained subarkose is the reservoir facies. Pre-existing

porosity in the coarser-grained facies has been occluded by anhydrite

cement. The optimum porosity (?0-25%) and permeability are found in

the central Waskada Field associated wíth a higher energy regime near

the Waskada dome. The primary intergranular porosity is modifÍed by

pore-fi1 1 ing dolomi te and expandable, mixed-layer clay mineral s. Por-

osity and permeability decrease (2-10/"0 <1 mil"lidarcy) outward from the

central !üaskada Field associated with an increase ín silt and c]ay ma'L-

rix (up to L0"/") .

0il has migrated into structura'lly high, porous carbonates of the

underìying Mississippian sequence" In the absence of an effective

seal , oil has migraiecl into the overlying Lower AmaranL,h where it is

trapped stratigraphically by the varíation in porosity and hy'the over-

lying Amaranth siltstone.
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CHAPTER 1: INTRODUCTION

I .1 I ntroductory Statement

The Lower Amaranth Member is the lowermost unit of the Amaranth Forma-

tion, a sequence of interbedded, red-brown mudstones; siItstones; and

grec.nish-gray, very fine-grained subarkose found in the subsurface of

Man'itoba. No evidence of the age of the Lower Amaranth Member is

known. Consequently, i t has been dated relative to the adjacent

strata. ln th'is study, the Lower Amaranth Member is recognized as

middle Jurassic in age (Sectjon 2.3).

Studies of the Lower Amaranth have historica'l ly been hindered by the

lack of outcrop and subsurface data. Although several regionaì stra-

tigraphic studies of blestern Canada have considered the Lower Amaranth

Member, only three studies have díscussed the detailed sedimentology of

the sequence. These include the early work by Stot,t (1954) and Mc0abe

(1956) and the more recent study of Barchyn (1982).

Rener.red Ínterest in the Lower Amaranth Member has been generated by the

recent discovery of oil (1980) at Waskada, Manitoba. Th'is discovery

has initiated an exploration and development effort wh'ich is currently

in progress. The Lower Amaranth Member is the main o'il producing in-

terval in the Waskada and Coulter Fields with mjnor Amaranth production

in the Pierson and South Pierson Fiel ds, southwestern Manitoba
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(Section 1.3). Approximately 365 wel ls are presently producing o'il

from the Lower Amaranth Member with an approximate cumulative produc-

tion of 6 MMB0 (951 N m3) and remainìng established reserves of 13 MBO

(z.l N m3) (ManiLoba Energy and Mines, December 3l, 1986).

The increasing availability of well data since the most recent study of

Barchyn (1982) has provided an excellent and timely opportuniüy to ex-

amíne the Lower Amaranth in greater detail. A study of the sedimen-

to'logy and diagenesis of this sequence can contribute to a better un-

derstanding of this reservoir and the development of a viable model for

further exploration. An understanding of the sedimentology of the Low-

er Amaranth Member is also importan'L jn deciphering the stratigraphic

and tacies relationsh'ips Ín the northeastern lllil liston Basin.

1.2 ObjectÍves of Study

The sedimentary rocks of the Lower Amaranth Member urere sLudjed for the

fo'l 'lowi ng purposes:

i. to Ínterpret Lhe depositional environment;

to examine reservoir quality, reservoir djstribution, and the con-

trol s on porosi ty; and

2



3

3. to develop a viable model for further exploration.

1.3 Study Area

The stucly area i s I ocated i n the extreme southwes Lern corner o'f Mani -

toba and extends from Township I to 3, Range 29 to 25 t^Jl (Figure 1).

1t is bound on the west, by the Saskatchewan-Mani'üoba border and on the

south l¡y the llorth Dakota-Mani toba border. The study area Ínclucles the

Pierson, Sout,h Pierson, Coulter, and l,rlaskada Fiel ds (Figure Z - map

pocket). Approximateìy 750 wel ls have penetrated the AmaranLh Fonna-

tion in the study area with the greatest density of wel ls in the pro-

duci ng oiì fi el ds.

1.4 Methods of Study

1.4.1 Core Examination

Most of the information for this study was obtained from the detailed

examinat,íon of cores, petrophysjcal 1ogs, and thjn-sectîon ana'lyses.

Approximate'ly 1010 metres of core were examjned during April and May,

1985 and selected sections were re-examined for greater detaîl (Appen-

dix A) 
"
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I .4.2 Petrography

Approximate"ly 93 thin sections were prepared from representative sam-

pìes of the entire Lower Amaranth Member. ParLicular attention was

gìven to the very fine-grained subarkose which consti tutes the

reservoir facies. Selected thin sections were stained with a solution

of Alizarin Red S and Potassium Ferricyanirle to differentiate carbonate

cements and with Sodjum Cobaltinjtrate to cletect potassium feìdspar.

Grain size and porosi [y va] ues !ïJere estimated from thin-section wi th

the caliper on the polarizing microscope. Porosìty values were compar-

ed wi [,h core ana'lysi s.

1.4.3 X-Ra.y Diffraction Anal ysis and Scanninq tlectron Mi cr0sc0py

Fourteen sampìes were examined by scanning electron microscopy to ob-

serve the morphology and m'ineraìogy of the fine-grained matrix, ce-

ments, and various clay mínerals. Fourteen bulk sampìes and eleven

cìay mineral separations were ana]yzed by x-ray dÍffraction (Appendix

B). These samples were chosen to inclucle an overview of the study area

but were confined primari'ly to the reservojr facies.
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I.4.4 Petrophysical Loq Eval uation

The Lower Amaranth Member was identified on petrophys"ical logs follow-

ing Stott (1954). Stratigraphic cross-sections lvere hung on the top of

the Lower Amaranth Member which Barchyn (1982) defined as a time strat-

igraphic marker.

Petrophys'ical I ogs trom 265 we'l I s were incorporated into cross-sections

and isopachous and structural contour maps. A nomalízed gamma-rqy

index (NGRI) (1og cut-off) lvas determined in order to correlate and

map the distribution of subarkose (potential reservoir) unÍts. An NGRI

was calculated following the method of Connolly and Reed (i983):

NGR I _ GR Log - GR Min- GRl4-aT-=-GR-MÌn /o

whe re

GR Log is the maximum API value on the garnnra-rqy 1og which corre-

sponds Lo a subrakose rock observed in the core. GR Log repre-

sents the most argillaceous subarkose rock in the Lower Amaranth

seq ue nce .
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GR Min is'Lhe lowest APi value on the gamma rqy'log. GR Min rep-

resents the cleanest subrakose rock i n the Lower Amaranth

seq ue nce .

GR Max is the highest API value on the gamma-ray ìog. GR Max cor-

responds to the base shale line.

All cores examined were caljbrated to the gamma-ray'log and an average

NGRI of (67%\ was determined for t,he subarkose units of the Lower Amar-

anth Member. In the absence of core and/or cutt.ings, this method was

usef ul 'in identifying subarkose uni ts on petroplrysical ìogs and mappÍng

their distríbution Ín the subsurface.

I .4.5 H.ydrocarbon Production Anal ysl s

FifLeen wells were selected ín the Waskada Field based on continual oil
production over a one year period. Monthly oíl and water production

was plotted on a graph ancl an average production decline rate deter-

mi ned.
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CHAPTER 2: REGIONAL GEOLOGY

2.I Geol o ical Settin

2.I .L Geol ogy of Southwestern Mani toba

Southwestern Manitoba is located on the extreme nort,heastern rim of the

l^li I l'i sì;on Bas'i n (Fi gure I ) . Basi nward thickening of sediment and con-

tinual basín subsidence has resu.lted in the formation of a sedimentary

wedge which dips to the southwest (McCabe, 1959). Three major litho-

logical units compose the sedimentary sequence; Paleozoic rocks wh'ich

consÍst of carbonates and evaporites, an overìying Mesozoic unit con-

posed of terrigenous clastics and ìnterbedded carbonates and evapor-

ites, and an Cenozoic sequence composed of terrigenous clastìcs wi th

m'inor carbonates and evapori tes (Mc0abe, 1959 ) .

The Mesozoic and Paleozoic sequences are separated by a rnarked angular

unconformity which represents a period of erosion from late Mississip-

pian to early Jurassic time (Stott, I954). Erosion resulted in the

removal of progress'ive1y older units to the northeast of the provìnce.

Paleozoic strata are truncated by the Amaranth Fonnation whích onlaps

rocks of Missjssippìan to Ordovìcian age (Figure 3) (McCabe, 1959).

Southwestern Manitoba has been characterized by minor basinward tiìting
(southwest), a slow continual rate of basin subsjdence, and structural
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FIGURE 3 : STRATIGRAPHIC NOMENCLATURE CHART
(MODIFIED AFTER: DEPARTMENT OF MINERAL
RESOURC ES, REGINA,SASKATCHEWAN )
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disturbance associated with multi-stage salt solution and removal of

the Devonian Prairie (evaporite) Formation and subsequent colìapse of

the overlying strata. Major stages of salt solution in the lrlil liston

Basin occurred during Devonian, Mississippian to Jurassîc, and creta-

ceous time (De Mi I le et aì , 1964 ) . sal t sol ution-type struc.tures were

noted by McCabe (1959) and Rodgers (1986) in the t^Jaskada area and by

Halabura (in press) in the Pierson Field. In these areas, salt solu-

tÍon and colìapse have resulted in the developmenì: of anticlinal fea-

tures which form sign'if icant structural -strat,igraphic hydrocarbon traps

(Chapter 6).

?.1.2 Williston Basi n Morpho'logy

During the Jurassic, the l¡Jil liston Basin was separated from the Alberta

Trough by the Sweetgrass Arch and bordered on the north-northeast by

the Punnichy Arch in southern Saskatchewan and the Precarnbrian ShÍeld

to the east in tvlani toba (Figure 1) (Christopher, l9S4 )" Thi s vast

epeiric sea (l,lil liston Basin) assumed several configurations from late

Pal eozoic to ear'ly creüaceous time" Duri ng Amaranth time, the basi n

became two djstinct elements; a northeasterly-trending trough (sub-

basi n ) extendi ng f rqn northe rn l,lyomi ng and South Dakota Í nto southwest,

Manitoba forming the Amaranth embayment or sub-basin, and a second

trough extendi ng northwest f rom the depos î t'ional centre of the 1¡i I I i s-

ton Basîn in North Dakota - northern Montana into southern Saskatchewan

(Schrnidt, 1953; Stott, 1954; Christopher, I984). Several escarpmen.Ls,
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Paleozoic erosional rernnants, and a prominent ridge along the Saskatch-

ewan-Mani toba border further restricted normal marine circulation
(stott, 1954; christopher).

A structural contour map of the post-Paleozoic erosional surface v{ras

constructed to il ìustrat,e the topography of the bas'in prior to Lower

A¡naranth deposition (Figure 4 - map pocket). The unconfonnÍU surface

dips gently basinwward to the southwest with no evidence of structural

closure. This structural contour map shows a va'l 1ey and ridge or

"cuesta" topography which is ìikely the result of erosjon by a south-

westerly trending paleodrainage system (Martin, 1966)"

2.I.3 Amaranth Sedimentation

The Jurass'ic period was characùerized by at least four transgressÍve-

regressive cycles. Each success'ive lransgressive pulse extended prog-

ressively further eastward across Western Canada. Amaranth sediments

were deposi ted during the extensive middle Jurassic transgressive-

regressíve cyc'le where seas flooded the t'lil liston Basin as far east as

ManÍtoba (Stott, 1954).

The Lower Amaranth Member was deposited in a mud flat environment as

part ol a vast episode of red bed sedimentation (Barchyn, lgBZ )

Clastic sediments of the basal Amaranth t,vere derived fron the Pre-

ca¡nbrian Shield to the north and east and from Paleozoic red-bed se-
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quences exp0sed at the basin rnargi n (sfott, 1954; Mccabe, 1956;

Poulton, 19BZ). Culmination of clastic sedimentat'ion and increasing

basin salinity resulted ín precipitation of the shallow marine evapo-

rites of the Upper Amaranth Member (Stott, 1954).

Regression of the middle Jurass'ic sea resulted in exposure and erosion

of the Amaranth along the basin margin in southwesLern Manitoba (Stott,

1954). the overlying Jurassic Reston Formation was depos'ited duri ng

the second rnari ne transgressive-regressive cycìe. The Reston is com-

posed of a basal shale, a middle marine carbonate, and an upper oolitic
limestone. which represents shal lowing upvard, norrnal-marine sedirnenta-

tion (Stott, 1954).

2.2 Stratiqraphy

2.2.I Hi storical Devel opment of Nomencl ature

The terrn Amaranth Formation was firsL suggested by Kirk (1929) for the

reddish-brown siltstones and dolornitic shales found near the town ot

Amaranth, Manitoba (Figure 5). l^lickenden (194S) later traced this se-

quence fron the type locality into the subsurface and formally defined

the Amaranth Formation at the Comnonweal th Mani tou No. 2 (2-9-8-26 t^Jl)

and the Neepawa Saìt Company No.2 (14-15-9-3 loJI) wells in southwestern

Mani toba" The Amaranth Formation was Ínforma'l ly subdivided by Stott
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(1954) into the upper Amaranth unit and the lower Amaranth unit (Figure

6). Stott (1954) based this subdivision on the presence of two

di sti nct I'ithol ogical uni ts (Fi gure 6 ) ; an upper anhydri te and a I ower

clastic sequence. McCabe (1956) and Barchyn (I?BZ) later referred to

these "units" as the Lower Amaranth and upper Amaranth Formations.

The stratigraphic subdivisions used in this study follow Stott (1954).

Hov/ever, in compìiance with the rules of proper stratÍgraphíc nomencla-

ture the upper and Iower Amaranth units should have member stat,us.

A1though the tenns Lower Amaranth Formation and Upper Arnaranth Fonna-

tion are used by indusbry and are well entrenched in the ìiterature,

for t,he purpose of clarity and regional correlatíon the informal

terminoìogy Lower Amaranth Member and Upper Amaranth Member will be

applied in t,his thesis.

2.2.2 Definition of the Amaranth Formation , Manitoba

In Manjtoba, the Amaranth Formation is composed of a l¡asal red-bed se-

quence comprised of interbedded shale, siltstone, and greenish-gray,

fine-grained sandstone; and an upper interbedded anhydrite and carbon-

ate (McCabe, 1956). The AmaranLh Formation overlies Paleozoic carbon-

ates and evaporites and underlies the Jurassic Reston Fornlation (Figure

3) (Srott, 1954).
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The Amaranth Fonnation is stratigraphicalty equivalent to the Jurassic

l^Jatrous Formation of Saskatchewan (stott, l9s4; Had'ley and Mil ner,

1953) and the Triassic upper Spearfish and Jurassic lower Nesson

Formations of North Dakota (Fi gure 3 ) ( Stott, 1954; Ziegler 1955 ) .

Imlay (1947) correlated Spearfish outcrop in the Black Hills of South

Dakota and wyoming to the Amaranth Formation of Manitoba.

Ïhe base of the Amaranth Formation is easily ídentified in core by the

unconfornlable contact between the red-brown siltstones of the Amaranth

Formation and the under'lyi ng Pal eozoic carbonates and evapori Ces. 0n

petrophysical ìogs, the boundary is marked by a sharp decrease in the

neutron 'l og count,, a marked i ncrease i n resistivi ty, a general decrease

in porosity (BHCS-CNL-FDC) and a decrease in the Apì reading on the

gamma-ray ìog (Figure 6).

The top of t,he Amaranth Formation is distinguished in core by the con-

tact between the anhydrite of the upper Amaranth Member and a thin

shale and/or argi'llaceous carbonate of the Reston Formation (Stgtt,

1954, McCabe, 1956). Stott (1954) i¿entífied an unconformable contact

between the Amaranth and Reston Fonnations. However, no expressjon of

this unconformity vvas ídentified in Saskatchewan (Stott, tgs4). 0n

petrophysical logs thîs contact is defined by an decrease in the Apl

reading on the gamma-ray log and an Íncrease in .Lhe neutron count

(Stott, 1954) (Figure 6 ).
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2.2.3 The Lower Amaranth Member , Mani toba

The Lower Amaranth Member is composed of an interbedded, reddish-brown,

dolomitic siltstone, shale, and fine-grained sandstone (stott, 1954)

wiûh sandstone content increasing to the southwest of the province

(Stott, 1954; McCabe, 1956). The boundary between the upper and lower

mernbers is gradational (Mccabe, 1956). 0n petrophysícal 1ogs, the top

of '[he Lower Amaranth Member is placed at the base of the upper

Amaranth anhydri0e (Figure 6). The Lower Amaranth Member appears as a

shaly sequence on the gamma-rqy log (Stott, t9b4).

The thickness of the Lower Amaranth varies froit 2-40 meEres. It thins

markedìy in the Wawanesa area and the Daly-Vírden district to the north

of the province and thickens towards the basín centre to the southwest

(Figure 5). The Lower Amaranth Member pirrches out near the Grandview-

swan River region (Figure 5) (Stoüt, 1954; Mccabe lg56)" The eastern

ìímit of the Lower Amaranth is erosiona'1, as no facies change occurs

near the subcrop edge (Stott, 1954) (Fîgure 5).

2.2.4 The Upper Amaranth Member , ManÍtoba

ln Manitoba, the Upper Amaranth Member average approximate]y t6 metres

in thickness. lt is composed of a a massive, u/hite anhydrÍte wjth min-

or interbedded shale, enteroli thic anhydrÍ te, and buff-colored dolom'i te
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(Stott, 1954). A basal siìty shale is present local ly. The Upper

Amaranth Member is wel I defined on petrophysical ìogs by a low reading

on the gamma-ray log and a low neutron count (Stott, t9S4). The east-

ern erosional limit of t,he Upper Amaranth is illuslrated in Figure 5

(Stott, 1954). The Upper Amaranth thins towards the basin centre to

the southwest coincident wi Eh an increase in dolomi te (stott, t9b4).

2.2.5 Lower Amaranth Member - Study Area

In the study area, the Lower Amaranth Member varies in thjckness from

25-40 metres with an íncrease in thickness basinward to'Lhe southwest.

(F jgure 7 - map pocket). Several e'longate, subpara'l le1 belts of thick

Lower Amaranth section are noted on the isopach map and show an overall

trend to the southwest-northeast, (Figure 7 \. Thesr-" thick bel ts are

coincident w'ith paleotopographic I ovus on the post-Mississippian uncon-

formi ty surface (Figure 4 - map pocket).

The structural contour map on the top of the Lower Amaranth Member

shows a gently s'loping surface which dips basinward to the southwest

(Figure B - map pocket). There is no evidence of structural closure.

Structure on the top of the Lower Amaranth Member appears to reflect

the post-Pal eozoic erosional surface (Figure 4) a1 though, the unclu-

'lating topography is general ly less pronounced. ThÍs may indícate that

Lower Amaranth sedimentation was insufficient to infil I pa'leotopograph-
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jc lows on the unconfonnity sunface, but more like'ly indicaLes salt

solution and collapse throughout Amaranth and post-Amaranth time.

The Lower Amaranth Member is underlain by the Mississippian Charles

anhydrite in the western portÍon of the study area (Fígure 3, Figure 4

- map pocketo Plate 1B), and/or a local ly developed detri üal zone

(Plate 1A). In the eastern portion of the study area, the Lower Amar-

anth overlies the MissÍon caryon Formation (Mc-3 and Mc-I Members)

(Figure 3, Figure 4 - map pocket, Plate lC) and/or the local]y develop-

ed detriLal zone"

Barchyn (1982 ) 'informa] ly subdivided the Lob,er Amaranth Member (Twp.

I-3, Rge.24-25 WL) into an "upper shaly unit" (USU) and a,'lower sandy

uni l (LSU ) . " Recogn'i tion of these units was basecl on the resistivi ty

charact,ers of the DI-SFL t.og (Figure 9). This subdivjsion was useful

in isolating the oiì-producing, lower, sandier sequence (Barchyn, pers.

comrn.). l.JÍthin the "lower sandy unit" (LSU), Barchyn (I}BZ) identified

the rrArr and r¡B¡r resi st,Ívi ty markers which del ineate a I ateral 1y exten-

síve sandstone interval (Figure 9).

The "lower sandy uni'1" is approximately 20 - 25 metres in thickness and

is cornposed of several repeated fin'ing-upward sedimenüary sequences

(Barchyn, I9Bz). Each sequence consists of a basal sandsLone, wh ich

varies in thickness fron I - 4 metres, and grades uprvard to a sjltstone

or interbedded shale and siltstone (Barchyn, l982). The sandstone of
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PLATT 1

P I ate 1.4

Detrital zone at the Mississippian unconfonníty.
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Pl ate 18

Anhydrite of the Charles Formation, dÍrectly underlying the
Arnaranth Formation in the western portion of the study-
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Plate lC

l-ower Arnaranth, basal, reddish-brown siltstone and nodular
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the "lov'rer sandy uni t" is the reservoir facies of the Lou/er Amaranth

Member. The "upper shaly uni ü" averages approxirnate]y l5 metres i n

thickness and is composed of a reddish-brown shale with localized beds

of very fíne-grained sandstone (Barchyn, I}BZ; McCabe, 1956).

2.3 Age of the Lower Amaranth Member

2.3.I Introductory Statement

Wickenden defined the Amaranth FormatÍon of southwestern Manitoba in

1945. However, due to the absence of preserved fossÍls, no geological

age |úas determined. Since that tíme, the Lower Amaranth Member has

been da'Led relative t,o the adjacent strata. The age assignment is

controversial and the age discrepancy centres around the fo] ìowing

facto rs :

l. the absence of preserved fossil s useful in age clat.ing;

the nature of the contact between the Lower and upper Amaranth

Member; and

3 " the identificatÍon of the Jurassjc-Triassic boundary.

In southwestern Manitoba, late Mfssissippian (dated paleonto'logical ly)

rocks unconfonnabìy underlie the Lower Amaranth Member. Stott (1954)

?
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and Zieg]er (1955) have correlated the Upper Amaranth Member to the

lower member (Poe Member) of the Nesson Formation, North Dakota (Figure

3). The Poe Member has been dated paleontoìogical]y as middle

Jurassic. Therefore, the Lower Amaranth Member is middle Jurassjc to

Tri as sic Í n age.

2.3.2 Triassic Age Assi gnment

The Spearfish Formation of North Dakota unconfonnabìy underlies the

Nesson Format'ion (Figure 3). Ziegler (195b) and Dow (1967 ) subdivided

the Spearfish Formation into three members. They correlated t,he Lower

Amaranth Member to the lower Watrous Formation (Member) of Saskatchewan

and to the uppermost unit of Lhe SpearfÍsh Formation, the Triassic

Saude Member. A rnjddle Jurassîc age assÍgnment for the tJpper Amaranth

and a Tri assic age assignment for the Lower Arnaran'Eh necessí tates an

unconformable contact between the upper and Lower Amaranth Members.

Roscoe and Baar (1972), cited in Christopher (lg84), also favored a

Trìassic age assignment. Based on subsurface correlatjons which ex-

tended from North Dakota norttward 'into Saskatchewan, Roscoe and Barr

(I972) suggested that the Permian lower Spearfish Fonnation was trun-

caLed progressively northward by the Tríassic upper SpearfÍsh Forma-

tion. This unconformity cut across Pennsylvanian and upper Mississip-

pi an strata and underl i es the I ower trolatrou s FornatÍon of Saskatchewan.

Roscoe and Baar noted that the Triassic Saude lvlember and I ower tnJatrous
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Fomation (Member) are correlabive units. Therefore, the contact be-

tween the middle Jurassic upper l,latrous and Triassic lower lnlatrous

Fonnation is unconformable. This unconformity is further supported by

physical evidence observed by Car'lson (1968) in cuttings and core.

