
















relatively uniform throughout the study area, but Bluesky A ranges in porosity from a

high of 12% to a low of 0.

If "A" were deposited during an oscillating transgressive/regressive period in the

Cretaceous and is regionally extensive, why do the porosity and permeability values vary

so much? It could be predicted that "A" would appear to be homogeneous as far as

permeability and porosity are concerned. This does not appear to be the case. There

must have been a difference in diagenesis or depositional setting to cause the change.

Bluesky "B" appears to be more homogeneous with respect to porosity and permeability,

which may suggest that the changes in "A" are more depositionally related and that both

log signatures have undergone the same diagenesis. It seems that the changes in "A" are

a combination of both depositional setting and diagenesis.

Other questions concern the location of high porosity and permeability zones with

respect to potential drilling sites and what affect the presence of clays and cement in the

form of kaolinite, glauconite, siderite (Fe-calcite) and ankerite (Fe-dolomite) have on the

overall reservoir quality. The presence of fractures in the drill cores suggest that some

parts of the Bluesky Formation will likely have much higher permeability than those

areas not fractured. The author will attempt to test the relationship between the direction

of the fractures and the direction of highest permeability values. Is there a relationship

between high permeability and high porosity values, and can high porosity and

permeability zones be mapped? Does the depositional environment have the only role in

controlling the porosity and permeability values, or has burial and diagenesis played the

most important role in modifying the reservoirs we see today? Has "A" been more
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Figure 4.0 b. Type log for Bluesky log signature "B". For a description of the suite of logs refer to
diagram 3.1 with the exception of the second track on the left side of the diagram. This track contains from
left to right, a bulk density correction, a photo electric factor curve, a neutron porosity curve, and a density
porosity curve. The inverted triangle in the centre track indicates a drill stem test (DST) has been
performed on the formation. (Logs modified from Accumap).
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histogram splits data into bins based on the frequency with which values occur in a data

set.

Figure 5.1 is a histogram of K max for all of the data collected. The shape of the

histogram is multi-modal and non-symmetric. The centre of the data set is approximately

at 1.0 mD. There appears to be both high and low outliers. The values to the high and

low end of the plot may be associated with fracturing in the formation. The figure shows

that the majority of the data fall between 0.1 and 10 millidarcies. The data beyond these

points are interesting because they represent the most and least favorable conditions from

a reservoir standpoint. The thin section analysis to follow (Chapter 6.0) sheds some light

on the reason for the high and low tails of the histogram.
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Figure 5.1. Histogram of all the maximum permeability values from the data set.
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Figure 5.2 shows a histogram of porosity for all data collected. The shape of the

data set is bi to multi-modal and non-symmetric. The centre is approximately 0.095, the

majority of the data fall between 5 and 12 % porosity. There appears to be some high

outliers that may be associated with coarser grain sizes and less cemented parts of the

formation or possibly with fractures. The low end values may be associated with finer

grain sizes or more cemented areas.
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Figure 5.2. Histogram of all the maximum porosity values from the data set.
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All the samples have some features in common. Quartz overgrowths are common

to all samples and are a common feature of sandstones that have undergone strong

compaction. As the quartz grains are pressured, silica begins to go into solution (pressure

solution). The silica is then transported in the waters that percolate through the rock.

Once the silica reaches an area of lower pressure, the silica precipitates out of the water

and begins to grow new crystal faces onto existing quartz crystals. This most commonly

occurs in the open pore space found in sandstone (Hutcheon, 1990). However, numerous

other sources of silica (e.g., dissolution of siliceous fossils and chert) may have also

contributed silica.

The formation of stylolites is also a result of pressure solution but appears to have

been primarily from the dissolution of lithic clasts. As the lithic grains begin to go into

solution, some of the insoluble materials combine, forming lines of dark material that

constitute stylolites (Hutcheon, 1990). As the grain boundaries begin to dissolve, the

rock compacts, squeezing off the open pore space and reducing the porosity of the rock.

Dissolution of less resistant lithic grains have in some cases created secondary

porosity. Cementation and overgrowths seem in many cases to have offset any secondary

porosity that may have been created from this process.

