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ABSTRACT

The Viking Formation in the Crystal field contains a linear sandstone-
conglomerate deposit which attains thicknesses of 30 m and is aligned in a north-south
direction. The thickness and alignment trends of this reservoir 'sand' body contrast
sharply with other established Viking sandstone reservoirs, which are generally much
thinner and oriented more in a northwest-southeast direction. Another contrasting
feature of Crystal compared to other Viking oil fields, is that the producing reservoir
consists of two distinet, hydrodynamically-separated oil pools ("A' and 'H' pool). The
Crystal Viking 'A' pool contains ninety-six per cent of the estimated recoverable

3, with the 'H' pool being situated higher stratigraphically, and

reserves of 5.8 x 10%m
partially overlapping the main producing zone on the western side.

Two major facies constitute the Viking Formation at Crystal, channel and
estuary-bay fill. The combined association of the two facies represents an estuarine
tidal channel-bay complex. Detailed log and core correlations indicate that: 1) the
estuarine channel-bay complex is unconformable with underlying and adjacent innner
shelf-lower shoreface deposits of the regional Viking facies and; 2) the linear reservoir
sand body consists of four depositional units; the lower three units are representative
of successsive and partially-superimposed channel-fill stages (A, B, C), and the
uppermost unit (H) is a shallow channel-bar deposit representative of the final episode
of estuary bay-fill deposition. The multistage channel depositional events are
interpreted to be the record of progressive estuarine valley fill under conditions of
rising sea level, with each channel depositional stage corresponding to a stillstand
during an overall transgressive period. Each channel stage modified the estuary on the
eastern side while subtidal estuary-fill muddy deposits accumulated as facies
equivalents to the channel-fill deposits, on the western side. The superimposed
channel-fill deposits (A, B, C), constitute the bulk of the reservoir and form the

Crystal Viking 'A' pool, whereas the shallow channel-bar deposits (H) constitute the

much smaller producing zone of the Crystal Viking 'H' pool.




The occurrence of two separate pools, and the variability in reservoir capacity,
continuity and performance trends of the 'A' pool, are controlled directly by
depositional factors. The depositional model of progressive estuarine valley fill under
transgressive conditions readily explains the presence of the 'H' pool as a discrete
reservoir separated from the main oil-bearing 'A' zone pool. The highly productive
wells of the 'A' pool correspond to specific channel stage deposits, or are situated in
the areas where channel deposits of successive stages are highly superimposed. In
contrast, marginally productive wells and poor reservoir communication between
producing wells, occur in the areas where the different channel-stage deposits are
shown to diverge. Given the observed relationship between depositional trends and
overall reservoir behavior, it is apparent that facies distribution and channel-stage
geometries must be considered during both the planning and evaluation phases of any

secondary recovery scheme.
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INTRODUCTION
Study area

The Cystal Viking Field is situated in Tps. 45 and 46, Rgs. 3 and 4W5, some
25 km north and 80 km west, of the Gilby-Bentley and Joarcam Viking oil-producing
trends respectively (Fig. 1). The Crystal field is the most recent significant Viking oil
find, having been discovered in the fall of 1978. The original discovery well
(6-7-46-3W5) encountered a thick, but apparently low-porosity sand interval which
was not tested or cored, but thought to be gas-bearing as other previqus wells in the
area. The 6-7 well was cased for later completion as a gas well. In early 1979 a
subsequent well (3-8-46-3W5), situated on the eastern side of the present field
(Fig. 2), yielded 400 m of oil on drill-stem testing, and was completed as an oil well.
This prompted a second 'look' at the 6-7 well, and it was subsequently completed, also
as a producing oil well. The next well to be drilled was in 1981 at location
13-5-46-3W5, on the eastern limit of the present field. This well also yielded oil, and
development drilling began in earnest in 1981. The result is a fairly substantial
producing field with estimated recoverable reserves totalling 5.8 x 106m? from two
separate pools, 'A' and 'H' pool (Fig. 2). Ninety-six percent of these recoverable
reserves are contained within the 'A' pool.

The Crystal field is rather unique compared to older established Viking oil fields
such as Joffre, Gilby-Bentley and Provost (Love, 1955, 1960; Koldijk, 1976; Lerand and
Thompson, 1976; Alho et al., 1977), in that the reservoir sand body is over 30 m thick
and elongated in a north-south direction (Fig. 3). The other Viking oil fields are
elongated either northwest-southeast or west northwest-east southeast and cover
much larger areas, with reservoir zones being in the order of 5 m thick, or less.

Another unique feature of Crystal relative to other Viking oil-bearing fields is
the occurrence of two separate oil pools, each with their own gas cap, situated

adjacent to, and partially overlapping one another (figs. 4, 5). Gas of the 'H' pool is
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Figure 1. Location of the Crystal Field relative to other Viking oil fields in south-

central Alberta.
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situated structurally lower than oil of the 'A' pool, and this is an unusual situation in

sandstone stratigraphic traps of this type.

Objectives

The objectives of this study were as follows: 1) to develop a sedimentological
model of the facies geometry and depositional environment of the Crystal Viking
Formation through detailed microfacies sequence identification and correlation and,
2) to evaluate this model with respeet to depositional controls on continuity, and
internal geometry of the producing reservoir zone. A further objective presently being
considered in concert with Westcoast Petroleum Ltd., is the utilization of this facies
mapping study for assessing the primary recovery trends of the producing reservoir,
and for evaluating any secondary recovery schemes presently being planned or in

progress.

Method and data base

An extensive, high-quality, log and core data-base exists on the Crystal Viking
field. This is due both to the recent discovery and development, and the unique
reservoir complexities, of Crystal relative to other Viking oil fields. Cores are
available from almost all of the wells within the field, along with corresponding
conventional core-analysis data (@, K, Sw, Sor). A suite of high-quality geophysical
logs (sonic, density, electrical) is also available for all wells.

Core and mechanical logs from 140 wells were utilized during the course of this
study. In this type of geological study it is necessary to examine well data adjacent to
the Crystal pool boundaries, as well as within them. Some 110 of these wells lie within
either the 'A' or 'H' pool boundaries.

A total of 74 well cores were described in detail in litholog format (Appendix I),
enabling the graphic delineation of vertical facies sequences and depositional stages.

The facies sequences in cores were compared with the mechanical logs and with
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conventional core analysis data, thus facilitating the identification and correlation of
specific facies throughout the field.

The log stratigraphic cross-sections, and various facies maps were constructed
using a combination of mechanical logs, core lithologs, and porosity-permeability core
analyses. All types of mechanical logs were utilized for determining the position of
important marker beds, and facies unit thicknesses.

Log stratigraphic cross-sections, designated A-A' to G'-G", are included as
enclosures to this report, with the cross-section localities indicateq on Figure 6.
Detailed gamma-ray cross-section mosaics of the north and south parts of the field,
are also included in the enclosures, with the mosaic section localities depicted in
Figure 14. All of the maps occur in page-size format within the text, and in

undraughted large scale format as separate enclosures.

FACIES ANALYSIS

The Viking Formation in the Crystal area can be grouped into three major facies
based upon interpretation of lithofacies sequences in cores: 1) Regional facies,
2) Channel facies and, 3) Estuary bay-fill facies. The term "regional facies" refers to
the lithofacies sequence that characterizes the Viking Formation in the areas
surrounding the Crystal field. Numerous studies indicate that the Viking Formation
exhibits a relatively uniform facies sequence throughout many parts of south-central
and central Alberta (Reinson et al, 1983; Reinson, 1984; Reinson and Foscolos,
in press; Beaumont, 1984), including the region adjacent to the Crystal field. It is
necessary to delineate what constitutes this 'normal' regional sequence in order to

interpret the 'abnormal' Viking sequences that occur within the Crystal field.