2.3.3 J urassic Age Assi gnment

Stott (1954) identîfied the Jurassic sequence in 14anitoba and cons'i-

dered the Arnaranth Formation to be the lowermost formation of the

Jurassic. Stott (tgS+) and McCabe (1956) ident'ified a confonnable con-

tact' in core between the Upper and Lower Amarant,h Members. Accepting a

middle JurassÍc age for the Upper Amaranth lt4ember and a conformabie

contact between the upper and lower members implies a JurassÍc age as-

signment to the Lower Amaranth and a post-Paìeozoic unconformity whjch

represents a hiatus of'late Mississippian to Jurassic time" Barchyn

(tgBZ) also supported a Jurassic age assignment for the Lower Amaranth

and a conformable contact bebveen the lower and upper members. He

based this on the presence of a depositional sequence indicat,ive of a

tratrsition from a terrestrial to marÍne to restricted marine environ-

ment, a sequence common'ly deposited during a single transgressive-

regressive event.

Stott (tgg+,1955) suspected that the Lower Amaranth Member had been

correlated to rocks incorrectly includecl in the upper part of the

Spearf i sh Formation. He suggested that the Spearf i sh Fonnation r,/as
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TriassÍc in age and that the Jurassic/Triassic contact within the se-

quence had not been correctly recognized. Dow (196l ) suggested that

the Saude l4embelis di achronous and the Jurassi c/Triassic boundary may

be found within the Saude Member near the basin margin.

7-.3.4 [.li scussion

To dat,e, this prob'lern f igures proninent'ly in the geoìogical li terature.

0ngoing research emphasîzes palynologicaì and chert/phosphate methods

of dating (Poulton, 1984). Based on a concensus of available evidence

presented in studies of the Amaranth Formation in Manitoba, a Jurassic

age 'r s accepted for the Lower Amaranth Member in this study.
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CHAPTER 3: DESCRIPTM SEOIMENT0LOGY

3.1 Introductory Statement

Interpretation of the deposit,ional environment of a clastic sedimenLary

sequence involves consistent observation of the features of the rocks.

These features Í nc I ude t,he:

bulk mineralogical composítion;

grain size and textural maturity;

thickness and regularity of bedding;

type and sequence of sedimentary structures;

na[ure of bedd'i ng contacts; and

presence or absence of porosity.

The sedimentary rocks of the Lower Amaranth lt'lember were ass'igned to six

líthofacies based on the varìation in graìn size and sedimentary struc-

tures observed in core. The fol lowing lithofacies were identífied:

A - massl've to lami nated muds üone to sil ty muds Lone; C'

B - massive Lo laminated siltstone to sandy siltstone; i-l

c - massive to ripple-laminated, silty, very fine-graÍnetl, lithjc
subarkose i ,, 

,

T

2

3

4

5

6
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D - interlaminated mudstone, siltstone, and fine-grained subarkose;

E - paral ìe'l to cross-laminated, medíum-graìned, lithic subarkose; and

F - massive, coarse-grained, fe1 dspathic subli thareni te.

In the study area, no core was available for examination in the "upper

shaly unjt." Consequently, these lithofacies were described from the

basal 18-25 rnetres of the Lower Amaranth, coincident wìth the "lower

sandy unÍt" of Barchyn (I982).

3.2 Termi no"l ogy

Folk' s (1972 ) classif ication scherne for terrigenous rocks r{as appì ied

in this study. Folk's scheme is particulariy app'licable to the classj-

fication of textura'l ly immature rocks such as those of the Lower

Amaranth Member (Figure 10). The Goddard-Rock-Color chart was used to

descri be col or vari ati on . Poros i ty grades were defí ned fol 1 owi ng

Choquette and Pray (tgZO.

3.3 Lithologicaì Sequence - Lower Amaranth Member

The dominate rock-type of the Lower Amaranth Member is an interbedded

reddish-brown sÍl LsUone and very fíne-graÌned, greenish-gray, silty,
subarkose. The basal 20-25 met,res (LSU) of the Lower Amaranth Member
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is cornprised of several repeated or "stacked" fining-upward sequences

which vary considerably in composition. The "upper shaly" uni t 'is com-

posed of siltstone (McCabe, 1956).

The vertjcal distribution of these "stacked" sequences is best illus-
trated in the Omega l¡laskada (8-26-1-26 l¡ll) well (Figure 1t). This is a

typical core from the l^laskada Fiel d which shows f ive f ini ng-upward se-

quences in the basal LSU dominated by the very fine-grained, silty,
subarkose and Lithofacies Sequences 1l - IV (Figure t2).

tach f inÍng-upward sequence commonly consists of a basal , s'i1ty, fine-

grained subarkose unit (Lithofacies C) which varies Ín thickness from

1-4 metres. This basal subarkose fÍnes upward to reddish-brown silt-
stone (Lithofacies B) or interlaminated to wavy-bedded mudstone, silt-
stone, and subarkose (Lithofacies D) (Figure ï2 - Ii, III, IV). Sever-

al fining-upward sequences in the Lower Amaranth Member are much

coarser-grained, dominated by coarse-grained subli tharenite (Litho-

facies F) and paral lel -laminated to cross-larninated, medium- gra'ined

subarkose (Líthofacies E) (Figure 12 - I). In addition, several of the

sequences (Figure I2 - V, VI) are composed of fine-graÍned, subarkose

rocks with coarsening upward sub-cycles and considerable lithological

variation over a I-2 metre interval. The resu'lbing sequences can be

very complex but overall fÍning-upward in character. tach sequence

averages B metres in thickness and is bounded by a sharp and/or
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scoured basal contact. The fining-upward unit appears 'Lo consti[ute

one deposibion event.

3.4 Descri tion of Lithofacies

3.4.1 Li thofac'ies A - Massive to Laminated, Mudstone to Silty
Mudstone

Lithofacies A is composed of a dark reddjsh-brown (5 YR 3/4) to grqy-

ish-red (5 R 4/?), massive to lamÍnated mudstone with localized patches

of greenìsh-gray mudstone (Plate 2A, 2B). The siltstone component

(IO%) is present as randomly distributed silt-sized graÍns and pods or

as siltstone lenses and/or swir'ly laminae. Local occurrences of float-

ing, well-rounded, quartz grains and nodular anhydrite are also pre-

sent. Lithofacies A is frequently dolomitic (Section 5.2.1).

3 .4 .2 L i thof aci es B - Mas sj ve to L ami nat,ed Si l ts tone to Sandy
S i I tstone

Lithofacies B is composed of a yellowish-brown (10 \R 6/2) to pale red

(5 R 6/2) siltstone to sandy silts'bone. Lithofacies B is the most com-

mon rock type within the Lower Amaranth Member (Plate 2c - zE). The

fine to medium-grained, sandy conponent OA%) is present as randomly

dispersed grains or as sandstone lenses (Plate 2E) " Thj s siltstone is

dol onri tic (Section 5 .2 "2) .
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PLATI 2

Pl ate 2A

Plate 28

Core photograph of mottled, reddish-brown mudstone and
anhydri te. This core samp'le shows a spherica'l patch of
greenish mudstone (Lithofacies A).

3-29-1-27Wr
940.3 metres

Pl ate 2C

Pl ate 2D

Core photograph of reddish-brown siltstone showing
mudcracks (Lithofacies B).

2-20-r-26W1
927 .2 metres

Plate 2E

Core photograph of mottled, reddish-brown mudstone wÍth
irregular laminae of greenish mudstone (arrow). The
greenish color is probably the result of iron reduction
(díagenetic bleachíng) (Lithofacies A).

r2-27 -2-28Wr
960 metres

Core photograph of interlaminated sÍltstone and mudstone.
Note the i rregul ar, v'ravy I ami nae (arrow) and the marked
variation in color saturation. Color intensity appears to
increase with a decrease in graÍn size (LÍthofacies B).

1 1-30-1-25t^J1
9I2.9 metres

Core photograph of siltstone with lenses or pods of very
fine-grained sandstone. Nodular to mozaic anhydrite is
al so shown (arrow) (Lithofacies B).

r4-5-2-zBWr
990 metres
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Bedding characteristics range trom massive to mil lÍmetre-thick, wavy,

cont,orted to discontinuous laminae composed of mudstone or very fíne-

grained sandstone (Plate ?c, 2El'. The lamination of the rocks often

appears disturbed (or bjoturbated). This type of d'isrupted lamination

'is commonly described as a "chaotic" texture. Mud cracks are present,

associa'bed with local concentrations 0f biotite along the mud crack

surfaces (Plate 2D). Mud cracks were not wel'l preserved and it was

dj tf icul t to associ ate them wi'L,h a speci f ic stratigraphic horizon. In
the Coul ter Fiel d, abundant tarry residua'l oil is al so present, along

mud cracks p'lanes (Figure 2\. These is no clear evidence of burrow

structures or fossil rqnains.

Nodular anhydrite js comnpn in Lithofacies B and varies from isolated

noclules to coalesced rnasses of anhydri te known as "chÍcken-wire" struc-

ture (Maik'len et ôl , I969 ) (Plate IC, 2E). Minor large subangular

cìasts of purple anhydrite are also present ín this lithofacies. The

purple clasts are similar in compositíon tcl the underlying Charles

evaporite and cornnonìy found near the post-Paleozoic erosion surface.

Very fine-grained, angular to subrounded dolomite is concentrated in

lenses associated wi th wel l-rounded, f'loating, quartz grains (plate

3A). "FloatÍn9", quartz grains are common throughout this lithofacies

but more so in the Pierson and coulter Fields (Figure 2 - map pocket).
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PLATT 3

Plate 3A

Core photograph of siltstone wíth mínor swirìy, laminated
mudstone. The arrow shows welI rounded "floating", quartz
grains which are aeolian in origin. Detrital dolomÍte (a)
is also present (Lithofacies B).

1 1-19-3-28W1
971 metres

Pl ate 38

Core photograph of reddish-brown siltstone wÍt,h fracturing
(arrow). These frac'bures are f il led with residual
hydrocarbon (Lithofacies B).

2-14-3-2BÌ,TJ1
950 metres

Pl ate 3C

Photomicrograph of sandy siltstone showîng lenses of
fine-graÍned quartz (q) which have been preferentiaìly
cemented by anhydrite (a). The reddish hematite pigment is
associat,ed with the finer-gnained siltstone (Lithofacies
B).

16-18-3-28W1
962 metres

Pl ate 3D

Photomicrograph under x-nichols. Same as Plate 3C.

16- 18-3 -28!'11
962 metres

Plate 3E

Core photograph of very fine-grained, silty subarkose with
írreguìar laminae of sil tstone and I enses of wel ì-nounded,
"floating" quartz grains (top arrow). The bottom arrow
indícates fine-grained, detrÍtal dolomite probably aeol ian
in origin (Líthofacies C).

I 1-30-1-25ld1
908.6 metres
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Plate 3F

Core photograph of very fine-grained, glauconitic, silty
subarkose. This subarkose is massive with no evidence of
sedimentary structures or fossil remains (Lithofacies C).

2-20- 1 -26W1
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Subhorizon.Lal micro-fnactures are present in several cores (Plate 3B).

Fracturing may be due to the coring process" However, in some cores

fractures are fìl led wi th resÍdual oil .

This siltstone lithofacies shows good primary micro-intergranular po-

rosi Ly and secondary micro-intercrystal I jne porosity (Section S.Z.Z).

The coarser-grained sandstone lenses withín this lÍthofacies are col-

monly cemented with anhydrite (Plate 3C, 3D).

3.4.3 Lithotacies C - Massive to Ripple-Laminated, Silty, Very
Fine-Grainedo L ithic Subarkose

Lithofacies C is cCInposed of a massjve to ripple-lam'inated, silty, very

fine-grained, l'ithic subarkose which varies in color from light gray

(N7) to light olive gray (S GY 6/1) and pale red (5 R 6/2) (plare 3E -

4B). Ihis lithofacjes contains 15% fe'l dspar, B"/" lithìc grains, as well

as trace amounts of chert, hematite, and r% glauconite (section 5.2.3)

(Plate 4A - 4E).

Although this subarkose is general'ly massive, millimetre to centimetre

thick pods and Ienses of dark grâ.y, siìty materÍal are often present

(Plate 3E). Rippìe-lamination is preserved in approximatel y I0% of the

core examined. Pinkj sh, coarse-grained, sandstone clasts are common to

this liIhofacies particularìy Ín the l,Jaskada area (plate 4F). The

c lasts are angu'lar and irreguìar în shape" There is some evidence of a
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PLATE 4

Pl ate 4A

Photomicrograph of fine-grained, sil ty subarkose showÍng
the mi neral ogical composi tion. 'l-he subarkose i s cunposed
primari'ly of quartz (q) with up to 15% fe'ldspar. Potassium
feldspar is stained ye'llow in color. The grains are mainly
subangular (L ithofacíes C).

14-5-2-28Wr
991.42 metres

Pl ate 48

PhotomÍcretgnaph (x-nichols) of very fine-graíned subarkose
illustratÍng a sutured, quartz grain common to this
lithofacÍes. This quartz grain was probabìy derived from a
metamorphic source rock (Lithofacies B).

1 -i3-t -26W1
916 metres

Plate 4C

Photomicrograph of very fine-grained subarkose showÍng a
bimodality to rock texture. These medium to coarse-grained
"floating" quartz (q) are aeolian in origin (Lithofacies
c).

1 -1 3-1 -26W1
915.4 metres

Pl ate 4t)

Photomicrograph of a porous, fine-grained, si'lty subarkose.
The arrcw shows glauconite. The blue color indicates
porosity. Quartz (q) (Lithofacies C).

9-26-r-26W1
913 metres

Plate 4E

Photomicrograph of silty, very fine-grained subarkose.
Anhydrite cement, (a) is preferentially Ínfilling porosíty
which is present within coarser-grained lenses. Hematite
is associated wÍth the siltstone.

9-1-1 -?6Wt
920 metres
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Plate 4F

Core photograph of greenish, very fine-grained, silty
subarkose with a turbated appearance. The arrows show
interclasts of coarse-grained, pinkish subarkose.

3-34-1-26I,11
91 1.5 metres
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disruption of laminae in the host sediment associated with these clasts

where laminae appear to be dragged downward.

Subrounded, randomly dispersed, dolomjte graìns are present, in th'is

I i thofaci es often as soci ated wi 'bh we1 I -rounded, medÍ um-grai ned o

"f1oating", quartz grains. The dolcrnite and fìoating quartz are also

concentrated in lenses (Plate 3t). There are no fossil remains in this

ljthofacies but minor fecal pe1ìets are present.

Lithofacies C may vary frm a very, silty subarkose with very, poor po-

rosity to a very, clean, friable rock with excellent primary inter-

granuìar porosi'Ly. l^lhere present, the rnatrix is usual'ly dolomi tized

(Section 5.2.3). Dolom'i tization is assocÍated with mÍcro-

intercrystal line porosÍ by. The core in the Coul Ù'er and Waskada Fíelds

'is comnronly oÍl stained (Plate 5A).

3.4.4 Lithofacies D - Interiarninated Mudstone, Siltstone,
Fi ne-Grai ned Subarkose

Interlarnínated mudstone, siltstone, and fine-graÍned subarkose is the

most cornmon rock uni t i n 'Lhe s tudy area" The three cons ti tuents of

this rock type have been descríbed previously as LithofacÍes A, B and

t" One distinct feature of thjs rock type is the marked difference in

color saturation. The mudsLone lamÍnae are dark redclish-brown (5 YR

3/4), the siltstone are a pale ye1 lowish-brown (tO YR 6/2) to pa'ìe red
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PLATE 5

Plate 5A

Plate 58

Pl ate 5C

Plate 5D

Pl ate 5t

Core photograph of oil stained, fine-grained subarkose
(LithofacÍes C) common to the south-central Waskada field.

3-18-1-25l,J1
959 metres

Core photograph of silty subarkose and an overlying
siltstone (Lithofacies B). The arrow shows the contact
with the underlying silty subarkose. Note the presence of
anhydri te (a).

3-34-1-26W1
9?I.3 metres

Core photograph of wavy-len'bicular to interlqyered
mudstone, subarkose, and siltstone, typica'l of an
environment associated with fluctuating current energy.
The arrow shows a questionable bioturbatíon feature
(LithofacÍes D).

5-5-2-27|ri,r
959 metres

Core photograph of subhorizontal , hravy-bedded (arrow) to
interlayered mudstoneo si'ltstone, and subarkose
(Lithofacies D).

16-15-1 -z8l^lr
990 metres

Core photograph of paral lel-interlam'inated mudstone,
siltstone, and subarkose. The arrow shows a sharp contact
with the overlying subarkose (Lithofacies D).

3-34-1 -26Wr
923.5 metres
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(S R 6/2\, and the subarkose are ye'l ìowish-gray (S Y 7 /2) to grayish-

pink (5 R 4/2) (Plate 5C - 5t).

Parallel to subhorjzontal laminae are present and vary from a few mil-

limetres to one centimetre in thickness (Plate 5t). The most common

sedimentary feature 'is $ravy t0 lenticular lamÍnation (Plate 5C, 5D).

In approxirnately sVA of the core exam'ined, interìaminated mudstone,

siltsloneo and subarkose units have a distinct turbated appearance with

on'ly local preservation of laminae. Minor soft-sediment defonnaüion

features were a'lso noted. There are no fossil rernains and i't Ís diffi-
cult to recognÍze dÍstÍncL burrow structures.

3.4.5. Lithofacies E: Paral lel to
Cross-Laminated Medium-Grained, Lithìc Subarkose

This lithofacies is conposed of a parallel to cross-laminated, fine to
meclium-graíned, I i thic subarkose which is 'lÍgh t gray (N7 ) 'in color

(Plate 6A - 7C)" This subarkose is composed of quartz (65%) and con-

tajns approximately IB% feldspar, B% opaque graÍns, and minor chert

(Section 5.2.5) (Plate 6D, 7A - 7C). This is a very clean rock. How-

ever, where present matrix material is dolomitized (Plate 7C)" This

rock is usualìy completely cemented with anhydrite but does show poor

to good poros'ity local ly (Pla*ue 6t, 74, 78)"

Sedimentary structures inc'lude, paral lel -lamjnation, high-angle cross-

I arní nation wi th forsets of approximately 4 centimetres i n height, antl
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PLATT 6

Pl ate 6A

Core photograph of medium-grained, silty subarkose wÍth
para'l lel-lamínation and cross-lamination. The arrow shows
the presence of líthic fragrnents outlining the primary
structures (Lithofacies t).

?-20-1-26Wr
935.8 metres

P1 ate 68

Core photograph of medium-grained subarkose with parallel-
lamina'L,ion. The arrow shows unidirection
ri ppl e- I amÍ nati on . The contact wi th the over'lyi ng
siltstone is sharp (Lithofacíes E).

3-3 4- 1 -26I¡J I
922.3 metres

Plate 6C

Core photograph of medium-grained subarkose with 1ow-ang1e
cross-lanínation (L ithofacies t) .

2-20-r-26Wt
930 metres

Pl ate 6D

Pho'üomicrograph of medíum to fine-graíned subarkose showing
the mineralogica'l composition and Lexture. The rock is
composed primarily of quartz. Potassium feldspar is
stained yeìlow in color. 'the blue colorÍng indicates
poros'ity (Lithofacíes E).

2-20-r-26l,J1
929 metres

Plate 6t

Photomicrograph of medíum-grained subarkose of core sample 6A
(under x-nichols). Note the subrounded to rounded, QUâFtz
graÍns and chert. Poiki'lotopic, anhydrite cement has occluded
the pre-existing porosity (Lithofacíes t).

2-20-r-26Wr
924.6 nretres
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PLATT 7

Plate 7A

Plate 78

Photomicrograph showing (arrow
t h e presence of hemati'0e alon
r).

-53-

ematite graÍn coatings and
leavage planes (Líthofacies

Photomicrograph of medium-grained subarkose. The arrow
shows hematite grain coatings around quartz (q) grains.
Note the presence of anhydrjte cement which occludes any
pre-existing porosity (Li Lhofacies t).

2-20-r-26Wr
929 metres

)r¡
gc

2-20-r-26W1
929 metres

Plate 7C

Photomicrograph (x-nichols) of medium-grained
showing fairìy coarse-grained zebraic chalcedony.
dol omi tized matrix (Lithofacies E).

suba rk ose
Note the

t6-r-2-26W1
909.8 metres

Pl ate 7D

Plate 7E

Core photograph of a corase-grained, fe1 spathic
sub I i thareni te. The arror¡, i ndicates the presence of mud
rip-up clasts probably derived from the under'lying unit
(Lithofacies F).

2-20-L-261,,11
9Zl .2 metres

Pho'lomicrograph of coarse-grai ned subl itharenite (quartz
graÍn - q) showing a dolornitízed mud clast (arrow)" Note
the presence of anhydrite cement (a) which occludes any
pre-existing porosity (Lithofacíes F) .

L3-32*2-25hJ1
972 rnetres
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rìpple-laminatfon urith forsets of approxima'bely 1.3 centimetres in

height (Plate 64, 68, 6C).

3.4.6 Lithofacies F - Massive Coarse-Grained, Feldspathìc
Sublitharenite

Massive, coarse-gra'íned, fel dspathic I j t,hareni te i s rare in the s'üudy

area (Plate 7D). The rock i s common'ly gray to grayi sh-orange-pink (5

YR 7/2) [o pale red (tO R 6/2) in color. The rock is composed of

quartz (65'/") and al so contains 5-18% fel dspar and 15% chert (Section

5.2.6)" t^lell-rounded anhydrite and reddish-brown mud clast,s are common

(Plab,e 7D). The mud cìasts have been preferential ly dolomit'ized (Plate

7t). The rock is completely cemented with anhydrÍte and appears tight
(Plate 7E)"

3.5 Vertical Lithofacies Sequence of the "Lower San dy Uni t"

3.5.1 Lithofacies Sequence (LS) I

L i thofacies Sequence I (Figure 12-l ) is the coarser grained sequence

found 'in the Lovler AmaranLh Member. This sequence i s present in only

five of the cores examined (e.9.,2-20-l-26 WI;6-25-I-26 l^Jl;

I4-32-L-25 t^ll). LSI is comprised of a basal (4 metre thÍck) subarkose

unit which is composed of Lithofacies F (coarse-grained sublitharenite

- Plate 7D) fining upward to Lithofacies t (medjum-graìned subarkose -

Plate 6A). Lithofacies E shows some of the best preserved sedimentary
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structures in the Lower Amaranbh section. The subarkose fínes upward

to Lithofacies D and/or B (Plate 2C,5C). Lit,hofacies Sequence I Ís

characterized by an erosional basal contact with evidence of scour and

rip-up clasts derived from the underìying nrudstone.

3.5.2 Lithofacies Se nce (LS) II, III, iV

These three units (Figure 12-II, III, IV) are very similar in composi-

tion and represent the most comnv¡n fjning-uprvard sequences of the Lov,,er

Amaranth Member. Lithofacies sequence II is composed of a basal 1.5

metre thick gl auconÍ tic, siì ty subarkose ( L i thofac i es C ) which fi nes

upward to Lithofacies D and/or B. The subarkose of Lithofac'ies Se-

quence II ís characterized tty p'inkish, coarse-grained subarkose clasts

(Plate 4F). Lithofacies Sequence I II is composed of a sil ty subarkose

with preserved ripple-lamínaLion and fÍnes upvard to Lithofacies D.

