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Aerial view of cuspate spit at low tide, south side of the east entrance 
to the Strait of Magellan, Chile (Punta Catalina). The beach ridges are 
composed of gravel and are built by waves generated by strong westerly winds. 
The spit is approximately one kilometre wide. 

(Used with permission, courtesy of ·Miles O. Hayes, Research Planning Institute 
Inc., Columbia, South Carolina, U.S.A., cover A.A.P.G. Bull., September 1981). 
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ABSTRACT 

Thirty-three cores of the Notikewin Member of the 

Lower Cretaceous Fort st.. John Group in the area of the 

Kaybob Field were examined and sampled. 

The gas-bearing sandstones and conglomerates were de

posited in distributary mouth bars in a wave-dominated 

deltaic environment. Subsequently, these sediment depo

centres are modified by wave energy and littoral currents 

to form beaches within or adjacent to the delta. 

Petrographic studies of the chert litharenites to 

sublitharenites indicate two provenances; medium to high grade 

metamorphic terrain and a sedimentary source; both of which 

are in the Cordilleran highlands. 

The potential of the Notikewin Member as . a reservoir 

is controlled primarily by the presence of sand matrix in 

conglomerates. In sandstones, scanning electron microscopy 

indicates that the progressive assemblage of carbonate 

cement, quartz overgrowths, kaolinite and chlorite partially 

occlude porosity. The transformation of allogenic illite has 

no effect on reservoir potential. 
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1. INTRODUCTION 

Unit and Area of study 

The Notikewin Member of the Lower Cretaceous Fort St. 

John Group is a prolific natural gas producer in the area of 

the Kaybob Field which is located in Townships 62 to 64, 

Range 19 west of the fifth meridian. The Kaybob Field pro

duces oil from the Devonian Swan Hills/Beaverhill Lake Forma

tions. However, within the oil producing ~ield and extending 

into the outlying areas there are many Notikewi·n gas shows. 

The area of study (figure 1.1) is located 140 miles 

(225 Km.) northwest of Edmonton and encompasses 42 square 

miles (109 sq. Km.). The study area is comprised of Town

ships 62 to 67, Ranges 16 to 22 W5, which includes the Kay

bob Field and part of the Fox Creek Field. 

Statement of Problem and Objectives 

Upon examining the Notikewin Member in the area of 

the Kaybob Field it was observed that many of the thickest 

sands produced relatively low volume rates of natural gas 

when tested even though these wells were updip from good gas 

shows (>lMMcf/d). This observation indicated the need for a 

study of potential reservoir problems due to clay mineralogy 

or other diagenetic effects reducing porosity and permeability 
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in sands of the Notikewin Member. These potential reservoir 

problems combined with the complex sedimentology of the Noti

kewin Member prompted the following objectives of this study: 

i) determine the depositional environment of the 

Notikewin Member; 

ii) determine detrital constituents and provenance 

by petrographic means; 

iii) document the diagenetic history (including clay 

mineralogy) and its- consequences for the Notikewin Member as 

a potential gas reservoir~ 

Methodology 

The evidence used to determine the depositional en

vironment includes information from examination of 33 cores 

which penetrated the Notikewin Member. 

All 33 cores were logged and interpreted but only 

nine were sampled and used for the purpose and scope of this 

thesis. The cores were sampled for petrographic analysis, 

scanning electron microscopy and for X-ray identification of 

clays. At the time of writing, 33 cores is the total number 

of wells with suitable depth intervals cored in the study 

area. In addition to studying core, examination of radio

activity and acoustic velocity/sonic logs aided in determin

ing depositional environment. 
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2. GEOLOGICAL SETTING AND DEPOSITIONAL FRAMEWORK 

General Stratigraphy 

The Lower Cretaceous elastic sediments of the West

ern Canada Sedimentary Basin are largely fluvial, deltaic or 

shalLow marine in origin (McCrossan and Glaister, 1964; 

Nelson, S.J., 1970). 

Lower Cretaceous strata in the area of study consist 

of both the Bullhead and Fort St. John Groups. Together 

they thin eastward and northeastward toward the plains 

(Stott, 1968). 

Dawson (1881) originally defined the Fort St. John 

Group as marine sediments in the area of Peace River. This 

name now applies to equivalent deposits in northeast B.C. 

and northern Alberta. 

The Bullhead Group contains coal-bearing sediments 

and massive conglomerates reflecting fluvial conditions 

(Stott, 1968). Marine sediments with tongues of carbona

ceous, sandy sediments of the Fort St. John Group record the 

varying marine, transitional and flood plain environments 

along the coastline of the Early Cretaceous epicontinental 

sea. 

The Spirit River Formation of the Fort St. John 
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Group is briefly defined by Badgley (1952) and more complete

ly by the Alberta Study Group (1954) as being composed of the 

Wilrich, Falher and Notikewin Members. The Notikewin Member 

is of Middle Albian to Late Albian age based on evidence from 

flora (Singh, 1971). 

These Lower Cretaceous strata truncate the underlying 

Jurassic sediments formi~g a regional erosional unconformity. 

The Notikewin Member is abruptly overlain by the Harmon Member 

of the Peace River Formation or · the Joli Fou Formation of the 

Colorado Group which are equivalent names. 

Correlation of Lower Cretaceous sediments in various 

parts of Alberta and British Columbia have been proposed by 

Glaister (~959), Williams (1963) and Stott (1968) . Figure 

2.1 indicates correlations in areas immediately adjacent to 

the study area. Ambiguities in the use of nomenclature for 

the Lower Cretaceous in the study area arise because of its 

location. In some contexts the Notikewin is considered to 

be a formation of the top of the Mannville Group. This prac

tise is increasingly more common in subsurface. studies in 

the northwest plains. 

Study Area Stratigraph~ 

In the area of this study the Notikewin Member is 

difficult to define in the stratigraphic column because there 

is no distinct boundary between it and the underlying Falher 

Member due to vertical and lateral facies changes in the Noti

kewin sediments. For the purpose of this study the Notikewin 



Figure 2.1 Lower Cretaceous stratigraphy of study area and adjacent parts of British 

Columbia and Alberta (after Glaister (1959), Williams (1963)). 
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Member is considered by the writer to be the interval from 

the lower contact of the Harmon Member (Joli Fou Formation) 

to the uppermost coal seam which defines the top of the Fal

her Member of the Spirit River Formation of the Fort St. 

John Group. The upper contact is sharp and easily recognized 

in the study area but variations in continuity of the coal 

seam make the bottom contact subjective. 

The Notikewin sand is considered to be the uppermost 

sand or conglomerate encountered below the lower contact of 

the Harmon Member (Joli Fou Formation) • Typically this sand 

occurs at the top of the Spirit River Formation. It can also 

be considered to be at the top of the Mannville Group. How

ever, it may occur as much as 50 to 100 feet (15 to 30 metres) 

below the base of the Harmon shale (Joli Fou Formation) mak

ing it indistinguishable from the underlying Falher Member. 

The lateral facies changes cause acute problems in 

correlating the Notikewin Member regionally and in detailed 

studies. 

Regional Depositional Framework 

Uplift in the Late Jurassic in western Canada was 

accompanied by emplacement of the Nelson and Cassiar-Omineca 

batholiths of the Cordillera. Denudation of the Pre~ambrian 

Canadian Shield to the northeast was occurring concurrently. 

Dominantly fluvial sediments derived from these westerly and 

northeasterly sources infilled lows of the irregular pre~ 
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Cretaceous topography (Williams, 1963). Northwest~southeast 

trending, topographic ridges composed of Mississippian to 

Devonian rocks caused thinning of the overlying Mannville 

sediments (Jardine, 1974). As a result, the Lower Mannville 

sediments vary greatly in lateral continuity. 

At the end of Lower Mannville time, a short marine 

transgression reworked basal sands to form widespread distri~ 

bution of the Bluesky Formation. Increased subsidence in 

Upper Mannville time caused southward transgression of the 

Arctic (Clearwater) sea into northeastern British Columbia 

and northern Alberta. 

Toward the end of the Lower Cretaceous, volcanism 

occurred to produce the Crowsnest volcanics. Although the 

Crowsnest volcanics are small in areal extent, Glaister 

(1959) postulates similar volcanic areas elsewhere in the 

Cordilleran orogenic belt, which could have provided a source 

of volcanic detritus. 

In Upper Albian time, due to further subsidence, the 

Gulfian Sea transgressed from the south, coalescing with the 

northern Arctic (Clearwater) sea which finally inundated the 

area allowing deposition of the Joli Fou (Harmon) marine shales. 

Local Depositional Framework 

Underlying the Notikewin Member throughout the study 

area the Wilrich and Falher Members consist of fining and 

coarsening upward sand sequences interbedded with shale and 

coal. These observations are in accord with the regional 

I . 
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f luvio-deltaic depositional environment proposed for Mann

ville sediments by Glaister (1959), Williams (1963) and 

McCrossan and Glaister (1964). 

By Notikewin time the pre-Cretaceous topography had 

been compensated for by the underlying Falher, Wilrich and 

Bluesky sediments. Therefore, lateral thinning and discon

tinuity of Notikewin sands is inherent in the depositional 

environment, not a result of paleotopography. 

The Notikewin Member ranges from 40 70 feet thick. 

It contains two sand horizons denoted A and B sands by this 

author. The first sand encountered down from the contact 

with the Joli Fou Formation is the A sand, which ranges from 

3 - 30 feet in thickness. The B sand is 20 - 70 feet thick 

and lies below the A sand. The B sand is very discontinuous 

over the study area. 

Due to uncertainty in the f acies boundary between 

the Notikewin Member and the underlying Falher Member an 

isopach map could not be constructed. Instead an isolith 

map of the A sand was produced (see back cover -pocket). 
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3. FACIES DESCRIPTION AND DEPOSITIONAL ENVIRONMENT 

Introduction 

A total of 33 cores were studied and logged as part 

of summer employment at Esso Resources Canada Ltd. Of these, 

30 are in the defined study area and eight of these were 

sampled. The ninth sampled well is one of three wells which 

lie immediately adjacent to the study area. Figure 3.1 in

dicates locations of the nine cores sampled. The majority 

of core available is in the Kaybob Field. Both the metric 

and British system of measurement are used in this thesis. 

The environmental interpretation is based on data 

from all 33 cores, not exclusively from the nine sampled 

wells. In addition, an isolith map produced from study area 

wells in the summer work term was an aid to determining 

depositional environment. 

Notikewin gas in the study area is not in prod~ction. 

Therefore, only DST (drill stem test) data on Notikewin in

tervals are known (table 3.1). 

From this poi~t onward well locations will be ref er~ 

enced by the first two digits of their location numbers. 

For example 10-24-64-20 WS becomes 10-24. 