Regional facies
The core illustrated in Figure 7, situated on the eastern margin of the Crystal
field, is characteristic of the lithological sequence encountered in the Viking

Formation throughout central and south-central Alberta. For the most part, the
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regional Viking deposits consist of a series of coarsening-upward, bioturbated sandy
mudstone to bioturbated muddy sandstone sequences. The bioturbated sandy
mudstones are interpreted to represent offshore-transitional deposits, while the
bioturbated muddy sandstones represent lower shoreface deposits resulting from
progradation of the shoreface sediment wedge. Almost the entire formation is made
up of four or five of these cyclic sequences, with the uppermost sequence often being
capped by a 'clean', fine-grained shoreface bar sandstone lithofacies such as in the
13-5 well (Figure 7). The shoreface bar sandstone forms a marginal oil and/or gas
reservoir at many isolated localities throughout the region. A fourth lithofacies,
laminated to bioturbated sandstone-mudstone, though not present in all cored
sequences, is a variant of the bioturbated muddy sandstone lithofacies (i.e:
8-7-46-3W5, Appendix I). Where present, it overlies and interbeds with bioturbated
muddy sandstones, and represents the gradational interval between the bioturbated
muddy sandstones and succeeding 'clean' bar sandstone deposits.

The cyclic coarsening-upward sequences of the regional Viking deposits impart a
distinct log signature with the top of each cycle being expressed by a pronounced 'kick'
on the gamma-ray log (Fig. 7). These kicks provide extremely useful markers for log-
correlation purposes (i.e. see log cross-sections, marker B). Present within the
regional Viking sequence are two bentonite layers, less than 1 em thick, which give a
characteristic 'double kick' on the gamma-ray log (Fig. 7). This kick was also used as a
correlative marker and is designated 'bentonite marker' on the correlative cross-
sections. A third correlative log marker, termed 'marker A' on the cross-sections,

corresponds to another thin bentonite layer situated near the base of the formation,

Estuarine channel facies
Based on detailed examination of cores throughout the field, the Crystal sand
body is interpreted as a multistage estuarine channel-fill deposit. The deposit consists

of several channel-associated lithofacies ineluding conglomerate, conglomeratic
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sandstone, interbedded sandstone-conglomerate, fine- to medium-grained sandstone,
fine-grained shaly sandstone, and partially bioturbated shaly sandstone (figs. 8-11).
The variation in sand lithologies reflects different channel subfacies corresponding to
the various subenvironments within the overall channel complex. Fine-grained shaly
sandstones and partially bioturbated shaly sandstones are indicative of subtidal bar and
bar-margin deposition along the laterally accreting or convex side of the channel
complex. The principal reservoir-grade lithofacies, conglomerate, conglomeratic
sandstone, and fine- to medium-grained sandstone, reflect deposition proximal to the
axis, or on the scouring or concave margin, of the channel complex. The thick
conglomerate lithofacies sequences are restricted to two localized areas (Fig. 12),
with the bulk of the reservoir body being comprised of channel sandstone subfacies.

The channel origin of the sand body, as interpreted from cores, is corroborated
by well-log correlations as illustrated in Figure 13. The distinctive marker horizons of
the regional Viking facies sequence situated on the eastern margin of the field, are
successively truncated as the sand body thickens to the west.

The correlation in Figure 13 would suggest a simple channel situation with
progressively deeper channel incisement into older regional facies as the channel axis
is approached. The variation in vertical facies successions from one core locality to
another however, clearly indicates that the Crystal deposit is far more complex than
that which could result from downcutting and in-fill by a single channel phase. This
complexity is emphasized by the well cores illustrated in figures 8 and 9 which are
located less than 0.5 km apart, yet contain completely contrasting vertical lithofacies
successions.

At least three major superimposed channel-fill stages are recognizable in several
cored sequences situated in the centre of the field (figs. 8, 9), whereas on the east and
northeast sides only a single channel-fill event is evident (Fig. 10). In the southern

part of the field, thick sandstone successions lacking conglomerate intervals, display
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Figure 13. GR log-lithology cross-section from the eastern margin to the centre of
the field, showing the unconformable relationship between the Crystal deposit and
regional Viking facies. (Datum: Base of fish scales minus 30 m).
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marginal-marine, subtidal channel affinities, but differentiation into discrete channel
stages is difficult on the basis of core examination alone. Further variations in
vertical facies succession occur on the western flanks of the sand body where the
channel facies is characterize‘d by sharply-based, fining-upward, progressively more
shaly channel sandstone sequences, or by discrete shaly sandstones of the subtidal
accreting channel margin interbedded with thick 'muddy' sequences of the estuary bay-

fill facies, discussed in the next section.

Estuary bay-fill facies

This facies can be categorized into two broad groups, a lower estuarine 'muddy’
subfacies and an upper shallow channel-bar sandstone subfacies. Subtidal estuarine
'muddy' deposits do not form any part of the reservoir body, whereas sandstones of the
shallow channel-bar complex constitute the producing reservoir of the 'H' pool.

The muddy subfacies is characterized by thick units consisting of alternating,
laminated to thin-bedded shale and sandstone (figs. 10, 11), which are often
interbedded with bioturbated muddy sandstones similar to those occurring in the
regional facies (Fig. 7). The estuarine 'muddy' subfacies, however, differs from the
muddy sequences of the regional facies in both bedding aspect and trace-fossil
assemblages. The difference between the two muddy facies is also clearly evident on
gamma-ray well-log signatures (see cross-sections C-C', D-D', E—E;, F-F'). Log
signatures of the estuarine 'muddy' subfacies display an irregular, disordered deflection
to the right, whereas the log signature of the regional facies displays a more ordered
curve consisting of stacked funnel-shaped segments (Fig. 7).

The shallow channel-bar complex subfacies consists primarily of carbonaceous
fine- to medium-grained sandstone, with root structures evident near the top of the
subfacies in some cored sequences. This subfacies is sharply-based, displaying channel
aspects at some localities, but in other areas only bar sandstones are present, often

occurring in interbedding association with the estuarine muddy subfacies (Fig. 9).
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The estuary bay-fill facies is present only on the western side of the Crystal
field. Cored sequences in this region indicate that vertical successions of this facies
vary substantially as follows. In the northern part of the field the estuary-bay facies
consists only of the estuarine 'muddy' subfacies (Fig. 11). Towards the south
sandstones of the shallow channel-bar subfacies are present, and separated from
underlying channel facies by estuarine muddy subfacies (Fig. 10). Eastward toward the
centre of the field estuarine 'muddy' subfacies thin and interbed with the shallow
channel-bar subfacies (Fig. 9) which in turn becomes superimposed on top of reservoir
channel facies. In the south 'part of the field sandstones of the shallow channel-bar
complex amalgamate with sandstones of the channel facies and are virtually
indistinguishable from the underlying channel sandstones on the basis of core

examination alone.

Upper contact zone facies

Cored sequences through the upper contact of the Viking Formation indicate that
all three major facies successions are overlain by a thin zone containing a similar
sequence of facies (figs. 7-11). A very thin conglomeratic or granular layer invariably
marks the top of each major facies, and this is interpreted to be a ravinement deposit
formed during transgression by the lower Colorado sea. In the Crystal area, the thin
conglomeratic lag is overlain either directly by lower Colorado shales, or by thin beds
of two succeeding lithofacies, interlaminated sandstone-mudstone and coarse-grained
to granular sandstone. The former lithofacies is thought to record deposition during
the transition from shallow-marine to muddy shelf environments. The coarse-grained
to granular sandstone lithofacies, which is trough crossbedded, is interpreted as a

tidally-generated transgressive shelf-sand deposit.