Lithofacjes Sequence IV contôins a basal, glauconític, s'i1 ty subarkose

wi th si I tstone I enses. Th'is basa I subarkose al so f î nes upward to

Lit,hotac'ies lJ (Plat,e 3E). The base of each unit varies from an

eros'ional contact with a 1ag cleposÍt composed of very fine-grained

dolomite and well-rounded quartz to a sharp basal contact.
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3.5.3 Lithofacies Sequence (LS) V

LÍthofacÌes Sequence V is a conrplex sequence not particu'larly common to

the Lower Amaranüh Member (Figure 12-v). This sequence ís a good exam-

ple of the rapid changes in ì'ithology (over a 2 metre interval) which

characterizes t,he Lower Amaranth Member. Lithofacies Sequence V is
composed of a basal ripple-lamînat,ed, fine-grained subarkose (Litho-

facies C) grading upward to Lit,hofacies A (mudstone). The reddish-

brown mudstone is overlain by LÍthofacies F which shows evidence of

erosion into the underìying mudstone. The sequence fines upward to

Lithofacies C. the basal contact of the entire sequence is erosional.

3.5.4 Lithofacies Sequence (LS) VI

Lithofac'ies Sequence Vl is a 1.5 metre thick sequence which shows an

overal I fin'ing-upward character wÍth internal coarsening-up,.rard sub-

cycles (Figure 12-VI). In this sequence, Lithofacies C graduaìly be-

comes more argil laceous gradìng upward to Lithofacies D. Lithofacies t)

gradualìy becomes sandier coarsening-upward to Ljthofacies C and con-

tinuing to f ine upward to the siltsL,one of Li ühofacies B. This se-

quence shows a sharp basal contact.
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3.6 Distribution of LÍthofacies

3.6.1 Introductory Statement

The sandy (grain size) I ithofacies (Lithofacies C, E, F) are clistin-

guished on petrophysical iogs frqn the non-sandy (grain sÍze) litho-

facies (LithofacÍes A, B, D) by a core to gamma-ray'log calibration and

gamma-rAy 1og cut-off (NGRI - Section 1.4.4). Figures 13-17 (map poc-

ket) show the localized development of Lithofacies F (coarse-grained

sublitharenite) and LÍthofacíes E (medium-grajned subarkose) when core

i s present. These rocks general 1y represen'1, the basal uni t of L i tho-

facies Sequence I (dark yeìlow color).

The ìight yellow color on these maps illustrates the djstribution of

Lithofacies 0 (fine-grained, g.lauconitic subarkose) which represents

the basal unit, of Lithofac'ies sequence ll - IV. Lithofacies C is the

reservoir facies (Sectíon 5.5). Lithotacies C is distrÍbuted as a ser-

ies of interfingering to lateral'ly extensjve units" These interfinger-

ing uni Es pinch-out t,o Lithofacies B (siltstone) and/or interlaminated

to wavy-bedded Lithofacies D (mudstone, siltstone, subarkose). These

fine-grained subarkose units often correlate to the coarser-grained

subarkose units. In general, two to four sandy uníLs are present aL

any one wel I I ocation over the entire study area, forming a "sheet"-

type distribution.
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In cross-section, varÍation on the unconforrnity appears to affect the

thickness of the Lower Amaranth Member. The thickness of the Lower

Amaranth increases trom 5-10 metres near paleotopographic .lows, coinci-

dent with the local development of a basal Lower Amaranth subarkose

unit.

3 .6 .2 Di stributÍon of Sandy L i thofacies ( L i thofacies C, E, F )

Figure I3 (map pocket) is a stra[,igraphic cross-section through the

Lyleton-Napinka area (Figure 2 - map pocket) which extends perpendjc-

ular to depositional strike. The cross-sections illuslrate re'lat,ively

poor subarkose developmenü in the central s[udy area with an increase

in fine-grained subarkose in the cobra shel 1 Lyleton wells. An anom-

alously thick developrnent of subarkose is present in the Imperìa1 Cop-

ley (II-18-i-29 ['lt) well and the Cleary Souris Valley tr.lhite (5-?4-L-?9

l,Jl) well. There is a localized deposît of coôrse-grained subl'ithare-

nite in the I-9-2-28 Wl well.

Figure 14 (map pocket) extends through the southern portion of the

study ar"ea (Figure ? - map pocket) illustrating four to five inter-

fingering to laterally extens'ive subarkose units. The fÍne-grained

subarkose in the central waskada Field (6-25-1-26 l^J1) is a well-sorted,

matrix-free rock (Section 5.5) whereas, the LÍthofôcies C in the

Coulter-Lyìeton wells is characterized by a high silt content and low

perineabili'by (Section 5.5). A local deposit of Lithofacies E and F is
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present in the North Amercia Arthur (2-2rJ-I-26 I^11) wel I and the Omega

[{askada (6-26-I-25 l^Jl) wel l. These deposits corre]ate lateral ly wÍth

fine-grained subarkose uni ts.

The Melita-Waskada Cross-Section (Figure 15) illustrates bhe sedimenLa-

tion trends in the eastern portion of the study area (Figure 2 - map

pocket). A series of interfingerìng to laterally extensive subarkose

units are present with an increase in subarkose development in the Was-

kada wells. In the (14-'¿5-1-26 t^ll) and (Il-24-I-26 lyi.I) wells paleotop-

ographic lows on the unconfonnÍby effect the thfckness of the Lower

Amaranth Member whích is associated with the local developmenf of a

lower subarkose unit.

Figure 16 and 17 (map pocket) il lustrate subarkose distribution near

the Pierson Field (Figure 2 - map pockeb). Figure I6 'is a structure

cross-sectÍon which shows the presence of one to two interfingering

subarkose units. Figure 17 runs sub-parallel to regional dip and shows

the relative increase in fine-grained subarkose in the Lyleton-Coulter

wel ls. The fine-grained subarkose uni ts in the southern portion of

this cross-section area pinch-out to the north into Lithofac'ies B and

the wavy-bedded facies (t-ithofacies D).

A total sand isopach map of [he Lower Amaranth Member shows the pres-

ence of sandy lithofacies throughout the study area fornring a sheet-

type di strÍbut"ion or geornetry (Figure 18 - map pocket)" A minimum
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thickness of 2 rnetres of sand is present over the entire study area

with 6 to I metres of sand present in the southwest. Thick sand

development is also noted in some portions of the Pierson Fie'ld, the

Coulter-Lyleton area and the Waskada Fíeld. Poor sand deve'lopment

occurs to 'Lhe nort,h and northeast i n the study area. There i s a

correlatìon beLween thick sand development, thick tota'l Lower Amaranth

(Figure 7 - map pocket) and paleotopographic lows on the unconformity

surface (Figure 4 - map pocket).

3.6.3 Distrjbution of Non-Sand.y Lithofacies (Lithofacies A , B, D)

Figures I3-I7 (map pocket) show the presence of non-sandy lithofacjes

throughout the study area. The wavy-bedded facies (Lithofacjes D) dom-

inates the eastern portÌon of the study area (Figure 14) in comparison

to rocks in the Coulter Field (Figure 2 - map pocket) wh'ich are gener-

ally conposed of sjltstone and/or revuorked Lithofacies D. Figure I6

shows the dominance of non-sandy lithofacies in wells in the Pierson

Field. Where core data js available, a marked jncrease in "f"loaLing"

quartz grains is present in the Pierson and Coulter areas compared to

the remaÍnder of the study area.

In general, the basal deposit above the unconformity is a reddish-brown

sjltstone with nodular anhydrite (Plate i ). Fine-grained subarkose

units pinch-out lateral ly to sil tstone and Lithofacies D. Lithofacies

change rapìdly throughout the study area"
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CHAPTER 4: INTERPRETATION OF TITHOFACIES AND

DEPOSIÏIONAL INV I RONI{EIIT

4.1 I ntroducto S tatemen t

The study of lithofacies, lithofacies sequences, and sandstone geometry

in ary clastic deposi Liona.l system is useful in unraveì ling the depos'i-

tional setüing. StudÍes of modern depositional regimes have shown that

certain distinct features are characteristic to a particular sedimen-

tary environment. By analyzing similar features in ancient rocks, it
is often possible to reconstrucL, withìn reason, the depositional envi-

ronment of an ancient rock sequence.

The Lower Amaranth Member is a uníque sedirnentary unit, one that poses

several probìems when considering the interpretaLìon of a depositional

env j ronrnent. In any rock sequence, the 'li thol ogy, sedimentary s l,ruc-

tures, and foss'il remains reflect the physical, chemical, and biologi-

cal processes active at the time of sedimentation. An interpretation

of the Lower Amaranth Member is hampered by the absence of preserved

fossil remains. Thjs makes it necessary to rely heavily on primary

sed'írnentary structures and the preserved I i thof aci es sequence. How-

ever, in the Lower Amaranth Member only I0% of the cores examined con-

taín preserved sedìmentary structures. The remainÌng cores show ext,en-

sive mechanÍcal reworking and/or biot,urbat,ion of sedíment.
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Barchyn (1982, l9B4) suggested that the Lower Amaranth Member was de-

posi üed Ín a mud flat environment, domjnant'ly continental to marine.

Sedirnent was deposi [ed under shal low rnarine conditions where sanrly beds

in'Lhe "lower sandy. unit" are, in part, fluvial deposits on an emergent

mud flat (Barchyn, 19BZ). Alternatively, winnowing o"t sedjment by wave

action in a shallow marine environment may have been the primary depo-

sitional process (Barchyn, 1982). The Lower Amaranth represents the

initial deposit of a transgressive event and is transitional between

the continental env'ironment associated wi Lh post-PaleozoÍc erosion and

the shallow marine, hypersaline environment which dominated during pre-

cipi tation of the Upper Amaranth anhydrite (Barchyn, 1984).

No detailed depositional model is documented in the publÍshed l'itera-

ture for the equ'ival ent I ower ldatrous Formation (member ) of Saska'tche-

wan or the Spearfish Formation (Saude Member) of North Dakota. Cum-

mÍ ngs (1953) suggested tha'1, the basal lower l^latrous i s an aeol'ian de-

posit and Dow (L967 ) interpreted the Spearfish Format,ion as a conti-

nental to p'laya 'lake sequence.

In thÍs stud.y, the deposjtional environment of the Lower Amaranth Mem-

beris interpreted as a I ow-energy, tidal flat setting wi th a

prevaifing arid climate. Sediments were deposited on a broad tidal

flat siluaL,ed aìong the flank of the lrlilliston Basin in a restricted

embqyment known as the Amaranth sub-basin (Figure 1). ThÍs environment

hras subjected Lo period'ic i nundati on and exposure of the t'idal f lat
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vuhere sandy beds urere deposi ted i n a shal I ow mari ne setti ng (Figure

19). This interpretaLion is supported by the basin margin setting anrl

the fol 1 owi ng evi de nce frcrn c ores :

I . The domi nance of mudstone; sjI lstone; and textural ly 'immature

fine-grained subarkose conbined with the presence of mildly, ero-

sive, basal contacts of fining-upward sequences indicate ühat the

Lower Amaranth Member was cleposited under low energy conditions.

2 The "stacked" or repeated fining-upward sequences of the

sandy unit" favor a c.yclic marine process as opposed

ephemeral , terrestri al settì ng.

"I ower

to an

3

4

The presence of local 1y preserved ripple-ìamination (Lithofacies C)

whích indicates deposi'ü'ion of sedjment under shal low-water, low-

energy condi tions.

The presence of wavy to lenticular bedding (Lithofacies D) whích is

associ ated v¡i t,h rapidly f I uctuatíng current energy cornmon to tidal -

ly i nfl uenced envi ronment,.

5 . Gl auconi te i s a m'inor but persi stent component of the silty subar-

kose (t-ithof ac jes C). Glauconite is a good indicator of marine

sedi ¡ne ntat,i on .
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The presence of 'loca1 ly preserved mud cracks wh ich Í ndicat,e per-

iodjc wett'ing and exposure of sediment. This sedimentary structure

i s common to several deposi üional environment,s. However, when

found in comb'ination with Lhe other sedirnentary features of the

Lower Amaranth Member support,s a tidal flat (Íntertidal to mud

fl at ) setti ng .

"Frosted" coarse-grained quartz (sand) and sand lenses suggest aeo-

Iian deposition. These "frosted" grains are anoL,her índicator ol

subaerial exposure of sediment.

synsedimentary nodular anhydrite ís formed in an environment with

hÍgher than normal marine salinity and an arid climate. Nodular

anhydrite is cornnrcnly associated with sabkha to supratidal set-

ti ngs .

The dominance of subarkosic rocks and well preserved fe'ldspar in

assoc'iaüion wi th a I ow-1yi ng source area (Precarnbrian shi el d,

eastern Manitoba) suggesbs an arid climate which retarded the

weatheri ng process.

10. The presence of two distinct sand-bodies ("lower sandy unit") in-

corporated into a dominantly fining-upward sequence:

7

B

9
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(a) The more prevaìent sequence Ín the study area is composed of a

basal , siìty, glauconitic, fine-grained subarkose with local ly

preserved ripple-lamination and a local interfingering but

overall blanket or sheet-type geometry. This sequence fínes

upward to a wavy-lentÍcular bedded facies (Lithofacies D)

and/or siltstones and is interpreted as a tidal fìat deposit.

The basal subarkose was deposited in a shallow marine environ-

men t.

(b) The coarser grained sequence was deposi ted I ocal ly as a

coarse-grained sublitharenÍte (lag deposit) fining upward to a

paral lel to cross-lamjnated, medium to fine-grajned subarkose,

a wavy to lenticular bedded facies (Lithofacies D) and/or

siltstone. This sequence fs interpreted as a tÍdal channel.

There are no modern analogs to ancìenL epeiric sea sedimentaLion

and consequenbly, there is an ongoing controversy as to whether

normal diurnal tides were operating in vast inland waLerways sl.¡ch

as the tdilliston Basin. Irwin (1965) and Shaw (1964) suggested

that currents u/ere largely wind generated. However, it is possible

to see sedírnentary structures and a depositional sequence in the

Lower Arnaranth Member similar to that present in modern tídal flat
settings (Secti on 4.2).
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4.2 Tidal Fl at SedÍmentation

TÍdal tlats occur along open coasts associated with general ly quiescent,

conditÍons and re]atively'low relief, low wave energy, and appreciabìe

tidal range. They are also found in protected high energy coastal set-

tings. Tidal flats vary considerably in geographic extent,, vertical

thickness of accumulated sediment, and overall geometry (tr,leimar et a'|,

19BI)" In general, tidal flats are broad, featureless plains, where

deposit,'ion of sediment resu'l Ls f rom lateral accretation of meanderi ng

tidal channels and creeks (tl1iott,, 1978, weimar, Ig8i). Tidal action

resul'üs 'in channel f l oodi ng and subsequent i nundation of the adjacent

area. During this process, fine-grained sediment Ís moved onshore,

where Ít accumulates as intertidal tlats (Blatt et al, 1980). The re-

cession of tidal wafers results in re-exposure of the tidal flat area.

Wind processes may pìay a significant role in controlling seclÍmentation

(Rej neck and Si ngh, 1.9'13; [,leÍmar et al , 1981 ) . Cl"inratic parameters

such as mean temperature and seasonal aridÍty strongiy influence the

initial mineral ogical cCInposi c,ion as wel 1 as ear'ly diagenetic processes

ancl evaporation rate on the tidal flat.

Several workers have subdivided the tidal flat inüo zones based on ti-
dal range" The discussion of tlliott (l9iB) was applied in this study.

The supratidal zone i s I ocated above mean high bide. Ihi s mu<l-

dominated zone is subjected to períodic wettÍng and drying eonditl'ons

resuìting in desfccation of sediment,. In arid climates, the growth of
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gypsum and other evaporites Ís common. However, in more temperate

areas the high tidal flat is characterized by peat, deposits and veget-

a'Lion. The supratidal zone grades basinward into bhe seaward dippÌng

i ntertidal zone.

The intertidal zone is located bebveen high and low tide. The inter-

tidal zone i s of ten di ssected by tidal channe'l s ancl tídal creeks.

Asymnetric/symnretríc rippìes and flaser, wavy, lenticuìar, and/or

'interlayered sandstone and sil üstone are common. These sedimentary

st,nuctures and bedding features are associated with rapidly fIucLuating

current and wave conditíons. Bioturbatjon is preva'lent in this area as

well as the presence of shell horizons and a1gal ìaninae.

The subtidal zone'is located below low tide range. The intertidal flat

may pass into the subtidal area with no major change in sediment fea-

tures. However, in sand dominated high-energy systems, such as the

German coasU of the North Sea (Reineck, I975) and the t¡Jash, western

North Sea (Evans,1975), the subtidal zone may be composed of a complex

series of channels, bars, and shoals. These subtidal deposits may vary

Ín composiLion from fine to coarse-grained sand. In an arid climate,

saì i ni ty general ìy i ncreases landward.

Models for modern and ancient tidal flats have generally been proposed

based on work in sand dom'inated systems (tvans, 1965; Reineck and

Singh, I973; Kleín, I97 /) associated w'ith h'igh energy coastal settf ngs
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and temperate climates. The Lower AmaranLh Member Ís a mud clominated

system associated with a low energy epeiric sea characterized by low

bottom slope, vê¡"J shal low water conditions, restrl'cted circu'lation,

and vast areal extent (Shaw , 1.964, Irv,Iin, 1965). Consequently, sand

dominated high-energy tidaì flat models do no'L seem to app1y.

0ne of the best modern analogs to the deposi'Lïonal sett'íng in

southwestern Mani [oba is the mud-dominated, 1ow-energy tidal f'lat on

the Colorado Delta, northeastern Gul't of CalifornÍa (Thompson, l96B;

1975). Here, sil ty cìay and f ine-graìned sand are supp'lied by the

Colorado River to the north coast of the Gulf of California" A

featureless mud plain has developed that grades into a broad, shallow

low-d'ipping, subtidal plain. An arid cljmate prevail s.

SedimenLs deposibed in the subtidal to lower Íntertidal zone along the

Gulf of California are conposed of laminated silty clays with 1 mm

thick laminae of coarse silt to fine sand interdispersed at regular

I-10 cm intervals. These sediments were deposÌted by suspension se'E-

tling from tÍdal currents.

The intertjdal zone along the Gulf of California is dominated by wavy,

interlaminated, brownish-gray, silty-clay; silt; and clayey sÍlt (1-8

mm thick laminae) (Thompson, 1968). lhompson (1968) aìso noted the

presence of discrete small scale burrows and djsrupted lamÍnae. Above



-72-

high water, intense burrowing by feeder crabs has resulted'in a lithol-
og'ical ly mottled sedíment of mixed shel ls, sand, sil t, and c1ay. The

deposíts of t,he intert,idal zone originate under the combined influence

of smal I waves and tida'l currents that sweep back and forth across the

tirlal flat.

Aìong the Gulf of California, the high tidal flat {supratidal zone) is

a horÍzontal plain characterized by the deposition of clays and muds

and the growth of evaporite minerals. Near the high wat,er mark, clays

settle as tides recede across the rnud flai;. Evaporite growth is due to

hypersalinity and a hot, arid climate.

Thompson (1975) noted several variations in sediment fron the subtidal

to hjgh tidal flat. These vari ations Ínclude:

t. textural changes from clayey silt to sílty clay;

2. color changes from brownísh-gray to reddish-brown sediments;

3. changes in lamination from lenticular to wavy to uniform;

4. an i ncrease i n gypsum and hal Í t,e; and

an increase in deformed lamination due to shrinkage ancl eva-

pori te fonnati on.

5
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4.3 Interpretation of Sedimentary Features

4.3.1 Significance of Interbedded Green and Red Bed Se quence s

The reddÍsh-brown color of LithofacÍes A, B and D is atüributed to the

presence of he¡natite. Several origins for red sediments have been pro-

posed in the literature. Kryn'ine (1949),'in his work in the deserts of

southern Mex'ico, suggested a detri tal origin. Red beds were fornred by

erosion of laterj'0e soils and subsequent deposition of sediment. The

assocÍation of red beds, in thjs desert basin, with evaporites and

other indicators of seasonal dryness led Krynine (1949) to assocjate

'L,he presence of red beds with a prevailing arid climate.

Al ternatively, more recenL research has proposed a di agene'L'ic orìgin

for red bed sequences (Section 5.3.3). l^lalker (I967 ) suggested t.hat

red beds form in all climates given an available iron source and an

oxygenated intersitial environment suitable for the alteratÍon of iron

sÍlicates and the fonnation of ferric oxide. Interpreting a red bed

sequence as an i nd'ication of an arid cl'imate must be supported by

paleontoìog'ical evidence and/or the presence of indicators of seasonal

dryness. In general, red bed sequences were deposjted under oxygenated

conditjons. 0¡ygenated conditions are usually associated wíLh contin-

ental ancl/or nearshore environments.
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There is evidence that the red sediments of the Lower Arnaranth Member

were deri ved from both sources. McCabe ( 1956 ) and Stott ( i954 )

described the exposure of the Devonian Ashern and Lyleton Format¡ons

(red bed sequences) at the basin margin as a result of post-Pa'leozoÍc

erosion. They concluded t,hat both the Precambrian Shield and these

red bed units were the source of Amaranth sedimenù. There is also ev-

idence of hematibe grain coats around quartz grains (Plate 7A, 7B),

often an indication of dÍagenetic hematiL,e (Walker, 1967).

4.3.2 Dominance of Fíne-Grained Sediments

The textural maturity of ary rock is an important key to the physical

processes operating in the depositional envÍronment, as it reflects the

effectíveness of the prevail ing current in winnowing, sort'ing, and

abrasion of detritus (Folk, I972). The imnnbure sedjments of Litho-

facies C and the mudstones and siltstones of Lithofacies A and B accum-

ulated Ín a low-energy depositjonal environment associated wi't,h weak

current action. For the most part, wave energy ulas never sufiicjent to

wi nnow away si"lts and mud (Sect jon 5.5 ) .

4.3.3 Dominance of Subarkose Rocks

Arkose to subarkose rocks, such as those of the Lower Amaranth Member,

are genera'l 1y composed of sed'iments derived from granÍtic or

metamorphÍc terrains. Feìdspars are cornmonly altered to clay earìy
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i n the weatheri ng proces s. Several condi tions rnay i nfl uence the

preservat,'ion of these rni neral s. Chemical weatheri ng of rocks, irì

general , ffiô.y be retarded by condj tions of extreme aridi ty (Pettijohn e't

â1, 1972\. FolR (1972) has also suggested that high relief and rapíd

erosion are a favorab'le condi tíon for the preservation of fe'ldspar.

When work'i ng wi th anci ent sequences, the factor control l ing

preservation ís very difficult to determine. However, the association

of Lhjs subarkosic sequence wi'bh nodular anhydrite combined with the

surrounding low source area (Stott, 1954; Mc0abe I956) suggest that

welì-preserved feìdspars in the Lower Amaranth Member indicates t,he

influence of a prevailjng arid climate.

4.3.4 "Fl oating" Quartz GraÍns

hlel'l-rounded, medium to coarse "f'loating", quartz grains and lenses of

medi um to coarse-grai ned quartz are common to the Lower Atnaranth

Member. The presence of well-rounded coarse grains creates a díst'inct

contrast (bìomodal i ty ) to the overal I fine-graÍned character of the

rocks. Folk (1972 ) suggested that th'is míx'ing of sediment is of ten the

product of two d'i stinct processes operating in one deposi tional

environment. Both Barchyn (Lower Amaranth, 1982) and Cummings (1ower

l*Jat,rou s, 1953 ) have described a f rosted texture Lo these " fl oa ti ng"

quartz graìns which may be the resulü of:
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microcrystal line quartz overgrowths;

aeol i an abras ion ( Fol k , 1972) ; or

chemical etching before or after deposition.

