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Abstract

Turtle Mountain forms part of the Livingstone Thrust sheet of the Foothills in southwest Alberta

and consists of Paleozoic carbonates and Mesozoic clastics. The dominant geological structures on
Turtle Mountain are the Turtle Mountain anticline and the Turtle Mountain Thrust. The rocks forming
the mountain are Paleozoic strata of the Palliser, Banff, Livingstone, Mount Head, Etherington and
Tobermory formations.

A detailed geological map of the South Peak area allows the construction of down-plunge cross-sections,
displaying the various structures. The Turtle Mountain anticline changes geometry along its trend. Near
the top of South Peak it forms a type of box fold with a 2° NNE plunging fold axis.

The Turtle Mountain anticline is a modified fault-propagation fold and can be described as a break-thrust
fold. The rocks are extensively fractured. The Paleozoic carbonates are of most interest regarding the
stability of the mountain. Fracture fabrics of these carbonates were measured in outcrop and obtained
from image logs in a borehole. The majority of fractures are extension fractures with accompanying
shear fractures related to the anticlinal fold.

Two main types of slope failure mechanisms can be distinguished: sliding and toppling. Sliding along
bedding planes along the east limb of the Turtle Mountain anticline near South Peak could result in a
major rock slide toward Bellevue. Normal faults are the main structures causing topple failure. They
are slightly more likely to occur in the North Peak area and will generally be smaller in volume than the
potential South Peak slide.
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1 Introduction

The Province of Alberta committed to implementing a state-of-the-art monitoring system for Turtle
Mountain on April 29", 2003. This system might provide early warnings for future rock slides from the
South Peak of Turtle Mountain. EUB/AGS cooperated with Emergency Management Alberta (Municipal
Affairs) and Community Development in the implementation of the Turtle Mountain Monitoring System
(Read et al., 2005). EUB/AGS was funded to perform a structural geological study and to provide a new
geological map and cross-sections for the project. The results of this work are presented in this report.

The Alberta Geological Survey was involved with the stability of Turtle Mountain in the 1930s and
issued some significant (unfortunately unpublished) reports (Allan, 1931, 1932, 1933). Cruden and Krahn
(1973) provide a more recent geological model. Fossey (1986) provides a geological map and cross-
sections of the South Peak area. The area also forms part of the area mapped at a 1:50,000 scale by Norris
(1993). Richards et al. (2000) provide a regional framework for the Carboniferous stratigraphy.

The present report describes the structural geology of the Turtle Mountain area. It includes the
subsurface fracture study by Spratt and Lamb (2005). The location of the Turtle Mountain area is shown

in Figure 1.
2 Methodology

21 Mapping

The area was mapped by measuring stratigraphic sections (appendices 1-3), visiting outcrops, recording
stratigraphic units and measuring structural elements such as bedding, faults and fractures, which were
measured in outcrop with a structural compass. Outcrops were located on detailed aerial photographs
with scales of 1:2000 to 1:20,000 and coordinates of outcrops were obtained by handheld GPS. Major
joint planes were measured in many outcrops visited. In addition, fractures along three straight scan lines
(LaPointe and Hudson, 1985) were measured. The straight scan line technique involves a traverse along

a measuring tape, along which all visible fracture planes are measured and their positions are recorded
so that fracture densities and spacing could be determined. SpheriStat 2.2™ was used for field data
compilation and statistical analysis of structural data. The geology is summarized in Eigure 2.

The orientations and positions of cross-sections were chosen based on possible slide paths of future rock
slides. Cross-sections were aided by down-plunge projection of bedding orientations (Charlesworth et al.,
1976). The cross-sections are shown in Figure 3.

Structural elements (such as bedding, faults and fractures) were measured in outcrop with a structural
compass. Major joint planes were measured in many outcrops visited. In addition, fractures along three
straight scan lines (LaPointe and Hudson, 1985) were measured. The straight scan line technique involves
a traverse along a line, along which all visible fracture planes are measured. From these data estimates

on fracture density and spacing were obtained. Measurements on the orientation of open fissures are
presented in Appendix 4 and the measurements of fractures along scan lines are presented in Appendices
5,6 and 7.