The Notikewin consists of four major facies (A, B, 



WELL LOCATIONS 

1. 6-36-64-20 W5 6. 10-27-63-19 W5 
2. 10-24-64-20 W5 7. 12-15-63-19 W5 
3. 10- 1-65-18 ws 8. 7-13-63-19 W5 
4. 10-31-64-17 W5 9. 6-18-59-14 W5 
5. 12-10-64-19 ws 

Figure 3.1 	 Location of cores sampled within study area. Townships 62 - 67. Ranges 
16 - 22 west of fifth meridian. Core 9 is just south of this area in 
6-18-59-14 ws. 
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Table 3.1 Drill stem test results for Notikewin A and/or B 
sand in the nine studied wells 

DIULL STEM TEST 
WELL interval tested RESULT 

LOCATION (feet/meters) 

1. 	 6-36-64-20 W5 4748.0-4780.0 ft 1.19 MMcf/day 
1447.2"""1456.9 m 33722.9 m 3/day 

2. 	 10-24-64-20 W5 4880.0-4918.0 ft 2.06 MMcf/day 
1487.4-1499.0 m 58377.5 m 3/day 

3. 	 10- 1-65-18 W5 4550.0-4585.0 ft 3.20 MMcf/day 
1386.8-1397.5 m 90683. 5 m. 3/day 

4. 	 10-31-64-17 W5 4607.0 ..... 4641.0 ft 1410 Mcf/day 
1404-.2-1414.6 m 39957 m 3/day 

5. 12-10-64-19 W5 no tests run 	 no tests run 

6. 	 10-27-63-19 W5 5016.4-5057.7 ft 1.99 MMcf/day 
1529. 0-1541. 6 m 56619 m 3/day 

7. 12-15-63-19 W5 no tests run 	 no tests run 

8. 	 7-13-63-19 W5 no tests run shut-in Noti
kewin gas 

9. 6-18-59-14 W5 	 5723.4-5815.3 ft 6. 5 :MMcf/day 
206.7 ft fresh
water 

1744.5-1772.0 m 184490 m }'day 
6.3 m freshwater 
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C, D) and one minor facies (E) which have been recognized 

and defined by the writer. The criteria used to define each 

facies are lithology, grain size and sedimentary structures 

(including bioturbation). The legend used to denote charac

teristics of the core is shown in Appendix I. Not all of the 

four major facies are necessarily present in a given core. 

This can be attributed by genuine absence of a given facies 

or due to an insufficient cored interval to expose all facies. 

The fifth facies (E) is labelled "minor" in this study be

cause it is only recognized in two of· the 13 cores examined. 

The four major facies can be related to response on 

gamma-ray/sonic (acoustic velocity) logs. Figure 3.2 is a 

"type log" which indicates a simple sequence of the four 

facies and their associated log response. It is based on 

observations from one of the 33 unsampled cores. Refer to 

plates 3-1 to 3-9 for photographs of each facies. Appendix 

contains stratigraphic sections representative of the nine 

cores studied and sampled. 

FACIES A: Coarse grained sandstone/fine grained congl. 

The division between coarse grained sandstone and 

fine grained conglomerate is made at a 2 nun. grain size. 

This facies, when present, most frequently occurs at the top 

of the Notikewin. In well 12~10, 10 inches {25.5 cm.) of 

conglomerate lies below the fine grained sandstone facies. 

The conglomerate is best developed in 10-1 where it is 14 



Figure 3.2 	 This type log relates gamma ray..-sonic (acoustic 
velocity) to the corresponding f acies observed 
in core. Depth in feet. 
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feet (4.3 m.) thick. 

The chert and quartz pebbles are typically very well 

rounded and moderately to well sorted. They vary in size 

from 0.5 cm. to rare 2.5 cm. pebbles. Variations of grain 

size occur on a centimetre scale (plate 3~1) with bands of 

coarse material grading into finer and vice-versa throughout 

the facies. 

In the coarse sand fraction low angle (10°) and less 

frequent high angle (20° - 30°) cross-stratification is pres

ent. No truncation of cross-stratification is observed. This 

facies is commonly homogeneous, exhibiting no sedimentary 

structures. In some cores the larger pebbles are imbricated 

at angles up to 10°-15° to the horizontal (plate 3-2). 

The conglomerate may be clast supported, resulting 

in extremely high porosities, or a finer grained sand matrix 

may be present. The porosities are commonly up to 20%-25% 

with correpsonding permeabilities of 0.1 md to extremes of 

greater than 1000 md (1 darcy) according to core plug anal

yses. 

Accessory constituents include kaolinite, glauconite 

traces, carbonaceous fragments and laminae and rare woody or 

coaly fragments. 

The pebbles of this f acies are easily distinguishable 

from those in the overlying Joli Fou Formation. In the Joli 

Fou the pebbles form a lag, which represents a reworked, 

transgressional surface. The contact between Facies A and 



Plate 3-1 Facies A. High angle (30°) cross-stratification in fine grained conglomer
ate/coarse grained sandstone. Grain size varies on a centimetre scale. 
Note carbonaceous laminae in centre of core and interstitial kaolinite clay 
(white). Scale in centimetres. Location: 10-7-64-18 WS. 

Plate 3-2 	 Facies A. Imbrication of quartz and chert pebbles. The angle of imbrica
tion is exaggerated by approximately 20° due to directional drilling of 
the well. Scale in centimetres. Location: 10-30-63-19 WS. 
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underlying facies is sharp. 

FACIES B: Fine grained sandstone 

This facies is characterised by very fine to fine 

grained, massive, well sorted, salt and pepper, quartz-rich 

sandstone. Intercalations of silt and silty shale occur 

periodically. This facies ia present in many wells but may 

be difficult to distinguish from Facies C depending on the 

amount of silt and shale present and the degree of bioturba

tion. It varies in thickness from 26 feet (8 metres) in 

10-24 where best developed, to three feet (0.94 metres). 

Sedimentary structures include low angle (10°) and 

high angle (20° - 30°) cross-stratification and parallel lam

inae (plates 3-3 and 3-4). This facies is extremely homo

geneous in many cores. Rare, convolute, non-parallel laminae 

are evidence of penecontemporaneous, soft-sediment deformation. 

Dominantly horizontal, sand filled burrows (Planolites?) and 

vertical burrows occur in the silty shale portions of this 

facies quite commonly. 

Abundant glauconite, kaolinite, carbonaceous fragments 

and laminae are common accessory constituents. Wood fragments 

are rare. Fossil shells, both preserved- and dissolved to 

form cavities are also rare. 

The porosities determined from core plug analyses 

vary from 14%-23% with permeabilities of 0.1 rod to 30 md. 

The porosity and permeability vary greatly from core to core 

and vertically within a given core exhibiting this facies. 



Plate 3-3 Facies B. Homogeneous, fine grained, well sorted, 
rich sandstone. Scale in centimetres. Location: 

salt and pepper, 
10-24-64-20 WS. 

quartz

Plate 3-4 Facies B. 
Location: 

Low angle (10°) 
10-24-64-20 ws. 

cross-stratification in fine grained sandstone. 
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Facies A and B comprise the Notikewin A sand as de

fined by the writer (see figure 3.2). 

FACIES C: Bioturbated, interbedded very fine grained sand
stone/siltstone/shale 

This facies typically consists of silt, shale and 

very fine grained sand interbedded on a centimetre to milli

metre scale. The ratio of sand (and silt) to shale is variable 

but the f acies is still easily recognized by the sedimentary 

structures present. 

Convolute, non-parallel laminae and microfaulting 

are syngenetic sedimentary structures observed in 10-1. 

Scour and fill structures are rare. Parallel laminae and low 

angle (10°) cross~stratification are present. Silty, shaley 

portions form lenticular, discontinuous beds (plate 3-5). 

Sand filled horizontal and vertical burrows are common, pro

ducing extensive bioturbation and churning (plate 3~6). 

Diagenetic ironstone concretions are common in shales 

of this facies. 

Accessory constituents include glauconite and less 

extensively, kaolinite and pyrite. In 6-36 glauconite is 

concentrated to form a rare 4" (10 cm.) very glauconite rich 

band. The porosities and permeabilities of this facies are 

very low. ' 
FACIES D: Medium grained sandstone 

This f acies is characterised by white to cream colour

ed medium grained quartz sandstone. The sand grains are 



Plate 3-5 Facies c. Bioturbated and churned very fine grained sand, silt and shale 
producing convolute parallel and non-parallel laminae. Scale in centi
metres. Location: 11-9-65-18 W5. 

Plate 3-6 Facies c. Interbedded sandstone and silt. Both vertical and horizontal 
sand-filled burrows are present. Scale in centimetres. Location: Un
known. 
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well sorted and subangular to subrounded: -"' 

High angle (30°) cross-stratification is most corn~ 

rnon (plate 3-7). Homogeneous sand is also observed. The 

cross-stratification is accentuated by a brown, carbonate 

matrix (siderite?) in the laminae (plate 3-8). Traces of 

vertical burrows ar.e evident. 

Accessory constituents include kaolinite, carbonace

ous fragments, woody, coaly pieces, carbonaceous laminae 

and minor rootlets. 

Porosities vary from 4%-12% with permeabilities of 

0.01 	rnd to 0.22 md based on core plug analyses. 

The thickness of this facies is not easily determined 

due to an insufficient cored interval. 

Facies D comprises the Notikewin B sand as defined 

by the writer. 

FACIES E: Carbonaceous siltstone and shale 

Siltstone, shale and minor fine grained sandstone 

comprise this facies. It is best developed and recognized 

in 10-31. 

Sedimentary structures in the minor sand rich frac

tion include parallel convolute laminae, horizontal paral

lel laminae and low angle (10°) cross-stratification. Tra

ces of bioturbation are present in finer grained material. 

Other constituents include minor coal, woody, coaly 

pieces and traces of rootlets (plate 3-9). 

Diagenetic ironstone concretions are present. 



Plates 3-7 and 3-8: 	 Facies D. High angle (30°) cross-stratification in medium grain
ed sandstone. Cross-stratification is emphasized by brown, car
bonate matrix. Scale in centimetres. Location: 11-9-65-18 WS. 
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Plate 3-9 Facies E. Carbonaceous rootlets in silty shale. 
Scale in centimetres. Location: 11-7-62-17 WS. 
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This facies is easily confused with Facies c. The 

major difference is the presence of carbonaceous and coaly 

material associated with this facies. 

Interpretation and Depositional EnVironmen-:t 

Criteria used to determine the depositional environ

ment are: gamma ray/sonic (acoustic velocity) logs, facies 

descriptions, and an isolith map of the Notikewin A sand. 

Each facies will be analysed and evaluated in ascending or

der beginning with Facies D and E. 

Facies D is thought to represent channel sand. This 

is substantiated by the fining-upward character of the gamma

sonic log (figure 3.2) and the abundance of carbonaceous 

material and woody, coaly fragments. Furthermore, the oc

currence of this sand is very sporadic from well to well as 

observed from study of gamma-sonic logs throughout the study 

area. This feature is characteristic of fluvial channels 

encountered in the subsurface. 

Overbank mud, adjacent to channel sands forms Facies 

E. In addition, the prominence of coal, carbonaceous frag~ 

ments, carbonaceous laminae and rootlets suggests a contin

ental setting for deposition of these associated facies. 

There are two possible interpretations of Facies C 

both of which have implications on the environment of Facies 

A and B. 

Facies C can be interpreted as representing a delta 

front environment based on the interbedded silt (or shale). 
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very fine grained sand and ubiquitous bioturbation. In par

ticular it may represent the distal bar of subaqueous topset 

deposits. This environment is characterised by laminated 

silts and clays, cross bedding, scour and fill structures, 

and bioturbation (Reineck and Singh, 1980). 

Alternatively, F acies C may be interpreted as repre..-. 

senting deposits of the lower shoreface to slightly offshore 

areas of a beach environment. The laminated silts and clays 

and sedimentary structures are also characteristic of this 

environment (Reineck and Singh, 1980). 