Discussion
Lithofacies interpretations of cored sequences indicates that the Crystal Viking

succession is characteristic of a marginal-marine depositional setting with the
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combined association of facies representing some type of multistage estuarine tidal
channel-bay complex. However, the stratigraphic relationships between the major
facies, and the delineation of the equivalent channel stages within the channel
complex, are not clearly evident from core examination alone. This is because of the
superimposition of multiple channel-fill deposits, the lateral variation in lithofacies
reflecting the various subenvironments within each channel deposit, and the
interbedded association of successive channel-margin deposits with estuarine bay-fill
facies to the west. The three-dimensional relationships of the facies and the
delineation of equivalent channel events must be resolved through detailed correlative
stratigraphy using well-log signatures supplemented by core lithofacies

interpretations.

FACIES GEOMETRY AND DEPOSITIONAL RELATIONSHIPS
Stratigraphic relationships-regional Viking versus Crystal Viking

The log correlative section shown in Figure 13, and discussed previously,
indicates that the eastern side of the Crystal Viking deposit is unconformable with
underlying regional Viking deposits. The unconformable relationship of the Crystal
Viking Channel facies with older regional facies is clearly evident in most cored
sequences and mechanical log cross-sections. The east-west log stratigraphic cross-
sections (B-B' to F-F') illustrate that this unconformity is not just local and due simply
to channelization but more regional in nature, as elaborated upon below.

The lack of marker beds (particularly the bentonite marker) in the estuarine
muddy subfacies, and the difference in gamma-ray log signature of this facies
compared to the regional Viking facies, suggest that the estuary bay-fill facies is also
unconformable with regional facies of the Viking Formation. Log correlations confirm
this, with the bentonite marker, and markers A and B appearing in well-logs situated

west of the Crystal field. The unconformity separates estuarine 'muddy' facies from

regional 'muddy' facies on the western side, and channel facies from regional 'muddy'
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facies on the eastern side (cross-sections C-C' to F-F'). In the centre of the field, the
unconformable surface extends through the entire Viking Formation into the
underlying Joli Fou Formation (cross-section C-C').

To summarize, based on log correlations supplemented by core examination, it
can be demonstrated that: 1) the Crystal Viking deposits are younger than the regional
Viking sequences, 2) estuarine bay-fill facies are laterally equivalent to t-he. channel
facies, and, 3) the estuary bay-fill and channel facies fill some pre-existing valley that
was ineised into older regional Viking deposits. Thus a major unconformity is present

in the Viking Formation in the Crystal area.

Channel stages

A gamma-ray log mosaic of the entire field was constructed in order to delineate
the major channel depositional events within the overall channel complex (Fig. 14).
When the Crystal deposit is examined in this manner, the resolution and correlation of
the channel facies into separate channel stages is possible (Fig. 15). The lateral
relationship of each channel stage to the estuary bay-fill facies also becomes evident.

Four distinct units constitute the Crystal reservoir deposit. These are termed
channel stage 'A', 'B' and 'C', and estuary-fill stage 'H'. Channel stages 'A’, 'B' and 'C'
correspond to three major estuarine channel-fill depositional events, and constitute
the bulk of the reservoir, that is, the Crystal Viking 'A' pool. The sand body delineated
as estuary-fill stage 'H', corresponds to the shallow channel-bar complex subfacies of
the estuary bay-fill facies. It is given the term "stage 'H™ since it forms the reservoir
for the Crystal Viking 'H' pool.

The deposits of the three channel stages exhibit a divergent pattern in the north,
but throughout most of the field the channel-stage deposits are partially superimposed
with a downcutting and scouring relationship clearly visible (Fig. 15, and GR cross-
section mosaies). Southward, deposits of the three channel stages appear to
amalgamate as one sand body, and separate channel stages are barely distinguishable

either on logs or in core.
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An interbedding and gradational relationship is apparent on the western side of
each channel deposit. This side would correspond to the laterally accreting margin of
each channel stage, with the estuary bay-fill facies being the lateral facies equivalents
of the channel sandstone-conglomerate deposits. The eastern side of each channel
stage exhibits a sharp, truncated contact with adjacent facies, which may indicate
that the concave or cutbank side of each channel stage was situated predominantly on
the eastern side.

The regional distribution of the stage 'H' sand body (or shallow channel-bar
complex) relative to the multistage estuarine channel deposits is clearly delineated in
Figure 15. The stage 'H' sand is completely absent in the northern part of the field,
but is present and thickens in a southward direction. As the stage 'H' sand thickens, it
displays some channel characteristics, until it merges with estuarine channel deposits
in the south part of the field, where it is difficult to differentiate from the underlying

sandstone deposits.

DEPOSITIONAL MODEL

The Crystal Viking reservoir body is interpreted as a multistage tidal channel-fill
complex deposited in a marginal-marine (estuarine) setting. The Crystal estuarine
deposits are unconformable with underlying regional deposits of the Viking Formation,
and the depositional model invoked here accounts for this unconformable relationship.

The Crystal Viking deposits are interpreted to have formed under the following
sequence of events.

1. At the end of Joli Fou deposition a regressive stage began which
corresponded to the initiation of Viking deposition. In the Crystal area this resulted in
the deposition of a cyclic sequence of prograding shelf to shoreface sediment wedges,
which have been referred to here as the "regional Viking facies".

2. Terminating this fluctuating but overall regressive event, was a major

regional drop in sea level. This drop in sea level led to erosion and incisement of a




- 26 -

shallow but submarine linear valley into lower shoreface-inner shelf deposits of the
regional Viking facies (Figs. 15, 16).

3. The resulting estuarine valley was then filled during a subsequent rise in sea
level, with each of the channel depositional stages representing stillstands during an
overall, and otherwise, continuously transgressive event. Each channel stage modified
the estuary via erosion on the eastern margin, whereas the channel sand and
conglomerate deposits intertongued laterally with estuary bay-fill sediments on the
western side (figs. 15, 16).

4. The final estuary-fill eposide is represented by the shallow channel-bar
complex of estuary fill 'stage H'. It is possible this complex may be representative of
secondary channel or tidal-deltaic deposits which are genetically related to uppermost
channel stage 'C' deposition.

5. After the estuary filled, deposition may have continued across the area. This
is difficult to ascertain because of an ens.uing rapid transgression of the lower
Colorado sea which eroded the uppermost strata, leaving a thin, conglomeratic lag
deposit across the entire area.

The depositional model proposed here is similar to the model postulated by
Weimer (1983, 1985) for the equivalent Muddy J sandstone in the Denver Basin. In the
Weimer model, however, the depositional setting for the Muddy J is interpreted as
alluvial plain, as opposed to the marginal-marine setting for the Crystal Viking

deposits as postulated here.

DEPOSITIONAL CONTROLS ON RESERVOIR CHARACTERISTICS

The Crystal reservoir sand body has been shown to consist of four major
sandstone-conglomerate units, designated as channel stages 'A', 'B' and 'C' and estuary-
fill stage 'H'. The three-dimensional distributions of each of the units relative to one

another appears to bear directly upon the reservoir continuity and performance trends
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exhibited by the producing field. That is, the in-field variability in net-pay
thicknesses, and performance trends of specific producing wells or groups of wells, and
the occurrence of two hydrodynamically separated oil pools, is a function of the
degree of amalgamation, superimposition and divergence of the four reservoir
depositional units. @ When the deposits of specific channel stages are mapped
separately, the relationships between the facies geometry and reservoir
characteristics is readily apparent. Some of these relationships are elaborated 'upon
below.