A borehole was drilled for the microseismic program near the top of Turtle Mountain in order to place
geophones in the subsurface (Bidwell et al., 2005). Structural elements along the walls of the borehole
can be measured with the help of image logs (Spratt and Lamb, 2005). The ground surface was set as the
datum for drilling and logging, and the borehole was drilled to a depth of 61.3 m (fluid = air). Surface
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Figure 1. Map of Turtle Mountain area. The geology is from Norris, 1993. The outline of the map of Eigure 2 is given. The

measured sections are presented in Appendices 1 to 3.
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Figure 2. Geological map of the Turtle Mountain area.

EUB/AGS Earth Sciences Report 2007-03 (March 2007) « 3



B B’
SW NE
2000 ~ 2000
1750 1750
1500 1500
1250 1250
1000 Q 100 200 300 400 500 - 1000

Metres

A A
WSswW ENE
2000+ 2000
1750+ -1750
1500+ 1500
1250 1250
Vi
1000 47 == 0 100 200 300 400 500 - 1000
; o — Metres
< Cc | Camnarvon/Marston Members £~ Thrust fault (approximate)
Blairmore Group Mt Head ~  with sense of movement
Kootenay Group Loomis Member Formation — Fbedii _—
Z_ Traces of bedding orientation
Coal Seam Salter/Baril/\WWileman Members J
Fernie Formation Livingstone Formation
Tobermory Formation - Banff Formation

Etherington Formation Palliser Formation

Figure 3. Cross-sections through Turtle Mountain. The cross-section lines are indicated on Eigure 2.

EUB/AGS Earth Sciences Report 2007-03 (March 2007) « 4



‘%E I
=
]g % 1
L _qi 27.8 [
— 28.0
2 gq |
= . |
g
= 1o
z 28.2
] = i
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Figure 7. The Turtle Mountain anticline outlined by Carboniferous sediments along Drum Creek (view toward the south).

casing was set in the top 19.2 m of the borehole; the magnetometer was affected by the casing to a depth
of 20.8 m; beyond this depth the next 40.5 m was reliably covered by image logs.

2.2 Image Logs

An Advanced Logic Technology (ALT) Obi40 digital optical televiewer was used to image the wall of
the Turtle Mountain borehole, as acoustic logging tools cannot operate in air-filled boreholes. The ALT
0bi40 tool consists of a directional device and an imaging device. The directional device is made up

of two accelerometers to determine the deviation of the tool from vertical and a precision three-axis
magnetometer to orient the image relative to magnetic north. The imaging device consists of a downhole
charged-couple device (CCD) camera directed onto a rotating prism and multi light-emitting diode (LED)
source. As the prism rotates, the CCD is directed at a different section of the borehole. Depending on the
frequency of the image gathered from the CCD, up to one image per degree of rotation can be obtained.
High-output LEDs are placed in a ring around the tool adjacent to the prism to illuminate the borehole
and to provide a light source for the CCD image capture. These images are acquired continuously as the
tool is moved up the borehole, providing a 360° continuous image of the surface of the wellbore.

The Turtle Mountain borehole image logs are presented using WellCad™ software (Figure 4). The
direct RGB images are shown in the second track (grey image). The RGB image is then converted into a
histogram image on which features such as bedding and fracture planes can be identified. The converted
image is the reddish brown image on the right. Sinusoids on the converted image represent planar
surfaces and are interpreted as bed boundaries (green), fractures (blue) and major open fractures (light
blue), which have apertures >1 ¢cm. Due to the nature of the rock (relatively homogeneous carbonate) the
bedding is difficult to pick out, but it is best seen on the RGB image where gradational light-dark bands,
some with vugs, are present and have sinusoidal contacts. Open cracks and planar features that are not