These grains were interpreted as aeolian in origjn (Barchyn, lgBZ; cum-

mings, 1953). Sîmilarly lenses of "frosted" graîns were deposited by

the same process. These aeolian features are comfnon to many environ-

ments such as desert settings or near-shore mud flats and indícate thaL

the sediments of t,he Lower Amaranth were subaerial'ly exposed.

4.3.5 Nodul ar An hydri te

Nodular anhydrì te is fa'irly comnþn in the sil tstones and fíne-graÍned

subarkose of the Lower Amaranth Membe.r. One of bhe more widely accept-

ed model s for the formation of nodul ar anhydrf te 'is the di spl aci ve

growth of gypsum and subsequent recrystaìlîzation (dehydration) to an-

hydnite (Dean et al, 1975).

Based on work in the recent sediments of the Persian Gulf, nodular an-

hydrite has been used as an indjcator of subaerial exposure of sedi-

ments in a t'idal fIat, or sabkha setting. The formation of nodular an*

hydrite is associated with evaporation of upward migrating cas04 rich

pore fiuids (schreÍber et a1, IgBz). Alternatively, Dean et al (1975)

not.ed that nodu'l ar anhy dr"ite may al so be found in deep water setü'ings,

I

2

3
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as the main requjremenûs for formatjon are restrictive conditions and a

cal ci um sul phate source .

The basin margin settÍng of southwes[ern Manítoba would favor a sabkha

to tÍdal flat sett'ing for the formation of nodular anhydrite as opposed

to the deep waLer model. The presence of nodular anhydri le indicates

hypersal i ne condi tions and a preva i1 i ng ari d cl imate.

4.3.6 Disruption and/or Absence of Sedime ntary Features

The general absence of sedimentary structures in all lithofacies of the

Lower Amaranth Member is worth noting for most sediments norrnally show

sorne type of primary sedimentary structures (Pettijohn et al , 1972ìr.

This massive to mottled character is the result of the depositional

process or the result of bioturbat'ion and disruption of the origîna1

fabric (Pettijohn et a1, 1972). DisrupLion and or obliteration of sed-

imentary structures may also be due to desiccation and/or the dispìac-

i ve growth of gypsum ( Re'if and Sl att, t979 ) . I n many cases, the cau se

of turbation is difficult to detennine" In the Lower Amaranth, there

is indjcation of disruption of sedimentary structures due to desicca-

tion, growth of nodular anhydri te and bioturbat"ion. Barchyn (lg82 )

also suggested that the generally disrupted nature of the sediment may

be due to storms and flash floods in a prevailing arìd climate assoc-

iated wjth reworking of sedimen[.
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4.3.7 Ripple LamÍnation

Ripple-lamination is preserved in 5-10% of the fine-grained subarkose

examined in core and is also present in the subarkose of LithofacÍes E.

Preserved ripple-lamination indicates shal low water deposition and low

current velocitJ (Blatt et âl, i9B0). In the Lower Amaranth l4ember,

these sedimentary structures are occasionalìy outlined by heavy mineral

concentration which may be attributed to wave swash.

4.3.8 Absence of FossÍl tvidence

There is a marked absence of fossil remains in all lithofacies of the

Lower Arnaranth Member. Although bjoturbation has been noted and sev-

eral tecal pel'lets ident,if ied, i L is very dif fl'cul t to actual ìy pin-

point distinct burrow structures. The marked absence and/or marked

non-preservation of fossils can be aütributed to several conditìons:

a contínental envi ronment of deposi t,'Íon: Petti john et al

(tglZ) noted that terrigeneous siltsüones and sandst,ones are

rare'ly rich i n fossi I s but can cont,ain good trace fossil s;

the presenue of sal ine condí'Lions unsui table for organìc

life;

I

2
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solut'ion or aragonit,ic or calcjtic bjocìasts during very

early diagenesis leavíng a non-recognizable trace.

4.4 Interpretati on of L'ithofacies

4.4 t Lithofacies A - Massive to Interlaminated Mudstone to SÍ1ty
Mudstone

Fine-grained sed'iments, such as the silts and muds associated with

Lithofacies A, are normal iy transported in suspension. The depositîon

of mud 'is often controlIed by suspension settf ing associated with weak

currents and sedímentation in a I ow energy envi ronment. The

reddi sh-brown color of the mudstone indjcates deposition in a

weì ì -oxygenated envi ronment,.

4.4.2 Lithofacies B - ltlassive to Inberlaminated Sil üstone to Sandy
S i I tstone

Although not a comrnon feature in Lithofacies Bo mud cracks suggest some

periodìc wett'ing and subaerial exposure of sediment. Mud cracks are

common feaLures of intertidal mud f'lats, as welI as abandoned river

channels, playa lakes, and salt marsh pans (Pettijohn et a1, L972).

In considerÍng the fine-grained texture, the reddish-brown color, the

presence of nodular anltydri te and the evidence suggestì ng des'iccation

and aeol ian deposition the s'il üstones of Lithofacies B were deposÌted

in a wel'l-oxygenated, low*energy, hypersal ine environrnent wh'ich was

3



periodical ly exposed to

deposíted c¡n a supratÍda1

BO

subaeri al condi tions. The sil tstones were

flat or a continental sabkha sebting.

4.4.3 Lithofacies C - Mass'ive to InterlamÍnated, Si1ty, Very
Fì ne-Grai ned, L i thÍc Subarkose

The glauconite noted in thís lithofacies is a minor (I-2%) but

persistent component. The ori g'in of g'lauconite is somewhat uncerta'in"

However, i t tends to fonn under normal marj ne to weak ly reduci ng

condi tÍons. Although 'ít may be re-deposited in non-marine sands,

gìauconÍte is a relatively unstable mineral and will not persist over

long dístances of transport (Pettijohn et â1, r972) " Glauconibe may

also form as a diagenetÍc product of biotite alteration or by iron

enrichment and replacement of mud pei lets and shel ls. Glauconite may

precipitate in cav'itÍes or as graÍn coatÍngs. The gìauconite noted in

the Lower Amaranth Member is well preserved. Thís type of glauconite

is probab'ly primary glauconiue, a good indicafion of a

mari ne-influenced depositional environment (Schoì le, 1979 ) "

Irregular, coarse-grained subarkosic intraclasEs are common in thís

I ithofac'ies giving the subarkose a pseudo-brecci a appearance. Barchyn

(1982 ) suggested that these clasts were the result of sediment

rework i ng due to i ntermi ttent terrestri al storms and fl ash fl oods

associated with an arid climate. These clasts could also represent

col lapse or caving of tÍdal creek banks.
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In summary, the Ítnmature texture, and the presence of ri pp'le-lamination

suggest that Lithofacies C was deposited in a low-enerEy, shallow-water

environrnent probably below wave base. Nodular anhydrite present fn

these rocks suggest high sal Ín'i ty. There is no fossil evidence to

i ndi cate wheùher these st¡barkose are rnari ne or non-marj ne. However,

the presence of welì-preserved gìauconite supports a marine-influenced

environment. The marked absence of sedimentary structures suggests

reworking of sediment and/or bjoturbation. The presence of wel l-

preserved feldspar combined wjth minor nodular anhydrite indjcates a

prevai'l'i ng arid cl imate.

4.4.4 Lithofac'ies D - Interlaminated Mudstone, Siltstone, and
F i ne-Grai ned Subarkose

ldavy, paraì leì to subparal lel and lenticular beddìng described 'in thi s

ljthofacies js sjmilar to that discussed by Reineck and [,lunderl'ich

(1968). /\'lt,hough, i t is dif f icu'lt to identify the internal ripple lam-

ination. The origin of wavy beddìng is related to alternaLing current

or wave action where sand, silt, and mud are depos'i bed dependent on Lhe

current intensity. The formation of wavy bedding is the resul'L of in-

filling of the sand ripple trough by finer graÍned sedjment (Reineck

and Singh, 1973)" Wavy beddÍng ìs fomed in an environment where ener-

gy conditÍons are suitable for the deposit,ion and preserva[ion of both

sand and nud (Reineck and !'lunderl ich, I968 ) " The presence of lentic-

ular beddíng r"esults fron the inccmplete tomation of sand ripples on a

muddy substratum (ReÍneck and t',lunderl ich, 1968 ). l-enticular beddíng
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forms in a low energy, mud-dominated environment (ReÍneck and Singh,

1973). llJavy and lenticular bedding are present in intertidal/subtídal

zones where the genesis is related to tidal rhythm (Reineck and Singh,

1973). ThÍs type of beddîng has also been noted in marine deltas and

lake bot,tom sedÍments.associated with deltas.

4.4.5 Lithofacies E - Massive to Laminated, Medium-Grained, Lithic
Subarkose

Parallel-lamination, cross-lamination, and ripple-laminaEÍon noted in

thís l'ithofacies are some of the most dîstinct structures present in

the Lower A¡naranth Member. The shape, arrangement, scale, and attitude

of bedforms js governed by the characteristics of the parent bedform,

the strengLh of the drivìng current and the size of the sed'iment load

(Al I e n, 1gsz ) . cros s-be<ld'Í ng i s the product of down-current, sand-dun e

migration (Pettijohn et al, I972). Unidirectional sedimentary struc-

tures are present in aeolian and aqueous environrnents. The association

of paral 1el -beddi ng, cross-becldi ng, overl a'in by ri pple-laminat,jon

(Lithofac'ies Sequence I) is cmnnn in fluvial deposÍts (Allen, I}BZ).

However, these sedÍtnentary structures are outl ined by concentrations of

lithjc grains whích could a'lso be due to the influence of wave swash

(Plate 6A).
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'the medìum-grained subarkose was deposited under moderate energy con-

ditions. There are no diagnostic fossils or ofher evidence to support

a marine or non-marine environment.

4.4,6 Lithofacies F - Massive, Coarse-Grained, Fe'ldspathìc
Subl i thareni te

Lithìc areniües have typica]ìy been assocÍated with molasse [ype depos-

its in foreland basins, fluviaì deposits, and turbídites (Pettijohn e'U

âl, 1972). The wel I sort,ed Lexture of this Iithofacies conrbined with

the presence of mudstone ríp-up clasts and a generally scoured erosion-

al basal contact indicates deposition under moderate to high energy

condi'l'ions.

A massive sedimentary unit is the resulI of the depositional process

and/or the reworking or bioturbation of sediment. pettijohn et al

(I972) found it unlìke1y that burrowing organísms could move coarse-

grained sandstone. Consequently, the mass'ive nature of this lithar-
enite is likely a function of very rapid sedimentabion from suspension

or depositÍon frm a highìy concen'Lrated sediment djspersion.

In summary, this lithofacies was deposited under rnoderate to high ener-

gy conditions with no evidence to indicate a marine or non-marjne en-

virontnent. The relationship wi Lh underlying and over'lying li thoìog'ies

(as noted ïn the lithofacies descriptions) and the local development

suggest that, this unÍ t, represents a "channel-lag" deposit.
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4.5 Interpretatíon of Lithofacies Se quence

4.5.i Introducto S ta temen t

No single Iithofacies or sedimenL,ary structure can be used to identify

the depositional environment of an ancient sequence as many features of

the rock are comnpn to several sedimentary environments. The key to

interpreiirrg an ancíent sequence lies in the relationship of these

li Lhofacies; narne'ly the depositional or li chofacies sequence, the

presence of a coarsening upward or fÍning-upuvard sequence, the relative

occurrence of these sequences in the area, and the geometricaì rela-

tionshíp to other sequences observed in core.

The rocks of the Lou¡er Amaranth Member are characterized by several

repeated f ining-u¡rrvard sequences. Al though mary vari ations have been

noted'in core (Figure 12), the lithofacies sequences can be categorjzed

into two main sequences:

a locally developed fin'ing-upward sequence dominated by a coarse to

medium-graÍned subarkose with para'l 1e1 and cross-lamination repre-

sented by Lithofacies Sequence I; and

a dominant fining-upntard sequence wi th a ripple-laminated, glauc-

onitic, silty, fine*grained subarkose and a sheet-type geonretry

(tit,hofacres II-VI)"

i

2
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L'ithofacjes I ís interpreted as a tidal channel while L'ithofacïes II-VI

are variations of a fining-upward sequences deposited on a broad low-

energy tidal flat.

4.5.2 Interpretation of L i thofacies I (Coarser-grai ned Sequence )

Interpretation of Lithofacies sequence I as a tidal channel is con-

sistent with the following evidence:

1. the base of 'Lhe sequence is a major erosional surface;

the presence of a basal coarse-gna ined subl i thareni Le wi th

rÍp-up clasts (Lithofacies t) whjch is interpreted as a chan-

nel lag deposit;

3. an overall upward decrease in grain size;

sedimentary structures indicate a generaì decrease in current

velocÍtJ;

sedimentary structures suggest un'idírectional migration of

sand: however the presence of lithic grains out'lining sed-

imentary structures í s common'ly due to wave swash;

2

4

5
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6. the local extent of this sequence;

the association geometrically (laterally adjacent) with the

1ow-energy, tidal flat subarkose (Lithofacies Sequence I I

VI ).

4.5.3 Interpretat'ion Lithofacies II - VI (Finer-grained Sequence)

L'ithofacies Sequence II-VI are interpreted as tidal flat deposiLs where

fine-grained g'lauconitic subarkose units represent lateral ìy mígrating

tidal creeks over a broad tÍdal flat. Deposition of subarkose is as-

socj aLed wi th f 'loodÍ ng of tidal creeks due to 'inundation of the tidal

flat and subsequent settlÍng of sedjment fol lowing recession of waters.

This interpretaLion is supported by the fol lowing evidence:

I . mil dly erosive basal contacts of the f "ini ng-upward sequence;

2. cycljcity of bhe sequence;

3 . the presence of g laucon i te;

a sequence whi ch f i nes upward f rorn a mari rre subarkose to a wavy-

lenticular bedded facies; and

7

4
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the interfingering but overall sheet-type geometry of the subarkose

uniLs comrpn to many environments but supportÍve of a tidal flab

setting as opposed to localizecJ channel deposition.

4.6 Geological History of the Lower Amaranth Member

In summary, the Lower Amaranth Member was deposited on a broad feature-

less tidal flat sim'ilar to the setting along the north coasü of the

Gulf of California. Ihe basal, red<lish-brown siltstones of the Lower

Amaranth were deposited in a supratidal mud flat to sabkha type setting

along the restrict,ed margin of the willjston BasÍn (Figure 20). Sed-

iments tvere eroded from the Precambrian Shield to the east and from

red-bed sequences (Lyleton and Ashern Formations) exposed at the basin

margin and deposi'bed on a broad mud fìat. Sedimen't, gradual ly began to

infilì paleotopographic lows on the post-Paleozoic unconfornìty sur-

f ace. Nodul ar anhydri 'De was fo rmed by the di spì ac'i ve growth of sed-

iment.

A period of sìightly coarser-grained sedimenta'Lion followed where the

deposítion of fÍne-grained subarkose was associated with inundation of

'ühe tidal f lat, f ìoodÍ ng of tidal creeks anrl the dl'stribution of sub-

arkosic sediment across the tìdal flat area. The recessÍon (regres-

sion) of water resulted in depos'ition of sediment by suspension set-

tling. The silty, glauconit'ic subarkose of Lithofacies C was depos'ited

in very shallow water probably below b,ave base. Any slight rise in
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sea level would have sign'ificantly affected the Amaranth sub-basin due

to the relatively flat basin topography and low bottom slope. These

silty sut¡arkose have been extensive]y reworked and bioturbated.

Barchyn (1982 ) suggested rework'ing due to terrestri al storms and flash

floods associated with an arid climate.

Gradual recession of water frm the tidal flat resulted in the de-

pos'i tion of the wavy-lenticul ar bedded subarkose, sil tst,one, and mud-

stone which'is comnnnly associated with a zone of fluctuating current

energy (Section 4.4.4). This type of bedding structure is present jn

modern intertidal flats such as the Colorado Delta originating under

the influence of small waves and tidal currents which sweep back and

forth across the t,idal flat. The dominance of lenticular bedding in

the Lower Amaranth probably inclicates the presence of a rnuddy substrat-

um associated with a ìow-energy, mud-domînated environment.

l¡lith further progradation of the tidal flat siltstones and mudsLones

were deposiüed. This deposjtìonal setting was, for the most part, sub-

aeri a1 ly exposed, where l ocal ly preserved tnud cracks indicate wett'ing

and drying of sediment,. Aeolîan processes were also actjve.

This deposÍtion cycle was repea'bed several Ljmes in the geologicaì his-

tory of the Louler Amaranth Member where each fining-upward sequence

represents a sì'ight transgressive-regressive pul se (LSU ) (Figure z0 ).

Coarse-grained sedimentation eventua'l iy terminated in later Lower
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Amaranth time ancl the basin was dominated by muds and silt (usu). seas

became íncreasingly hypersaline resulting in the precipitation of the

ext,ensive Upper Arnaranth evaporite. 0veraìì, the Lower Amaranth rep-

resents the record of the beginning of a new era, a period of sedjrnent-

ation tollowing the post-Paleozoic erosional phase and the beginning of

the clastic dominated Mesozoic Era.
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CHAPTER 5: PETROGRAPHY, DTAGENESIS, AND RESERVOIR QUALITY

OF THE LOI.IER AMARAT{TH MEMBER

5.1 Introductory Statement

An 'irnportant feature of any anci ent sedimentary sequence is the di agen-

etic history of the rocks fo1'lowing deposition ancl subsequent buri al .

The dÌagenetic history of the sedirnentary sequence is of ten complex for

several distinct dÌagenetic environments may have existed during the

burial history. The precipitation of cement and the fomatjon of au-

thigenic clay minerals during dìagenesis may significantly modify the

reservoir quaìity of a sedimenLary rock, controlling the capacity to

entrap and/or produce hydrocarbon.

Two of the more sign'ificant diagenetic changes Ín the Lower Amaranth

Ivlember are the precipitatíon of anhydri'Le cement in pores and extensive

dolomitization. Less coïnpn diagenetic alteration Íncludes the form-

ation of authiEeníc clay minerals, the corrosjon and alteration of

fe'ldspars, and the formation of hematite pigment.
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5.2 Petrography

5.2..1 L ithofac'ies A - Massive to Laminated Mudstone to Sil ty Mudstone

5.2.i.1 Detrital Mineraloqy and Texture

Due to the fine-grained nature of this rock, the rnineraìogy js djffi-
cult to determine in thin section. The mudstone is composed primarily

of quartz. Lithofacies A may contajn 5-10% siltstone.

5 .?.I.2 Authisenic Mineral ogy and Texture

LÍthofacies A is dolomitic.

texture.

Dolomite is fine-grained and rhombic in

5.2.2 Lithofacies B - Massive to Laminated Siltstone to Sandy
S i I tstone

5.2.2.I Detrital Mineralogy and Texture

Lithofacies B is composed of 60-65% angular to subangular quartz with

an B-107" pìag'ioclase and potassium feldspar conponent (AppendÍx B -

8.2)" Approximately LA% of Lithofacies B is conposed of fine to medi-

um-grained subangular to subrounded quartz. This quartz is randomly

d'ispersed throughout the rock or present as lenses which are common'ly

assoc'iated wi th anhydrite cement (Plate 34, 3C, 3D ). Fine grained,

disseminated hematibe is present as well as il1ite clay (plate 3c,3D,

Appendix B). Opaque grains (up to 5%) are scattered throughout the

silts[0ne or concentrat,ed in patches and/or along preserved laminae.
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In thin section, synsed'imentary anhydri.be nodules show a d'istorted

subrounded shape. Anhydrite appears to have grown by dÍsplacing the

host sediment (Plate BAn BB). Nodules are composed of Ínterlocking,

elongaten lath-shaped cryslal s.

5 .? .2 .2 Authi gen i c Mi neral ogy and Texture

This sil tstone I i thofaci es i s dol omi tic rangi ng from patchy dol omi tiza-

tion to complete recrystal lizafion of the sediments. Minor "fel ted"

anhydrite cement is also present (Plate 8C) as well as minor authigenic

chlorite (Appendix B)"

5 .2.2.3 Porosi

Thi s sìltstone li thofacies shows good, fine-gra'ined, intergranu'lar po-

rosity (Section 5.4). The porous, coarser-grained, sandstone lenses

within thjs I ithofacies are comnìonly cernentecl with anhydrite (Plate 3C,

3D). DolomitÍeation has resulted in the formation of micro-intercrys-

tal lj ne porosity.

5.2 3 Lithofacies C - Massive to RÍpp'le Laminat,ed, Sil ty, Very
Fine-Grained, Lithjc Subarkose

5.2.3.I Detrital Mineralogy and Texture

This ljthofacies is ccrnposed of approximately 60% quartz (Plate 4A).

Quartz grains are of three djstinc'L, types: abundant fine-grained angu-

lar to subangular quartz showing straight extinction, minor, fine-
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PLATE B

Plate BA

Photomicrograph of a sandv siltstone with nodular
anhydrite showing displacive growth (a) (Lithofacies B).

16-12-26W1
906.5 metres

Plate 88

Photomicrograph of the same sample as 8A (r-nichols).
Note the lath-shaped anhydrite crystals.

r6-1-2-26Wr
906.5 metres

Plate 8C

Photomjcrograph of siltstone with felted anhydrite
cement. This photomicrograph is shown under x-nichols
(Lithofacies B).

Plate 8D

Photom'icrograph (x-nichol s ) of medium to
coarse-grained subarkose showing anhydrite cement.
(L ithofacies F).

i1-30-1-25W1
91 1 metres

Pl ate Bt

Photomicrograph of medium-grained subarkose. Note the
presence of dolomite rirns (d) whích were formed prior
to anhydrite cementation (a) (LÍthofacies E).

2-20-r -26l,l1
932 meLres

Plate 8F

Photomicrograph of the same sample as Plate Bt under
x*nf chol s. The a r.row shows dol omi le rims " Anhydri te (a ) .

2-20-1-7.6W1
932 metres
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graÍned, sutured aggregates of quartz grains (Plate 44,48), and ran-

domly d'i stribut,ed wel l-rounded quartz graìns give thjs f ine-grained

subarkose a sornewhat bjmodal charac'Ler (Plate 4C). Approximately I0%

of thÍs rock is composed of potassium feldspar, with 2-3% plagioclase

feldspar, and minor microcli ne (Plat,e 4A). McCabe (1956) noted both

sodic plagiocl ase and orthoclase. XRD ana'lyses indicaüe that the

plagioclase and potassium feldspar contents are generaì ly similar (Ap-

pendix B). Al I stages of fel dspar corros'ion is noted but for the most,

part fe'ldspar mineral s are very we1 I preservecl.

The composiL,ion of t,he fine-grained subarkose also jncludes approxi-

mateìy 8% opaque mi neral s. These mi neral s are scattered ranclomly

throughout, or concentraled in lenses along beddjng p'lanes (Plate 4A).

0ther rni nor constj tuents i ncl ude chert, aggregates of feì dspar and

quartz, garneL,, g'laucortil;e, and hematite. Green, globular gìauconite

(m) js present jn 30-40% of the thi n sections examined (Plate 4D).

Where present, hemati te i s assoc'i ated wi th the fi ner graÍ ned ma'|'ri x

component and found occasional ly as Erain coatings.

This subarkose is texturally immature with poor to rnoderate sorting.

The rock framewor{< ís general ly open with fe'¡¡ grain to grain contacts

and no evidence of extreme compact'ion. The percentage of clay matrix

vari es consi derably; frorn l-2% 'in the Omega ldaskada 8-26-l-26 l'Jl and

6-25-I-26 f^Jl wel ls (Section 5.4) up to L5% jn other areas (Plate 9A).

