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Detrital clay minerals were rarely seen in thin section 

and could not be optically identified due to their small size 

and poor crystallinity. Five shale samples were taken between 

depths of 2635 and 2654 feet in the 5-20-40-6W4 well to deter­

mine the detrital clay mineralogy. These shales would lack 

the permeability, depth of burial and temperature necessary 

for a significant change in detrital clay mineralogy. Tech­

niques used in sample preparation and analysis are given in 

Chapter II. Only kaolinite and illite clay minerals were 

identified on XRD traces although the machine was not set 

up for identifying low 28 angle minerals like montmorillonite. 

Kaolinite/illite ratios decreased from 1.2 at 2654 feet to 0.82 

at 2640 feet and increased to 2.9 at 2635 feet. Kaolinite XRD 

peaks are generally sharper than illite peaks. 

Non-opaque heavy minerals are rare but include tourmaline 

and apatite (Fig. 16d). 

Carbonaceous fragments occur in many of the sandstone 

units but their abundance is only very locally significant 

(Fig. 12b). These fragments are normally elongated parallel 

to bedding and have irregular boundaries that are penetrated 

by quartz grains. 

Chemical constituents 

Pyrite constitutes a few percent of most of the observed 

sandstones. It exceeds 7% in abundance ~t the top of the 

5-20-40-6W4 well where it is associated with minor magnetite 



and chalcopyrite. It is often found as individual euhedral 

crystals (Fig. 16c) or as framboidal aggregates which have 

irregular boundaries due to the small protruding crystals of 

pyrite. 

Calcite is present in a few of the sandstones where it 

has a patchy distribution (Fig. 17a). It is often found 

corroding quartz grains. 

Quartz overgrowths are very common and are shown by rare 

"dust rims" (Fig. 19a) or flat grain boundaries on quartz 

grains (Fig. 16a) but they probably never constitute more 

than 5% of the rock volume. 

Authigenic kaolinite was found as large radiating 

booklets consuming pore space (Figs. 13a, 13b, 16c, 17a, 17b) 

or as fine masses replacing feldspar grains. Several grains 

of glauconite were found in thin sections of the Glauconitic 

Sandstone. 

Provenance 

A general change in the proportion of the type of frame­

work grains is seen from the Lower to the Upper Mannville 

(Fig. 9). The sandstones in the Lower Mannville are very 

quartzose while Upper Mannville sandstones contain large 

amounts of rock fragments. The nature of the rock fragments 

changes upsection also as increasing amounts of volcanic rock 

fragments accompany the sedimentary rock fragments. 

The increasing proportion of lithic constituents in the 

Upper Mannville was :probably produced by orogenic activity to 
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the west which uplifted strata to provide sedimentary, 

volcanic and metamorphic rock sources for the sediments. 

Chert fragments are especially abundant among these 

Upper Mannville sedimentary rock fragments. Pettijohn et 
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al. (1973) noted the abundance of chert produced by the erosion 

of a carbonate terrain of moderately low relief in a humid 

climate. Local highs would have been minor in relief during 

Mannville time and would have consisted of Mississippian and 

Devonian carbonates. This along with the warm-temperate to 

subtropical and humid climate of Alberta during Mannville time 

as postulated by Singh (1964) could explain the abundance of 

chert in the sands. 

Such a climate would likely produce kaolinitic soils 

which would account for the detrital kaolinite. The detrital 

illite is probably from weathered muscovite or from pre­

existing sedimentary illite. 

Feldspar is consistently deposited in moderate amounts. 

The Canaaian Shield likely provided feldspar from the east 

while the erosion of uplifted volcanic strata to the west 

during Upper Mannville time probably contributed to this 

source. 



CHAPTER V 

DIAGENESIS 

The Formation and Alteration of Clay Minerals 

Sedimentary clay minerals are very small (often less 

than 2/A), layered aluminosilicates which generally consist 

of the following groups: the kaolinite group, the 

montmorillonoid or smectite group, the illite group, the 

chlorite group and the vermiculite group. These minerals 

can form from the weathering of a silicate rock by the 

action of soil waters whi~h chemically decompose the parent 

silicate rock. The nature of the clays formed through this 

process depends on the mineral composition of the parent 

rock, the chemical composition of the pore water and the 

rate of passage of this water through the rock (Berner, 1971). 