1. The most obvious example of depositional control on reservoir characteristics
in the Crystal field, is the Crystal Viking 'H' pool. When mapped as a separate entity
from the total reservoir sand body, the distribution of the shallow channel-bar complex
subfacies (stage 'H' sand) corresponds to the distribution of the 'H' pool (figs. 5, 17).
The line of separation of the stage 'H' sand from channel-stage deposits virtually
marks the lower limit of water-free oil production in the 'H' pool. The divergence of
stage 'H' sands from the main reservoir body by impermeable estuary muddy subfacies
in a northward, or regionally updip direction, created favourable conditions for the
occurrence of a secondary oil-pool that is isolated from the main oil-bearing reservoir.

2. The gross reservoir isopach (Fig. 3) indicates the occurrence of two linear
thickening trends toward the north part of the field. The thickening trend in Tp. 46,
Rg. 4W5 is a reflection of both the stage 'H' reservoir sand, and the channel stage 'A’
deposit which diverges toward the north away from the main channel complex
(Fig. 15). Fine-grained shaly sandstone and partially bioturbated shaly sandstone
lithofacies, both of poor-reservoir quality, comprise the channel stage 'A' deposits in
this area. These lithofacies reflect the intertonguing and "shaling-out" of channel
stage 'A' sands toward the west and northwest margin of the estuarine valley, as sho;/vn
in the cross-section mosaics (see enclosures). Such sands should not be expected to

form part of the 'A' pool reservoir, and it is evident that they do not by the
p
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remarkable correspondence between the isopach of Channel 'B' and 'C' deposits and the
limits of the 'A' pool (figs. 4, 18). Channel stage 'A' deposits, however, do contribute
to the net-pay thickness of the 'A' pool in the central area of the field where they are
extremely thick and partially superimposed by deposits of channel stages 'B' and 'C'.

3. The deposits of highest-reservoir quality appear to be those of channel stage
'C', both in core and on logs. When the channel stage 'C' deposit is isopached
separately from the other units (Fig. 19), there is a definite correspondence between
the distribution of the stage 'C' deposit, and the "sweet-zone" of the reservoir
(Fig. 20). Thus, of the four distinet reservoir units, stage 'C' should be expected to
have the highest productive capability.

4. Maximum reservoir continuity trends between producing wells of the 'A’ pool
should be aligned north-south, corresponding to the alignment of specific channel-
stage deposits. Conversely, permeability barriers might be expected to occur between
wells oriented in an east-west direction from each other. For example, in section 4-4'
and 5-5' of the cross-section mosaie of North Crystal, the 16-13, 14-18, 8-13 and 5-18
wells penetrate shaly sandstone lithofacies or more shaly-upward (fining-upward)
sequences situated at the accreting margins of channel stage 'B'. These wells
penetrate poor-quality reservoir sands, in contrast to the 16-18 and 8-16 wells, which
contain porous channel bar or axial channel facies of stage 'C'. Poor reservoir
communication between the two sets of wells should be anticipated. Preliminary
results from a water-injection well situated in the stage 'B' marginal channel deposits
in section 18 confirm this. Wells situated in marginal channel facies of stage 'B'
immediately flooded-out, while there was no response to the injection in the producing
wells to the east which penetrate porous channel stage 'C' deposits.

It is obvious from the above examples that depositional controls on facies
distributions and reservoir geometry govern, in large part, the reservoir continuity and

performance trends of the Crystal Viking field. Thus, it is apparent that facies
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distributional trends and channel stage geometn;‘gs should be taken into account during

both the planning and evaluation phases of any secondary waterflood scheme.

SUMMARY AND CONCLUSIONS

1. The Viking Formation in the Crystal field is comprised of a linear, north-
south trending, sandstone-conglomerate deposit ranging up to 30 m thick. This
contrasts sharply with other producing Viking fields in south-central Alberta, which
are generally elongated in northwest-southeast to north northwest-south southeast
directions and have reservoir zones in the order of 2 to 10 m thick.

2. The Viking facies sequence situated at the margins of the Crystal field is
typical of the regional Viking facies succession, which is characterized by a series of
stacked, coarsening-upward sequences consisting of bioturbated sandy mudstone to
bioturbated muddy sandstone. These stacked sequences are interpreted to represent
cyclic progradation of the lower shoreface sediment wedge, with the sporadie
occurrence of 'clean' sandstone at the top of the cyclic sequence being indicative of
shoreface bar development.

3. Facies sequences within the Crystal field differ markedly from the regional
Viking facies succession. Detailed core examination indicates that the Crystal
deposits consist of two major facies, channel and estuary bay-fill, with the combined
association of facies representing an estuarine tidal channel-bay complex. Multiple
superimposed channel-fill deposits comprise the linear reservoir sand body, which is
unconformable with underlying and adjacent regional Viking facies.

4. Log stratigraphic correlations clearly indicate that not only is the channel
facies unconformable with underlying regional facies, but that estuary bay-fill facies
and channel facies are lateral equivalents. Further, both facies fill some pre-existing
valley that was incised into older regional Viking deposits. Thus a major unconformity

occurs within the Viking Formation in the Crystal area.
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5. Detailed 'in-field' correlations indicate that the reservoir sand body is
comprised of four depositional units, corresponding to three successive and partially-
superimposed channel-fill stages (A, B and C) and a final estuary-fill stage (H).
Deposits of channel stages 'A', 'B' and 'C' constitute the bulk of the reservoir and form
the Crystal Viking 'A' pool. The stage 'H' sand is the uppermost unit of the estuary
bay-fill facies and forms the reservoir for the Crystal Viking 'H' pool.

6. The multistage channel depositional events are thought to be a record of
progressive estuarine valley fill under conditions of rising sea level, with each channel
depositional stage representing a stillstand during an overall transgressive event. Each
channel stage modified the estuary on the eastern side while subtidal estuary bay-fill
deposits accumulated, as facies equivalents to the channel-fill deposits, on the western
side. The final estuary-fill episode is recorded in the form of shallow channel-
intertidal bar deposits represented by the reservoir sandstones of the 'H' pool.

7. The occurrence of two separate pools ("A' and 'H' pools), and the variability in
reservoir capacity, continuity and performance trends of the 'A' pool, can be shown to
be directly controlled by depositional factors. The proposed depositional model readily
accounts for the occurrence of the 'H' pool as a discrete reservoir separated from the
main oil-bearing 'A' zone pool. The highly productive wells of the 'A' pool correspond
to specific channel stage deposits, or are situated in the areas where channel deposits
of successive stages are highly superimposed. In contrast, marginally productive wells
and poor reservoir communication between producing wells, occur where the different
channel-stage deposits are shown to diverge.

8. Since the facies distributional trends and channel stage geometries can be
demonstrated to account for specific continuity and performance trends exhibited to
date by the producing field, it is obvious that such depositional controls must be taken
into account during both the planning and evaluation phases of any secondary recovery

scheme.
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APPENDIX I

Core Lithologs
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APPENDIX II

Depth plots of core-analysis data
from selected well cores



WELL NAME DQC‘!/f‘Y et af Cfrxsfq/ lﬁ”&,‘.ng/‘er}w/eé‘!'ad’j

(Ree 18,0 )
LOCATION _/4-20-45-3 w5 CORE INTERVAL 17¢3.25- 791, 25
o T |23 and a5
w b oz GRAIN SIZE | w5 FACIES
- . - 7,
Do wid R 2
W-q w3|©] 201510 5 ><Egsoa =
1 1! mud Jjirii)l 2]
1763 -
- = - O .5, o
=
[~ d — —
v/
1766 = n
PN —
=
—1769 == -
—V— —
» ;;— -
-~ /// —
= “.5. -
i SEEs = 5
L1775 pctpantd N
- 177% e - B
= e
> e e S — == — == -
~17%1 1 - -
- B 5
= = -
— ol
-
— — =
Y I [ Llid ray i




* §0d FHOD
| o 2" b g 8
Lo : 4 2221
|
_
!
|
w
!
W . “
| o
i ~ 3
_ ! o
: —
. T
i
| m
L M m
_ | |
| |
| |
_M |
m L : ! 4 09¢1 |
| GME-Gb-B2- b1 |
L ~ i




VwrCLi

NAVIC

WeS/ cogs/ e/ _al

LOCATION £-3/-95-3 w5

trysse/ |7 olse

CORE INTERVAL

/a 4

17901722 (Rec T.0~)
- 2 N-Z.]