EUBJ/AGS Earth Sciences Report 2007-03 (March 2007) « 8




parallel to bedding are interpreted to be fractures. Each feature that looks as if it could be bedding or a
fracture plane is visually picked and then tested for planarity using WellCad's sinusoid-fitting tool. If a
feature is not planar, it will not fit a sinusoid and it is therefore not recorded for structural analysis. The
amplitude of the sinusoid and the position of its trough define the dip and dip direction of the plane that
fits the sine curve. The recorded depth of the feature in the borehole is taken as the depth of the inflection
points (midpoints) of the sinusoid. These data are displayed as tadpoles in the right hand track of the log.
The position of the dot identifies the depth in the well and true dip (0° on the left, 90° on the right) of the
plane, and the tail of the tadpole points in the true dip direction (with magnetic north being at the top of
the page and south at the bottom). The first track includes directional information including the azimuth
of the borehole (Azimuth), deviation of the borehole from vertical (Tilt) and various other tool readings
used to orient the tool. The Turtle Mountain borehole has an average trend of 049° and average deviation
of 6° from vertical (plunge = 84°).

The quality of the image logs is excellent, much better than anticipated considering the number of
large cracks near the borehole site. Surface casing was set in the top 19.2 m of the borehole, and the
magnetometer was affected by the casing to a depth of 20.8 m, but reliably oriented and continuous
logs were collected to the bottom of the hole. The entire 40.5 m of the image log was interpreted. The
orientation of structural elements observed along the borehole is presented in Appendix 8.

Bedding was consistently oriented over the logged interval, with a mean dip and dip direction of 37°/294°
(strike and dip: 204°, 37°W).

Stratigraphy

Rocks in the area range in age from Devonian to Cretaceous. A simplified stratigraphic column is
resented in Eigure 5. A good section of the Carboniferous rocks of the area is located along Highway

3 near Blairmore, which includes strata from the Banff Formation to the Tobermory Formation. This
section consists of three parts with two covered intervals in between and may contain a thrust fault
(Eigure 1). Part 1 includes the section from Upper Livingstone Formation to Loomis Member of the
Mt. Head Formation (Appendix 1), Part 2 is largely the Carnarvon Member of the Mt. Head Formation
(Appendix 2), and Part 3 includes a section from the Ewin Creek Member of the Etherington Formation
to base of Fernie Formation (Appendix 3). This section defines a reference section for the Mount Head,
Etherington and Tobermory formations. The correlation of the various Devonian and Carboniferous
lithostratigraphic units of southwest Alberta and adjacent regions is shown in Figure 6.

2.3 Palliser Formation

The Devonian (Famennian) Palliser Formation is represented by fractured burrow-mottled dolomitic
limestone and is about 150 m thick. It most likely represents the Morro Member. It is located in an
area referred to as the ‘Hoodoos.” These types of hoodoos are formed because of the close to vertical
orientation of the bedding planes in this area (Eigure 2). The Exshaw Formation may be part of this
interval, but it could not be determined with certainty because the top of this section is covered. The
Palliser Formation rocks form a minor component of the Frank Slide deposits.

2.4 Banff Formation

The Tournaisian (Mississippian) Banff Formation is represented by about 50 m of section, consisting

of black mudstone, siltstone, sandstone, banded chert, and dark grey to black, cherty, sometimes
argillaceous limestone. A prominent band of about 10 m thick banded chert is located near the top of
the formation, forms a marker horizon and can be mapped on the east slope of Turtle Mountain from the
edge of the 1903 Frank Slide northward to the gap of the Crowsnest River. The Banff Formation rocks
form a minor component of the Frank Slide deposits.

EUBJ/AGS Earth Sciences Report 2007-03 (March 2007) « 9



2.5 Livingstone Formation

The Tournaisian to Visean (Mississippian) Livingstone Formation consists mainly of massive, grey, fine
to coarse-crystalline limestone (predominantly pelmatozoan lime grainstone). In addition, cherty, grey
limestone and dolostone occurs. The rocks of the Livingstone Formation of southwestern Alberta include
strata equivalent to the Shunda and Turner Valley formations of Central Alberta (Richards et al., 2000).
The Livingstone Formation forms the crest of Turtle Mountain and is the main rock of the 1903 Frank
Slide deposits. From cross-section AA’ (Eigure 3) the thickness of the Livingstone Formation at Turtle
Mountain can be estimated at 350 m.