The sedimentary structures of Facies A and B combined 

with the isolith geometry suggest deposition which produced 

distributary mouth bars fed by fluvial conglomeritic chan

nels. Therefore, matrix-supported conglomerates exhibiting 

high angle cross-stratification, imbrication and carbonace
\ 

our ~aminae may be true fluvial conglomerates. In addition, 

clast supported, homogeneous conglomerates may represent 

distributary mouth bars affected by varying degrees of wave 

energy in a deltaic environment. If wave energy was domin

ant, one would expect the development of beaches adjacent to 

the distributary mouth bars as sediment is redistributed by 

longshore drift (Leckie, D.A., 1981; Dupre
/ 

and Clifton, 1979). 

Therefore, the degree of development of beaches from reworked 

distributary mouth bars would depend on the effects of waves 

and littoral currents. Figure 3~3 illustrates the probable 

sand geometries under various conditions of wave energy and 
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2 	 3 

4 5 	 6 

TYPE 1 TYPE 2 TYPE 3 
Conditions: low wave energy, Conditions: low wave energy, Conditions: intermediate 
tidal range, and littoral drift, high tidal range, normally wave energy, high tides, low 
low offshore slope, fine low littoral drift, narrow littoral drift, shallow stable 
c rained sediment load. basin. basin. 
Characteristics: widespread, Characteristics: finger-like Characteristics: channel 
finger-like channel sands nor channel sands passing off sands normal to shoreline, 
mal to the shoreline. shore into elongate, tidal connected laterally by 
Ex~; mp!e : modern Mississippi · current ridge sands. barrier-beach sands. 
delta. Examples: Ord, Indus, Colo

rado, Ganges-Brahmaputra 
Examples: Burdekin, Irra
waddy and Mekong deltas. 

deltas. 

TYPE 4 TYPE 5 TYPE 6 

Conditions: intermediate Conditions: high, persistent Conditions: high wave 

wave energy, low offshore wave energy, low littoral energy, strong littoral drift, 

slope, low sediment yield. drift, steep offshore slope. steep offshore slope. 

Characteristics: coalesced Characteristics: sheet-like, Characteristics: multiple 

channel and mouth bar sands laterally persistent barrier elongate barrier-beach sands 

fronted by offshore barrier beach sands with up-dip aligned parallel to the shore

islands. channel sands. line with subdued channel 

Examples: Apalachicola and Examples: Sao Francisco sands. 

Brazos deltas. and Grijalva deltas. Example: Senegal delta. 


Figure 3.3 	 The morphologies of type 3 and type 4 deltas 
most closely resemble the isolith geometry of 
the Notikewin A sand (after Coleman and Wright, 
197 5). 
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currents. 

Further evidence in favour of wave effected distri

butary mouth bars in a delta would be the presence of stacked 

beach ridges (Miall, 1979). These are difficult to recog

nize in core. Well 10-24 shows two coarsening upward cycles 

originally thought to represent large ridges. However, they 

may reflect minor progradation with introduction of fines at 

the base or potassium feldspar which would cause a misleading 

deflection in the gamma-ray curve. 

Collectively, Facies C, B and A represent an overall 

coarsening upward sequence which is characteristic of both 

deltaic and beach environments (Reineck and Singh, 1980). 

A distinction between these two possibilities can be 

made on the basis of isolith geometry if core control is suf

ficient. The author believes the environment of deposition 

of the Notikewin Member covers a range of possibilities be

tween those cited above depending on the wave energy and lit

toral drift affecting the sediments. 
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4. PETROLOGY 


Method 

Twenty-one thin sections were prepared from thirty

six core samples collected (see Appendix I for thin section 

sample depth locations) . Seven of the thin-sectioned samples 

are from Facies A, nine from Facies B and five are from 

Facies D. All thin sections were cut perpendicular to the 

bedding direction and impregnated with blue epoxy to indicate 

porosity. 

Point counting was completed in four steps: 

i) 21 thin sections point counted for Q--R-F classi

fication; 

ii) 10 thin sections point· counted for types of rock 

fragments; 

iii) 10 thin sections point counted for particular 

types of sedimentary rock fragments; 

iv) 10 thin sections point counted to determine abun

dance of four possible quartz types (Basu et al., 1975) 

1. 	monocrystalline quartz with less than 5° 

undulosity; 

2. 	monocrystalline quartz with greater than 5° 

undulosity; 
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3. 	polycrystalline quartz with 2-3 crystals per 

grain; ~75% of total polycrystalline quartz; 

4. 	polycrystalline quartz with >3 crystals per 

grain; >25% of total polycrystalline quartz~ 

Steps i) to iii) are for classification of the sandstone 

according to Folk (1974) . · Step iv) is to determine quartz 

types as an indicator of ' provenance (Basu et al., 1975). 

For step i), 300 point counts per slide were performed while 

100 counts per slide were completed for steps ii) to iv) 

inclusive. 

Results 

Minerals and constituents found in the Notikewin A 

and B sandstones are: quartz, chert, plagioclase, carbonate, 

rock fragments, detrital and authigenic clay (identified by 

XRD and SEM), mica, glauconite, opaques and bitumen. Tables 

4.1 to 4.5 indicate point count results for classification 

of the sandstone (figure 4 .1) • All samples are c·lassified, 

in general, as sublitharenites to litharenites. In particu- · 

lar they are named chert arenites and shale arenites (plates 

4-1 and 4-2) . 

Quartz 

Undulose and non-undulose monocrystalline quartz 

grains are most abundant. Approximately 70% of the grains 

are non-undulose. and 30% are undulose. Syntaxial over

growths of silica cement are common on these grains. Excel



Table 4.1 Point count results, per cent minerals 

CHERT & OPAQUES TOTAL
SAMPLE CLAY & POROSITY

FACIES QUARTZ ROCK FELDSPAR CARBONATE & PER
NO. GLAUCONITE cp

FRAGMENTS HEAVIES CENT 

8 33.7 31.7 30.7 1. 3 - 0.7 2.3 100.4 

17 14.3 60.0 6.3 0.7 ...... 2.7 16.0 100.0 

18 3.0 72.3 4.0 ... ..... 0.3 20.3 99.9 

A 23 28 ·. 0 54.3 5.7 - ... 2.3 9.7 100.0 

25 15.0 62.7 2.7 - ...... 1.7 18.0 100.l 

28 10.0 65.0 - 0.3 24.3 0.3 - 99.9 
\J) 

29 20.7 60.0 11. 7 1. 7 - 2.7 3.7 100.5 0 

n = 300 point counts per slide 

mean grain size: -1¢ (2.0 mm.) to larger than -2¢ (5.0 mm.) 




T alb 1 e '4 • 2 Point count results, per cent minerals 

CHERT & CLAY & OPAQUES TOTALSAMPLE ROCK POROSITYFACIES QUARTZ GLAUCONITE FELDSPAR CARBONATE & PERNO. FRAGMENTS ¢HEAVIES CENT 

1 51. 0 16.7 27.0 ~ 3.7 1.7 100.l 

4 61.0 11.7 19.7 ........ 3.7 3.7 0.3 100.1 

5 51.3 4.3 36.0 .... 4.7 1. 7 1.7 99.7 

6 58.0 13.0 15.7 ..... 3.3 0 .. 3 9.7 100.0 

B 9 53.7 11. 7 28.3 ..,... ..... 1. 3 4.7 99.7 
\..U 
~ 

14 49.7 10 .. 0 27.7 ..... 7.7 0.3 3.0 98.4 

15 47.3 11. 7 29.0 ..,.. 5.3 2.0 4.7 100.0 

21 38.7 8.3 30.7 - 21. 7 0.3 0.3 100.0 

24 57.3 10.7 29.0 ..... .... 1. 7 1.3 100.0 

n = point counts per slide 

mean grain size: 0¢ (1.0 mm.) .... 1¢ (0.5 mm.) 




Table 4.3 Point count results, per cent minerals 

CHERT & OPAQUES TOTALPOROSITY
SAMPLE ROCK CLAY & FLEDSPAR CARBONATE & PER

FACIES QUARTZ <PNO. FRAGMENTS . GLAUCONITE HEAVIES CENT 

12 26.3 11. 7 17.0 4.0 39.3 1. 3 0.3 99.9 

16 42.7 8.7 20.3 0.7 26 .. 7 0.3 0.7 100.l 

D 33 29.0 10.7 15.7 5.3 37.0 0.3 2.3 100.3 
\...J34 48.0 13.3 29.7 4.0 ...... 1.0 4.0 100.0 N 

35 52.0 9.3 31.3 5.3 0.3 1.0 0.7 99.9 

n = 300 point counts per slide 
mean grain size: 2¢ (0.25 mm.) 
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Table 4.4 Q-F-R values 

ROCKSAMPLE QUARTZ FELDSPAR
FACIES FRAGMENTSNO. Q F 

R 

A 

B 

D 

8 
17 
18 
23 
25 
28 
29 

1 
4 
5 
6 
9 

14 
15 
21 
24 

12 
16 
33 
34 
35 

51.0 
19.0 

4.0 
34.0 
19.0 
13.0 
25.0 

75.0 
84.0 
92.0 
82.0 
82.0 
83.0 
80.0 
82.0 
84.0 

63.0 
82.0 
64.0 
74.0 
78.0 

2.0 
1.0 

2.0 

9.0 
1. 0 

12.0 
6.0 
8.0 

48.0 
80.0 
96.0 
66.0 
81. 0 
87.0 
73.0 

25.0 
16.0 

8.0 
18.0 
18.0 
17.0 
20.0 
18.0 
16.0 

28.0 
17.0 
24.0 
20.0 
14.0 



Table 4.5 Point count results 

IRock Fragment Types I u_::()_m~~nel\ts of SRF J 
SAMPLE CARBON, SANDSTONE

FACIES SRF MRF VRF , CHERT
NO. ATE SILTSTONE 

A 
23 
29 

96.0 
100.0 

4.0 
-

- 100.0 
98.0 - 2.0 \....V 

+:
4 71.0 29.0 ... 16.0 5.0 79.0 
6 67.0 33.0 .,.. 34.0 1.0 65.0 

B 9 77.0 23.0 - 65.0 1.0 34.0 
15 78.0 22.0 -· 54.0 10.0 36.0 
24 83.0 17.0 """ 86.0 2.0 12.0 

12 78.0 22.0 ..... 52.0 34.0 14.0 
D 16 89.0 11. 0 - 69.0 7.0 24.0 

33 88.0 12.0 .,... 54.0 31.0 15.0 

n = 100 point counts per slide 



Figure 4.1 	 Classification of the Notikewin Member sandstones (after Folk, 1974). The 
samples are sublitharenites to litharenites with abundant chert rock frag
ments. 

LEGEND 

1. Quartzarenite 
2. Subarkose 
3. Sublitharenite 
4. Arkose 
5. Lithic arkose 
6. Feldspathic litharenite 
7. Litharenite 
8. Volcanic-arenite 
9. Phyllarenite 

10. Sedarenite 
11. Calclithite 
12. Chert arenite 
13. Sandstone arenite-Shale arenite 

Q = quartz 
R = rock fragments 
F = feldspar 

VRF = volcanic rock fragments 
MRF = metamorphic rock fragments 
SRF = sedimentary rock fragments 
CRF = carbonate rock fragments 
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Plate 4-1 	 Classification of the Notikewin sands as sublithar
enites-litharenites is based on the abundance of 
chert and rock fragments. Sample 1, magnification 
63X, PPL. 