Kaolinite and montmorillonite form by crystal growth from 

weathering products, illite is generally from pre-existing 

sedimentary illite or the partial weathering of muscovite, 

and chlorite is generally from pre-existing chlorite or the 

weathering of biotite (Keller, 1970). 

Kaolinite formation is enhanced in a humid, tropical 

climate, while montmorillonite formation is enhanced in a 

semi-arid climate (Table 1). Chlorite formation is aided 

where chemical weathering effects are minimal (i.e. a cool 

and dry climate) (Keller, 1970). 
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Table 1. Comparison of geochemical environments for primary kaolinite and montmorillonite 
formation (after Keller, 1970). 

( 1 ) 

KAOLINITE 
++ ++ ++ + + Removal of Ca , Mg , Fe , Na , K 

~
a) precipitation exceeds evaporation 
b) permeable rocks 
c) percolating wat~¥ 

(d) oxidation of Fe to Fe2o3 or 
formation of FeS2 

(2) Addition of H+ 
(a) fresh water 
(b) acids 

(3) High Al:Si ratio 
(aJ removal of silica through ground­

water flow and formation of other 
minerals. +++ 

(b) high concentration of Al in 
acid solution 

( 1) 

MONTMORILLONITE 
. ++ ++ ++ + Retention of Ca , Mg , Fe , Na 

(a) evaporation exceeds precipitation 
(b~ low effective permeability 
(c st~~nant water and water_logginz 
(d Fe not combined with 0 - or S -

(2) High Hco3 
(a) alkalinity 

(3) Retention of silica 
(a) ineffective leaching 

( ) ++ ++ b flocculated by Ca , Mg and 
other cations 

\.>J 
\.N 
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No significant changes in clay mineralogy have been 

shown to occur during the processes of erosion, transport­

ation and deposition of detrital clay minerals. After 

burial, alteration of detrital clays and the formation of 

authigenic clays can occur in response to changes in 

temperature, pressure and/or pore fluids. The criteria 

listed in table 1 for the formation of kaolinite and mont­

morillonite are as applicable to the process of weathering 

as they are throughout the entire history of the sediments. 

Observed diagenetic features 

Compaction features 

Observed compaction features include the rotation of 

grains, the deformation of ductile grains and the fractur­

ing of brittle grains. Concavo-convex and straight grain 

contacts could not be definitely attributed to pressure 

solution effects. 

Grain slippage and rotation can be the most important 

mechanism of compaction to depths of 3000 to 4500 feet in 

quartzose sandstones lacking ductile grains (Flichtbauer, 

1974). Evidence of this mechanism can be difficult to 

distinguish from the original fabric of the sandstone. 

Slippage and rotation of grains appears to be an important 

method of compaction in the Ellerslie Sandstone where the 

average number of contacts per grain is locally high (Fig. 19a). 
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Figure 19a also illustrates the deformation of a 

ductile (mica) grain. Rock fragments often become deformed 

into intergranular pores forming a 'pseudomatrix'. 

Carbonaceous fragments (Fig. 12b) are often deformed by 

more competent framework grains. Ductile grain deformation 

is an important mechanism of porosity reduction that is a 

function of the type and amount of ductile grains. This 

mechanism would be especially important in the Upper Mann­

ville sediments. 

Brittle grain deformation was observed in a few feldspar 

grains as microfaulting (Fig. 13d) and fracturing. This 

mechanism of compaction is of minor importance generally, 

as well as in the Mannville sandstones. 

Authigenic cemeµts and replacements features 

Authigenic cements include quartz, kaolinite, pyrite 

and calcite. Detailed petrographic descriptions of these 

cements can be found in Chapter IV. Other clay mineral 

cements appeared to be very minor in abundance and were 

not identifiable due to their poor crystallinity. 

Quartz occurs ubiquitously as overgrowths on quartz 

grains in the sandstones examined (Figs. 10c, 14a, b, 16a, 

19a, c). Some of the silica was precipitated in the form 

of a meniscus cement between framework grains in the Eller­

slie Sandstone (Fig. 19c). The dissolution of quartz over­

growths was observed in one sample from the Upper Mannville 



(Fig. 14). Both blades of kaolinite and hexagonal imprints 

in the surface of the overgrowths were generally observed. 

Authigenic kaolinite grains were also found throughout 
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the section. All of the SEM samples showed kaolinite grains of 

varying sizes (Figs. 10c, d, 11a, b, 12d, 14b, 15c, 16b, 18) 

but petrographic identification was only possible with large 

grains of the mineral (Figs. 13a, b, 16c, d, 17a, b). 