METRES
FEET

OIL STAIN

NT

CEME

POROSITY

201510 5
P O

LITHOLOGY
and
GRAIN SIZE

- .0
>s—Eusoa

mud _j 1))

FACIES

SED
STRUCTURES

15
N
2
Q

|

—1%11

Ve st et
e 1 e .
« %o o o v
. . ., ®
.. o ® .
o e, .
. . s
e e e
e . PN

. e " ey
MR ese o
. o a0 %%

DN S
o STt T
ot ., 3

. e
e ee el et
sect ®s, .«

. . .
0% % o° 20, .
. . . .
PR T

. o e o e
. . ® . .

« e o M
L . -

.« o PR ]
R ] . .

. - Lo, .
e L.

LI IR

. o

e 5
.
Yt e e L
. e
. ot e
et e T
. L
N RS S
-

T % .ot
te e =T,

B . *

. . .

. o ® HIE

. " L
> LIS
0% s T e e, e
LY .«
e e *% s e s

. ® .. .
PA A ]
P. oo o

o 5T .
= e, "
. v, . -

. 2% % . 3

e .
Lt f S e

. e o
. . -
L, e, e "

. . .

- -
AL
.. . .
.
et el

. P
e s st msT.

e * e e o
. .

. - T ~

.. e
. -:- s "Lts

.. .
. s
o % e e Ve

. . .

oo’ PN *
aets o :

. .-
. My
. oo . b3

.. ., ®
. - o

e Fra
RS R
T .o, "
LK 2 e
7
5 .
e .

. ..
. e
" -

e |: - X Rl

. g
e et ot PEEPS
. .- .

. o
S . .

R et e,
RN . v
b -

I\
0

gg

boom ity Pyl Vg

b o e hee e o S - e — —

S

R

—
| —
—
—
—
o
-
e
-_—
'
—
— -
—
—
e
—
—
—
— -
f—




d0d 330D

S T

GMb-GSv-TE-2

e’ b° 9 8°

6181

2081

H1ld3a

d0d 303

o 2" b° 9° 8-
J
’

GMb-Cb-T1E-2

2081

S821

Hid3d




ywibkbk

NANVIC

Wwesr coed7

27 @/

Crysral (lcem oligmetes 'uai&ééé@ll,)

17921910 (fec 1 725
ALOCATION [2-3/ -45-3w5 CORE INTERVAL 72 ¥aes 722
Z|i-| POROSITY| LITHOLOGY i
o T | E and a2
w bk oz GRAIN SIZE | w FACIES
= wl : ~jud - ° <. L |
W 5 wslol 201510 5 S<Eg>oa =
(O [ mud ) ) 11111 n .
1792 e | I
z ) = |
L ] ] -
f— — !
=1 |
— 1795 = - 4
g =-o -
— -.~ —
— '6.' '..'6 e WW L
_,7qg Aggsi.rc B —1
i 2, i
s X | S
Z
-1v¢ AZV — _
|
Z |
N o= =
< =
%04 = -
N = -
i 7// Y. B
1807 = —
— Ail —
- = -
X~
— %10 ~~~a Sk —
’ ﬁ % -
= = -
" =. ]
L
-1%13 2= -
= A& |
b— —
1614 -
_ _ _
— 1919 B

S g




d0d 3J800
2 b g 8
gy . 6281
m
. e 2181

CMb-Gb-1E-21

Hld3d

d0d 3J30D
b° 9°

.

R N T

- 1

218l

S6¢1

CMP-Gb—-TE-2I

Hld30




WELL NAME

“‘)l'@:t(‘o

el e/

<

LOCATION _/4-24 - 95 -4w5

Cpry37Q@7 | 1Y€ m -
r'd

CORE INTERVAL

ar/iely Sivesogel )

1785.5-17%¢

o=/ K
Lrre o e

zli-[porosiTy | LITHOLOGY & a
r |= an a3 a
@ = ] GRAIN SIZE | u 5 FACIES Kunx Qi
oy wld|W Toclaa 2 <
‘;Q&oo 2(0151[05L i IIL”'!T 5 /:o :o 'l (V)]
1795 F
| 74 —
L) 795 —7°
§ A
2 —7¢
—/79) i
i — 7P|
) 794 B
.
_ -
—7E.
1797 8
_IQQO =
i _ f =7 F
L 03 B
j— —l B h
B -
g —76
- ) S04 B
L 7H
) _
AL f 7L
~ i | ] HEREEEE




e e s e

|
|
|
|

[E.{r._t r.: C‘h:. r__:.r_r:_ Trzt 2081

100°10° 1° 1 Ol 00100000QIAO00 1

ﬂ:::ﬂ_.:q ]Sﬁ.isqﬂﬁa.ﬂiiﬂj:ﬂ.} 6181

|

CMPb-Cp-H2—-91

I A

e T SRR

- T 208l

72

St e e ——— o]




100°10° 1°

j.:ﬂ| 1—.% jﬂ.—

1 01 0010003000001

.ﬁ::)ﬁ:a..ﬁq:ﬂ!ﬂj_ co8l

i
”‘
|
Nﬁ.
P
S
_"w
mw
o
|
A R
A
S A

b s b ] gy g
CMb—Gb—b2—91

 —— e |
|
| o 2" b° 9°* 8"
P — e pee g - ————y 6181
.
|
|
M i
|
|
!
|
!
.
. L b 4 2081




vwCLL

NAVIE /’G?‘V"cCan

I"Iurph,y L,-y s re/

LOCATION /4-36- 25— w5

CORE INTERVAL@z3-121/; 179/ -1%2

wn
Z|~|POROSITY| LITHOLOGY g
n I ﬁ 5 and Q' S
w = g GRAIN SIZE | w b FACIES
= & olalw . ... | 92
w 5 wig|o] 2015105 ><Edsaa =
- L4t | | omud y )0 ®
—1779- =
- /A
" ==
==://
-1 7%C =
AAA
o =
1783 _
; Z=
—17%6
~17%9
a p
1792 i,
3 Lised
L1795
."'- - v.s.
= /7?3 g\l '._: H .':'.
< )
— :—'3—5—-.‘--"
.:‘:‘::,‘&:.’-: l-sd'
N N | Pt




DEPTH

o Tt T

14—-36-45—-4W>

1770 . e

]
1787 L e e
.8 .6 .4
CORE POR

——

DEPTH

14-36-45-4N5

1787 p- o 4

1804 R
.8 .6 .4

CORE POR




WELL NAME _Westcoas? et al Cryste/ [1oen iameier; portioly slebbeot

LOCATION 2:7-#¢-3 1’5 CORE INTERVAL 1734-/752 [gec /%
z|—|pPorosiTY| LITHOLOGY 0
o T |Z|Z and a5
ulr oz GRAIN SIZE | w § FACIES
oW < 6. 92 /(/’”“{)
uil (=] &O Q1201510 5 swEusoa E
| (N L mud 111 w0 /(°° I,o |‘
L—I73+ [ —
- _.._-—:‘—-:: B E
[ .
F g == L
1737 1 i
L 9 = -
L/ 74¢ ]
B -
— 743 |
i -
/746 ]
N -
— |74 i
- -
— 1752 |
L— —
}-_ |—
B L
B —
S i
[— | R N S EENED -




e e e o o




Lrvysra/ | Bem

SKY et al
7

WELL NAME _Blue

fﬂ~bggrfhb@ Sﬁlégaﬂg
CORE INTERVAL /(7/:/(?(2(/(’“_ & m Z

LOCATION_/4-7-4¢6-3 w5

/60

7¥&umm7y
md
/0

FACIES

N.S.