Plate 4-2 	 Similar composition as above but with highest observ
ed porosity in Facies B (9.7%) (porosity infilled 
with blue epoxy). Sample 6 1 magnification 63X, PPL. 
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lent quartz overgrowths developed in coarser sanos and con

glomerates (plates 4-3 and 6~4 ) . Overgrowths are observed 

to occlude pore space totally in some cases. Polycrystalline 

quartz comprises an average of 10% of total quartz grains. 

The degree of roundness of grains varies in each of 

the facies. In Facies A and B, grains are rounded to well 

rounded. Sub-angular to · sub-rounded grains comprise Facies 

D. Uncertainty in determining degree of roundness is encoun

tered due to the quartz overgr0wths which cause pseud?

angulari ty. 

Overall gr~in size is variable, from 2¢ (0.25 mm.) to 

larger than -2¢ (4.0 mm.). Within Facies B grain size is 

consistently 0¢ (1.0 mm.) to 1¢ (0.5 mm.). Facies D has 

relatively greater variation in grain size and is difficult 

to measure due to the angularity of grains. Grain sizes vary 

from 1¢ (0.5 mm.) to 3¢ (0,125 mm.). 

Few inclusions are observed in quartz grains. Most 

commonly bubbl·e trains and "dust" are found~ "Dust" on the 

perimeter of the detrital quartz grains before_the formation 

of overgrowths facilitates recognition of the latter (plate 

4-3) . The dust is due to void space between the overgrowth 

and the nucleus (Pittman, 1972). Unidentifiable needle-like 

inclusions are rare. One grain contained a plagioclase feld

spar inclusion (plate 4-4). 

Most grain contacts are tangential or long. Sutured 

contacts are rare except internally in polycrystalline quartz 
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Plate 4-3 Syntaxial quartz overgrowths. Note the roundness 
of the detrital grain emphasized by "dust" around 
the perimeter (arrow). Sample 17, magnification 
63X, XN. 

Plate 4-4 	 Plagioclase feldpsar inclusion in quartz grain in 
centre of photomicrograph. Sample 23 1 magnification 
63X, XN. 
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grains. 

Quartz also occurs as drusy, fracture filling cement 

in chert grains (plate 4-5) . 

The four types of monocrystalline and polycrystalline 

quartz described previously are distinctive indicators of 

original provenance (Basu et al., 1975). Table 4.6 summarizes 

point count results. A plot of these quartz varieties (fig

ure 4.2) indicates that the majority of quartz has been de

rived from a middle to high grade metamorphic source area. 

Chert 

Although chert is a rock fragment it will be con

sidered separately. Chert is present in all samples and is 

most abundant (30% to 70%) in ·Facies A (conglomerate). Chert 

content increases with increasing grain size. It ranges 

from coarse crystalline to cryptocrystalline (plate 4-6) . 

Micrpcrystalline chalcedony exhi~iting a radiating pattern 

is observed (plate 4-7). Rare fossiliferous sponge spicules 

were observed. In addition one fossil (identity unknown) 

was found infilled with crystalline quartz (plate 4-8). 

Radiolarian chert was also recognized. 

The chert is well rounded. Contacts with other chert 

grains in Facies A are commonly sutured. Light to dark 

brown coloured·varieties are phosphatic. 

Rock Fragments 

Apart from chert, which has been considered separate

ly, there are four types of rock fragments: carbonate, shale/ 
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Table 4.6 Point count results - Quartz types 

2-3 CRYSTALS >3 CRYSTALS
SAMPLE NONFACIES UNDULOSE GRAIN GRAINNO. UNDULOSE POLYCRYSTALLINE POLYCRYSTALLINE 

23 25 67 03 05
A 

29 33 58 04 05 

4 59 35 06 
6 69 26 02 03 

B 9 72 - 12 02 14 
15 60 28 05 07 
24 64 27 05 07 

12 70 09 04 18 
D 16 82 14 03 01 

33 85 10 05 

n = 100 point counts per slide 



Figure 4.2 	 Quartz varieties of the Notikewin Member plotted 
on diagram proposed by Basu et al. (1975) suggests 
a provenance of medium to high grade metamorphic 
terrain. 
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Plate 4-5 Drusy, fracture filling quartz cement in chert 
grain. Sample 17, magnification 25X, XN. 

Plate 4-6 	 Various types of chert ranging from coarse crystal~ 
line to cryptocrystalline. Radiating chalcedony is 
common. Sample 28, magnification 63X, XN. 
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Plate 4-7 Radiating chalcedony in chert. Sample 23, 
magnification 63X, XN. 

Plate 4- 8 Fossil infilled with crystalline quartz within 
chert fragment. Sample 17 , magnification 63X , XN. 
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mudstone, sandstone and metamorphic rock fragments. The 

most common types are sandstone sedimentary rock fragments 

and metamorphic rock fragments (plates 4~9 and 4-10) . 

Sandstone rock fragments are well rounded, translucent grains 

composed of clean quartz sand grains with concavo-convex con

tacts within the grain. They can be distinguished from 

metamorphic (polycrystalline quartz) fragments by the pre

sence of irregular, sutured internal grain contacts in the 

metamorphic fragments. Sutured polycrystalline quartz was 

the only type of metamorphic rock fragment recognized. The 

division between these two types of rock fragments and poly

crystalline quartz is subject to the writer's discretion. 

Carbonate and shale/mudstone rock fragments were less 

common. Facies D contained the largest proportion of carbon

ate rock fragments (plate 4~11). Their high birefringence 

is masked by the tan brown colour of the grain. The shale/ 

mudstone rock fragments exhibit deformation due to compac

tion around more competent grains. 

Feldspar 

Plagioclase feldspar exhibiting albite type twinning 

was the only detrital feldspar recognized. Samples from 

Facies D contained the largest amount of feldspar. Carbon

ate replacing plagioclase was common in the carbonate ce

mented sands of Facies D (plate 4-12) • 

Carbonate 

Most carbonate present is authigenic calcite cement 
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Plate 4-9 	 Sedimentary sandstone rock fragment in left centre. 
Grains cemented with poikilotopic carbonate cement. 
Sample 28, magnification 25X, XN. 

Plate 4-10 	 Metamorphic, polycrystall~ne grain with sutured in
ternal grain contacts (arrow). Sample 25, 
magnification 63X, XN. 
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Plate 4~11 	 Carbonate rock fragment in angular, carbonate 
cemented sand of Facies D. Sample 33, magnifica
tion 25X, XN. 

Plate 4-12 Calcite (ct) replacing albite twinned plagioclase 
(plg) feldspar grain in carbonate cemented sand of 
Facies D. Sample 33, magnificq.tion 125X, XN. 
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which occurs in Fac~es A and more abundantly in Facies D. 

The cement of Facies D is poikilotopic (plate 4-9) . Sider

i te cement was identified previously by May (1967) as an im

portant carbonate constituent. It is recognized by greenish 

brown limonite staining, high relief and high birefringence. 

Dolomite rhombs are present in Facies D also. 

Glauconite 

The presence of glauconite is exclusive to Facies B. 

It is recognized by its green colour, high birefringence 

and round pelletal morphology. It is uniformly disbributed 

with some rare concentrated laminae observed. 

Minor Minerals and Constituents 

Heavy minerals such as sphene, and zircon, mica 

flakes, opaques and bitumen constitute minor accessories. 

Bitumen and other hydrocarbon residue is most common in the 

pores of Facies A and B. The remainder of these accessories 

are most abundant in finer fractions of the other facies. 

Sphene, zircon and opaques occur in horizontal laminae on a 

millimetre scale. The opaques vary in size and degree of 

- roundness. Most occur as irregular masses and aggregates. 

No attempt to identify opaques was made. 

Porosity 

Point counts were made to determine per cent porosity, 

with no differentiation between primary and secondary types. 

The bulk of porosity is primary intergranular poros
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ity. In addition there is strong evidence for secondary 

porosity, particularly in Facies B. Secondary porosity is 

recognized by several textural features. Local patchy 

porous areas are indicative of secondary porosity (Schmidt 

and McDonald, 1979a)b)). Shrinkage cracks around glauconite 

produce minor secondary porosity (plate 4-13). Microfrac

tures also produce minor secondary porosity (plate 4-14) . 

Abnormally large, oblong pores suggest dissolution (plate 

4-15). Also, rounded or well formed pore geometry suggests 

the presence of a precursor mineral which has been subse

quently removed to produce secondary porosity (plate 4-16). 

The high porosity of non-carbonate cemented Facies A 

conglomerate appears equal to the minus-cement porosity of 

carbonate cemented Facies A conglomerates with the same grain 

size and composition (plates 4-17 and 4-18). This suggests 

that regional dissolution of carbonate cement has resulted 

in widespread secondary porosity in Notikewin conglomerates. 

Schmidt and McDonald (1979a)b)) claim that the dissolution of 

carbonates is the most important cause of secondary porosity 

in reservoirs. 

The porosity of Facies A (conglome~ate) was largest 

on average (12%-20%) as anticipated (plate 4-19). Porosity 

of clast-supported conglomerates is larger than those with 

fine-grained sand matrix. The porosities determined from 

point counts for Facies A agree with core plug analyses and 

with porosities determined ·from sonic/acoustic velocity logs. 
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Plate 4-13 	 Shrinkage of glauconite producing minor secondary 
porosity (arrow). Sample 6 ., magnification 125X, 
PPL. 

Plate 4-14 Secondary porosity due to microfracturing . Sample 
5, magnification 125X, ?PL . 
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Plate 4-15 	 Large oblong pores suggest dissolution to produce 
secondary porosity has occurred. Sample 15, 
magnification 63X, PPL. 

Plate 4-16 Rounded or well shaped pores indicate presence of 
a previous grain. Sample 24, magnification 63X 1 PPL. 
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Plate 4-17 

Plate 4-18 	 The high porosity of Sample 25 Ctop} PPL is simj_
lar to the minus-cement porosity of Sample 28 (bot
tom) XN suggesting regional dissolution of carbonate 
cement to produce secondary porosity. Both magnifi
cations 25X. 
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Plate 4-19 	 High porosity (20.3%) in chert conglomerates of 
Facies A. Note concavo-convex (C) , long (L) , and 
tangential (T) types of grain contacts. Sample 
18, magnification 25X, PPL. 

Plat~ 4-20 Allogenic (detrital} clay existing as dispersed 
matrix. Sample 29, magnification 63X, XN. 
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Porosities determined for Facies B (4.7%-9.7%) are signifi

cantly lower than those determined from core plug analyses 

and sonic/acoustic velocity logs which suggest porosities of 

10%-18%. This may be the result of the presence of secondary 

porosity, resulting in more intergranular contacts than 

primary porosity, thus causing shorter interval transit times 

(Schmidt and McDonald, 1979a) . The porosity of Facies D is 

very small (<4.0%). 

The pore geometry of Facies A varies from Facies B 

in that pores in Facies A (conglomerate) are bounded by 

smooth, round chert grain surfaces with minor pore-lining 

clay and quartz overgrowths. In contrast, pores in Facies B 

are much more irregularly shaped, smaller, and have ·patchy 

distribution (compare plate 4-1 (Facies B) and plate 4-19 

(Facies A) ) . 