Cubic pyrite crystals were recognized in only one SEM 

sample (Fig. 12a) although most thin sections showed some 

pyrite (Figs. 13b, 16c). 

Rhombehedral calcite crystals were seen in only one SEM 

sample from the top of the 5-20-40-6W4 core. Thin sections 

and the core itself showed that the cement is sparsely 

distributed in most sandstones above the Ellerslie Sandstone. 

Sandstones of the Glauconite Sandstone and the Calcareous Member 

show calcite cement consuming virtually all the available pore 

space and replacing margins of quartz and feldspar grains 

(Fig. 17a). 

Secondary porosity 

The diagenetic processes considered so far reduce primary 

(intergranular) porosity. Secondary porosity in sandstones 

results mainly from the dissolution of carbonate during effect-

ive burial (mesodiagenesis) (Schmidt and McDonald, 1979a). Petro­

graphic criteria for the recognition of secondary sandstone porosity 

are listed in Hayes (1979) and Schmidt and McDonald (1979b). 

Observed secondary porosity textures 



Fig. 14 SEM micrographs of a porous Upper Mannville sandstone from 

2749 feet in the 5-1-40-7W4 well. 

(A) Low magnification micrograph illustrating the well-sorted nature 
of the sandstone and the abundance of pore space and quartz 

overgrowths. 10? scale divisions. 

(B) A close-up of one of the grains in (A) showing the large 
percentage of the grain covered by quartz overgrowths. 10~ scale 
divisions. 

(C) Dissolution of quartz overgrowths. 1JA scale divisions. 

(D) Detail of (B) showing dissolution of the quartz overgrowths. 

1f scale divisions. 

----- --~ ~ 
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Fig. 15 SEM micrographs showing some peculiar textures of 

dissolving feldspar grains in the Upper Mannville sandstone 

at 2749 feet in the 5-1-40-7W4 well. Energy dispersive X-ray 
analysis of several points on each of these grains indicated a 
plagioclase composition. The author is still unconvinced that 
these are feldspar grains. 

(A) Indistinct dissolving feldspar grain at the center of the micro-
graph. 10,µ scale divisions. 

(B) Detail of the dissolving feldspar grain in (A). 1f scale divisions. 

(C) Platey dissolving feldspar grain. 10/ scale divisions. 

(D) Detail of the dissolving grain in (C). 1/ scale divisions. 
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Fig. 16 Micrographs from the top of the Glauconitic Sandstone at 

2644 feet in the 5-20-40-6W4 well. Porosity 23.9%. 
Permeability 21.9 md. 

(A) Micrograph showing the dissolution of a feldspar grain (right 
center) resulting in the ragged edge of the grain. The straight 
edge boundaries of neighboring quartz grains indicate quartz 
overgrowths. Plane light, X 400. 

(B) SEM micrograph showing the cavity probably resulting from the 
dissolution of a feldspar grain. Authigenic quartz overgrowths and 
kaolinite grains are also visible. 10f scale divisions. 

(C) Micrograph of authigenic kaolinite (k) and pyrite cubes (near the 
center). Plane light, X 250. 

(D) Micrograph of an apatite (a) crystal (center) beside authigenic 

kaolinite booklets (k). Crossed nicols, X 250. 
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Fig. 17 Micrographs of features in the Glauconitic Sandstone from 2645 
and 2646 feet in the 5-20-40-6W4 well. (A) and (B) are from 
2645 feet while (C) and (D) are from 2646 feet. Porosity 15.7%, 
permeability 0.95 md at 2646 feet. 

(A) Authigenic kaolinite (k) and calcite (c) cements in a sandstone 
with framework grains of quartz and chert. Crossed nicols, 
X~250. 

(B) Radiating, pore-filling kaolinite crystals (k) amongst quartz 
and chert grains. Crossed nicols, x· 160. 

(C) Well developed secondary porosity in the Glauconitic Sandstone. 
Porosity appears grey in the micrograph and includes almost all 
of the intergrain area. Plane light, x·6o. 

(D) The center area of (C) showing rounded pores (p) as indicated by 
by shape of the matrix material (dark areas) and the framework 
grains. These large pores result from the dissolution of less 
stable framework grains (e.g. carbonate, feldspar and rock 
fragment grains). Plane light X 160. 
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Fig. 18 SEM micrographs from a sandstone at 2660 feet in the 

Calcareous Member of the 5-20-40-6W4 well. Porosity 23.1%. 
Permeability 26.6 md. 