"
z

S3HNLONYLS
‘a3s

)

4

)

W g

mass.ve

\

/

R

R

R

1
T
|
_
|

2

Lo,
>ewBusoa
O T O

LITHOLOGY
and
GRAIN SIZE

mud

L Ll

POROSITY
L]
|

IN3IN3ID

NIV1S 10

1334

H1d34

S3IHLI3IN




100°10° 1 1 O1 001000000001

ol i

2
—

RANAVAAVAVER W

FEEEEEFMWEFEEF

GME-3P—-2-P1

BOZ1

1691

8041

1691




WELL INAIVIC _WssTcoas? e7 «f Lr/v’fq/(/Og_._g{L'g_nﬁr_;_x‘ns/obée{)
1762 -1705 (Rec 3.0~

LOCATION 2-/8-4¢6-3uW/5 CORE INTERVAL 17e5-1721.5 (e Ji.5m

Z|—| POROSITY LITHOLOGY g
- = < 5 and )
N F GRAIN SIZE | i § FACIES
- Jlw < . v, D
w W BI=16] 201510 5 SCEdaoa T
= Q.o L1l 1 1§ mud vy 10000 %
—) 702 —
1705 =
1709 -
1711 |
1714 |

b
» i -
§I

=1717 S -
—172¢2 =
—1723 -
- ) = —_—
= 7 - -
B L NENEERES B




ﬁ dO0d 3803 |

i
1 g 8°

H1ld3d

i U SRV IUDUIUUNISH SR A* 2021

2I-GME-9b-81-¢

e C

hooanmmstm <o« . e ——— - W amirm s e e mne  mee e seBe e —s e e sehe e imes e -




WELL NAME _iesrcoes? e? af Cylyijlllacn '(;.,“‘{"'.,’.,’(’-g/’/’ 5/94.46/’)

LOCATION /é-/5-96-3uw2 CORE INTERVAL 1724-/7¢7 [gec /%

Z|~| POROSITY LITHOLOGY o
w T f_t E and = %
w b |02 GRAIN SIZE | w 5 FACIES

- . ! 5
bW B8] 201510 5 Togiled| B
De=-CU>
200 mud [T & 00 /o ]
] i SRR |
[ )72¢ B
/7 2 it
B N -
3 -
i -
/735 u
B u
~)73% ¥ d
)74 e 1
~ 1744 == |
~ u
}— —J |
L —
B i =
L- —
Y Y T | 10 160 o 0 I O




- v —

d0d 3F:0D

e

A H

T

Evel

9221

GME-3$-81-91

NOI1lUHAJ3SHO




WELL NAME _Wesrcoesr 0T L Ck’ysfq/

LOCATION _8-/7-46-F w5 CORE INTERVAL (729 -/7%7
z||porosiTY| LITHOLOGY w0
w T || and g & (My
w b o3 GRAIN SIZE | w 5 FACIES '
G“‘Eﬁs 201510 5 Togiled -
2 Qo Ll mud g o r0 1ol
] 1 L
| 729 .
1732 ~
1735 -
- 173% E
— —
) 74/ |
— ] —
-1 744 -
— | —
—1747 —
n ) i .
|
- J |
A F cEdq I I |




!
_ i
I00°1I0° 1T° 1 O 0010003000001 __ 0 2 b 9 8 Q.
o aiﬂqlnyaiaiqaj Shel e L 11 |
i _ m m
| |
| W
. W
| <m |
| | |
! q H
| | |
| | M f
w Lo ” | !
| i m
| |
{ ! i
' , | : :
» v _ w
_ _ ~
{ m oo m ;
t M
b | m h . |
; _ ! | _ !
! | _ : i
w sy by r::.r_._rf O 11§} .rF. r-:-.._ 8221

| GME-9b-61-8

e

S

oot g e me ee Ban el e o — o

S
i




A LE) &/ ; S ' v Fomii b I
IVELL NAWVIE wes”7 coar/ 9 Sty ol 9 4| CVEEI-TRIANY ST -L1E - 44

LOCATION [4-/9-4&-3w 5 CORE INTERVAL /205-172/.9 [pe. /£ 9
Z|~|PoROSITY| LITHOLOGY 0
» T [<|Z and & <
w b g GRAIN SIZE | w § FACIES Vs
c Q. - w . : n S “Ax
w W 8210] 2015 10 5 ToEorea T
x Q.0 L Ll mud |11 % oo _so |
- | 705 gy =Sy ==
- e Bt x i}
1 ey % -
™ ] T B =
- 17c% ?’:‘i’;' L
- ] e N.S, -
- ok "
o?.‘
Cr
171/ . 58, B
3 — L -
| — _1 — —_
-7 14 =
—
1717 -
- 5 B -
1720 -
i _ L
—172% r
s B I
L L
e W i |




100°10° 1° 1 O 00I000OO0IIO00T

agﬂ:qj:i:%. gaeel

GME-9b-61-%1

22él

G021




ed/)

CORE INTERVAL /720 -/73525(fec./Z

L4

7

mper ef-al Crystal (70cm diameter, unslabs

LOCATION _6-20-%6-3 w5

WELL NAME _B8u«

SIIdWNVS M
S N I I
w
L
<
[T
S3HNLONYLS
‘a3as
AN
d
-ml
> w..
O N5
O wn w-
e DY B I NP R L
Ocz'! 005%9.%,0%5°%20/509[. ...
Ir o = = .ooooooo.O.o.OOMoo...e o
| ot <« OO.. 0.000.0.0..0.9.. e,
3 NRU .W 0%0.%0.0.00.09 O.oe' Je:
£ 076000 ¢ 50,08 :.0:1 Q0. ",
ooﬂ.u% P o e’ 1R
- 0
» o
O
e LA
e 87
ININ3ID
NIV1iS 10
1334 I I
o
Hid3a| o N
SIHLIN T 1 ;T