The matrix is composed pr"ímarjly of illite with a minor amount of very

f ine-grai ned subangular dolom'ite (Appendíx B) .
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PLATE 9

Plate 9A

SEM photograph showi ng the overal I texture of a

fine-grained, silty subarkose (Líthofacies C).

1-1 3- 1-26V'J1
9I7 .9 metres

Pl ate 98

StM photograph of fine-grained, silty subarkose showing the
dolomitized matríx (d) (Lithofacies C).

r6-r-2-26Wr
909.8 metres

Pl ate 9C

StM photograph of the same sample as Plate 98 under higher
magniffcation, showÍng the dolomitízed matrix and
micro-intercrystal I ine porosity (Lithofacies C).

16-r-?.-26Wr
909.8 metres

Prl ate 9D

SEM photograph of a 'tine-grai ned, si'l ty subarkose showi ng

dolomite (d) and poros'ity occludíng anhydrite cement (a)
(L ithofacies C).

16-r-2-26Wr
97 6.5 me fres
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5.2.3 .2 Authi qenic Mi neral ogy and Texture

Examination of maürix dolomite under thin section and SEM shows a very

f ine-grained int,erlocking lnesh of rhombic dolomi te (Plate (98-gD).

Dol omi tizai.ion and leaching have resul ted in the fonr¡at'ion of micro-

intercrysLal j ine porosi ty (P'late 9C). Fine-graÍned, dolomite rhombs

are al so present, in the p0re spaces of matrix-free, fi ne-grained

suba rkose ( Section 5 .4 ) .

Minor (relative abundance * Appendix B) authigenic illite is presenü in

the pore spaces of the fine-grained subarkose of the Waskada Field

(Plate 10C). Illite clay has formed subsequent to the formation of

pore-fì.1 ìing dolomite (Plate 10c)" A mÍnor conponent of authigenic,

mixed-ìayer expandable chlori üe; rnixed-1ayer expandable chlori Eelil lite
(Plate 10D); and chlorite is also present in the subarkose of the Lower

Amaranth Member (Appendix B).

5 .2.3.3 Porosi ty

Patchy, primary, i ntergranul ar poros'ity i s present with Ín the f ine-

grained subarkose. Porosity varjes frffi 2-25% (section 5.4).

Secondary micro-i ntercrys [al l'ine poros i tJ i s present î n the dol omi tÍzed

matri x.
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PLATE 1O

Plate 104

StM photograph of fine-grained, silty subarkose showing
anhydrite cement (a) and authjgenic clay minerals forming
subsequent to anyhydrite cementation.

9-24-2-29Wr
980 metres

Plate 108

StM photograph of fine grained, silty subarkose showing clay
grain coatings (cl) on quartz (Lithofacies C).

1- 13 -1 -26l,J1
911 me l',res

Plate tOC

SEM photograph of very fine-grainecl, siIty subarkose: a

reservoir facies in the Waskada Fiel d. This photograph
shows i'llite clay (il) forming in pore spaces after the
formation of dolomite (d). Note the presence of anhydrite
cement (a).

6-25-r-26hj1
916.5 metres

P I a't,e 10D

SEM photograph of very fine-grained, silty subarkose: a
reservoir tacies "in the southern Waskada Field. Note the
presence of mixed layer chloríte-illite clay (mct) forming
in the pore space.

1-13-1 -26W1
9I7 .9 metres
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5.2.4 Lithofac'ies D - Interlaminated Mudstone, Sjltstone, and
Fi ne-qrai ned Subarkose

This lithofacÍes is similar in mineralogical composition to líthofacies

A, B, and C.

5 .2.5 L i thof aci es E - Paral lel
Lithic Subarkose

to Cross-Lami nated, Medium-Grained,

5.2.5 .1 Detri tal Mine ralogy and Texture

Lithofacies E is cornposed of approxirnately 65% medium-grained, sub-

rounded quartz grains and Ínùerlocking quartz aggregates. Approxirnate-

1y 5% fine-grained quartz is also present (Plates ttA). Lithofacies E

contaÍns 5-IB% potassium and plagioclase feìdspar, approximate'ly B%

opaque mirrerals, and minor chert, and chalcedony (Plate 7C, liA).

ïhis subarkose i s textural 'ly immature and sorti ng i s nroderate. The

dolomitized c'lay matrix may vary from 1-I0% (Plate llB)" However, ma-

trix conüent ís generalìy less s'ignîfîcant. The more porous rocks of

this lithofacies can be very friable and almost totally free of mat,rix

and cementing material,

5.2.5.2 Authiqenic Mineralogy and Texture

Authigenic hematite is present as grain coatings and along c'leavage

planes of quartz grains (Plat,e 74, iB). Plate 7A and 78 show the sub-

sequent cementation of hematite coated grains by anhydrite" close ex*
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PLATE I1

Plate 114

Photo¡nicrograph of a medium-grained subarkose showing
dolomite rims (d) around quartz grains (q) (Lithofacies
r).

2-20-r-26Wr
932 metres

Plate llB

Photornicrograph (x-níchols) of a medium-grained subarkose
showing chert grains and patches of anhydrite (a) cement.
This photo al so shows t,he dolomitized matrix (d) (arrow)
(Lithofacies t).

16-r-?-26Wr
909.8 metres

Plate lIC

Photornicrograph of fine to medium-grained subarkose showing
a partia'l1y corroded feldspar grain. Blue color indicates
porosity (L ithofacies E).

1-13-1-26I^J1
915.4 metres

Plate llD

Photomicrograph of medium-grained subarkose showing a
partially corroded feldspar grain infil ìed by anhydrite
cernent (a) (Lithofacies E).

?.-20-t-26Ì^J1
929 metres

Pl ate iiE

Photomicrograph of sandy síltstone showing nodu'lar anhydrite
(a) (Lithofacies C)"

1-I3-1-26l,Jl
921 metres
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aminätion also reveals L,he presence of weiì-crystallized, rhombic do'lo-

mite as grain coat,ing, within pore spaces, as welI as dolomitization of

rnatrix materiaì (P'late 114, lIB). An attempt was made to examíne the

cìay mineralogy of Lithofacies t. However, in prel Íminary clay set-

tling no significant c.lay fraction u,as apparent.

5.2.5 .3 Porosi ty

These rocks show local ly preserved poor to good primary intergranular

porosi L,y (Plate 114). Although in general , any pre-existing porosity

is occluded by poikìlotopìc anhydri Le cement (Plate llD). Leaching and

partial to cotnplete dissolut,ion of feldspar grains have resulted in the

fornration of minor secondary int,raparticle porosiW (Plate IIC). In

some cases, this Íntraparticle porosi[y is infilled by anhydriLe cement

(Plare 1lD).

5.2.6 Lithofacies F - Massive, Coarse-grained, Feldspathic
Subl i thareni te

5.2.6.1 lletrital Mineralo and Texture

LiL,hofacies F is conposed of approxfmacely 60-65% well-rounded quartz

with minor aggregates of well-rounded sutured quartz graìns. The re-

maínder of the rock is composed of 5-L8% potassium and plagioclase

feldspar, 15% chert and rock aggregates of feìdspar and quartz, and

mi nor zebraic chal cedony.
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The framework is open and with mjnor tangent"ial grain to grain con-

tacts. No evidence of ext,rerfle compaction was noted. This is a very

clean rock wi th very rninor (17,) cìay matrix (plate 7E).

5 .2 .6 .2 Authiqenic Mineraloq.y and Texture

Lithofacies G is well indurated by poikilotopic anhydrite cement (plate

7t, BD-8F). There is very minor deveìopment of quartz overgrowths.

5.2.6 .3 Porosi ty

The corrosion of feldspar is associated with the fonnation of secondary

porosity (I-2%) . Thi s secondary porosíty i s occasiona] ìy inf il led wi th

anhydrÍte cement. 0therwise thjs lithofacies js tight.

5.3 Di aqenesí s

5 .3 . I Dol omi ti zati on

Dolomite is a major conponent in the rocks of the Lower Amaranth Mem-

ber. I t i s present as dol omi te rims, dol omÍ te i nf i.l 'li ng pore spaces,

and lateral ìy extensive dolomit.izat.ion of fine-grained sediment.

Several models have been suggested to explain the occurrence of dcllo-

rni t'e" These model s i ncl ude seepage-ref I ux, the buri al -compaction mod-

ê1 , and mixed-water dolomitizabion which have been d'iscussed in detail
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by Morrow (i9BZ) and Zenger and Dunham (19S0). Their worJ< al so

includes several variations on the Lhree general modeìs listed.

'Ihe seepage ref lux model ís wel I suited to expla'in the presence of dol-

onlite in the Lower Amarant,h Member. This inüerpretat'ion is supported

by the fol lowi ng:

the grea'l .la'üeral extent of dolomitization of fíne-grained

sedi me nt;

the association of the Lower Amaranth with evapori tes (nodular

anhydri te and the overly"ing Upper Amaranth evaporí te ) ; and

deposition in a tidal flat (shal low-marine) envjronment.

A source of Mgz+ is one of the prirnary requirements for the formation

of dol rrmi te (lvlorrow, 1982; Zenger and Dunham, l9B0 )" The dol omi Diza-

tion reac lion occurs fol I owi ng gypsum ( anhydri te ) preci pi tatìon when

the M92+7ca2+ ratio approaches 9.0 (Morrow, tg8z). Isoìated patches of

dolomite often indicate a local source of Mgz+ ion-rich fluid where¿s

extensive do'lomi tjzation suggests a more prol i f ic external source of

MgZn. The widespread occurrence of dolomite in near-shore marine sedi-

ments is best, explained by the seepage-reflux model due'to the percola-

tÍon of dense hypersafine brines through the sedjrnent soon after depo-

si tÍon (Morrow, 19BZ ) .

2

3
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5.3.2 An dri tization

Anhydrite is present withtn the rocks of the Lower Amarant,h Member as

poikiìotopic anhydrite cemenL and minor felted anhydrite cement which

j s associ ated wi th the fine-grained sil tstones (Plate 8C ) . The rnajori-

ty of the anhydrite cement is present as large, lath-shaped crystals

commonly known as "crystal ìographic" anhydrite (Plate 6E, 7A, 78, 8D-

8F). Anhydrite cement is preterentially associated with the coarser

graíned rocks of Lithofacies E and L ithofacies F.

Anhydrite cement was formed by the precipitation of anhydrite or gypsum

from sul phate-rich formatjon waters which ci rcul ate preferenti a1 ly

through more porous and permeable sediments after ljthífication. These

fluids may have been associated with the overlying upper Amaranth evap-

orí tes ancl/or formatÍon waters associ ated wj th the l-ower Amaranth se-

quence.

5 .3.3 I ron Oxi des

Hematiüe gra'in coats and the presence of hematite pigment along cleav-

age pìanes suggests a diagenetic origin for a portfon of the hemati'L,e

present in the rocks of the Lower Arnaranth Member (Plate 74, 78)"

The conditions required

cussed in Section 4.3.1

fo r the f o nnat'ion of hemati te have been di s-

Authigenic hematjte is the prclduct of in-situ
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alteration of ferronagnesium sjlicates to anhydrous ferric oxide and

the subsequent agi ng to hemati te (l^lal ker, 1967 ) .

5.3.4 Corrosion of Fel dspar

Several varieties of feldspar are present in the Lower Amaranth Member.

The'l,wo most significant const,ituents are anguìar to subangular pìagio-

clase and potassium fe'ldspar (Appendix B). Feldspars are present in

various stages of preservation rangi ng from fresh grains to partial

alteration (Plate lIC). l'lowever, for the most part, feìdspars are

faÍrly we1 
'l preserved. There is no evidence of the formatjon of authi-

genic fel dspar ni neral s.

The alteration of feldspar minerals is assocìated wjth the weathering

process. Dissolutíon of fel dspar is also common to the burial environ-

ment, where secondary alterat,ion Ís controlled by the pressure and temp-

erature stab'i1ity of the fel dspar mineral (Thomas, 19t15), and by the

thermal hisì.ory of the sedímentary sequence.

5.3.5 Authigenic Clay Minerals

Examinatjon of the fine-graìned subarkose (Ljthofaces 0) and the silt-
stones (Lithofacies B) of the Lower Amaranth Member indicate the pres-

ence of authigenic clay nlinerals (Appendix B). Authigenic clay min-
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erals are mos't prevalent in the pore spaces of the matrix-free, fine-

grained subarkose of the Waskada Fieì d (Plate 10C, t0D).

AuthÍgenÍc clay minerals can form at various times tluring the diagen-

etic hjstory of a sedimentary sequence. AuLhîgenic c'ìay nÍnerals form

by several processes:

a)

b)

c)

transformation (recrystal lization) of a detrjtal clay;

alteration of a parent mineral or grain;

congruent dÍssolution of a parent mirreral grain and re-pre-

cipi tatr'on f rom sol ution; and

direct precipitation in pore space from rnigrating silicate-

beani ng pore water (P i ttman , 1972) "

d)

5.3.6 Diaqenetic History of the Lower Amaranth Member

Based on the relationship of authigenìc minerals to'the host rock, a

diagenetÍc sequence is proposed for the rocks of the Lower AmaranL,h

(Figure 2L). Diagenetic processes have been classified as syndeposi-

tional (pre-burial ), early burial, and earìy to intermediaL,e burial.
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Syndepos'iti onal

Hemati zation
Formation of Nodular Anhydri te
Corrosion of Feldspar

Earl Buri al

Dol omi ti zat io n
Compact,ion

Early-l ntermedi ate Buri al

Corrosion of Fe'ldspar
FormatÍon of Authigenic Cìay Minerals

P recipi tation of Anhydrite Celnent

FIGURT ZI: DIAGENTTIC StQUEN0E - L0tÁltR AMARANTH MEtvlBtR

5.3.6.1 S.ynde posÍ tionaì

The formation of nodular anhydrite, the alteration of ferromagnesium

sil i cates to hematì te, and the al tera t,ion of fel dspar mi neral s are 'in-

terpreted as syndeposi tional or pre-buri a'l processes. Nodular anhy-

drite forms by the dïsplacive growth of unli't,hif ied sediment (Plate

tIE) (Seclion 4.3.5)"

Hematite is known to form in 'Lhe pre-buri al environment (l,/al ker, 19ô/).

Petrographic examinabjon of the Lower Amaranth Member (plate 7A, 7B)

showed the presence of hematite coated quartz grains which were subse-

quentìy cemented by anhydrite. A'lthough this observatÍon does not in-

dicate a pre-burial genesis, it does indicate formation of hematite

prior to the preci pi taE'ion of anhydri ue cement"
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The leaching and breakdown of feldspar nljnerals is due to the weather-

ing process common to subaeraiìy exposed rocks and/or sedimenls (Sec-

tion 4 .3 .3 ) . The presence of pre*exi sti ng i ntrapartic'le poros ì ty

(leaching of feldspar) which has been occluded l'ry anhydrÍte (Plate 1lD)

indjcates that some feìdspar corrosion occurred prior to ühe precipi la-

tion of anhydri Le cement.

5 .3 .6 .2 Early BurÍ al

Dolomitization and sediment compaction in the Lower Amaranth Member are

classi'tied as ear'ly burial processes. Morrow (1982) differentiated

between fínely crysta'l líne dolomi be (<10-20 m) and a coarsely crys-

tal line dolomí [e. The finer gra"ined cloiomi'üe ís commonly fomed jn a

pre-burìaì to earìy buríal diagenetic setting, whereas the coarsely

gra'ined dolrmiLe is formecl in a late replacement diagenetic environment

(Morrow, i982). An interlocking rholnbic dolomite, characberistic of

the Lower Amaranth Mentber, is the result of cont'inual growth of origìn-

al dolomjte during subsequent burial (Morrow, 19BZ).

Do'f omí te rÍms i n the Lower Amaranth Memtlen uJere forrned prior to anhy-

drÍte cementation (Plate BE,8F) as indjcated by the presence of dol-

omi Le-rimmed quartz graìns which have been subsequently cemented by

anlrydri te" Plate 10C il lust,rates the formation of pore-fil1i ng dolo-

mite prior to the formation of authjgenic ilìite. In this sample,

i I I i te cì ay has formed around t,he dol øni te rhombs.
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5.3.6.3 Early I ntermedìate Burial

The formation of authigenic c1ay minerals and the precìpitaEion of

poik'ilotopic and fel ted anhydrì te cemenL are early to intermedi ate

buríal processes. As shown jn scanning electron microscopy, authigenic

clay minerals fon'ned subsequenL to the formation of pore-filling dolo-

m'ite.

The presence of poikilotopic anhydrite cement wjthin pore spaces whÍch

I j thifíes both hematite-coaLed quartz and dolomi te-r'imnted quartz, and

within corroded feldspar grains suggest that the precipitation of an-

hydrite is one of the later diagenetic processes in the post-burial

hÍstory of the Lower Amaranth. The coarsely crystalline nature of an-

hydrite cement also jndicates that anhydrite precìpitated at an early

to íntermediate burial stage.

5.4 Reservoir Quality of the Lower Amaranth Member

5.4.1 Reservoir Facies

The main reservoir rock Ín the Lower Amaranth Member is the fine-

gra'ined, s'i1ty subarkose of Lithofacies C. Porosity is dominantly mod-

ified, primary intergranular which varies from 2-25%. Micro-intercrys-

tal 'lj ne porosi ty i s al so ¡lresent in the reservoi r rock associ aLed wi ,ch

dolomi t'ization of the matrix and subsequent ìeaching.
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5 .4 .2 Reservoi r Di stribution

In the study area, the ùoul Ler and l,Jaskada Fiel ds contain the thickest

devel opment of fine-grained subarkose (tithofacies C) (Fìgure I3-17 )

(Section 3.6). The Coulter Field js characterized by a very silty,

fine-graìned subarkose (Lithofacie.s C) with porosíties fron 2-L0% and

permeabi li ty <1 mil lidarcy. this rock is cønprised of a I0% c'lay mat-

rix component and int,erlaminated siltstone lenses. Consequentìy, por-

osÍty is patchy and unevenly djstributed. Secondary ml'cro-intercrys-

ta'l line porosi ty is present Ín this siltier subarkose associated with

dol rtmÍ tization of t,he matrj x. The cores f rom th i s f i el d are commo nly

saturated with dead oil and show ev'idence of pin-point bleeding.

The best porosity and penïeabiìity is presenL in the central to south-

central Waskada Fiel d. Primary, ÍnterEranular porosity averages ap-

proximately 25% with penneabilities of 1-I0 míl lidancys occasionally

reaching 100 mÍll'idarcies (Barchyn, 1982)" These porosities and penn-

eabilìties are assoc'iatecl w'i'üh a more friab'le, fine-grained subarkose

(L jthofacies C ), composed of I-2% clay mat,rix wi Lh no anhydri L,e cement.

In thin section, these rocks are well-sorted wit,h even porosity dis-

tribution (Plate 124).

Although it was beyond the scope of'this study to map the extent of

'bhf s porosi ty, f rorn exami n ing c0res i n the area, the mos t attractive

reservoir rock is presenl" in wel ls located in Sections l, 9, 12, I3,
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Pl ate tZA

Photomicrograph o
illustrates excel
(L íthofacies C ).
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fine- grai ned subarkose. Th i s photo
t primary intergranular porosity

fa
len

Pl ate 128

P hotom Í crograph
sandy sil tstone
(Lithofacies C).

1 -1 3-1 -26W1
917 me'L,res

of very fine-grained, silty subarkose to
showi ng patchy Í ntergranu'lar porosi ty

16-1-2-26Wr
901 metres

Plate 12C

Photomicrograph of very fine-grained subarkose showing
patchy uneven intergranu'lar porosity distribution
(Lithofacies C).

t 6- 1-26f,,11

909.8 metres

P1 ate 12D

Photomicrograph of very fine-qrained subarkose showing good
primary intergranu'lar porosity wi th residual hydrocarbon
(Lithofacíes C).

B-26- 1 -26l..Jr
913 metres

Pl ate 12t

Photomicrograph of the same sample as Plate iOD under hÍgher
magnification. Note the presence of resfdual hydrocarbon
(Lithofacies C).

B -26-1 -26t^J1
9i3 metres
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25, 26 Twp. 26, Rge. I hJi and extends easterly to Section 30, Twp. "¿5,

Rge. I, l,Jl. PorosiW and permeabiIity decrease outward frcrn the cen-

tral Waskada Field where rocks become poor'ly sorted wjth an increase in

the silty component (Plate I2B - IZE).

5.4.3 Control s on Porosi ty Devel opment and Preservation

The three maior controls on the development and preservation o't poros-

ity in the Lower Amaranth Member are L,he depositional environment, an-

hydrÍ tization, and dolomj E'izat'ion.

5.4.3.1 Depositional Setting

In the study area the best porosity and permeability is associated with

the well-sorted, matrix-free, fine-grained subarkose of the central and

south central Waskada Fiel d. The textural varÍ at'íon in the fine-

grained subarkose (Lithof ac'ies C) is attributed to a local jzed h'igher

enengy regime during the deposi ['ion of sedilnent. This higher energy

regime was probably associ ated with the "lnlaskada" dome st,ructure in the

cenLral Waskada Field (Chapter 6) where sediments were well sorted, and

winnowing of silts and clays occured due to curren'L, or wave action.

5 .4 .3 .2 Anhydri ti zati on

AnhydrÌte cemenb is the second major control on porosÍty preservation

in [he Lower Amaranth Member. Any pre-exísting porosity in the medium-

grained subarkose (Lithofac'ies t) and the coarse-grained subtitharenj re
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(Lithofacies F) has been compìete]y occ.luded by poikilotopic anhydrite

cement. Porosity associated with medium-grained sand lenses in the

fine-grained subarkose (Lithofacies c) is also occluded by anhydrite.

5.4.3.3 DolomitizatÍon

A major control on porosity enhancement Ín t,he silty, fine-grained sub-

arkose of the Lower Amaranth Member is dolomitízation. Dolomítization

and subsequent i eaching has resul ted 'in the formation of micro-inter-

crystal lÍne porosity (Plate 13D).

Dolomite has also partially occluded porosjty in the rnatrix-free, well-

sori,ed, f f ne-gra'ined subarkose in the central t,./askada Fiel d (Plate 138,

13c). Migration of fine-grained, pore dolomi'[e may result with the

inbroduction o'f dril ling and compìetion fluids 'fo the reservoir. This

may cause partial to cornplete blockage of the pore throats.

5.4.3.4 AuthÍqenic Cl ay Mineral s

Several varieties of authigenÍc clay nrinerals are present in the pore

spaces of the fine-graìned subarkose. Although these c'lays only part-

iaì 1y alter existing porosity, expandable and mixed ìayer authigenic

clay minerals (Appendíx B) are sensitive to driì1ing and stimulation

fluids. The introduction of Ehese fluids into the reservoir can cause

migration and swelìing of clay minerals and bìockage of pore throats

result,ing in a decrease in effective porosity and a subsequent decljne
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PLATT T3

Pl ate 13A

StM photograph of si1ty, fine-grained subarkose showing the
overal I texture of a reservoir rock in the central Waskada
Field.

6-26-L-26Wr
9L7 .l rrctres

Plate l3B

SEM photograph of the same sarnple as Plate ltA under higher
magnification. Note primary intergranu'lar porosity
partially occluded by dolomÍte (d).

6-26-r-26W1
917 .1 metres

Pl ate t3C

SEM photograph of very fine-graÍned, silty subarkose: a
reservoir facies in the Waskada Field. This photogrpah
shows dolomite (d) partially occluding primary
inter-granular porosity. Note the difference in grain size
of this doìomÍte and the matrix dolomite to the left (d).