Clay Minerals 

Clay mineral identification will be dealt with in de

tail in chapter five. Petrographic description here serves 

only as a preliminary examination. The detail of clay 

mineralogy is best determined by the use of X~ray diffrac

tion (XRD) and scanning electron microscopy (SEM) since in

dividual clay particles are on the order of a few microns, 

beyond the resolution limit of the light microscope. 

The bulk of the clay is allogenic (detrital) and 

forms matrix. However, because recognition of authigenic 

clay is difficult _the abundance of authigenic clay may be 
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underestimated. Allogenic clay exists as dispersed matrix 

(plate 4-20), infiltration residues, thin intercalated lamin

ae and floccules. Authigenic clay exists as pore linings 

(plate 4-21), pore bridging and pore fillings (plates 4-22 

and 4-23) . From visual estimates Facies B contains the most 

clay {authigenic and allogenic) • Facies A contains abundant 

authigenic clay existing as pore lining and pore bridging 

types with pore filling clay absent. Pore filling clay is 

more abundant in Facies B. Pore lining clay is usually ab

sent at the contacts between detrital grains. Rarely it is 

observed along the contact between detrital grains and sur

rounding detrital quartz grains within quartz overgrowths. 

This has genetic implications. 

Due to the low porosity (<4.0%) and carbonate cement

ed nature of Facies D a d~scussion of clay types in this 

facies is omitted. 

Interpretation and Provenance 

Results from petrographic data indicate sedimentary 

and metamorphic source areas for Notikewin sands. 

Evidence for a sedimentary source lies in the pre

sence of chert. The chert in elastic rocks is derived from 

either nodules in carbonate rocks or from beds of "deep water" 

chert in geoclinal settings (Blatt et al., 1980). The chert 

was probably derived from Paleozoic (Devonian and Mississip

pian) carbonates in the Cordilleran highlands. If chert is 

derived from carbonates then the presence of carbonate rock 
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Plate 4-21 	 Pore lining authigenic clay surrounding chert 
grain. Note absence of clay along grain contacts. 
Sample 17, magnification 63X, XN. 
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Plate 4-22 


Plate 4-23 Pore filling clay in PPL (top) and same view in 
XN (bottom). Sample 6, magnification 63X. 
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fragments is anticipated. This explains the presence of car

bonate rock fragments in the fluvial Facies D. Carbonate 

is preferentially dissolved and is therefore not preserved 

in other sand £acies. This is also true for feldspar which 

is observed only in Facies D. 

The well rounded nature of the quartz grains along 

with the presence of sandstone sedimentary rock fragments 

confirms that quartz has survived at least one previous 

erosion cycle before deposition at Notikewin time. The sand

stone source of these grains is also of Paleozoic or Late 

Proterozoic age. 

Data plotted according to Basu et al. (1975) suggests 

a dominant medium to high grade metamorphic source terrain 

which existed in the Cordillera. It is observed that Facies 

A, B and C do not plot decisively in the same regions (fig

ure 4.2). This may be the result of an insufficient number 

of samples point counted. Alternatively, it may indicate 

a change in source areas for Notikewin sediments. A change 

in sediment source could be .substantiated by paleof low deter

minations but this is not possible in subsurface core studies 

of this type. Furthermore, a change in paleoflow direction 

in Notikewin time is not anticipated according to the region

al geology. 

Young (1976) states that if the detrital monocrys

talline quartz population of a sandstone ~s comprised of 

significant amounts of non~undulatory polycrystalline quartz 
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derived from mature sedimentary rocks then the method of Basu 

et al. (1975) is less effective. Furthermore, Basu's method 

indicates a primary ultimate source for quartz grains whereas 

it is realized that many quartz grains are from a secondary, 

sedimentary source. Therefore, the interpretation of the 

plotted quartz types is subjective. 

Feldspar present may have been derived from a meta

morphic source also in the Cordilleran highlands. The alter

native is the Precambrian shield which lies a great distance 

to the northeast. Jardine (1974) indicates that this is a 

potential source of sediment in Notikewin time. Paleoflow 

determinations would aid in this interpretation but as men

tioned are not possible in subsurface core studies. 



59 


5. CLAY MINERALOGY 

Int~oduction 

An investigation of the clay mineralogy of Facies A 

and B was undertaken to identify allogenic and authigenic 

clay constituents and interpret their effects on porosity 

and permeability of these potential reservoir rocks. Clay 

mineral identification was determined by X-ray diffraction 

techniques. However, X-ray analysis alone cannot be used 

effectively to distinguish between allogenic and authigenic 

~lays although analysis of detrital clay rich (argillaceous) 

samples may indicate possible detrital clay types. Differen

tiation between allogenic and authigenic clays is determ~ned 

by observing morphology and textural relationships under the 

scanning electron microscope (SEM) . Clay mineral identifi

cation based on morphologies observed under the SEM is use

ful for many authigenic clay minerals. Petrographic study 

can also supplement these textural observations. 

X-ray Diffraction 

Method 

A total of 5 samples were prepared for X-ray analy~ 

sis: Sample 17 from Facies A, Samples 6 and 9 from Facies B 

and two argillaceous samples (see Appendix I for sample 
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locations). 

Samples weighing 15 to 20 grams were reduced to a 

fine powder using a mortar and pestle. To the disaggregated 

sediment 150 to 200 ml of distilled water and a def locculat

ing agent was added. This mixture was placed in an ultra

sonic bath for twelve hours. Ultrasonic vibration treatment 

achieves dispersal of the fine fraction. The suspension is 

then transferred to one litre cylinders and diluted with 

distilled water. After 225 minutes the top 200 ml is re

moved using a pipette. According to Stoke's Law this volume 

should contain <2 micron-sized particles. A suitable volume 

of clay rich suspension was then vacuum filtered through a 

0.45 micron circular millipore filter pad. The result~ng 

thin clay residue was mo.fulted on glass slides by pressing 

the filtered material firmly onto a glass slide while still 

damp. This achieves a thin, roughly basally-oriented sample. 

Two slides were made for each sample. 

One slide from each sample was scanned from 7° 2e 

to 42° 29 at a scanning speed of 1° 28 per minute using 

CuKa radiation at 16 Ma, 45 Kv. The second slide was kept 

in an atmosphere of ethylene glycol for 2 hours at 60°C. 

Following glycoclation the sample was scanned again from 7° 

29 to 42° 2e. The first sample was subsequently heated at 

550°C for 2 hours and then scanned from 7° 2G to 42° 29. 

These processes were not completed for each slide, .only those 

which initially had suitable sharp peaks. 



Results 

Kaolinite 

Kaolinite was identified in the untreated samples by 

intense peaks at approximately 12.55° 26 (7.12A) and 25.15° 

20 (3.56K) representing the 001 and 002 plane reflections. 

Upon heating to 550°C for 1.5 hours these peaks collapsed 

(see figure 5.1) as the result of the formation of an amor

phous meta-Kaolin structure (Carroll, 1970). Glycolation 

had no effect on the Kaolinite peaks, as expected. Other 

anticipated Kaolinite peaks could not be resoLved from the 

background noise of the diffractogram. 

Chlorite 

Chlorite could not be accurately identified on the 

diffractogram. The most intense diagnostic chlorite peak 

represents the 001 basal reflection (14.0A) which occurs at 

less than 7° 29. Because the . x~ray equipment used is limited 

to scanning 29 ranges commencing at approximately 7° 2e this 

chlorite peak could not be determined. The 002 plane re

flection of chlorite at 12.50° 29 (7.0A) coincides with the 

001 reflection of Kaolinite. The only evidence of chlorite 

0 

occurs at approximately 19.0° 2e (4.70A) which is the 003 

plane reflection .(figure 5.1). This peak collapsed upon 

heating to sso•c, similar to what is characteristic of 

Kaolinite peaks after heat treatment. However, Kaolinite does 

not exist at this d-spacing. Therefore, the identity of this 

peak is uncertain. 



Q -Quartz 
K - Kaolinite 
I - Illite X-ray diffractogram: Sample 23· 

29 40° 35° 30° 25° 20° 15° 10° 

I I I Io I I I I Io I I I I 1 I I I I I o I I I I I 0 I I I I I 0 I I I I Io I I 


d 2.28A 2.59A 3.01A 
0 

3.59A 4.48A 5.96A 8.93A 


Figure 5.1 
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Illite 

Illite did not produce sharp intense peaks on the 

diffractogram. However in the untreated samples it is 

identified based on broad diffuse peaks at 8.~ 29 (10.04~) 

and 18.a° 29 (4.96A) representing the 001 and 002 plane re~ 

flections (Thorez, 1975). Because the peaks are broad and 

diffuse, the illite is poorly crystallized (detrital lMd 

polytype). The low intensity of peaks indicates the likeli

hood of relatively low concentrations of illite in the sam

ples by semi-quantitative estimates (Vemuri, 1967). 

No change of the nature or location of illite peaks 

occurred in the heated or glycolated samples. This indicates 

the absence of illite-mixed layer clay combinations. 

Others 

In addition to the clay mineral peaks there are 

also four quartz peaks at approximately 2.10° 29 (4.25A), 

26.75° 28 (3.34A), 36.75° 2e (2.47A) and 39.63° 20 (2.28~). 

These represent the 100, 011, 110 and 102 planes respectively 

(Borg and Smith, 1969). These intense peaks result from sand 
~ 

grains reduced to less than 2 microns in the crushing process 

of sample preparation. The remaining peak at 37.8~ 29 (2.30l) 

is unidentified. It undergoes no change upon glycolation or 

heating to 550°C. The d-spacing is not characteristic of 

any of the common clay minerals. 
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Scanning Electron Micro~Copy 

Method 

Ten samples were examined; three from Facies A (i.e. 

samples 17, 18 and 25) and seven from Facies B (i.e. samples 

5, 6, 9, 15, 24 and 35). According to petrographic observa

tions these samples have the highest porosity excepting sam

ples 21 and 35. Core samples were broken to form specimens 

of approximately 1 cm 3 suitable for mounting on aluminum stubs 

0 •with silver conductive paint. A gold coating 360 A thick was 

applied to each sample using a Polaron E 5100 sputter coater. 

Finally, samples were examined with a Phillips 501B scanning 

electron microscope (with no energy dispersive analyzer (edax)). 

Results 

Kaolinite 

Kaolinite occurs as vermicular stacks of pseudohexa~ 

gonal plates, many of which are curved and intertwining, 

forming vermicular aggregates (plate 5-1) . These vermicular 

aggregates are common in both Facies A and B. Kaolinite is 

the most common recognizable clay observed. However, it can 

be difficult to recognize because the morphology is not the 

"textbook example" of stacked booklets. Commonly, the Kao

linite booklets appear disaggregated and broken (plate 5-2a) 

b)). One must question this appearance. It is possible that 

this is detrital . Kaolinite but a detailed origin is found in 

chapter 6. Kaolinite occurs as pore filling authigenic 

cement (plate 5-3). Pore filling aggregates reduce potential 
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Plate 5-1 	 Kaolinite booklets curved and intertwining, forming 
worm-like appearance. Sample 17 . Scale bar divi
sions equal 10 microns. 
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a) 

b) 

Plate 5-2 Disaggregated and fragmented Kaolinite. It post
dates quartz overgrowth in lower left of b) . Sam~ 
ples 17 and 25 respectively. Scale bar equals 
divisions equal 10 microns. 
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Plate 5-3 	 Kaolinite occurs as pore filling cement; here post
dating quartz overgrowth. Sample 17. Scale bar 
divisions equal 10 microns. 