BIOTURBATED
tmuppy’
SANDSTONE

I % O

0 .
S H

—/735




dO0d 30D
1 - B8°

1 1 e

GME-Sv-B<2-9

GELT

8121

Hid3d

S——




WELL NAME __Bumper Crysral (4" Aiamerer 2ar tially slatbsecnd )
LOCATION 8-20-46-3w5 CORE INTERVAL _171/-1729.5 (Ree 19.5:
w
T 5 ; POROSITY LlT:,?cI;OGY . § LITHOFACIES |ENVIRON MenTAL l
a
$E o= GRAIN SIZE | w g TINTERPRETATION
oy wid w < R g '
w & wl=Zlo] 201510 5 S<Edsoa
it bt L L1 1 | mud gy o
|
1711 —— i
° e OFFSHORE |
- ~ —— - -
= MUBSTONE SHELF
1714 T — =
- = _
_—_—_-: Tnzy;-gs”e
: n = _— = a -
1717 FOCREEY, = SE - 2; N N
~ e T w F
....,"_'. .-.,-.. .,.', // F/A/E— 70 g B
- : . '..' .-'.' » ”, '\ -
SRS = MEDUM-GRAWER ) W
- SPRAATR SANSTOVE | gpp oL
FRtt) = N
1720 e T &z I F
..: ...'..- -.'..: % * _
i e £ C e7 F Z (R
R e YO @Fse— pFarn N TP
é“. RIS xﬁ- ranu/a.rr Sands?. K%E
TS R e B _
et 4
o723 O, > =
-] R Broruesares |, e i -
.%'-*.L' =~ / / J
= i ~ el SHOREFACE
g ST L Beatente - SANDSTONE -
—1726 S B Qe Te. B
. a: o 5 _
- e e Rl .
S e .
—1729 e ~ -
— - r_- -
_ b 5 O 0 Y 5 I B




a0d 380D
0 e’ 1 9
[~ o= T . T Ll

SR ¢ ¢

PN I ——— 1

. mZmlm.vl@mlm
o

2221

0121

HLld30d




:

beo
CORE INTERVAL 22 -1712.2 [gee 12¢.

/e

rtra ll

L4

WELL NAME _Wes7coes? e? o/ C’Yﬁfq/(/aca. odiameter

LOCATION _/4-20-94-3w5

| | | ] ] | | | | I
A TN N NN TR NN SN SU NN SN S SN N SR B I
1)
97
<
w
S3IHNLONYLS V il
"a3s ,x il
x 4 x 4 xdw ty
-m —4 ]
>  w.2 =
4 N "o ] 34 -
‘w ] L Q0 s H _
Sg? Y-S BN 1% Ol ST ML) L ]
Ccz'"_ SISO SN RS P e =4
T g Wy co v loro 8% 2D
F ° s A C A R
J 3 R AT MR s
(O E o R [ PN ;
SRR LI N
> o |
n o : _
(o]
g e -
& :
IN3IN3D €09%9
NIVLS 110 i
13334 N " T
- < ~
Hid3d | & % g N 3 S S
sawaaw | V7, v o4 T oy Y oy T oy T I




)
i
|

v |

O |

a
|

320D
9- 8°

R | T T ‘u NONﬁ :

i |

_ i

! w !

dO0d 30D

PR DU
O
o
¢

|
|
{
=1/ =
. m m_ i by}
s d — l
“ i ! I
‘ I _ '
| |
i | w
_ N | )
, |
| | |
w | |
. ; * "
| L | 7
“ R B | _
: i
W | ” _
. 1 JEUNEE B I T él» NON.# L. po § — & L r\_ omwﬁ

S

mzm,.wvl@vaﬁ
7 e i :. R I

-




WELL NAME _AKCi[c FETRSCOA CIQ‘/D//’L(IOQQ_ALG.ML‘L;_MMLG_#‘

LOCATION 8-/-9¢-Fw S

CORE INTERVAL

1737 - 1755 (Ree 19, 2.
17551762 (ffec 7.0~

YA

METRES
FEET

OIL STAIN

CEMENT

POROSITY

201510 5
N O

LITHOLOGY

and

GRAIN SIZE

mud

e
>-.:EU>U)Q.

RN

SED
STRUCTURES

FACIES

T
~J
W
N

N 8 5

b b

K

L
0

R

$< !

§°§°\“ \\\

P
S

&

|

Te.
Sk.




DEPTH

e e

8-1-46—-4W5

17237
I

1754 L

A

.8

.6

.4

CORE POR

e

DEPTH

8—1-46—-4I5

1754

T

i L L
1 1 1
6 .4 2 0




170¢ -1719.25 (Rec. 14.25,

CORE INTERVAL 174.25-173225/Rcc /5

WELL NAME _wesrcoasy et al Crysra/ [[Ocm of iametesr unslelsdecl D

LOCATION 2~/ - 4{-F w5

S T T T T T T T _ Y I T T _ T _ T T
" < «qQ ) w x P 2
N s27WYS <+ < J., + % <+ <+ <+ _ﬁ_aw _W <+ <+ -
- MR RN NI [NRNT NN S N N IR SR [ B I E B IR
bt
"
"
N
)
bl
N
L3
N
17p)
i
2
(N
"
3
i
SIHNLONYILS // N
. N ”/ “.A e
a3s /V N 20
.m — Oo oo X aisi]
> w. B of  [HAA 007k %m0 o NERL]
g N°57 o] OB a@... 0000 ¢mma&o% .
O o w_ Rober Y0 &[] 983 005 DEoos|
LTt Fo6.:004 0% 2 2V 0 8,500 od —
Oczz " 0.0. ‘.‘.av&...OOo Y GOQQW% .o‘n ]
e B BrnAnARGRARKHARORNA o0 9 00 @ 0P %S0 T
. S 1] _ NANNHENE _x_ ; .._m,.u,...wd.ﬁ..a.%.ooo%d .a.oOa%oooo
S8 A BRI CH GRS
E m ! ‘ m ‘ _ 5 _ . .-..000.0.00.-.. G,D.O@ OO Oog .0.0.0.
! M ' 550 0°008. © Doat O .08
Z e
» 2 -
O
g  o-
e 2 :
LN3INW3AD
NIVLS 10 !
1334 | | | | 1 7_ | | ] 5_ | T I | T " I | ~
N o » -
0 N 2 Y ~
H1d3d [} N N N N & N N N N
S3¥LIW |~ 4 o T ¢y T4 ¢4y Ty vy Ty Ty g




7

4

Coarinuced CORE INTERVAL

WELL NAME _Wesrtcoast et al Coystz/ [/Zgni,:g_g-efa;' wns/e

LOCATION [o-/- 44-Fw 5

$3dWVYS

FACIES

S3HNLONYILS
"a3s

]

..o,
>wEusoa
Pl

LITHOLOGY
and
GRAIN SIZE

mud

HEENERN

v 0 —
7 Q-
g o
g &

INELER) |
NIV1S 110 |
1334 n w | | /h | qu 1 mM‘ 1 Cm\ T | T T I

M
N2
H1d30 |y N M 0w N N NS
S3YLI3INW |~ 1 | N S NN W M WSS A SR N | A N RNNNUNE SN N RN SRS N S




DEPTH

1704

17221

1B—-1-46—-4W>

T T

1 1

.8 .6 .4

CORE POR

DEPTH

1721

1738

1 1

.b .4
CORE POR




Bm T _ I I _ T I T _ T 1 T 1 T I T I
R
WX [ N R (N S NN S WY SN NN GRN NN NN N R S N SN N SR N S T N R |
AT
L \n N
9 a/,..ﬂ
B
N AN
IR
A NN
. IJ
g
] 8
w o
= e
£ m hlu
3 w e
+ o w .
-~ Y
s :
m S3UNLONYLS
) *g3s
3 8z =
~ Y E. .. ] N 4 —
N 4] mu.wH Q . t A 2 > N
w o Do’ | d 220 i
IRV ERRERE i s arch ik NRITREAY -
cZ - 39303 2%y P o < =
N 3 mam Mp&a X ...w...o. o.....o.@.oWVoSa Oag 04 99 : w g . h
— o 0 G Vg gox Q . 059, 3ok 00000, I, B
J W[F o g oﬁoﬁ?@&%&&%ﬁ o I0e0a 300 &moo A SRR PO R IS
N [ o050 0 EER.0 - oo b 000 0% BB HOR GRR H 007 BT VAL
M_e 4_1 w 5L/\/\/\/\I\/\/\/\/\/\\I\/\\/\/\l>\l/\ | \/\l\n( 7
I Jdl @ o "
' O
d \o o ﬁl =
= TN o) o _| _
z a o
{ £
> O [ LN3N3D
_lll NIVLS 110
”__ < 1334 & < “ N . © o ~
i g| teaadl ¢ X SR y : R { °
<y CELTE 1L 1N L T S WS SO SRy w S SR ai A S i SR S M N T i N R N N A S




WELL NAME Wes7 ceas? e’ 4/ Co,y,’;‘¢ / .
LOCATION 6=/ -4¢-% /S (Convinuesd ) CORE INTERVAL _(7/9.5-173 275 (gec!’