6-26-r-26Wr
916.5 metres

Plate 130

SEM photograph of very fine-grained, si'lty subarkose:
showing micro-intercrystal line porosiW in the dolomitized
matrix ( d) .

16-L-2-26W1
909.8 metres
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in t,he rate of o'il production (l^lil son and pitbman, 1977; Almon and

DavÍ s, 1978 ) .
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CHAPTER 6: SIGNIFICANCE T0 OIt EXPL0RATION

6.1 Exploration History - Southwestern Manitoba

Hydrocarbon explorabion jn southwestern Manitoba has been actÍve since

the early 1950's. Commercial oil production was establjshed in the

Pierson area in 1950 (Figure 2) from the Mjssion Canyon Formation, with

several other small Mission Canyon pooìs delineated in the Waskada area

( Rodge rs, 1986 ) .

Ihe Waskada Lower Amaranùh oil pool t,'tas djscovered in t9B0 when 0mega

Hydrocarbons recompleted a former Mission Car¡yon ojl producer in the

straüigraphically higher Lower Alnaranth Member (Barchyn, I982, 1984).

ThÍs success marked the f i rs r, commerci al rri I production frorn a non-

Mi ssi ssìppi an reservoi r i n the provi nce ( Barchyn, 1982 ) . Si nce that

tÍme, several new Míssjon Caqyon pools have also been d"iscovered withjn

the Waskada Field (Rodgers, 1986). Development in the L,Jaskada area is

currently ìn progress.

Following concurrently with the discovery at Waskada, a second area of

Lower Amaranth oil potential u,as identif ied vrj th'in the South Pierson

Field by Cobra 0íl and Gas Corporalion. However, only l'irnjted deve'lop-

ment has occurred and Lhe parameters of the pool are poorly defined

(Barchyn, 1982). In 19tJ3, Newscope Resources djscovered a 'lhird

'$'
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Lower Amaranth pool at Coulter, Manitoba (Figure 2\. Although the

field is currently under productiono only minimal development ensued.

6.2 Hydrocarbon Entrapment 'in the Lower Amaranth Member

In the study area, Lower Amaranth oil accumulations are control'led by a

cornbination of complex structure, strat,igraphy and diagenesis.

6 .2.1 The Si qni ficance of Structural Geol ogv

McCabe (1959) described the presence o'f a MÍssion Canyon structural

dome in the central portion of the present day hlaskada Field. He at-

tributed thÍs structure to multi-stage dissolution of the underlying

llevonjan Prairie evaporite and the subsequent collapse of overlyÍng

strata. There is evidence, frøn deep well control, of at least one

major solut'ion event duríng early Mississippian time which js supported

by an overthfckened Bakken sect,jon extending through the entîre central

hlaskada FÍel d (McOabe, 1959) . Late Miss-issippian and possibly Jurassic

and Cre L,aceous sal t sol ut'ion has al so been specu'lated i n the lllaskada

area"

The "dome-type" feature at Waskada was subsequently exposed to erosion

where porous carbonates of the MC-I member were exposed to the surface

and porous carbonates of the MC-3 mernbLrr were preserved in paleotopo-

graphic lows (Figure 3) (Rogers, 1986, McCabe, 1959).
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A similar sLructural style to the Waskada area is djscussed by Halabura

(in press) in the Pierson Field. Halabura (in press) and McCabe (1959)

have described Mission Canyon anticlinal features which they attribute

to rnulti-stage salt solution and col 1apse.

At Pierson these anticlinal structures were also breached by erosion

exposing porous Missl'on Canyon Members to the subcrop. Porous r¡n j ts

u/ere preserved in pa'leotopographic 'lows (Halabura, in press).

6.2.2 The Siqnifícance of Diagenetic Al teration

Mississippian aged carbonates exposed at the unconforrnity surface are

commonly characterized by an upper diagenetic zone or "dense-cap".

This "dense-cap" js a clolomítized-anhydritized zone which is extremeìy

varÍable in thickness. Formation of the "dense-cap" is the result of

sulphate-rich formation waters associated wjth the Amaranth evaporite

percoìat'ing downlard into the porous carbonate (McCabe, 1959). The

thickness of the Lower Amaranth Member and the porosity of the Mjssion

Canyon Member exposed at the unconformí ty to some extent control the

thickness of the "dense cap" (McCabe, 1959). A"lthough for the most

part, the thickness is extremely unpredictable.

In the Pierson area, the "dense-cap" forms an effective seal trapping

hydrocarbon at the unconformity surface (Halabura, in press). However,

in the central ì,rlaskada area, the "dense-cap" appears to be very thin
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or absent (near Waskada dome). Bachryn (1982) suggested that due to

the lack of an effective seal, oil has mÍgrated upward from the Mission

Canyon Formation into the porous Lower Amaranth Member. Consequentìy,

oil production in the Pierson Field is dominantly from the Mission Can-

yon Formation, whereas the l,rJaskada and Coulter Fiel ds are characterized

by Lower Amaranth ojl accumulatíons.

6.3 Model for Lower Arnaranth 0il Production
( Newburq-South Westhope Fields, North Dakota)

Migration and accumulation of hydrocarbon in the Waskada Field, south

western Manitoba is similar to the model discussed by Marafi (1970) for

the Newburg-South hJesthope F j el ds. The Newburg-South l,.lesthope Fiet ds

are located in North Dakota approximately twenty kilometres south of

the l¡laskada Field.

The Newburg-South Westhope Fields are examples of a stratígraphic-

structural trap. These fields are situated along the eastern flank of

a syncline associated with salt solution of the Devonian Prairie Form-

ation and co"l 
'lapse of the overlyi ng strata. Here, structural 1y-l ow,

porous, Mississippi an rocks of the Ratcl iffe interval vvere preserved

from erosion. Pa'leotopographic lows were infiì led by thick deposits of

the Saude Member of the Spearfish Formation (Section 2.3).
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In North Dakota, the Saude Member is composed of a basal sand overlajn

by an impermeable, reddish siltstone and shale, which Ín turn is over-

lain by a "water tr,,et" fine-grained sandstone, and final ly by a second

irnpermeable reddish siltstone and shale. The basal sand unit of the

Saude Member in North Dakota pinches out against a structural high.

Consequently, thi s sand i s not present at Waskada (Barchyn , 1982;

Braun, pers. cOnm.). The fine-grained "wet" sandstone of the Saude

Member is equivalent to the hydrocarbon-bearing unit in Manitoba. This

sandstone unit is the "lou,er sandy unit" of Barchyn (1982) (flgure 7).

0il at Newburg-South West,hope is produced from the Ratcliffe interval

of the Charles Formation and the overlying Saude Member of the Spear-

fish Formation (Figure 3). The two producing zones are separated by a

major unconformity. Marafi (1970) suggested that oi'l migrated updip

into the basal sand of the Saude Member from the underiying Ratcliffe.

He consÍdered the Ratcliffe Ínterval and the Saude Member to be a com-

mon reservoir. The impermeable siltstones and shales of the Saude Mem-

ber prevent updip hydrocarbon migration (Marafi, 1970). Consequently

the Saude Member acts as both the reservoir and the seal.

Similarly the l^Jaskada Fiel d is an examp'le of a stratigraphÍc-structural

trap. 0il has migrated Ínto structurally high porous carbonate of the

Mission Canyon Formatíon. Owing to the absence of an effective sea'lo

oíl has continued to migrate into the overlying Lower Amaranth Member

and laterally within the subarkose unjts (Figure 22). Hydrocarbon has
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been trapped stratigraphically by the overlying impermeab'le siltstone

and mudstone of the Lower Amaranth Member and laterall.y by the decrease

Ín porosity and permeability within the sequence. (Barchyn, lgBZ;

Halabura and Hansen, 1986).

6.4 Exploration For Lower Amaranth 0i'l Accumul ations, Manitoba

The following points may be worth considering when exploring for hydro-

carbon in the Lower Amaranth Member:

multÍ-stage salt solution and structural disturbance in the under-

lying Mississippian sect'ion;

the absence of a diagenetic "dense-cap" or other effectjve seal

which al"lows the migration of hydrocarbon Ínto the overlying Lower

Amaranth; and

M'iss'issippian highs are coincident with winnowing and better sort-

ing of sediment of the Lower Amaranth Member.

The most prcmising areas to search for hydrocarbon fn the Lower Amar-

anth Member is in the v'icinity of salt solution and collapse features

in the underlying Mississippian Missjon Canyon Fonnation. These struc-

tures are best detected from seismic and isopachous maps of time strat-

igraphic uni Ls. Anomalous thickening of sediment wi'uhin a gÍven

2

3
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horizon may indicate salt solution. In order to locate internal Mís-

sion Canyon anticl'inal features, mapping of the individual members of

the Missjon Canyon Formation is also necessary. Structure on the un-

conformity surface may reflect differential erosion and does not neces-

sarily indícate internal Mississippian structure due to salt solut'ion.

6.5 Production Histor of the Waskada Field

Fifteen wel ls were chosen for production decl ine anaìys'is frorn the l¡Jas-

kada FÍeld based on continual production over a two year period (Pet-

roleun Branch, Manitoba Department of tnergy and Mines). Due to the

lack of suffic'ient data at the tÍme of study, several wells were chosen

which had been "shut-in" for 2-3 month periods.

Injtjal production in the Lower Amaranth Member is at maximum tZ m3/d

m 2 n3/d. The Lower Amaranth Member is characterized by a faÍr1y rap-

id production declíne rate of a 6-24 month period with production stab-

ilizing at l-3 m3/d. This sequence is further characterized by high

water cuts. Pressure maintenance by the use of waterfl ood and gas in-

jection has been introduced to the field.
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CHAPTER 7: SUMMARY AND CONCIUSI0NS

The Lower Amaranth Member represents the fÍrst preserved sediment-

ation following a period of extensive post-Paleozoic erosion. The

Lower Amaranth Member js separated from the underlying Mississip-

pian sequence by a marked angular unconformitJ.

Age dating of the Lower Amaranth Member is controversial. The

Lowen Amaranth may be TrÍassic or middle Jurassic in age. Based

on prev'ious work in Mani toba, a middle Jurassic age has been

accepted in this study.

3. six lithofacíes are recognized in the Lower Amaranth Member:

Massive to Interlaminated Mudstone to Siìty Mudstone;

Massive to Interlaminated Siltstone to Sandy Silts'üone;

Massive to lnterlarnínatedo Sil ty, Very Fine-Grained, Lithic

Subarkose;

Interlaminated Mudstone, SÍltstone, and Fine-Grained Subar-

kose;

Massive to Laminated, Medium-Grained, t-ithÍc Subarkose; and

Massive, Coanse-Grained, Fel dspathic Subl i thareni te.

The Lower Amaranth Member can be divided into a basal "lower sandy

L¡nit" and an "upper shaly unit". In the "lower sandy unit", the

2

A

B

c

t)

E

F
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lithofacies were deposited as "stacked" or repeated fining-upward

sequences which can be sub-divided into two main sequences:

(a) a coarse-sequence deposited local ìy as a coarse-grained sub-

I i thareni te (L i thofaci es F ) fini ng-upward to paral lel to

cross-bedded, medium-grained subarkose (Lithofacies t ), a

wavy-bedded facies (Lithofacies D), and a siltstone and/or

mudstone (Lithofacies A, B); and

(b) a more preva'lent sequence cotltposed of a basal , si1ty, glau-

conitic, fine-grained subarkose, with locally preserved rip-
ple I ami nation and a genera] ly bl anket-type geometr.y (L i tho-

facies c), which fines upward to a wavy-lenticular bedded

facies (Lithofacies D) and a síltstone (Lithofacies B).

The "upper shaly unit" is composed of reddish-brown sirtstone and

muds Lone wi th I ocal 'ly devel oped f i ne-grai ned subarkose "

The Lower Amaranth Member was deposited in a low-energy, hyper-

sal ine, tidal -flat, environment wi th a prevai'l ing arid cl imate.

sediments were deposited aìong the flank of the l,,lilliston Basin in

the restricted Amaranth sub-basin. Deposition of sedìment lvas

associated with periodic inundation of the tidal f'lat and subse*

quent exposure of sediment.
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The "cuesta" type topography of the Mississippian unconformity has

inf'luenced the thickness of the Lower Amaranth Member. subparal-

lel, elongate belts of thick Lower Amaranth are coincÍdent with

paleotopographic lows.

The main diagenetic events modifying sediments of the Lower Amar-

anth Member include dolomitizatíon due to seepage ref.luxion, and

precipi tation of po'iki lotopic anhydrite cements.

The silty, fine-grained subarkose of LÍthofacies c is the reser-

voir roCk Ín the Lower Amaranth Member. Reservoir qua'lity is con-

trol'led by the deposjtional environment, and by dolomitization and

anhydri te cementation. Any pre-exi sting porositJ in the coarser-

grained rocks of Lithofacies t and F has been occludecl by anhy-

dri L,e cement.

Porosity in Lithofacies c is primary intergranular and secondary

micro-intercrystal line associated with the doìomjtized matrix.

Primary intergranular porosi ty is modí fied by fine-graÍned dolo-

mite and authigenìc clay minerals. The best porosity and perm-

eabi ì i ty j s devel oped i n the central t¡laskada Fiel d" For the most

part, porosi ty i s patchy wi th I ow penneabi I i ty.

6

7

B The Lower Amaranth Member is a target

stratÍgraphical ly trapped hydrocarbons.

for

The

the expl oratíon of

presence of hydro-
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carbon is c'losely tied with structural disturbance in the under-

lying Mississippian sequence associated with dissolution of the

Devonian Prairie evaporite and collapse of over'lyinc strata. At

Waskada, the absence of a "dense-cap" or other effective seal has

allowed upvuard migration of hydrocarbon from the Mission Canyon

Formation into the overly'ing Lower Amaranth sequence. 0il is

trapped stratigraphicaììy by a decrease in permeabílity-porosity

and by the impermeable siltstone of the upper portion of the Lower

Amaranth Member.
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APPEND IX A

I^JTLL DATA SUMMARY

L0l^JER AMARANTH MtMBtR

Note: All depths in meters and measured from below kelìy bushing.

N.D. - no thickness or data available.

X - indicates core examined.
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2.8

ND

3

2.1

3.1

COR T
EXAMINED

t
3

3

I l¡laska
hl1

2

3

+

5

6

I

HÞ
O
I

3

7

10.

Dekal b et a
l6-15-1-25

I b'laska
l,l1

da
X

X2
I

I

Sasko et al E. Waskada
2-16-I-25 W7

PEX et
8-17 -1 -

Chevron Ì,{askada
3-18-i-25 l^ll

adai,J ask
lll1

al
25

X53



!{EL L

N0"

11 .

t2. Tun dra

13.

14.

r5.

16.

77.

18.

r9.

l¡¡TL L NAME

AND LOCATION

KLM et al Waskada
r2-r8-t-25 l^llM 470.6 -4r7 .0 -451 .1

472.r -4r7 .6 -452.6

-444.7

-445.6

475.5 -403.9 -435 .9

473.7 -392.9 -428.6

475.2 -389 .2 -423.1

47 6 .0 -393 .2 -426.r

47 6.7 -400.2 -433.4

472.9 -4L7 .3 -450.2

K.B
(m)

TOP OF

LOl{IR
AMARANTH

TOP OF
MISSISSIPPIAN

I SOPACH
L O!.lTR
AMRAI¡TH

34.1

35.1

32.0

36 .0

32.0

35.7

33.8

32.9

33.2

32.9

I SOPACH
TOTAL SAND
LOl,'lER
AMAR ANTH

3.5

3.2

3.5

3.3

1.8

3.5

ND

CORE
EXAIVII NED

et
256-1 9-1 -

al Waskada
l^l1

da

0meqa l.laskada
7 -2ö-r-25 t^rl 473 .7 -412.7

Voyager Eastl and Waskada
13-2r-1-25 ldl 474.6 -409.7

Sasko e
4-22-L-

Dekal b et a
t4-23-r-25

Roxy-Andex et al
t. l,.laskada
8-26-1-25 Wr

Peregrine ALS-l,JHR
lla sk ada
10-27 -1-25 l,J1

PEX et al Waskada
t 0_ZB _1 _25 t,t1

Omega Waskada
4-30-1-25 t,J1

X

4

3

t al Waska
25 l^l1

I Waskada
b'l1

¡

Fè
I

4

X

2A



l¡JE L L

N0.
WTL L NAMT

AND LOCATION

0me
14-

PtX et
6-33-1-

Andex PCV et al Waskada
A3 -3 2-1 -25 l¡11

K.B
(m)

TOP OF
LOI^IER
AMARANTH

TOP OF
MISSISS]PPIAN

I SOPACH
L OI^IER

AMARANTH

34.1

33.2

36.0

36 .6

36 .6

36 .0

34 .1

32.0

35.0

36 .0

31 .1

I SOPACH
TOTAL SAND
L O},l¡ER

AMRANTH

4.5

3.3

3.5

3.5

t.2

3.2

CORE
EXAMINTD

2r"

22.

?4.

25

26.

27.

Omeoa InJaskada
e-3õ-1-25 l.ll

Omega Waskada
I 1-30-r-25 l^l1

Omeqa Waskada
2-3i-r-25 I^11

Omeqa Waskada
14-í1-i-25 l^l1

PCI
8-32

PCI et a
11-33-1-

Dekalb et al Waskada
4-35-1 -25 WL

Chevron Haskada
9-1-1-26 l^ll

472.7 -410.0 -444.r

472.4 -41 i .8 -445.0

473.t -409 .7 -445.6

47 4 .0 -409 .4 -445 .9

47 4 .0 -404 .2 -440.7

475 .5 -398 .4 -434.3

47 4 .3 -400 .5 -434.7

477 .9 -394.7 -425 .7

477 .9 -393.8 -428.9

477 .r -389.2 -425.?

466.7 -427 .6 -458.7

X

?3

da

X2

2

X

3

3

3

I

Þ
f\)

I

l''Jaska

rd1
et al
-r-?5

l.laska

I l,Jaskada
25 lil

kada
5t,Jl

ga Was
32-L-?

al
25

da28.

29.

30.

31 .

Ìd1

X



þ{EL L
N0.

l.¡TL L NAME

AND LOCATION

evron Waskada
-1-1-26 l,Jl

Ward lrlilliston Cr
2-2-r-26 Wr

Dome Provo þ'laskada
1-10-1-26 l,ll

468 .8 -427 .9 -463.6

465.1 -447 .4 -477.3

463.3 -448.1 -486.5

466.3 -439.5 -463 .3

468.2 -428 .6 -459.6

467 .6 -428.9 -463.3

47 0 .3 -423 .4 -456 .9

470.0 -422.2 -456 .3

469.4 -431.0 -467 .9

K.B
(m)

TOP OF

L Ol^lER

AMAR ANTH
TOP OF
MISSISSIPPIAN

T SOP ACH
L OI^JTR

AMARANTH

35 .6

32.3

38 .4

24.1

31 .1

34.4

33.5

34 .1

36 .9

I SOPACH
TOTAL SAND
LOI,JER
AMARA,\TH

z.t

ND

ND

4.2

48.8

3.5

3.5

3.8

c0Rt
TXAMINED

32.

33.

34"

35.

36.

37"

38"

39.

40.

L1

Ch
10

Chevron L,laskada
L-12-L-25 WI

Chevron Waskda
3-LZ-r-?6 W

Chevron Waskada
7 -12-r-26 l^Jl

Omega T,laskada
16-i 1-1-26 l.J1

Omega Waskada
1-13-7-26 Wr

Omeqa Waskada
i5-i3-1-26 Ì4t1

I

HÞ
G)

I

X

X

3

0me
i5-

ska
26

ga l^la
I4-T-

da
l^l1



l-/EL L
N0.

WTLL NAME

AND LOCATION
K.B
(m)

TOP OF
L OldER
AMARANTH

TOP OF
MISSISSIPPIAN

I SOPACH
L Ol^lER

AMqR ANTH

33.2

35.7

37 .5

35.7

36 .3

34.4

34.r

35 .1

36.0

I SOP ACH
TOTAL SAND
L OI.IER
AMAR ANTH

4.2

N.D

N.D

N.D

3.3

5.5

3.5

5.5

CORE
TXAM I N ED

42.

43"

Lû,

45.

46"

47.

48.

49.

50.

51.

0mega l^laskada
16-i4-1-26 I^l1 X

Tri
7-r

-l^lest S. !{askada
6-1-26 Il¡1 460 .3 -448 .1 -481.3

435.6 -456.6 -492.3

454.8 -447 .5 -485.0

461 .5 -442 .0 -447 .6

469.1 -420.3 -45 6 .6

472.7 -429.0 -4 54 .5

469 .7 -4r7 .9 -452.0

470.9 -418.2 -453.2

47t .2 -420 .6 -456.6

North American Arthur
2-20-I-26 l^11

North American Arthur
6-2r-r-26 Wr

Anglo et al Souris
Va'l ìey
16-18-1-26 Ì,.ll

Omega et al Waskada
5-24-r-26 !'jl

Orneoa Waskada
9-24-r-26 Wr

0mega Waskada
7r-24-L-26 Wr

Omega Waskada
3-25-1-26 l^li

Omega Waskada
6-?5-r-26 Wr

X3

I

è
I

X

X

X



l,,¡TL L

N0.
l,{tl L NAME

AND LOCATION
K.B
(m)

464.2

459.3

TOP OF
L OI,'JTR

AMARANTH

-427

-435

TOP OF
MISSISSIPPIAN

-461.5

-470.9

I SOPACH
LO!'lTR
AMARANTH

36 .0

3 3.9

27 .r

35.1

35 .1

36 .6

34.4

36 .0

34.1

32.0

34.9

I SOPACH
TOTAL SAND
L Ol^lTR
AMRANTH

3.2

4.5

3.5

4

N.D

3.3

3.1

CORE
TXAMI NED

I

è(tr
I

X

X

X

3

5

4

kaAS

52"

53.

54.

55.

56.

57.

58.

Omega Waskada
A8-25-1-26 l^I1

Omega Waskada
9-25-r-26 l,.ll

Omega Waskada
14-25-1-26 l,l1

0mesa Waskada
6-26-r-25 Wr

Omeoa trlaskada
8-26-r-26 W

Roxy-ClarÍon lol

9-?6-1-26 Wr

Omeqa Waskada
4-27 -r-26 Wr

t-32-r-26 WI

da

472.4 -4r5 .4 -451 .4

47r .2 -411 . ? -445.0

47r .2 -415.4 -442.6

47 0 .0 -420 .3 -455.4

469.7 -4r9.4 -454 .5

468.8 -479.4 -456.0

59.

60.

6i.

62.