(A) A general view of the sandstone showing definite pores. 10j< 
scale divisions. 

(B) Detail of the dissolving feldspar grain in the center of (A). 

1f scale divisions. 

(C) A large authigenic kaolinite grain (center) on a larger mica 
grain. 10f scale divisions. 

(D) Detail of the large kaolinite grain in (C). ~ scale divisions. 
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Fig. 19 

(A) 

(B) 

(C) 

(D) 

Micrographs of the Ellerslie Sandstone at 2683 feet in the 

5-20-40-6W4 well. Porosity 24.5%. Permeability 231. md. 

A muscovite grain deformed around more competent quartz 
grains. Crossed nicols, X 160. 

SEM micrograph showing the general texture of the sandstone 
and the large amount of pore space. 100;<- scale divisions. 

Grain contacts with meniscus quartz cement probably formed 
by diffusion of silica in a water film around the grains 
while the sandstone was oil saturated. 10)'< scale divisions. 

A large dissolution pore shown in the center of (B). Compare 
with Fig. 17d. 10.f scale divisions. 
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include (1) the partial dissolution of calcite cement, 

(2) grain molds (Figs. 16b, 17d, 19d), (3) areas of open 

and close packing of detrital grains in the same sample, 

(4) oversized pores and (5) corroded grains (Figs. 10c, d, 

11 a , b , 1 3 d , 1 4 , 1 5 , 1 6 a , 1 Sa , b ) • 

Secondary porosity was best developed in the Ellerslie 

Sandstone and Glauconite Sandstone where porosity was high 

and oil was found. 

Interpreted Diagenetic Stages 

The above diagenetic features are interpreted to have 

formed in the sequence shown in figure 20. Initially, the 

sandstones were compacted by the weight of overlying sedi­

ment and pyrite was formed from the bacterial decomposition 

of organic matter. After considerable burial quartz began 

to precipitate which hindered further compaction. Then 

calcite cement filled much of the available pore space. 

Pore waters then became acidic dissolving away feldspar 

and carbonate as kaolinite and quartz were simultaneously 

precipitated. This change in pore fluid chemistry was 

likely brought about by the process of coalification of 

coal units and carbonaceous matter. This process releases 

water with dissolved humic acid and carbon dioxide from the 

coal which creates an acid environment (Fiichtbauer, 1967). 

The secondary porosity created would allow for a minor 

amount of further compaction. The emplacement of hydrocarbons 

into the pore space would halt diagenetic processes except 

where pore water remained (Fig. 19c). 



PROCESS 

compaction 

precipitation of: 
pyrite 

kaolinite 

quartz 

calcite 

dissolution of feld­
spar and carbonate 

emplacement of 
hydrocarbons 

at deposition at present 
TIME 

Fig. 20~ Schematic representation of interpreted diagenetic stages 
of the Mannville Group sandstones examined. 

~ 
~ 
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Diagenesis of sandstones is controlled by their 

detrital mineralogy, the pressure and temperature, the 

chemistry of the pore fluids and the rate with which these 

pore fluids move through the rock. Variations in diagenesis 

in the studied sandstones could result from changes in 

detrital mineralogy, pore fluid chemistry and/or flow rate 

of the fluid. Pressure and temperature variations would be 

negligible. The control of detrital mineralogy is simple -

pyrite forms where bacterial decomposition takes place, 

feldspars dissolve only where feldspars are found, etc. 

The pore fluid chemistry probably did not vary greatly in 

the sandstones examined since diagenetic textures are so 

consistent vertically. The rate of passage of pore water 

through the sediments must have varied stratigraphically 

with permeability which now changes considerably between 

the Ellerslie Sandstone and the rest of the section 

(Fig. 21). In this way permeability ·is an indirect measure 

of the degree of diagenesis. 



Fig. 21 Porosity and permeability plots for sandstones 
in the 5-20-40-6W4 core. Based on standard 
tests by Core Laboratory Canada Inc. on 25 
plugs. 
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CHAPTER VI 

SUMMARY AND CONCLUSIONS 

Evidence from three cores of the Mannville Group 

indicate that deposition occurred largely in a coastal 

environment. During the transgression of the Arctic Sea 

from the north, river carved valleys in central Alberta 

were drowned repeatedly. These oscillations of the sea 

are shown by the gradational and interfingering nature 

of the Lower Mannville - Upper Mannville contact. 