2.6 Mt. Head Formation

The Visean (Mississippian) Mt. Head Formation includes the Wileman, Baril, Salter, Loomis, Marston
and Carnarvon members (Richards et al., 2000). The Baril and Marston members could not be mapped
consistently on Turtle Mountain and consequently the Mt. Head was divided into three mappable units:
1) Salter/Baril/Wileman members, 2) Loomis Member and 3) Carnarvon/Marston members. The total
thickness can be estimated from the cross-sections at 220 m. The Mt. Head Formation rocks form a
minor component of the Frank Slide deposits.

2.6.1 Salter/Baril/Wileman Members

The generally recessive Salter/Baril/Wileman members are dominated by dolomitic siltstone grading
into finely crystalline silty dolostone. These are the lithologies of the Wileman and Salter members. They
commonly contain white carbonate nodules and sedimentary breccias. Plant remains may be present.

In addition, some (peloid skeletal) lime grainstone units occur which are similar to the Baril Member.
However, these units do not occur in a consistent stratigraphic position (some are in the lower part and
some in the middle part of the map unit) and for that reason the Baril Member could not be separated on
the map. This unit is about 65 m thick along the Highway near Blairmore and may be up to 100 m thick
in the study area according to the mapping of Turtle Mountain.

2.6.2 Loomis Member

CIiff forming carbonates of the Loomis Member consist of grey lime grainstone. This unit is about 60 m
thick.

2.6.3 Carnarvon/Marston Members

Resistant, well-bedded carbonates comprise the Carnarvon/Marston members and form an easily
mappable unit. Recessive beds of mudstone are rhythmically interlayered with the resistant carbonate
beds. This gives the Carnarvon its characteristic well-bedded aspect. The Marston Member is the lowest
of these interbedded mudstone units, but it is nowhere clearly exposed. Consequently, the unit could not
be mapped as a separate member and is included in the Carnarvon/Marston map unit. This unit is about
60 m thick. In the southern part of the map area (near Drum Creek), the unit mapped as Carnarvon/
Marston members shows a transition to the Opal Member with a more open marine character (Richards
et al., 1994).

2.7 Etherington Formation

The Visean to Serpukhovian (Mississippian) Etherington Formation includes the Daisy Creek, Cyclamen,
Ewin Creek and Todhunter members (Richards et al., 2000). The Cyclamen, Ewin Creek and Todhunter
members can be recognized along the highway section (Richards, in preparation), but they could not

be mapped as separate units on Turtle Mountain. The Etherington Formation is generally recessive and
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poorly exposed on Turtle Mountain and consists of (often dolomitic) carbonates grading into siliciclastic
mudstone/siltstone. In addition, fine-grained (dolomitic) sandstone is present, especially near the top of
the formation. The mudstones are often pale-greenish grey, but maroon mudstone is also present. The
(dolomitic) sandstone often has a mottled appearance and, most likely, represents the Todhunter member.
The Todhunter Member is unconformably overlain by the Pennsylvanian Tobermory Formation. The
Etherington Formation is about 110 m thick.

2.8 Tobermory Formation

The sandstone dominated Pennsylvanian (Bashkirian to Moscovian?) Tobermory Formation (Scott,
1964) was mapped as the Misty Formation by Norris (1993). Major unconformities exist at the top
(Pennsylvanian/Jurassic unconformity) and the base (Missippian/Pennsylvanian unconformity) of this
formation. Most of the Tobermory comprises fine-grained, silty sandstone grading into sandy siltstone,
but beds of silty dolostone and argillaceous siltstone grading into mudstone occur. Along Highway 3
near Blairmore, the lower 40 cm of the formation is a bed of granule to pebble conglomerate and breccia.
The Tobermory Formation can be estimated to be about 20 m thick (it is 17 m along the Highway near
Blairmore).