Z|~|POROSITY| LITHOLOGY i3
T |«|Z and =
o o
s = |3 GRAIN SIZE | @ 5 FACIES
- W < 6. |23
W 5 wSlo] 201510 5 SoEsea| &
L L1 )} omud jrnggliy @
1732 =
" N.S -]
B N5, i
_ ' =
1735 |
— 7 L -
r——— — —— — — - — — o — —
-1738 =
— N L -
B B
B _] —
—~ b—
o -
— =
- -
B g —
) T, M2 e 2 NN i




d0d 3JA00

b 9 8"

r - . : 5 2221
w .

d0d 330D
0 e’ k- 9°
T T T 6EZ1

0 0]
o
(qV)

|
.
w
!
|
W | i
m
.
]
i
|
w
]
H
!

|
- “
| .
(=
m; L
0 k-
3 ;
i )
| \
| | w
| I . %
3 { !
| i m _
_ ) i ) :
j ! i .
] m ! “
| | . :
w | m w
|
! ! -+ ' 2221 | et ! . g 10PA

GMP-9b-1-9I

T

o _ B N




Wik ie i IVAIVIE L

o Grem -y g, e,
(4

1723.5-1733.25 (Rec 9.75.
LOCATION _14-2-4é-4w'5 CORE INTERVAL Lzzan_([X;_zs'
z|-|PoROSITY | LITHOLOGY i

7 I ’-‘- 5 and o‘ e
w b |o|= GRAIN SIZE | u 7 FACIES
LW wlE] 201810 5 ToEclea| B Kmax
20 .o Ll 11 omud j 111001 7 o ro
-1723
L — "——--
| _ =} B
—1726 ==
1729
— 1732
r- -
-1 735

] N
1739
S |
— 174
B - =4
B ) I | I A s O




100°10° 1° 1 Of 00I00QOANAO00T

}gjﬂlﬂﬂj 2l

|\

|

R
.
=
k-

TASEARIWI

o
/

-

I cayi
CMb—9b—2—p1

eyl

621




VWweLL NAVE _M&ﬁm:t_é/ﬂﬁ)g_ﬁy_m}

LOCATION S-/-44-4 w5

1712 -1730.2 (Rec 1%. 2.

CORE INTERVAL 1 722.2-/7231.05(fec 0. ¥

Z LITHOLOGY &
T |< 2 "ORORITY and s % LITHOF ACIES
» W
w b= ey GRAIN SIZE w5
E&Edé 201510 5 ":-s'"’:a,d mé A/"MX'
>=E0>
el L mud g % oo s0
[] 1 T
/712 A o -
| mieriare=Selsirateind | i
-17/5 F/nE 70 Low u
M EDIwM-CRAINED SHAL L
- SAnNpsTONE | CHANN =
COMPLEX N
| ‘ Q r
N
=171 oF
<
B . N
mass,ye m
- L i
"’72/ Z Te. g
L . S
- INTERBEDS: 5
= N ~ 1) Broturbated SUBTIDAL ‘g
Muddy Sandstone
1724 =-~ = ESTUARINEY
2.) Tn "'Q-V-'.&MCJ B ”,Y &
= =] Soudsfbne’m'e é\
8 B
i ~
N
"'1727 =- A l‘é
. T
- = . :
] =3 .
o 2oy | PARTIALLY BIoTuRG|CHANNEL |
I73¢ — == FINE-GRAMNED | MAREIN 8
- - =% SANDSTONE BAR 5
’ /]
i ~N
.../ $
733 3
- Lo NENEIRE




100°10° 1° T Ol 00I00000NAICO

GMbP-3b-11-8

ol
6241

XA

— -

6241

212l




100°10° 1°

!3)1—341:%-‘1%.

1 01 001I000D00NRCO0T

1
!

t
|
..
i
|
'

M

i
.

m
|
|
_
! [

_
.-r::-.r:: r:._Lr:-. e
GMb-9b-11-8

bl

6221

J -.E.

0 2’

e o e

T R




- 166 -

APPENDIX III

List of core samples
submitted with this report



SAMPLE
NO.

1A
1B
1C
1D
1E
1F
1G
1H
11
1J

2A
2B
2C
2D
2E
2F
2G
2H
21

3A
3B
3C
3D
3E
3F
3G
3H
31

4A
4B
4C
4D
4E
4F
4G
4H
41
44
4K
4L
4M
4N
40
4P
4Q
4R

WELL

16-30-46-3W5
"
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DEPTH

1675.3
1675.9
1676.4
1679.8
1681.8
1684.4
1688.9
1689.2
1690.5
1693.0

1723.2
1725.2
1725.3
1726.9
1728.9
1731.9
1733.7
1734.6
1737.3

1685.5
1689.0
1692.4
1693.8
1696.6
1699.8
1701.0
1703.2
1706.7

1703.5
1705.7
1706.8
1708.2
1710.3
1711.4
1713.8
1715.3
1717.0
1717.3
1719.3
1721.1
1721.5
1724.8
1727.1
1729.3
1731.9
1732.7

LITHOLOGY

Shale
Sandstone
Bioturbated muddy sst
Interbedded Mdst/sst
Conglomerate
Conglomerate
Interbedded Mdst/sst
Sandstone
Conglomerate
Mudstone

Conglomerate
Sandstone
Sandstone

Conglomerate
Sandstone
Sandstone
Sandstone

Bioturbated Muddy sst
Bioturbated Muddy sst

Sandstone
Sandstone
Sandstone
Sandstone
Sandstone
Sandstone
Sandstone
Mudstone
Mudstone

Shale
Sandstone
Conglomerate
Conglomerate sst
Conglomerate
Conglomeratic sst
Sandstone
Conglomerate
Sandstone
Sandstone
Sandstone
Conglomerate
Conglomerate
Conglomerate
Conglomerate
Conglomerate
Conglomerate
Conglomerate
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SAMPLE

NO. WELL DEPTH LITHOLOGY
48 it 1734.1 Conglomerate
4T N 1735.9 Sandstone
4U " 1736.2 Sandstone
4V " 1742.0 Mudstone
4w " 1744.3 Mudstone
5A 8-31-45-3W5 1782.0 Shale
5B " 1784.2 Shale
5C i 1785.9 Sandstone
5D " 1788.4 Sandstone
S5E " 1791.5 Sandstone

,5F " 1792.6 Sandstone
5G " 1796.4 Bioturbated Muddy sst
S5H " 1800.5 Mudstone

51 " 1802.8 Mudstone
6A 8-26-45-4W5 1813.8 Sandstone
6B " 1817.0 Sandstone
6C " 1828.5 Sandstone
6D " 1831.5 Sandstone
7A 16-24-45-4W5 1785.7 Shale

7B " 1787.9 Sandstone
7C " 1790.25 Sandstone
7D " 1792.7 Sandstone
7E " 1796.51 Sandstone
7F " 1800.9 Sandstone
7G " 1805.4 Sandstone
TH " 1807.9 Sandstone

71 " 1809.5 Mudstone