0me
3-3

oa
4-

0

0

X

ny
}'I

Dal
L-26 1

Omeq
2-36

Omeg
9-36

a Waskada
-1-26 l,{l

a Waskada
-1-26 l.J]

464 .5 -423.4 -457 .5

47 0.9 -413 .9 -445 .9

473.4 -407 .5 -442.3

4



hJTL L

N0.
I^JEL L NAMT
AND LOCAÏION

TJB Coulter
4-1-1-?7 t¡17

Texaco Coul ter Vale
3-?-r-27 Wr

Ward Coultervale
1-3-1-?7 W

Antler River
Coul terval e
5-9-L-27 ldi

Pascar Coul tervale
Hunt No. 1

10-9-r-27 l^l1

Rio-Prado Souris Downey
7?-9-I-27 Wr

Antler River Coulùer
A13-r0-I-27 Wr

Souris Valìey Pascar
No. 1

13-10-1 -27 Wr

454.8 -474 .6 -514.5

452.9 -481.1 -52r.8

452.0 -495 .6 -54L.6

457 .8 -491.3 -530.0

456 .9 -489. 5 -5',¿2.7

460 .2 -488 .9 -524.9

456.9 -486.5 -523.3

455.7 -487 .4 -524.6

457 .8 -486.5 -521.8

K.B
(m)

TOP OF
L 0l,,lE R

AMARANTH
TOP OF
MISSISSIPPIAN

I SOPACH
LOl^lTR
AMARANTH

39 .9

40.8

46.0

38.7

33.2

36.0

36 .9

37 .2

35.4

I SOPACH
TOTAL SAND
L OI^ITR

AMARANTH

4.5

4.5

4.5

N.D

N.D

N.D

CORE
TXAM I N ED

63.

64"

65.

66.

67.

68.

69"

7A.

7r.

DN

X

I

Þ
Ot

I

Voyager Blackpool
Coul ter
5-16-1 -27 Wr X

4

6



I¡IEL L

N0.

72. Newscooe Coul ter
13-16-\-27 i,Jl

Ì¡JEL L NAMT

AND LOCATION

Great Northern Souris
Val ley Coul ter
16-16-1 -27 WI

Newscope et al Coul ter
5-r7 -t-27 Wr

Newscope C

7 -r8-r-27
oul
I^J1

Souris Val'ley
R. Moore No. 1

5-20-7-27 WI

Pascar l,lestover No. 1

r-21-T-27 W

456.6 -488.3 -523.6

456.3 -481 .0 -518 .2

458.7 -493 .2 -531.0

460.0 -492.3 -526.4

456.7 -483 .4 -518.2

-518 .2

-5r7 .9

457 .8 -47 9 .8 -5r7 .6

456.6 -483 .1 -519 .1

455 .7 -47 7 .0 -5r2.7

K.B
(m)

TOP OF

L Ol^lTR
AMARANTH

TOP OF
MISSISSIPPIAN

I SOP ACH
L OI^JER

AMAR ANTH

35.4

37 .2

37 .8

34 .1

34.7

36 .3

35 .7

37 .8

36.0

35.7

I SOPACH
TOTAL SAND
L 0l,JE R

AMARANTH

3.5

N.D

N.D

4.5

4.5

4.5

3.5

CORT
EXAMINTD

73"

74"

75.

76"

77"

78.

70

X

4

4
ter

I

è\¡
I

Newscope Coul ter
9-20-r-27 l¡ll 453.2 -481.9

Newscooe et al Coul ter
11-20-i -?7 Wr 457 .5 -482.2 X

80 Newscope et al Coul ter
5-2r-r-27 wt

81" Newscooe et al Coulter
7 -?r-L'-27 W

4



!ì¡tL L

N0.
I,JEL L NAMI
AND LOCAÏION

Great Lakes Northern
Carbon & Chemical Co.
#i !'lestover
8-21-1 -?7 Wr 455.7 -478.? -514.8

-51 5 .1

453 .8 -47 9.5 -516.3

455 .1 -47 5 .8 -5L2 .7

452.6 -477 .6 -5i 3 .6

456.6 -477 .9 -512.7

456.5 -47 L .2 -506 .6

456 .9 -47 9 .5 -51 4 .8

457 .2 -482.5 -518 .2

K.B.
(m)

TOP OF
LOl\lIR
AMARANTH

TOP OF
MISSISSIPPiAN

I SOP ACH
L Ol,lER
AMARANTH

36.6

36.6

36

36 .9

36.0

34.7

35.4

35.4

35.7

I SOPACH
TOTAL SAND
L Ol,lIR
AMARANTH

N.D

N.D

4.5

N.D

1.5

CORE
EXAMI N ED

V
t-

5

82.

83"

84.

85.

86.

87"

88.

89.

90.

Newscope et al Coul ter
11-21-i-27WL 454.2 -478.6

69

0y
ou
-¿

Coul teret al
?7 Wr

ge
te

a
I
2

r Blackrock
r

-r-27 Wr

Newscope
Arz-22-r-

Great Northern tarbon
No #1 Bel I
72-22-r-27 Wl

Great Lakes Carbon
Co. #2 l,'Iestoven
2-27 -L-27 WI

Kodiak Dunning #I
L6-28-t-27 l^l1

Newscope et al Coul ter
3-29-r-27 !'11

Newscope
L-30-r-27

I

Þ
æ
I

X

2

1

X

2
et al Coul ter

l,J1



I'JtL L

N0.
[^IIL L NAME

AND LOCATION
K.B
(m)

TOP OF

LO!'lTR
AMARANTH

TOP OF
MISSISSIPPIAN

I SOPACH
LOl,lIR
AI4AR ANTH

36.0

42.4

40.2

35 .1

38.1

40.2

38.1

40.2

32.1

38.1

I SOPACH
TOTAL SAND
LOt,'lTR
AMARANTH

5.7

N.D

N.D

5.4

4.8

5.8

c0Rt
EX AIVII N ED

91.

92"

93.

o¿

95.

96.

97"

98"

99.

100 "

C harnp
1 -3-1

ton

51

Antl er R i ver Coul ter
9-30-1-27 l^ll

'l ai n Ly'le
-28 !'I1

Kissinger Almx Lbty
Ly1 eton
3-4-1-28 !,ll

Cleary Souris Va1ìey
Moore
t1-13-1-28 l^Jl

Souris Val'ley Gordon
White No. I
5-14-1-28 l,{l

Frankana et al Lyleton
14-15-1-28 t,Jl

Rideau Pipestone Lyleton
16-i5-1-28 l^Jl

CP0G Lyl eton
1-16-1-28 Wr

Rio-Prado Souri s Fenton
5-17-r-28 I^Jl

457 .5 -47 9 .2 -51 5 .1

458.1 -533.7 -574.6

462.4 -534.3 -547 .6

45r.4 -497 .4 -532 .5

454.3 -515.1 -553.2

460 .6 -5r2.r -552.3

459.6 -513.9 -552.0

460.9 -515.7 -555.9

462.7 -536.8 -568 .8

463 . 9 -529 .7 -5 67 .8

5

I

è(o
I

X5

5

Rideau PÍpestone
Lyì eton
r2-L7 -1-28 l,ll X



!^lEL L
N0.

ì'-lTL L NAME
AND LOCATION

Rideau Ly1 eton
r3-?6-L-28 l^ll

Ameran e
15-?6-L-

A¡neran et al
15-35-1-28 l^J1

Rideau Pipestone
Ly1 eton
9-27 -r-28 l/\l1

Rideau Lyleton
14-27-1-28 l^l1

TrÍwest Summit Lyleton
15-29-i-28 l^.tl

Cal stan Lyl eton
3-33-1-28 l,ll

Ca1 stan Ly
7 -33-r-28

Ri deau Ly'leton
5-34-1-28 l,¡l

458.1 -502 .6 -539 .5

459.3 -496.8 -533.4

458.7 -494.1 -531.0

459.3 -499.9 -537 .4

460.6 -504.8 -542.2

462.? -513.7 -55r..1

464.5 -506.0 -543.2

464.5 -502.6 -540.1

461.2 -500.2 -536.5

458 .1 -489 .2 -525.8

K.B
(rn)

TOP OF
LOl^lER
AMAR ANTH

TOP OF
MISSISSIPPIAN

I SOPACH
L Ol,lER
AMAR ANTH

36 .9

36 .6

36 .9

37 .5

37 .5

37 .4

37 .2

37 .5

36.3

36 .6

I SOPACH
TOTAL SAND
LOl^lER
AMARANTH

N.D

3.5

2.3

3.9

4.2

4.2

3.3

3.8

COR E

EXAf{INTD

101. Rideau Pipestone
Ly1 eton
r2-23-r-28 l¡ll

raz "

103

104.

105.

106.

107 "

108 "

109

1i0 .

5
tot al Lyle

28 Wl
n

n

X

I

(tr
O
I

X

le
I^l 1

ton

toLyìe

X4

X



!{TL L

N0.
i,{IL L NAME

AND LOCATION
K.B
(m)

479.5

468.8

TOP OF

L O!'JER

AMARANTH

-555.3

-545 .9

TOP OF
MISSISSIPPIAN

-593.5

-587 .0

I SOP ACH

L Ol.lER
AMARANTH

38 .1

4r.2

37 .2

38 .4

33.2

33.2

33.8

32.6

34.1

38 .4

I SOPACH
TOTAL SAND
L 0l^lE R
AMqRANTH

N.D

N.D

9.1

7.6

N.D

3.5

3.1

COR E

EX Af4 1N ED

111 . Poplar Admiral
i5-5-1-29 l^I1

8-15-1 -29 Wr

Imperi al to
1 1-18-1-29

p'l
f,li

lllel I Clear
Val ley Whi
5-34-t-29

Chauvc
15-10-

Omeoa
B-5:2

Roxy Andex et al
ldas kada
7-7 -2-25 W7

Omeqa l^Jaskada
7-8:2-25 Wr

Omeoa Waskada
r4-9-2-25 Wr

479.8 -569.4 -506.6

484 .6 -52r .2 -559 .6

477 .3 -394.4 -427 .6

47 4 .0 -398 .7 -431.9

477 .0 -392.9 -426 .7

477 .9 -384.4 -417 .0

479.5 -378.0 -412.1

485.9 -355.4 -393.8

TIz "

1i3 . ey

rlSou sTI4 "

115 "

116 .

IT7 "

118.

119 .

v
te
t{1

daW aska
-25 I^j1

daoet
2-?5

l.laskaal
i^l1

X52
neamCrretal

2-25 Wr
oe
2-

2

3

I

(tt

I

V

I
a
1

120. oy
0-

r



'I'IE L L

N0.
I^IEL L NAME

AND LOCATION

Roxy Andex et al
N. Cramner
4-13-?-25 Wr

o et a'l Waskada
-2-25 Wr

Newscope et al
N. Cramner
13-?2-2-?5 btr

Newscope et al
N. Cramner
r-28-2-25 Wr

Murphy et al V'laskada
8-32-?-?5 Wr

Omega Andex ü'Jaskada
8-r-26-26 N7

ga
1-

o
l'J1

da

Roxy Andex
16-7-2-26 I^Il

47 9 .5 -364 .? -400.0

474.6 -39r .7 -424.6

479 .8 -370.6 -400 .0

477.6 -368.2 -399 .3

47 8.? -370.0 -399.6

469.4 -422.8 -459 .3

472.1 -412.r -449.6

47r.2 -4I7 .6 -451.1

47 4 .0 -406 .3 -442 .9

K.B
(m)

TOP OF
L Ol,lER
AMARANTH

TOP OF
MISSISSIPPIAN

I SOPACH
L Ol.lIR
AMARANTH

35.7

32.9

29.4

3i .1

29.6

36.6

37 .5

33.5

36.0

I SOPACH
TOTAL SAND
L OhJE R

AMqRA NTH

2.8

2.5

i.8

N.D

2.5

4.5

COR E
EXAM I NED

12r "

r22.

r23.

r24 "

125.

126 "

7?7 .

128.

r29 "

0me
10-

S ask
6-18

X5

X

I

(tr
l'\)

I

Omeqa Andex Waskada
4-r:2-26 Wr 2

2

ldaskaS ask
2-26

X



T{EL L

N0.

132 " Omeqa Waskada
?_4:2-26 Wr

133. Omega lnJaskada
9-3-2-26 Wr

i34.

135.

I,¡EL L NAME

AND LOCATION

Cal stan I
8-r0-?-?6

Omeg
2-2-

Omega
6-?-2-

Omeqa I,'Jaskada
9-4:2-26 Wr

Omeqa Waskada
10-4-2-26 Wl

Roxy et al Llal ny
r-9-2-26 WI

Omeoa }Jaskada
3-tö-2-25 W

K.B
(rn)

TOP OF

L OIdTR

AMARAI{TH
TOP OF
MISSISSIPPIAN

I SOPACH
L OI,IE R

AMARANÏH

39 .6

38.1

36 .3

37 .2

36 .9

35 .1

36 .9

32.0

35.7

36.6

35 .1

I SOPACH
ÎOTAL SAND

L Ol¡lTR
AMAR ANT H

3.5

3.0

2.8

3.1

2.5

3.5

4.5

2.5

CORT
EXAM I N ED

130.

't?1
IJI. .

136.

137 "

r.38 "

139 .

140.

5
daa Waska

2-26 Wr

!*laskada
26 WI

t,J ask adatal
6l,l1

e
-2

9a
-?

0me
r-4

467 .9 -420.9 -46 0.6

468.5 -477 .3 -455.4

467 .0 -420.9 -457 .2

467 .0 -4r9 .7 -456.9

464.? -428 .6 -465.4

463.9 -4?3.4 -458.4

463.6 -428.2 -465.1

462.4 -427.3 -459.3

466.0 -423.7 -459 .3

-455.1

I

(tr
gJ

I

3

mpeni a'l Dal ny
l.ll 467 .3 -418.5

0meoa i,rlaskada Prov.
2-rT.-2-26 Wr 465.4 -4?3.4 -458.4 3



l^lE[. L
N0.

WTLL NAMI
AND LOCATÏON

K.B
(m)

438.0

454.2

TOP OF

LOI,JER
AMARANTH

-424.6

-424.6

TOP OF
MISSISSIPPIAN

-459 .0

-457 .8

I SOPACH
LOl^lTR
AMARANTH

36 .9

35.7

34.7

34.4

37 .2

34. I

42.4

34.4

33.2

I SOPACH
TOTAL SAND
LOI,,IER
AI4AR ANT H

3.6

3.5

3.1

3.4

3.6

N.D

4.5

N.D

c0Rt
TXAMINED

141 "

742.

143.

744 "

145 "

146.

147 .

148.

749.

150.

Omeoa Waskada
6-ri-2-26 Wr

Omega Waskada
10-1 i-2-26 l,ll

Omeqa Waskada
16-1"1-2-26 l1¡l

Sasko et a
4-t2-2-26

L.L.&E. Melita
2-30-2-26 Wr

469.7 -413.6 -450.5

470 .3 -409 .3 -445 .0

-403 .5 -437 .7

-4i3.0 -447 .5

-409 .4 -446.5

-427 .6 -461 .8

-386.8 -429.2

X

skli.la
I,iI

daa

Roxy-Andex et al lnlaskada
4-13-?.-26 Wr 468.5

0mega i^iaskada
3-14-?-26 WL 470.3

Grizzley et aì Waskada
L5-r4-2-26 Wr 467 .9

14idwest Imp. Da]ny
6-15-?-26 W7 463.0

Roxy-Andex et al Waskada
Lt-25-?-25 Wl 47 4 .6

I

('tÞ
I

X

X3

151 . 5-32-2-26 WI



!'JEL L

N0.
ll¡EL L NAMT
AND LOCATION

auvco
-3?-2-

K.B
(m)

455.4

442.3

TOP OF
LOl,lER
AMAR ANTH

-449.6

-M3.6

TOP OF
MISSISSIPPIAN

483.5

-496 .5

I SOP ACH
LOI^IIR
AMARANTH

37 .2

3?_.3

33.5

35 .1

36 .6

33.8

32.9

36.0

30.2

35.1

I SOPACH
TOTAL SAND
LOl,lTR
AMqRANTH

2.5

N.D

N.D

2.4

1.9

1.5

1.5

c0R t
EXAMINTD

r52 "

153.

r.54 "

155 "

155 "

757 "

158 "

i59.

160

161.

Ang
3-1

Ch
13

et al Dal
26 Wr

Dal
l,{1

al
26

ny

LL&E et
I 0-36-2-

ny

Antler River Coulter
5-5-2-27 ldl

Antler River Coulter
8-6-2-27 W\

45r . i -4?A .6 -456 .6

460 .5 -388 .6 -42t.0

456.6 -472.7 -506.3

457 .8 -473.4 -508 .4

457 .0 -458.4 -495.0

X2

5

X

X

Voyager Bl ackrock
Coul ter
9-10-Z-27 l^.l1

t

(tl
(ll
Ilo Gould

4-?-27 t^Jl

r-19-2-27 Wr

Chevron et
t5-24-2-27

ny

K.R. Canso N. Coulter
t5-?7 -2-27 Wr

Irnperiaì South El va
13-30-2-27 Wl

453.2 -429.5 -465.4

452.3 -440.4 -47 0 .6

456.9 -457 .5 -492.6

al Dal
I^/1 3

162. 14-3-2-28 Wl X



ldEL L
N0.

lilEl L NAME
AND LOCATION

Cobra et
r-9-2-28

Rio-Prado Souris
Hill No. 1

16-9-2-28 Wr

Chandler Coul ter
1-1 1-2-28 t^ll

466 .3 -500.8 -540 .4

463.6 -500.1 -540 .4

466.0 -49i .3 -530.4

451.5 -490.7 -529.r

456.3 -48i .3 -51 8 .5

455.i -485.9 -522.4

458.9 -478.5 -51 5 .4

463.9 -473.4 -508.7

46i .8 -472.1 -509 .3

465.3 -475.8 -510.0

K.B
(m)

TOP OF
L O}^IE R

AMARANTH
TOP OF
MISSISSIPPTAN

I SOPACH
L OI.JE R

AMAR ANTH

39.6

40.2

39.0

38 .4

37 .2

36 .6

36 .9

35 .4

37 .2

34.1

I SOPACH
TOTAL SAND
LOWTR
AMRANTH

4.5

N.D

N.D

1.5

3.2

N.D

COR T
EXAMINTD

163.

164 "

165.

166.

L67 .

i68.

169.

\70

t7r "

172.

Kíssin
r4-20-

oer
1-za

Cobra Shell Lyleton
r4-5-?-28 WL

Banf et al Lyleton
15-5-2-28 l^ll

al
l,l i

L toev n

X4

I

ts
('t
O)

Iet aì Pierson
lÀJ1

Ang
Val

lo et al Souris'ley 
Shan non

2-2-28 Wr

Cobra et al E. Pierson
L2-27 -2-?8 WI

Chandler E. Pierson
15-27 -2-28 Wr

GN0L et al t. Pierson
10-28-2-28 WL

-z

X3

2

2.r



!\JEL L

N0.
l,JEL L NA['IT
AND LOCATION

K.B
im)

TOP OF

L O!,JER

AMARANTH
TOP OF
MISSISSIPP IAN

I SOPACH
L 01,/ER

AMRANTH

36 .9

35.7

36.0

34.4

36 .0

36.6

37 .5

40.2

36 .9

37 .5

I SOPACH
TOTAL SAND
LOWER
AMAR ANTH

3.6

N.D

N.D

7.5

4.5

1.9

N.D

CORE
TXAM INED

173.

774.

175 "

176.

177.

C oppe
4-29-

rhead Pierson
2-28 Wr 2

Dome Proud Cal stan
Eva Prov.
t6-29-2-28 Wr 467 .6 -479.8

Cobra et al S. Pierson
2-30-2-28 W7 467 .3 -490.4

Lyleton et al S. Pierson
5-30-2-28 idl 467.0 -488.9

464.2 -484.6 -521.5

-515.4

-526.4

-523.3

467.0 -486.8 -522.7

467 .6 -487 .r -523.6

480.4 -5?4.3 -56t .7

468.8 -510.8 -551.1

465.7 -495 .0 -531.9

469.4 -493 .8 -531.3

4

3

n

r78. Cobra et al Pierson
r2-3Q-2-28 Wl

179. Murphy Pierson
rr-8-2-29 Wr

180 Mu
i6

rphy et al S. Pierson
-rr-29-29 Wr

181. ûobra et al S. Pierson
9-?4-?-29 Wr

TB2 " Lyl eto
r4-?4-

S. Pierson

Ly1 eton S.
1r-30-2-28

P ier
ld1

so
X

I

('r
\j

I

X

X

X

net
2-29

al
l¡Ji



i/{ELL
N0.

ldIL L NAMT
AND LOCATION

Lyleton et
8-25-2-29

S. Pierson

Ly'leton et al P ierson
9-25-2-29 Wr

Lyleton et al Pierson
16-?5-2-?9 WL

Cobra et al S. Pierson
12-26-2-29 Wr

Transworld S. Pierson
6-?8-29 Wr

2-29-2-29 Wr

Chandler West Pierson
13-32-2-29 Wr

Chandler t. P

t5-3?-2-29 Wl

468.8 -488.0 -525.r

467 .0 -487 .7 -524.0

466.0 -487 .4 -524.3

467 .0 -486 .5 -523.3

47 t .2 -495 .6 -530.6

K.B.
(m)

479.2

481.0

TOP OF
L OI^JER

AP1ARANTH

-502 .0

-513.9

TOP OF
MISSISSIPPIAN

-537 .7

-544.4

I SOPACH
L OtlER
AMARANTH

38.1

36 .3

36.9

36 .9

35 .1

35.7

30.5

36.9

38. r

37 .2

33 .5

I SOPACH
ÏOTAL SAND
L Ol,Jt R

AMARANTH

3.8

4.5

3.8

4.2

3.8

4.5

4.5

N.D

3.5

N.D

CORE
EXAMI N ED

183.

184 "

185.

186.

r87 "

188.

189.

190.

191 "

X

Lyleton et al S. Pierson
7 -?5-2-29 Wr

al
t./1

I

(.'t
æ
I

X3

X

sonien

480.9 -503.2 -540.1

481 .9 -496.8 -534.9

r92. Chandler E. Pierson
5-36-2-29 WI 468 .8 -484 .6 -521.8

i93. Souri s Val I ey McKee
1-15-3-25 l¡Jl 473.7 -346.3 -379.8



}{EL L

N0"
WEL L NAMT

AND LOCATION

LL&t i,rlaskada
15-20-3-25 bJi

Barron K idd Sambrook
15-25-3-25 l,ll

Clarion et al South
Napi nka
4-32-3-25 l^ll

Sasko S. Melita
I?-r2-3-27 Wr

Cìeary Souris Valley
Innes
4-17 -3-?7 WI

Ocelot 4-1-3-28 W1

Tundra et al Pierson
I 1-7-3-28 l,J1

Tundra et al Pierson
13-8-3-28 l^ll

Tacorna E. Pierson
12-10-3-28 llj1

Rio Prado Souris Gibson
2-L4-3-28 WI

468.6 -355.1 -388 .0

47 5 .2 -328 .9 -358 .2

463 .3 -339.5 -37 r .6

457 .2 -4?0.6 -449 .6

K.B
(m)

465 .1

4f2.4

IOP OF
L OI,JER

AMARANTH

-436.5

-464 .5

TOP OF
MISSISSIPPIAN

-47 1 .5

-501.4

I SOPACH
LOl¡lTR
AIVIA RANTH

32.9

29.3

32.0

29.0

35 .1

36 .9

3r.7

36 .6

36 .6

35 .0

I SOPACH
TOTAL SAND
L Ol^lTR
AMAR ANTH

2.9

3.5

2.3

N.D

N.D

4.5

2.4

N.D

CORE
EXAMINED

r94.

i95.

196 "

797 "

198 "

199.

200.

z}r "

202 "

203 "

X

I

(tr
(O

I

472 .7 -47 2 .4 -504 .1

477 .5 -469.7 -506 .3

468 .5 -464 .2 -5 00 .8

466.0 -456.0 -491.0

3

X



h¡EL L

N0.

208.

209.

2r0 "

?tt.