2.9 Fernie Formation

The Fernie formation is not completely exposed in the Turtle Mountain area but the lower part of the
unit is exposed on the north side of Highway 3 in Blairmore and fine-grained sandstone representing the
passage beds are exposed at one outcrop along the Crowsnest River. A reliable thickness could not be
determined.

210 Kootenay Group

The Jurassic/Cretaceous Kootenay Group (Gibson, 1985) consists of the Morrissey Formation at the base
and the coal-bearing Mist Mountain Formation at the top. However, they could not be mapped as separate
units and are shown as one unit (Kootenay Group). The Kootenay Group consists of fine to coarse-
grained grey sandstone and siltstone, dark grey and black carbonaceous mudstone and coal. The most
prominent coal seam (Seam #1, see MacKay, 1933) is 3 to 6 m thick and was mined in the Frank Coal
Mine. Another coal seam (Seam #2) is situated about 12 m below Seam #1 and is about 2 m thick. The
top of the Kootenay Group is not well defined. MacKay (1933) placed the top of the Group immediately
above Coal Seam #1 at the base of prominent fine-grained sandstones exposed along the Crowsnest River
and in the coal collapse pits on the east slope of Turtle Mountain. It is uncertain if these sandstones are
the Dalhousie sandstones (Leckie and Cheel, 1997). It seems more likely that these sandstones belong

to the Kootenay Group of the Blairmore Group, and consequently, the unconformable contact between
Kootenay and Blairmore Group was tentatively placed above these sandstones (see Figure 2). The
thickness of the Kootenay Group is estimated to be about 200 m.

211 Blairmore Group

The Cretaceous Blairmore Group consists of the Cadomin/Dalhousie, Gladstone, Beaver Mines and Mill
Creek formations (Leckie and Cheel, 1997). No attempts were made to map any of these units and the
Blairmore Group is shown as one undifferentiated unit. The group comprises sandstone, siltstone and
mudstone. Some good exposures of igneous-clast conglomerate (Leckie and Krystinik, 1995) are present
close to the Frank Slide Interpretive Centre. A major unconformity is present at the base of the Blairmore
Group, but this contact is difficult to map (see above).
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3 Structural Geology

The visible structures on Turtle Mountain can be divided into macroscopic and mesoscopic structures.

3.1 Macroscopic Structures

The large-scale structures can be divided into folds, faults and fissures.

311  Folds

The Turtle Mountain anticline is the most prominent structure in the area and is outlined by the
Carboniferous sediments (Figure 7). Near South Peak it forms a type of box fold (see Figure 3). The fold
axis in the South Peak area plunges 2° toward azimuth 024° (Figure 8). An analysis of the distribution
of the poles to bedding in this area indicates that a small circle with a half-apical angle of 83° can be
fitted to the pole data, implying that the fold is slightly conical with a half-apical angle of 7°. The Turtle
Mountain anticline is a modified fault-propagation fold and can be described as a break-thrust fold. The
geometry of the fold changes along its trend as shown by varying inter-limb angles (see cross-sections of
Figure 3). It also forms a hanging-wall anticline above the Turtle Mountain Thrust.

10%

5%

2%

Figure 8. Equal area stereoplot of poles to bedding orientation in the South Peak area, defining the fold axis orientation.
Contours at 2%, 5% and 10% of data per 1% of net.
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The drillhole near South Peak intersected the west limb of the Turtle Mountain anticline where a mean
dip and dip direction of 37°/294° of the bedding was determined from the image log data.

Further south, the fold axis of the Turtle Mountain anticline plunges 11° toward 201° (Figure 9). Folding
appears to be cylindrical. The Hillcrest Syncline is the footwall syncline and is defined by Mesozoic
strata. The fold axis trend is significantly different from the Turtle Mountain anticline; it trends west of
north. This trend conforms to trends south of the Crowsnest Deflection, whereas the trend of the Turtle
Mountain anticline conforms to trends north of this deflection (see map by Price, 1962). Both folds are
displaced by the Turtle Mountain Thrust. However, the Turtle Mountain Thrust is also folded by the
Hillcrest Syncline, indicating that folding took place both before and after the thrusting. Additional
macroscopic folds (an anticline-syncline pair) are present in a thrust slice above the main Turtle
Mountain Thrust. Their fold axes (plunging 7° toward 034°) are rotated clockwise from the orientation
in the hanging wall around North Peak (plunging 1° toward 005°), most likely resulting from movements
along the Turtle Mountain Thrust.