The sandstones change from clean quartz sandstones 

at the base of the section to very lithic sandstones at 

the top. The lithic input in the sands of the Upper 

Mannville is a product of the uplifting of strata in the 

cordilleran region to the west. 

The compaction of rock fragments and ductile grains 

in the Upper Mannville has greatly reduced the intergranular 

porosity and permeability there. The degree of diagenesis 

is largely a function of the permeability in these sandstones. 

The present permeability of the sandstones (Fig. 21) reflects 

the severity of diagenesis. Figure 20 summarizes the 

inferred diagenetic history of the sandstones. 
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APPENDIX I 

PHOTOGRAPHS OF THE 5-20-40-6W4 CORE 



Fig. 22 Key to the core photographs. Core and box 
numbers refer to those numbers at the base 
of photos. Figure 5 lists the symbols 
shown in the stratigraphic column. 
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APPENDIX II 

SUMMARY OF POINT COUNT DATA 



Table 2. Means and standard deviations of constituents in representative 
Mannville sandstones. (See figure 9). Data based on 6 
traverses of 50 point counts each made on 12 thin sections. 
An asterisk (*) indicates porosity data based on Core 
Laboratory Canada Inc. standard tests. The column 'OTHER' 
includes matrix, cement, mica and accessory minerals. 
Q = quartz, Ch = chert, F = feldspar plus plutonic rock 
fragments, VRF = volcanic rock fragments, MRF = metamorphic 
rock fragments. 



WELL DEPTH STRATIGRAPHY Q Ch F SRF VRF MRF POROSITY OTHER 
(feet) 

4-32-41-5W4 2328 Upper i6.o ~3.7 ·8.3 ~7.3 i1.o +o 0 33.7 
Mannville -3.4 -7.0 !3.7 -4.8 -1. 1 -0 

4-32-41-5W4 2362 Upper i6.o ~4.0 +9.7 +2.7 l5.7 +0.7 5.3 16.0 
Mannville -6 .1 -9.0 -3.7 -1.6 -4.8 -1.6 

5-1-40-7W4 2692 Upper ~9.7 +9.3 +9.0 +2.7 +2.0 +o 5.7 11 • 7 
Mannville -7.0 -2.1 -5.9 -1.6 -1.8 -0 

5-20-40-6W4 2623 Upper ~2.0 +8.7 +4.3 l5.7 +0.3 +o 19.3* 29.7 
Mannville -6.2 -1.0 -2.9 -2.7 -0.5 -0 

5-20-40-6W4 2628 Upper ~5.3 ~1.7 +1.5 ~5.7 +0.3 +o 18.1 * 7.4 
Mannville -5.0 -4.6 -1.7 -6.9 -0.8 -0 

5-20-40-6W4 2646 Glauconitic ~6.o +2.3 +0.7 +1.3 +o +o 15.7* 14.4 
Sandstone -6 .1 -1.5 -1.0 -1.6 -0 -0 

5-20-40-6W4 2650 Glauconitic ~8.3 +0.3 0 is.? +o +o 8.9* 43.8 
Sandstone -8.2 -0.8 !o -3.5 -0 -0 

5-20-40-6W4 2660 Calcareous ~2.3 +2.3 +2.0 l3.0 +o +o 23 .1 * 7.2 
Member -5.4 -1.5 -2.5 -7.2 -0 -0 

5-20-40-6W4 2674 Ellerslie ~2.3 ~1.3 +1.3 + 4. 7 +o +o 20.3* 0 
Sandstone -4.5 -8.7 -1.0 -1.0 -0 -0 

5"!"20-40-6W4 2682 Ellerslie ~0.7 +2.7 +2.3 +1 +o +o 13.3* 0 
Sandstone -7.6 -2.1 -1.5 -1.7 -0 -0 

5-20-40-6W4 2709 Ellerslie ~7.7 +3 +0.7 +2.7 +o +0.3 17 .1 * 18.6 
Sandstone -5.1 -2 .1 -1;0 -1.6 -0 -0.8 

5-20-40-6W4 2721 Ellerslie 63.7 2.7 1. 3 +2.3 +0.3 0 28.4* 1.3 CJ'\ 

+ + + :!:o 
-lo 

Sandstone -7.5 -2.1 -1.0 -1.5 -o.s 