The early stages of grain dissolution and stylolite formation can be found in the

samples. The suturing and dissolution of grain boundaries to create jagged, irregular

edges are symptomatic of compaction in sandstone (Hutcheon, 1990). The driving force

behind the formation of the diagenetic features presented thus far is compaction of the

rock. This removes grains that contain soluble elements and concentrates the elements

that are less soluble (stylolites). Figure 6.13 shows the effect burial depth and
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compaction has on a sandstone reservoir. As burial depth increases, the porosity declines

in a linear trend. As depth approaches 4 km, the reservoir may still have up to 10 %

porosity remaining. This may indicate that something other than burial depth and

compaction has the greatest control on reducing porosity.
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Figure 6.13. A plot of change in porosity (%) with burial depth (km). (Modified from Schmidt and
McDonald, 1979a).
The samples in this study have been subjected to burial depths of at least 1900 m and it

can be assumed they have undergone diagenetic processes associated with at least that

depth of burial and degree of pressure and associated compaction.

The authigenic clay in the Bluesky samples reduces the primary porosity that

would have existed at the time of deposition of the sediment. The clays are transported to

the pore space by waters rich in dissolved material. The water contains elements for the

formation of the glauconite and kaolinite, the two main types of clay mineral seen in the

thin section samples. The water and dissolved materials may come from a variety of

sources such as connate saline water (seawater), percolating groundwater, or transfer of
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pore waters from shale to sandstone (Hutcheon, 1990). The presence of glauconite in

sample SDWC 3 is the controlling factor in the low porosity of the thin section.

Glauconite seems to fill pore throats nearly completely, where present (Fig. 6.8). In this

section, grains appear isolated, i.e., glauconite formed prior to much compaction or

cementation of the rock. This may suggest that glauconite formed early, during

deposition on the sea floor. Kaolinite is present in the majority of the samples but is

rarely abundant and does not act as the primary pore reducing clay in the sample.

Kaolinite fills pore throats that have quartz overgrowths projecting into them (Fig. 6.6).

From this, it appears that the quartz overgrowths predate the kaolinite placement.

The cements commonly found in the samples are carbonate cements. Both iron

dolomite and iron calcite are common in the samples but the iron calcite is usually found

only in trace amounts whereas the iron dolomite forms the main cement in samples

SDWC 7, SDWC 8. It is present in smaller amounts in nearly all of the other samples.

Iron calcite and iron dolomite cement begin as waters rich in dissolved Fe, Mg, and Ca.

As the water moves through the rock, carbonate cement containing iron is precipitated in

open pore spaces. As the cement forms, it begins to close off the primary porosity

(Prothero and Schwab, 1996). Figure 6.3 shows iron dolomite replacing a dissolved lithic

grain. At least in this case, dolomite cement post-dated dissolution. This indicates that

there may have been several stages of cementation.

The timing of formation of the cements may be summarized by the stages present

in sample SDWC 11 (Fig. 6.7). The following are the proposed stages of cementation of

the Bluesky Formation in the study area. The first stage was the development of iron

dolomite which would have cemented the sands early in the diagenetic process, leaving
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"A" log signature tend to have a lower correlation coefficient than the Bluesky "B" log

signature, however they both appear to be good reservoir regardless of the sedimentary

features present. Comparison of the "A" (Fig. 7.1) and "B" (Fig. 7.2) cross plots show

the relationship between porosity and permeability for signatures "A" and "B".

Log Signature A Kmax vs Phi for Sampled Wells
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Figure 7.1. Cross plot of Kmax vs porosity for all of the sampled wells with the log signature "A" sand
body.
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Log Signature B Kmax vs Phi for Sampled Wells
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Figure 7.2. Cross plot of Kmax vs porosity for all of the sampled wells with the log signature "B" sand
body.

The data for the sampled wells have also been cross plotted and show the same trend as

the plots for the whole data set (Figs. 7.3, 7.4, 7.5). The sampled wells have data points

that allow a comparison of permeability and porosity values from the HUB database with

cores and thin sections.

The "A" signature sands have high permeability and porosity and contain planar

bedding, cross bedding, and may contain cryptic bioturbation. Mud and organic laminae

have a dramatic effect on vertical permeability (K vert). In areas where there is moderate

lamination, the vertical permeability is often less than 50% of the K max and K 90

values.

I l l






