Plate 5-4 	 Idiomorphic plate~l~ke chlor~te flakes were the 
only observed chlorite morphology. Sample 6 . 
Scale bar divisions equal one micron. 
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porosity to microporosity. This cement is commonly found 


on the surface of euhedral quartz overgrowths therefore post


dating overgrowth formation. 


Chlorite 


Individual idiomorphic plate~like crystals is the only 

chlorite morphology observed in Notikewin sands (plate 5-4). 

Of the four chlorite polytypes this morphology resembles the 

Ib polytype (Hayes, 1970). Facies B contained relatively more 

chlorite than Facies A. The chlorite plates are euhedral and 

intact signifying their authigenic origin. It occurs as a 

rim on detrital grains (plate 5-5). Although ubiquitous, 

chlorite is more concentrated in areas where there are no 

other auth~genic growths. Where small quartz overgrowths 

or detrital material is present chlorite is recognized only 

as scattered individual flakes (plate 5-6) or in small 

clusters (plate 5-7). In several samples a mixture of 

predominantly authigenic chlorite and other unrecognized 

material completely occluded porosity (plates 5-8a)b)) by 

forming pore linings and pore bridgings. These chlorite tex

tures can greatly affect . permeability and interactions with 

pore fluids due to their great surface area. 

Illite 

Although illite was identified by X-ray diffraction 

methods it was difficult to recognize by scanning electron 

microscopy because no classic 11 textbook 11 morphologies were 

observed. Illite is tentatively identified in the conglomerate 



Plate 5-5 Chlorite rims on detrital grains. Sample· 9. 
Magnification on left side is 640X. 

Pla t e 5- 6 Chlorite flakes occur scattered and sparse, post~ 
dating quartz overgrowths. Sample 18 . Scale bar 
divisions equal 10 microns. 



70 


Plate 5-7 Small isolated cluster of chlorite flakes. Sample 
18. Scale bar divisions equal one micron. 
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a) 

b) 

Plate 5-8 	 Chlorite rims on detrital grains completely occlude 
porosity. The outlined area in a) is shown magni
fied in b). Sample 6. Scale bar divisions equal 
10 microns and one micron respectively. 
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of Facies A (plate 5-9) . It occurs in pore bridging and 

pore lining forms (plate 5~10). Also it forms a mudcrack

type morphology on the surface of pebbles (plate 5-11). One 

problem is that these morphologies and clay morphologies in 

general are not usually observed at magnifications lower than 

approximately 1250X to 2500X. However, these textures were 

observed at 160X or less. One exception is a possible illite 

morphology observed in plate 5-12. This shows the initiation 

of growth of delicate laths which indicates authigenic form

ation. 

In addition to authigenic illite, detrital muscovite 

which has a similar structure (Grim, 1968),was observed 

(plate 5-13). Detrital clays and micas are difficult to 

recognize and identify on the SEM used in this study for 

two reasons: 1) with no energy dispersive analyzer attach

ment, compositions of unknown morphologies are inaccessible; 

2) little documentation of detrital clay morphologies is 

present in the literature. For example plate 5-14 shows 

a very common microscopic landscape observed in many samples 

which contains no recognizable material, detrital or authi

genic. Observations such as this are eluded in most texts 

in favour of well formed, decisively authigenic examples. 

Discussion 

In general the observed clay mineral assemblage is 

in accord with Carrigy and Mellon (1964) • · Table 5~1 relates 

the numbered samples to the clay types identified by X-ray 
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Plate 5-9 	 High porosity and minor illite clay of Facies A 
conglomerate. Sample 18. Scale bar divisions 
equal 100 microns. 

Plate 5-10 Pore bridging and pore lining illite in conglomerate. 
Sample 18. Scale bar divisions equal 10 microns. 
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Plate 5-11 	 Mudcrack type illite morphology on detrital chert 
grain. Sample 25. Scale bar divisions equal 10 
microns. 

Plate 5-12 Possible illi te morphology (lower left) • Sample 
6 . Scale bar divisions equal one micron, 
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Plate 5-13 	 Detrital muscovite bent between grains due to 
compaction. Sample 5. Magnification on left side 
is 640X. 

Plate 5-14 	 Very commonly observed microsco.Pic landscape con~ 
taining no identified material (based on morphology) 
Sample 15. Scale bar divisi.ons equal 10 microns. 



Table 5.1 Summary of clay types 
X-ray diffraction 

identified by scanning electron microscopy and 

X~RAY DIFFRACTION* SCANNI.NG .ELECTRO_N MICROSCOP~ I 
SAMPLE KAOLINITE ILLITE KAOLINITE ILLITE CHLORITE 

06 x x - ..... x -.J 

09 x x - x x °' 
15 not examined x 
17 x x x 
18 x x - x x 
25 not examined x 
34 x x not examined 

(argill) 

*chlorite could not be accurately identified by X-ray methods 
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diffraction and scanning electron microscopy found therein. 

Some discrepancies become apparent upon examination of this 

table. For example, in sample 06, Kaolinite and illite are 

recognized peaks on the X-ray diffractogram but were not 

recognized in the scanning electron m~croscopy of the same 

sample. Therefore, - this suggests that although Kaolinite 

and illite are present perhaps their morphology as viewed 

under the SEM was not recognizable. However, it is possible 

that the recognizable morphologies were present but not en

countered upon examination. 

To aid in determi-ning the detri tal components of clay 

mineralogy, a very argillaceous sample (no. 34) was examined 

by X-ray diffraction. Although Kaolinite and illite were 

found suggesting their existence as detrital clay components 

one could argue that the peaks resulted from authigenic clay 

mineral growth. However, this seems unlikely since the argil

laceous samples have little or no pore space which would ac

commodate authigenic mineral growth. Therefore allogenic 

(detrital) Kaolinite and illite are common constituents of 

Notikewin Member sandstones in addition to observed authigenic 

cementing components. A discussion of the authigenesis of 

clay minerals during paragenesis is contained in chapter six. 
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6. DIAGENESIS 

Introduction 

As soon as a sediment is buried, diagenesis begins. 

The sediment will undergo various diagenetic processes as 

conditions change in the subsurface. There are five factors 

which influence the diagenetic history of a elastic rock 

(McDonald, 1979). These are: 

i) original composition and texture of sands; 

ii) pore fluid compositions; 

iii) burial history in terms of pressure; 

iv) burial history in terms of temperature; 

v) time. 

The sand, originally a non-equilibrium assemblage, seeks to 

adjust to changing physical and chemical conditions. The 

sequence of temperatures and pressures that the sediment has 

experienced can be estimated from known burial depths and 

geothermal gradients. Using these one can interpret the 

observed paragenetic sequence 0£ mineral formation, and the 

progressive effects on porosity · and permeability. One can 

then assess potential reservoir problems for production 

treatment and anticipate future plays in light of diagenetic 
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trends in the sub.surface. 

Burial Conditions 

The Notikewin Member sandstones and conglomerates 

presently lie approximately 5000 ± 200 feet (1525 ± 60 metres) 

below the present erosional surface in the study area (assume 

regional dip is negligible). However, they once existed at 

greater burial depths and have undergone uplift and erosion 

in post-Cretaceous time. Magara (1978) suggests that the 

original burial depths can be determined by examining increas

ed shale compaction (decreased shale porosity) with increased 

depth in order to determine an estimate of the thickness of 

erosion using acoustic velocity/sonic logs. The sum of the 

erosion thickness and the present burial depth approximates 

the maximum depth of burial of the sediment. Using this 

burial depth and an estimate of the geothermal gradient, an 

approximate maximum diagenetic temperature can be determined. 

These values are very subjective however, since higher (or 

lower) temperatures may have been attained only for geological

ly short periods. 

Interval transit times are directly proportional to 

shale porosity values. If no erosion occurred, a plot of 

shale transit time versus depth extrapolated to the present 

surface would indicate a transit time of 200 microseconds - per 

foot (Magara, 197$) . 

Figure 6.1 indicates approximately 2800 feet (853 

metres) of erosion has occurred. This is in accord with 



Figure 6.1 	 Approximate erosion thickness of 2800 feet (853 
metres) using shale porosity from sonic/acoustic 
velocity logs (method after Magara, 197 8). 
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Magara's (1978) results which indicate an erosion thickness 

ranging from 1000 to 3000 feet ( 305 to 914 metres) . There

fore the maximum burial. depth is estimated to be 7800 feet 

(2377 metres) (i.e. 2800 feet (853 metres) + 5000 feet (1524 

metres)). 

The approximate burial temperature can be determined 

using an average geothermal gradient of 3°C ± 0.4/100 m. 

(l.7"F ± 0.1/100 ft.) (Magara, 1978) and the calculated 

maximum burial depth. The resulting inferred maximum burial 

temperature is 71°C ± 10 (160°F ± 50). 

Alternatively, Fuchtbauer (1967) documents a plot of 

porosity versus depth of burial for sandstones which can be 

used to determine burial depths for the generalized cases of 

calcareous and quartz-rich sandstones. This method could 

not be applied to the Notikewin Member for two reasons: 

1) the observed porosity of Notikewin sands is too low (~ 10%); 

2) detrital , composition is not favourable (i.e. not quartz

rich) . 

Other methods commonly in use to determine diagenetic 

temperatures include conodont colouration and vitrinite re

flectence. Unfortunately these methods are outside the scope 

of this study. However, chlorite polytypes have been used · to 

determine pre-metamorphic subsurface temperatures (Hayes, 

1970) . The chlorite polytype Ibd' recognized by the scanning 

electron microscope study~ does not persis_t above temperatures 

of 70"'c to 80°C (158°F to 176°F) (Hoffman and Hower, 1979; 
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Hayes, 1970). Therefore, the existence of this chlorite\ 

polytype indicates a diagenetic temperature which is in 

agreement with the value determined by Magara's method. 

Hoffman and Hower (1979) have determined relationships 

between clay mineral assemblages and diagenetic temperature 

~n both sandstones and shales. HoweveL the technique does not 

permit a precise determination of temperature when applied to 

the authigenic chlorite and Kaolinite assemblages of Notikewin 

Member sands. 

Eodiaqenesis 

Mechanical Porosity Reduction 

The term eodiagenesis, applied to elastic rocks, refers 

to the regime .at or near the surface of sedimentation where 

the interstitial water chemistry is controlled by the surfa~e 

environment (Schmidt and McDonald, 1979a) . The mechanical 

reduction of porosity is the main process operating during 

eodiagenesis. Mechanical porosity reduction predominates over 

cementation to burial depths of approximately 3000 to 5000 feet 

(1000 to 1524 metres) after which chemical porosity reduction 

by cementation is paramount (ibid.). 

Initially, mechanical porosity reduction occurs by 

grain slippage, rotation and ductile grain deformation 

(i.e. micas, see Plate 5-13). Visual evidence of mechanical 

porosity reducti~ri by slippage and rotation is hot found. 

However, these processes are associated with pressure solu

tion which results in the generation of silica, formation of 
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sutured and concave-convex grain boundaries (plate 4-19) 


and the resultant syntaxial quartz overgrowths during meso


diagenesis (plate 4-3) . 