2r2 "

213.

l,lEL L NAMI
AND LOCATION

K.B
(m)

472.7

47r.5

TOP OF
L OI^JTR

AMARANTH

-467 .9

-461 .1

TOP OF
MÏSSISSIPPIAN

-504.4

-497 .7

ISOPACH
L OI^IER

AI4AR ANTH

36.9

35 .4

37 .5

36.0

36.6

38 .4

38 .1

36 .0

31 .1

31 .4

I SOPACH
TOTAL SAND
LOI^JIR
AMAR ANTH

3.1

3.3

2.r

1.5

1.1

N.D

N.D

COR T

IXAM I NTD

3
I Pierson
I^J1

?44.

?05 "

206.

2A7 "

Imperia'l Edward
4-i6-3-28 Ì^Jl

Tacoma N. Pierson
10-i6-3-28 t^l1

470.6 -465.1 -502.0

47 0 .3 -549 .9 -495.3

472.4 -467 .9 -505.4
Tundra et a
1 6-18 -3-28

A&B et al Pierson
I 1-19-3-28 Ì¡ll

A4-2r-3-28 l,ll

K.R. Canso E. Pierson
2-22-3-28 Wr

Quest Pierson
A4-?2-3-28 W\

Tacoma N. Pierson
4-22-3-?8 Wr

Robl in
?-27 -3-28 Wr

Texaco McCal I
Graham Creek
4-29-3-28 Wl

X

3

2

I

Or
O
I

47r .2 -454.8 -493.2

469 .r -457 .5 -495 .6

469.9 -457 .2 -493.2

467 .3 -453.8 -484 .9

473.7 -464.8 -495 .9

X



ll¡EL L

N0.

21û,

21q

l,'¡EL L NAME

AND LOCATION

4-30-3-28 l,ll

K.B
(m)

488.9

478.0

TOP OF

LOldTR
AMARANTH

-490 .1

-488.3

TOP OF
MISSISSIPPIAN

-537 .1

-526.r

- 518 .8

-5?2.4

I SOP ACH

L OI^IER

AMqRANÏH

32.9

36.0

36.0

34.7

36.0

30 .5

35 .4

30.8

33.2

36 .0

I SOPACH
TOTAL SAND
L OhlER
AMARANÏH

N.D

1.5

1.5

N

I.9

N.D

c0R t
TXAMINTD

ImperÍa'l PÍ
12-2-3-29 W

Chandle
6-3-3-2

Chandler þJ. Píerson
13-8-3-29 l^ll

9-10-3-29 t^t1

C op pe rhead
2-1 r-3-29 l,J]

Cal stan Standard
Pierson
5-1 1-3-29 l^Jl

Cal stan P ierson Prov.
10-1 1-3-29 u,l1

ïundra Pierson
4-12-3-29 Wr

475.5 -465.7 -499.9

47 7 .0 -490 .4 -526.4

47 9.8 -497 .4 -533.4

484.0 -502.3

I1

X

erson
1

X0

?t6.

217 .

2r8.

2r9 "

?20.

22r "

222 "

?23.

0nserr Pi
9 l,ü1

Anglo et al Souris
Val 1ey lllicks
1-8-3-29 l^ll

I

Or

I

4

D

1

47 6 .r -487 .0

477.6 -489.8 -520.6

475.2 -484.0 -5r7 .?

47 4 .9 -482 .8 -518.8

DN

X



|.JTL L

N0.
l,lEL L NAMT
AND LOCAÏION

Imperíaì P ierson
5-12-3-?9 Wr

tolumbÍa et al PÍerson
10-12-3-29 Wr

Tundra P Íerson
Atr2-r2-3-29 WL

ïacoma Pierson
10-23-3-29 tii

ïacoma N. Pierson
10-24-3-29 Wr

erÍal P ierson
6-3-29 I,Il

Copperhead MMR Pierson
2-13-3-29 Wr 473.7

Imperial P ierson
5-15-3-29 !,t1 480.9

Berry Pierson
7 -16-3-29 Wr 482.2

CDR Imperiai N. PÍerson
8-2r-3-29 Wr 482.2

474.0 -481 .6 -519.7

474.9 -476.i -513.0

472.4 -477 .3 -518.5

-477.0

-489.5

-490.1

-486.2

-51 3 .9

-525.5

-52r.2

-515 . 7

478.5 -47r .2 -507 .B

475 .5 -47 0 .6 -502 .9

47 7 .6 -466 .0 -502.6

K.B
(m)

TOP OF
L Ol^lTR
AMARANTH

TOP OF
MISSISSIPPIAN

I SOPACH
L OI,IER
AMARANTH

36 .9

36 .9

41 .2

36 .9

36 .0

3i .1

30 .0

36.6

32.3

36 .6

I SOP ACH
TOTAL SAND
L Ol'lER
AMARANTH

N.D

3.5

N.D

3.5

2.7

2.7

3.3

3.3

3.6

CORI
IXAMINED

224.

225 "

226 "

227 .

228 "

229.

230 "

23r "

232 "

233 "

X

I

H
O)
f\)

I

2

imp
B-2



l,lEL L

N0.
IdEL L NAME
AND LOCATION

Tacoma N. Pierson
4-27 -3-29 Wr 484 .0 -482 .2 -517 .0

493 .2 -485.2 -523.6

498.3 -480.1 -51 5 .4

K.B
(m)

TOP OF

L OI,llE R

AMARANTH
TOP OF
MISSISSIPPIAN

I SOP ACH

LOÌ,JER
AMARANTH

34.7

38.4

35 .4

I SOPACH
TOTAL SAND
L OI^ITR

AMARA NT H

2.4

2.r

N.D

CORE
EXAM I N ED

234

236

235 " CDR Calstan N. Pierson
72-29-3-29 WI

Can Prospect Cayunga
i3-31-3-29 hJl

I

O)(¡)

I
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AP PEND IX B

X-RAY DIFFRACTION ANALYSIS

LOlÁlER AMARANTH MTMBER
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X-RAY DIFFRACTIOil AT¡ALYSIS

LOI.IER AMARANTH MEI,IBER

8.1 General Procedures

x-rEy analyses were performed on the bulk and <4 m fraction of the

fine-grained, siìty subarkose (Lithofacies C) and the sandy siltstones
(tithofacies B) of the Lower Amaranth Member. Analyses were performed

on a Phi'l lips 1730 using Cuo<.radiation. Operating condi tions included

a poh/er setting of 40 kv, 25mA, with a scanning speed of 0.I z /step,

and a time constant of o,ne second.

No attempt was made to quantify the analyses results and onìy relative

concentrations have been reported (Tabìe I, II). IdentifÍcation of

minerals t,las based on the shape, p0siüion, and peak intensity. Rela-

tive concentrations were detennined from the peak area. The main peak

of each phase has been labelled on the dÍffractometer patterns included

with this appendix (Figures 23-28\ "

8.2 Bul k Mi neral ogy

Fourteen XRO-bulk mineralogy analyses h,ere performed. Each sampìe was

hand ground to a fíne powder, packed in an alumínium holder, and tamped

until smooth. In general, analysis results show a high and consistent

concentration of quartz, do'lomi te, and potassium and pl agioclase fel d-
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spar in all samples excìuding sample #I4 (Table I). Low concentrations

of il li te (muscovi te) and chl ori te are al so present (Table I ). The

anhydrite concentration of these rocks varies considerably. In several

samples, minor amounts of calcite, anaclime, and probably tridymite and

sti I I bi te were noted.

A typical diffractometer pattern for the suite of samples examined is

best illustrated in the Omega Dalny 6-rr-2-26 l..Jl well (Figure 23).

This sample contains concentraLions of pìagÍoclase and potassiurn feld-

spar comilÐn to most of the rocks analyzed. This sample also contains a

very high concentration of anhydrite. In contrast, the sampìe taken

fron the Chevron Waskada (3-18-1-25 ldl) well (Figure 24) shows a low

anhydrite content. The sample analyzed from the Chevron hJaskada

9-I-I-26 l,ll welI (Figure 25) shows a low concentration of plaç¡ioclase

fe'l dspa r.

8.3 C1 ay Mineral ogy

Eleven samples brere selected for clay mineral analysis. These samples

were sonified for three five-minute periods and suspended overnight ín

distilìed water. 0n re*examination, the water was clear. This was as-

sumed to indicate a fairly low concentration of <zrun material. con-

sequentìy, clay analysis r¡las only performed on the <4pn fraction.
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The samples were agitated and suspended in distilled water for l.56

hours. The upper 10 centîmetres of liquid was siphoned and cent,rifuged

for a few.seconds, ín order to collect any suspended material. Thjs

concentration was pipetted onto a gìass slide. In order to identify

clay mineral s, the samples brere exposed to eil¡y1ene g'lyco'l vapor over-

night and heated to 550"C for one hour.

Clay minerals present in these sampìes include low concentrations of a

highìy crystaì1ine ilìite (muscovite), chloriteo expandable chl orite/_

mixed-ìayer chlorite, and mixed layer chlorite/illite (Table II). A

typical clay mineral sui'be for the sandy sÍl tstones of the Lower Amar-

anth Member is best illustrated by the Lyleton et al Pierson 1t-30-Z-ZB

1,.l12 wel I (Figure 26) and the A and B et al Pierson 1l-189-3-28 l^ll wel I

(Figure 27). The díffractometer patterns obtained from the analysis of

the Chevron Waskada 9-1-l-26 Wl well (Figure 28) shows the typr'ca1 cìay

mineralogy of a reservoir rock from the southern waskada field.
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Legend

Concentration - Table I and II

VH - very high
H - high

MH - medium high
M - medium

ML - medium low
L - low

VL - very 1ow
T - trace



TABLT I: XRD: tsULK MINTRALOGY
RILATIVE ABUNDANCT

ANHY.
ILL ITT CHLORITE QUARIZ DRITI

PLAG.
FEL D- DOLO-
SPAR CALCITE MITE

K- FIL D-
SPAR

IRIIJY-
M rrr/
STTLL-
BITE

ANA-
CL IMT

SAMPL E

L OCAT I ON

2-16-r-25l,{1
915 m

6-rt-2-26W1
910 m

I 1 -30-2-zBI,{r
955 m

14-24-2-29Wr
986 m

L-9-2-28W1
92?.6 n

9-1-1 -26Wr
918 rn

5-3 4- I -281111

982 m

1 1 -1 4-3-28W1
967 n

5-9-i -27W7
975 m

DT SCR I P-
TI ON

reddish-brown
sandy sl tst.

si I ty v. f. gr.
sst.(?subark.)

redd i sh- brown
sandy sl tst.

silty v.f.gr.
sst. ( ?subark.

reddi sh- brown
sandy sl tst.

interlarnínated
sltst./subark.

silty v.f.gr.
sst( ?subark. )

reddi sh- brown
sandy sl tst.

silty v.f.gr.
sst. ( ?subark. )

ML HH

HL

LL

T

MH

MH

M

14H

MH

MH

M

VH

H

MH

MH

MH VL

MH

MH

ML

T

T HVH

L

L

ML

ML

VL

)

H

H

ML T

VL

H

H

H

T

T

MH VL

MH

HVL

HMH

HMH
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L

I
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I

L

T
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L

MH VL
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L

ML

ML

ML HH
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MHÏ
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TABLE I - Continued

SAMPL E

L OCAT I ON

16-14-1-25W1
9i7.i m

8-6-2-27Wr
963.5 m

16-14-1 -26W1
923.8 m

3-18-1 -25W1
909 m

6-rr-2-26
905"8 m

DTSCRI P-
TI ON

si 1 ty v. f. gr.
sst. ( ?subark. )

f.-med. gr.
sst. ( ?subark. )

reddi sh- brown
sandy sl tst.

reddÍ sh- brown
sandy sltst.

reddi sh- brown
sandy sl tst.

ANHY-
I LL iTE CHL ORITE OUARTZ DRITE

PLAG.
FIL D- DOLO-
SPAR CALCITI MITE

K-FELD-
SPAR

M ITEI
STILL-
BITE

ANA-
CL IME

ML

VL

L

VL

VL

VL

L HVH

H

HVL

MH

M MH

M

HVL

MH VL MH VL

L MH VH MH H

MVLH

HVL

L

L MH VL

T MH VL

VL

L

¡

!
O

I

l^l1 MVL MH



TABLT II: XRD ANALYSIS: < 4pn CLAY FRACTION
RTLATIVE ABUNDANCES

i LL ITE CHLORI TT

tXPANUAtsL I.

cHL0RTTE/
C HL OR ITE
MIXED
LAYER

VH

VH

cHL 0R r Ttl
ILL ITE
MIX ED

LAYER
SAMPL E

L OCAT I ON

?-16-r-zswr
915 m

6-rt-2-?6Wr
910 m

i 1 -30-2-28I^l1
955 m

r4-24-2-ZgWr
986 m

r-9-?-28W1
918 rn

9-1-1 -26Wr
918 m

5-34-1-28l,l1
982 m

11-19-3-28l,'l1
967 n

5-9-1 -27Wr
975 m

DESCRIPTI ON

reddi sh- brown
sandy sl tst.

silty v.f.gr.
sst.(subark.?)

reddi sh-brown
sandy sl tst.

silty v.g.fr.
sst. (?subark" )

reddi sh- brown
sandy sl tst.

i nterl amÍ nated
sl tst. /subark.

si I ty v. f. gr.
sst. (?subark. )

reddí sh brown
sandy sl tst.

sil ty v.f. gr.
sst. ( ?subark. )

M

M

M

H

M

T

H

H

H

M

MHM

M

M

H

M

L

GYPSUM?

VH

I

!

I

I VH



ïABLE II: XRD ANALYSIS: 4¡tm CLAY FRACTION
RILATIVT ABUNDANCES

E XP ANDABL E

cHL0RTTE/
CHLORTTI
MIXED
LAYTR

cHL 0R r TEl
ILL ITE
MIXID
LAYTR GYPSUM?

SAMPL E

L OCAT I ON

8-26-r-?6Wr
913 m

6-25-1-26WL
916.5 m

DESCRIPTION

silty f. gr.
s ubark ose

si'lty f. gr.
subarkose

ILLITE CHLORITI

LLLL

LM

I

H\¡
1\)

I



-173'

MÍneralogy - Bulk Mineralogy - Clay Fraction

Anhydrite - anhy
Calcite - calc
0hlorite - chlor
Dolomi te - dol
Expandab'le mixed-layer chlori te/chlorite - mx-chlor
Illite - Íll
Mixed layer chlori te/il lite - mx-chlor-il I
Plagíoclase feldspar - plag fld
Potassium feldspar - k fld
Pyrite - pyr
Quartz - qtz
Tri dymi telStil I bi te - tr-st
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H

lr

j

l
I
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-!

$
i

ilttll
1I
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t

*

*

t

Þ
È

DST + 1. 42OO-424O ft. : 94O ft' S" wTR"

#2. 3709-3736 it. : 20 ft' MUD

NO PERFS REPORTED

NO CORE CUT
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4.2mi
6.8Km

BARRON KIDD SAMBROOK

15-25-3-25W 1

't96X

KB: 47 5.2m
TD: 857.1m

GR SON¡C

+

SP

INDUCTION
i

-+'
I

!J T L

i

2ao

DST # 1. 2733'2790 ft. : 45 ft. WTR CUT MUÞ

NO PERFS. RECORDED
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/
ON KIDD SAMBROOK

l5-25-3-25W 1

1961

KB: 47 5.2m
TD: 857.lm

soNrc

A

i

NE

DATUM: TOP
L WER AMARANTH

PALEOZOIC EROSIONAL
SURFACE

LITHOLOGY

1

t
;

2A

3'2790 ft. : 45 ft. WTR CUT MUD

CORDED

REDDISH-BROWN
MUD6TONE
(LITHOFACES A)

SILTSTONE
(LIIHOFACIES 8)

REDDISH-BROWN-WAVY.CONTORTED
INTERLAMINATEO
MUDSIONE/SILTSTONE/SUBARKOSE
(LrrHoFAcrEs D)

ANH YDRITIC

COARSE GRAINED
LITHARENITE
(LITHOFACIES F )

NODULAR ANHYDRITE

MASSIVE ANHYDRITE

LIMESTONE

DETRITAL ZONE

@;'1

w74

Fffi
MASSIVE TO BEDDED
FINE TO MEDIUM GRAINED
SILTY SUBARKOSE
(LITHOFACIES C,E )

STRATIGRAPHIC CROSS.SECTION A-A'
LYLETON-NAP¡NKA

SOUTHWESTERN MANITOBA

FIGURE: 13
B. HANSEN
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SASKO ET AL SOUTH MELITA
12-12-3-27W1

+
KB: 457.3m
TD: 939m

SP GR BCS

,
I
d

DATUM: TOP

LOWER AMARANTH

MLEOZ:OIC EROSIONAL

SURMCE
1--

I

¡

II
I

I

I

-l-r

I

i

t

ost #1 : 918-923m 
= 

27

NO PERFS RECORDED
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ROXY-ANDEX ET AL WASKADA
16- 1-2-26W1

OMEGA WASKADA
14-25-1-26W1

1 982

KB: 471.2
TD: 936m

GR BCS

(

2.Omi
3.2 Km + 2.1mi

3.4Km o 1.2mi
f .9Km

1982

KB:. 47 4.1m
TD: 975m

GR BCS

oo875

oo950

oo925

I
i-
1--

+
ï

+

f

NO DST

NO DST



OMEGA \AASKADA
11-24-1-26W1

o

OMEGA SOUTH WASKADA
1- 13- 1-26W1

CHEVRON WASKADA
9- 1 -1-26W1

KB: 466.7m

TD: 962m

GR BCS

_.-

GR

f .6mi
2.6Km oo 1.5mi

2.4Km

1 982

KB: 469.8m
TD: 935m

1 982

KB: 47O.4m
TD: 945m

BCS GR BCS

-->
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NO DST 950
950
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RON WASKADA
- 1- 1-26W 1

-*o
KB: 466.7m

TD: 962m

BCS

950

NO DST

/
C

s

J

-1- +-- +

DATUM: TOP

LOWER AMARANTH

mLEOZ.OïC EROS|ONAL
SUREACE

LITHOLOGY

REDDISH-BROWN
MUDSTONE
(LITHOFACES A)

SILTSTONE
(LITHOFACIÊS 8)

REDD IS H-B RO WN-WAV Y-CONTORTED
INTERLA MINATED
MUD S TONE/SILTSTO N E,/SUBARK O SE
(LITHOFACIES D)

MASSIVE TO BEDDED
FINE TO MEDIUM GRAINED
SILTY SUBARKOSE
(LITHOFACIES C,E)

COARSE GRAINED
LITHARENITE
(LITHOFACIES F )

ANHYDRITIC

NODULAR ANHYDRITÊ

MASSIVE ANHYDRITE

LIMESTONE

DETRITAL ZONE

7Vr4

f-t-Î
l-rfr-l

t:--t
led
I 
- 

--.1

STRATIGRAPHIC CROSS-SECTION C-C'
MELITA-WASKADA

SOUTHWESTERN MANITOBA

FIGURE: 15
B. HANSEN
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ANGLO ET

TOP

LOWER AMARANTH
i¡

DATUM:
5l',5m SUBSEA
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)

:H

=

¡i

-

F+

!

t=
tl

Fi

E
H

FI
FI
FT
t=

Fi

E

H



3300

S VALLEY WICKS

3-29W1

+ 2.1mi
3.4 km

r955
B= 484.2m

I 1122.4m
RES

3200
I



SWEETGRASS PIERSON

9- 10-3-29W1
CALSTAN PIERSON PROV.

10- 1 1-3-29W 1

o+ O.8mi

1 956
KB: 478.2m

TD: 1O 1 1.3m

1977
KB: 475.5m
TD: 1O16m

SP RES

310

l

a
I

ç

L
I

¡

)

,

I

I

32()()

3300

I {
I \
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,rÅ

I

SP RES

DST #1. 3287-3297 ft. : 125 ft. OIL CUT MUD

+2. 3297-3318 ft-: 70 ft. S. WTR.

NO PERFS RECORDED

I

I

DST #2.
+3.
#4.

3256-3270 ft. : 4O ft. OIL FLK. M

3270-32'75ft. : 10 ft. MUD

3275.6-3285 ft. : 375 ft. OIL'
45 fr. SALT WTR.

3285-3290 ft. : 90 ft. MUD

60 ft. SAILT WTR.
+5.



ri.

r¡L-

NO DST

NO PERFS RECORDED

COPPERHEAD MMR PIERSON

2-13-3-29W 1

1.1mi
1.8km

1.5mi
2.4km

1977
KB: 473.7rn
TD: 994.Om

GR DENSITY RES

11

3 100

f|-:T--:--.:-l



TUNDRA ET AL PIERSON

16- 1g-3-29w1

o

KB: 472.8m
TD: lOO7m

GR BCS

1.4mi
2.3km

ïACOMI
4A-2

KB:
TD:

DILactlt
)

GR

DST #1.

NO CORE C
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DST # 1. 9BO-984m : S m OtL CUT MUD,
19m GASSY MUD CUT OtL,
43m CLEAN GASSY OtL,
38m SL|GHTLY MUD CUT OtL.
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QUEST PIERSON

4A-22-3-29w1
K.R. CANSO EAST PIERSON

2-22-3-29w1
o O.6mi

1.Okm +
KB: 469.2m
TD: 1O14m

1 96s
KB: 47 1.5m
TD: 987.9m

SP RES GR SONIC RES

looo
DsT # 1 ' 3108-9 192 tt.: Bo ft. MUD, 40 ft. orL cur MUD.

NO PERFS RECORDED

RE(
MUI
(Lr'1

stLl
(LIT

T--=ìlu ^lle*l REO
INT
MUC
(LIT

#1. 966-979.5m : 2Bm OtL CUT MUD.

MAS
FINE
SILT
(LITI

STRUCTUF

SOUTH

FIGURE: 16
B. HANSEN
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COPPËRHEAD PIERSON PROV.
4-3O-3-28W1

TI

1 + 1.Smi
2.4km

KB:475.8m
TD: 987.7m

GR soNlc

DATIIM: TOP

LOWER AMARANTH

i
¡rt
r

;1..i

NO DST

NO PERFS REPORTED
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#1. 980-984m :
S.Om OIL CUT MUD.
19,Om cSY. MUD CUT OtL
43.Om csy. OtL
38.Om SLl. MUD CUT OtL

01025

I+-
I
I

I

l
09

DST #1. 991.5-995.5m : 53t.Om OtL

ET AL PIERSON COLUMBIA ET AL PIERSON
10- 12-3-29w16- 1g-3-2gw 1

1.8mi
2.9km o 2.4mi

3.9km 

-
KB:47',2.5m

TD: lOGl7.Om

1 984
KB:474.9m

TD: 1O36.5m

BCS SP GR BCS DI-SFL
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t
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1 000
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J

3300

t

\

NO DST

NO PERFS REPORTED

NO CORES CUT

DST 
"É 

1. 973.54-992.om R. 1s3m MUD, z3m GASsy otl cur MUE
34m VERY GASSY FROTHY MUD CUT OtL

#2- 1æÈ1o13m R. 364m MUD, Ssm GASsy sL otl srAtNE
75m MUD CUT wTR.

#3. 1OOO-1OO4m R 35m DR|LL|NG MUD

CHANDLER EAST PIERSON COBRA ET AL S. PIERSON
9-24-2-29W15-36-2-29W1

+ I
3

9m¡
lkm o

KB: 468.8m
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KB: 465.9m
TD: 1O36.Om
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ilPIPESTONE LYLETON
5-34-1-28W1

AMERAN ET AL LYLETON
15-26-1-28W1

D+ 1.6mi
2.6km + 3.Omi

4.8km

KB: 461.3m
TD: 1O35.Om

KB: 458.7m
TD: 1O3l.C)m

âR BCS

GR DI-SFL
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1 000

NO DST
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