Early Pore Fluid Chemi·stry 


Ideally, in order to study the chemical reactions 

characterizing the diagenetic history of a sandstone, the 

geologist must determine the types and ranges of compositions 

of pore waters (Pettijohn, pg. 411, 1973). Pore waters 

originally in the sediment range from brackish to marine. As 

compaction increases, original pore fluids are replaced by 

fluids expelled from the adjacent shales. 

Aerobic bacteria present near the sediment-water inter

face utilize available free oxygen and release C0 2 when con

suming organic constituents in the sediment. As a result, 

the pH of pore fluids decreases from 8.0 to approximately 6.5 

(Collins, 1975). Detrital carbonate, if accessible to pore 

waters, will buffer the pH thus maintaining it above neutrality. 

At depths greater than 0.5 metres below the sediment-water 

interface oxygen is no longer available. Anaerobic bacteria 

cause pore fluid pH values to become alkaline with pH approxi

mately equal to 9.0 (Collins, 1975). · rf detrital carbonate 

survives to this burial depth it is now protected from further 

dissolution until later .diagenesis. Organic matter which 

survives down to the anoxic conditions below 0.5 metres is 

destined to generate hydrocarbons at greater depth. 
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Early Clay Diaqen~sis 

Although there are initial reactions between dissolved 

species in seawater and clay minerals in river water entering 

the sea (halmyrolsis), post-halmyrolitic reactions affect 

detrital clays before later stage diagenesis involving neo

formation and transformation. Early clay diagenesis takes 

place in the top few metres of accumulated sediment (Berner, 

pg. 185, 1971). At this time, excess bicarbonate not reacting 

to form carbonate, reacts with cation free clay containing 

K+, Na+ or Mg+ by a reverse weathering process such as: 

2K+ + 2HCO~ + 3Al2Si20s (OH) 4 + 
aq aq 

(Berner, pg. 181, 1971), Therefore some authigenic clay for

mation occurs to help remove excess HCO~ from rivers in the 

deltaic depositional environment. This has been hypothesized 

after experimental work by Mackenzie and Garrels (1966). 

However, the bulk of authigenic clay minerals form at greater 

depth in subsequent diagenesis. Experimental work by Whitehouse 

and Carter (1958) indicated that conversion of montmorillonite 

to illite and chlorite may take place in early diagenesis. 

This process may be inhibited by dissolved organics which 

block interlayer sites which would alternatively be available 

for cation exchange (Berner, pg. 184, 1971). 

The boundary between halmyrolsis and early diagenesis 

is uncertain. Relative to late~ diagenesis this period is 

much less important to clay mineral authigenesis (Blatt et al., 
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pg• 3 8 5 I 19 8 0) • 

Carbonate (sider~t~) Formation 

In Facies D carbonate bands, tan brown in colour, are 

sideritic (recall plate 3-7 and 3-8). May (1967) also observed 

this in samples from the source wells coincident with this 

study (i.e. 10-1 and 10-24). Authigenic siderite has no 

stability field in marine sediments since Eh must be low and 

pS 
2-

must be high (Berner, pg. 199, 1971). Also, the iron 

concentration must be greater than five ~er cent of the cal

cium concentration. However, in non-marine settings anaerobic 

bacterial decay of organic matter forms low Eh and high PC0 2 

with minimal H2S formation. Therefore, siderite typically 

forms in poorly drained bogs or swamp environments which may 

be adjacent to the channel sandstones of Facies D. 

Ironstone/sideritic concretions found in Facies C do 

not necessarily indicate a similar environment. The concre

tions may be post-depositional forming as a result uplift and 

exposure of marine beds to non-marine anaerobic ground waters 

(Berner, pg. 200, 1971). 

Mesodiagenesis 

Mesodiagenesis, as defined by Schmidt and McDonald 

(1979a), refers to the burial regime under strata that seal 

the interstitial fluids of the sandstone from chemical re

agents at or near the surface. It is during mesodiagenesis 

that the bulk of porosity and permeability reduction occurs 

by overgrowth formation. Secondary porosity also forms in 
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this regime (ibid.). 

Four textural stages of mesodiagenesis have been 

recognized (figure 6.2) (ibid.). This terminology will be 

used in this discussion. 

Carbonatization 

The formation of calcite cement and pore fillings 

is pervasive in the fluvial Facies D and sporadic in the chert 

conglomerates of Facies A. Some of the carbonate in the 

f luvial sands may be eogenetic but the carbonate cement in 

the conglomerate probably formed rnesogenetically in the late 

immature to semi-mature stages. Evidence for this cementation 

occurring early in the para.genetic sequence is the high minus

cement porosity (35% to 40%). This early cementation lithifies 

the rock inhibiting mechanical compaction leaving individual 

grains scarcely in contact (recall plate 4-18) . The presence 

of rare authigenic quartz overgrowths surrounded by carbonate 

cement suggests that the introduction of carbonate post-dates 

the inunature mesodiagenetic stage although the two processes 

may be simultaneous (Dapples, 1979). The source of carbonate 

is principally from the dissolution of shell material · 

(McDonald, 1979). The reprecipitation as cement is in res

ponse to a drop in C02 pressure due to the diffusion of C02 

from organic decay upward through the sediment column. 

Partial calcite replacement of plagioclase feldspar 

in Facies D is probably a mesodiagenetic feature (recall plate 

4-12), the timing of which is uncertain. 



Figure 6.2 Textural changes of porosity during mesodiagenesis indicating progressive 
burial (after Schmidt . and McDonald, 1979a)). 
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An intriguing point is that the carbonate cement of 

Facies A conglomerate is regionally localized. It is confined 

to the 10-27 well in this study. In addition to lateral 

localization it is vertically localized within the conglomer

ate of a given well. Furthermore, in non-carbonate cemented 

conglomerates with excellent porosity there is no relict 

carbonate. Indeed this indicates that there has been local 

protection of the deposits either from the cement precipitat

ing fluid or from the decarbonatizing acid porewater causing 

dissolution. The latter possibility will be discussed later 

(see decarbonatization) . 

Quartz Overgrowths 

Deposition of this cement occurs in the semi-mature meso

diagenetic stage. At this time pore fluids are oversaturated 

with respect to silica causing precipitation out of solution, 

nucleating on detrital quartz grains (Collins, 1975). This 

would occur at or near the maximum depth of burial (G.V. 

Middleton, personal communication). 

There are several postulated sources of silica. In 

the Notikewin Member it is probable that silica was derived 

from pressure solution due to compaction, especially in the · 

chert conglomerate. This is suspected on the basis of the 

many concavo-convex and sutured contacts between chert grains 

and the excellent development of interstitial quartz over

growths. Clay minerals surrounding grain~ may have a catalytic 

effect on pressure solution at points of contact (Pettijohn 
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et al., pg. 425, 1973). 

In part, silica may be derived from the dissolution 

and hydrolysis of feldspar grains (plate 6-1) by water con

taining carbon dioxide according to the following equation: 

. +
2KA1Si 30 8 + 2H + 2Hco-; + 9H20 -+ 

Alternatively, Hoffman and Hower (1979) indicate that feldspar 

decomposition may contribute to clay formation in addition to 

forming quartz according to the reaction: 

smectite + K-feldspar -+ quartz + illite + chlorite. 

The balance of the silica required to produce over

growths was probably derived from the diagenetic change of 

mixed-layer smectite-illite to pure illite in shales proximal 

to the Notikewin sands (Blatt et al., pg. 344, 1980). 

Where sufficient space . is available, quartz over

grow~hs are observed to totally occlude porosity, particularly 

in Facies B (plate 6-2). In addition, overgrowth development 

appears to post-date development of some unidentified authi

genie clay constituents (plate 6-3). 

Decarbonatization 

The relative timing of carbonate cement dissolution 

in the Notikewin Member is uncertain. It is probably localized 

and may occur simultaneously with carbonatization in adjacent 

areas. Mesogenetic decarbonatization to produce secondary 

porosity probably occurred during the entire mesodiagenetic 

history of the Notikewin Member but is -pre-eminent in the semi
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Plate 6-1 Feldspar exhibiting evidence of dissolution. 
Sample 17. Scale bar divisions equal 10 microns. 

Plate 6-2 Quartz overgrowths completely occluding porosity. 
Sample 6. Magnification on left side is 160X. 
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Plate 6-3 	 Development of quartz overgrowth on detrital grain. 
Minor evidence of authigenic growth observed on 
grain pre-dating quartz overgrowth. Sample 6. 
Scale bar divisions equal 10 microns. 
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mature to mature stages. Dissolution of carbonate material is 

a result of catagenesis (50°C to 200°c, 122°F to 392°F) of 

organic material in source rocks (Hunt, 1979) . At this time 

the oxygen-containing groups in organic matter undergo thermo

catalytic decomposition to yield C0 2 and H2 0 (ibid.) producing 

acidic conditions conducive to carbonate dissolution. Another 

source of C0 2 is the decarboxylation of COOH but the products 

are utilized by microbes or dissolve as HC03 (ibid.). H2 S 

formed by the thermal alteration of organic sulphur compounds 

also enhances the mesogenetic dissolution of carbonate. The 

decomposition of limestone and/or dolomite is not anticipated 

to be a source of C0 2 since carbonates are not stratigraphic

ally close by. Tissot et al. , (1974) found that the release 

of mesogenetic C0 2 occurs over a wide range of diagenetic 

temperature/time exposures. Therefore, carbonate dissolution 

may occur continually throughout the diagenetic history of 

the sediment. 

Illite 

Illite found in the Notikewin Member has two possible 

origins. Firstly, the majority of the illite present in the 

Notikewin Member resulted from the recrystallization of pre

existing detrital (2M polytype) illite. The incomplete re

crystallization causes the X-ray dif fractogram peaks to be 

low amplitude, broad and diffuse (as observed, Chapter 5). 

This recrystallization or transformation process involves 

agradation of the allogenic illite which regularizes the crys
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tal lattice by addition of K+ ions from alkaline, cation rich 

pore solutions (Millot, 1970). The source of K+ ions may be 

from feldspar dissolution (plate 6-1) in Facies D or other 

adjacent sands. 

Secondly, a minor amount of the illite is the product 

of neoformation (i.e. direct precipitation from pore fluids) 

based on the rare delicate morphologies observed under the 

SEM. 

Alternatively, the tentative identification of this 

clay as illite may be in error. One possibility is that the 

clay may be drilling mud (montmorillonite) residue. The 

high porosities and permeabilities (100 md to 1 darcy) in 

Facies A might permit considerable infiltration of drilling 

fluids. However, the high birefringence and textural 

relationships of the clay rule out this possibility (plate 

6-4a)). Plates 6-4a) and b) illustrate the textural relation

ships of illite (recall also plates 5-10 to 5-12). Because 

illite exists both between grain contacts and around quartz 

overgrowths (plate 6-4, see arrows) the original illite may 

have pre-dated compaction and later recrystallized with some 

authigenesis post-dating authigenic quartz overgrowth formation. 

Chlorite 

Apart from minor neoformation of illite, .the timing 

of which is upcertain, authigeneic chlorite is the only stable 

clay mineral present in the Notikewin Member. This indicates 

that it was probably the last authigenic mineral to form and 



Plate 6-4a) 	 Authigenic illite on perimeter of quartz over
growth (arrow) . Pore lining and pore bridging 
illite also present. Note clay rim between det~ :. 

rital grains (arrow). Sample 17. Magnification 
63X. XN. 

Plate 6-4b) 	 Similar relationships to a) as viewed under the 
scanning electron microscope. Note authigenic 
illite around quartz overgrowth (arrow). 
Magnification 160X. 



95 


was in equilibrium with the final pore fluid composition. 

Plate 5-7 indicates that chlorite post-dates quartz over

growth formation. Chlorite is a common authigenic constituent 

in elastic rocks containing rock fragments. In the Cretaceous 

sandstones of Alberta Carrigy and Mellon (1964) commonly found 

chlorite to be an early diagenetic cement which is contrary 

to observations in the Notikewiri Member made by this writer. 

The diagenesis of chlorite polytypes has been studied 

in detail by Hayes (1970). The initial diagenetic chlorite 

polytype, Iba forms at relatively low temperature. With in

creasing burial and associated temperature increased crystal

lization and ordered stacking produces the Ib polytype. Recall 

that the Iba polytype cannot persist above 80° (Hayes, 1970). 

Unfortunately, the detailed chemistry of the authigenic 

chlorite produced (Fe versus Mg composition) was not deter

mined. As a result, stability diagrams involving chlorite 

are used for generalization only. The only certainty is 

that the final composition of pore fluid chemistry remained 

in equilibrium with chlorite since it shows no signs of in

stability. 

Kaolinite 

From X-ray analysis of argillaceous samples it was 

determined that kaolinite was in part, allogenic. However 

vermicular booklets indicate authigenic (neoformative) origin 

also. 

Corroded detrital feldspar is commonly associated with 



kaolinite authigenesis (Shelton, 1964). However, corroded 

feldspar observed under the SEM was 11 clean 11 
, with no associat

ed authigenic kaolinite. Furthermore, it seems unlikely that 

the minor amounts of feldspar in Facies B and absence in 

Facies A could account for the· amount of kaolinite observed. 

Abundant feldpsar is present in the f luvial Facies D but is 

inaccessible to pore waters due to carbonate cementation. 

Therefore, the kaolinite developed from reactants outside 

the immediate area of the Notikewin sandstone and conglomer

ate. 

Cation poor, alumina enriched, acidic pore waters are 

~vourable for kaolinite neoformation (Keller, l970). If 

cation concentration increases due to poor circulation of 

pore water kaolinite neoformation will terminate. 

The abraded, imperfect nature of the kaolinite book

lets (recall plates 5-1 and 5-2) is questioned. This abraded 

appearance might be anticipated if the kaolinite was trans

ported, signifying an allogenic origin. However, because the 

booklets are pore-filling around quartz overgrowths (plate 

5-3) , they post-date quartz authigenesis confirming a neo

formati ve origin. Therefore, kaolinite was not in equilibrium 

with the most recent pore fluid in the sediments of the 

Notikewin Member. 

Changes in Pore Fluid Che~istry 

Ideally, in order to infer the pathway of changing 

chemical composition of pore fluids one needs two critical 
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compositions; the initial composition (seawater) and the present 

composition observed in the reservoir rock. 

The composition of seawater is known. Unfortunately 

fluid analysis of formation waters was not available at the 

time of writing. Hitchon et al., 1971 have summarized the 

major and minor chemical components in pore waters of numerous 

oil and gas fields in the Western Canada Sedimentary Basin. 

Their data do not include the Kaybob field where this study 

is located, but they do indicate the general range of probable 

water composition. As a result, one can make some inferences 

about the path of porewater compositional changes based on 

the presence of certain clay minerals, their morphologies and 

inter-relationships starting from an original pore water 

composition of seawater. 

The seawater pore fluid composition is indicated on 

figures 6.3, 6.4, 6.5 and 6.6 (data obtained from Blatt et al., 

pg. 224, 1980). The stability boundaries on these diagrams 

were calculated for 2s~c but are still useful as a guide for 

mesodiagenetic temperature conditions of 7o 0 c to 80°C. From 

this starting point the following pathway has been inferred. 

An increase of orthosilicic acid (H 4Si0 4 ) moves the 

pore fluid composition toward quartz saturation at 10- 4 moles/ 

litre. At this time, which is approximately at the maximum 

burial depth, quartz overgrowths form. The pore fluid never 

falls to H4 Si0 4 concentrations below this value since over

growths are observed to be in equilibrium with the fluid. 
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Although montmorillonite is not observed in the 

Notikewin Member it is possible that it formed during progres

sive burial and subsequently became unstable. Montmorillonite 

disappears at approximately 80°C to 130°C corresponding to 

burial depths of 2666 metres (8747 feet) to 4333 metres (14200 

feet) (Ghent and Miller, 1974). The burial temperature of 

70°C to 80°C calculated for the Notikewin Member may be 

sufficient to break down montmorillonite, if present. The 

products of this breakdown may combine to form chlorite which 

will be discussed later. 

Following the formation of quartz overgrowths kaolinite 

neoformation occurs. Kaolinite is known to post-date the 

quartz overgrowths based on textural evidence observed under 

the scanning electron microscope (recall plate 5-3) . Accord

ing to Hitchon et aL (1971) the pore fluids should be enriched 

in cations, particularly Na+ and Cl-, in the order of three 

times their concentrations in seawater. Therefore a problem 

comes to light. How does one explain the formation of kaolinite 

at a time when pore fluids should be cation enriched? Kaolinite 

usually forms in freshwater or at least in water relatively 

depleted of cations. There are two possible explanations for 

the observed formation of kaolinite at this time: 

1) the sediment was exposed to freshwater; 

2) waters were locally depleted in cations. 

Possibility 1) is highly unlikely. The depth of burial of 

approximately 2377 metres (7800 feet) would rule out the pos
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sibility of the introduction of freshwater at such depth. 

The second possibility is more feasible. The diffi

culty lies in explaining why cations are depleted locally and 

where the cations have gone. Answers to these questions are 

not known. Facies A 1 , due to its high porosity and permeabil

ity 1 darcy) may have acted as a conduit for pore fluids 

in the subsurface which may have introduced fluids of varying 

compositions to the sediment at high rates. This may be re

lated to the anomalous appearance of · kaolinite since cations 

may be given up to form cation-rich clay minerals in another 

laterally adjacent formation with the depleted waters moving 

rapidly through the Notikewin Member porous sediments. 

Chlorite is the last clay mineral to form authigenical

ly (figure 6.6). Chlorite in the Notikewin Member forms at 

the expense of kaolinite which is observed to be dissolving 

and therefore unstable (plates 5-1, 5-2 and 5-3). The 

reaction is: 

3Al2Si20s(OH)4 + 10Mg 2+ + 9H20 + 

2MgsA12Si 301 o (OH) s + 14H+ + 2Al 3+ 

(Helgeson, 1969a)). The observation that kaolinite and 

chlorite do not usually occur together was also made by Ghent 

and Miller (1974). For this reaction to occur there must be 

considerable addition of Mg 2+. Adjacent marine shales may 

supply the required Mg 2 +. From figure 6.6 it is evident that 

less Mg 2 + is required to form chlorite as pH increases. 

Furthermore, some Fe 2 + may combine with the Mg 2 + thereby 



104 


reducing the Mg 2+ requirements. 

Chlorite may also be generated from montmorillonite, 

if it was present, according to the following reaction 

(Hitchen et al., 1971): 

l.7Al203.0.9Mg0.8Si02.2H20 + 9.2Mg0 + 

10.1Mg0.l.7Al 2 03.6.4Si02.8H20 + l.6Si02 

However, as mentioned previously there is no evidence for 

or against the presence of montmorillonite. 

Although the illite observed in Facies A formed by 

transformation not authigenesis it still must have been stable 

with the final pore fluid composition (figure 6.3). As men

tioned previously the timing of the transformation is uncer

tain. 

From these interpretations the overall pathway for 

the pore fluid composition is: 

(illi te)
J( 

seawater + quartz saturation + kaolinite + chlorite 

Discussion 

Figure 6.7 indicates the paragenetic sequence of 

minerals formed and processes occurring during diagenesis. 

This sequence is the result of textural observations in thin 

section and using scanning electron microscopy. Although the 

individual timing of mineral formation with respect to the 

diagenetic stages is uncertain, the overall sequence of min

erals relative to one another is known from textural evidence. 



Figure 6.7 Paragenetic sequence of events during progressive burial and diagenesis 
(dashed lines indicate uncertainties) • 
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7. CONCLUSIONS 

1. Sands and conglomerates of the Notikewin Member were 

influenced by both fluvial and beach processes. Sediment 

transported via f luvial channels from the south to southwest 

forms distributary month bar depocentres. These are subse

quently modified by wave energy and littoral currents to form 

beaches (trending east-west) within or adjacent to the wave 

dominated deltaic environment. 

2. Clast supported Notikewin Member conglomerates are 

excellent potential reservoirs. They may represent f luvial 

deposits or high energy beaches. Distinguishing between these 

two possibilities is difficult. Beach sands (Facies B) are 

also good reservoirs but there is extensive di~genetic control 

on their potential as gas producers. Porosities indicated by 

sonic/acoustic velocity logs may be overestimated due to many 

intergranular contacts resulting from secondary porosity. 

3. Notikewin Member sands and conglomerates are classified 

as sublitharenites to litharenites (chert-rich). The proven

ance is variable from a high grade metamorphic terrain to 
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sedimentary rocks, both located in the Cordilleran highlands. 

The Precambrian Shield is also a potential sediment· source. 

4. Burial diagenetic temperatures were approximately 

70°C ±10 (160°F ±50). This has allowed for the progressive 

assemblage of carbonate, quartz overgrowths, kaolinite and 

chlorite. Allogenic illite has been recrystallized by trans

formation. Secondary .porosity occurs mainly be decarbonatiz

at ion.. It may occur throughout the mesodiagenetic history. 

5. Pore fluid compositions have changed with time. 

Originally,oversaturation with respect to carbonate allowed 

for local precipitation of carbonate cement. ·where carbonate 

cement is absen~pore waters permitted silica overgrowths to 

nucleate on detrital quartz grains. Kaolinite neoformation 

post-dates qua.rtz overgrowth formation. Pore fluids at this 

time were locally depleted in ions. This was not due to the 

influx of freshwater. Chlorite formed from the breakdown of 

2+ .
kaolinite with considerable influx of Mg ions · from adjacent 

shales. Montmorillonite, although not observed, may have 

contributed to chlorite authigenesis. Allogenic illite under

went transformation due to K+ ions supplied to the pore waters, 

the timing of which is uncertain. Throughout the progressive 

burial pore fluids became acidic due to dissolved C0 2 supplied 

by catagenesis of organic matter. This allowed for the re

moval of carbonate cement producing secondary - porosity. 
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6. Apparently identical chert-rich sandstones and con

glomerates may be welded or unaffected, carbonate cemented or 

porous. The explanation for porous (non-carbonate cemented) 

conglomerates is a lack of exposure to carbonate precipitating 

fluids, or once cemented, protection from acidic pore fluids 

which promote dissolution. Protection may be from hydrocarbon 

saturation or overpressuring restricting fluid movement. 

7. Low porosities and permeabilities in thick deposits 

of the Notikewin Member are a result of: (listed in order 

of importance) 

1) fine grained sand matrix in the conglomerate and 

to a lesser extent clay matrix in the sandstone; 

2) porosity occlusion by quartz overgrowths, kaolinite 

and chlorite. Illite transformation has had little effect on 

the reservoir potential of the Notikewin Member; 

3) carbonate cementation. 
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Core lithologies and associ~ted log response 
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