N

10%

5%

2%

Figure 9. Equal area stereoplot of poles to bedding orientation in an area south of South Peak, defining the fold axis orientation.
Contours at 2%, 5% and 10% of data per 1% of net.
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3.1.2 Faults

The Turtle Mountain Thrust is the main fault in the area. The fault is mainly located in the Fernie
Formation, but cuts up-section to the Kootenay Formation. It seems likely that part of the displacement
along this fault continues in the Fernie Formation to the South (Norris, 1993, shows a detachment in

the Fernie Formation 5 km to the south). Part of the Turtle Mountain Thrust appears to be folded by the
Hillcrest Syncline. The Turtle Mountain Fault contains a horse (thrust slice) in its hanging wall. Another
(unnamed) thrust is present in the east limb of the Hillcrest Syncline.

The timing of movements along these faults is unknown. Movements probably started in the Paleocene
and might still continue today, as indicated by small local seismic events along the fault observed by the
Turtle Mountain microseismic system (Chen et al., 2005; Read et al., 2005). The main movements might
have been around 52 Ma in the early Eocene (van der Pluijm et al., 2006).

3.1.3 Fissures

Major fissures (large open fractures) are present on the crest of Turtle Mountain. The main ones are
identified as Crack #1 and #2 (Figure 10). Additional fissures are visible on this aerial photograph. The
stereonet of 29 measurements of the orientation of these fissures (including various segments of Cracks
#1 and #2) are shown in Eigure 10 (“big open cracks”). The steep east-northeast dipping fissures can
possibly form the back side of a potential future rock slide from South Peak. The widening of these
fissures can be considered a neotectonic faulting process.

Several large open fractures, which can be considered fissures, were encountered in the borehole. Each
has an aperture (width of opening perpendicular to the fracture surface) of more than 1 cm, as seen in the
1:5 scale image logs (Figure 11). Theoretical and field studies indicate that large aperture fractures are
typically much longer than small aperture fractures, with 1 mm wide natural fractures being on the order
of 1 m long and 1 cm wide fractures being on the order of 100 m long (e.g., Vermilye and Scholz, 1995).
So the major fractures (> 1 cm aperture) in the borehole are the ones most likely to connect to fractures
observed at the surface. Their orientations are shown in Figure 10 (open cracks in borehole). The most
frequent dip directions of the large open fractures are to the northeast and east (toward the Frank Slide
surface and the Town of Bellevue), and most of the dips are steeper than 60°. One major fracture dips
west-northwest, subparallel to bedding; another dips south along the ridge. There is good correspondence
with the orientation of the fissures (big open cracks) at the surface.

This indicates that the 40.5 m long image logs are representative of a wider area and that one can
extrapolate information from the borehole. Geological maps based on surface mapping and air
photographs tend to emphasize the steeply dipping fractures, whereas the subvertical borehole is able to
detect potentially dangerous planes of weakness that were not obvious during field mapping. Together
these datasets provide a complete sample of all the types of discontinuities that could contribute to slope
instability.

3.2 Mesoscopic Structures

Mesoscopic structures present are thrusts, normal faults, strike-slip faults, folds and fractures. The faults
were classified based on sense of movement.

3.21 Thrusts

Mesoscopic thrusts were observed in the area of the thrust slice and are indicated by the off-set of
bedding planes and slickensides.
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Figure 10. Aerial photo of South Peak with stereonets of fractures and fissures. The three scan lines are indicated by the red
circles. The drillhole is shown with a red dot. The location of a GPR line (Eigure.18) is also shown. See Eigure 2 for location
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Figure 11. Example of a wide open 'major fracture' (light blue) with other fractures (dark blue) imaged in a portion of the Turtle
Mountain borehole. See text for details.

3.2.2 Normal Faults

Normal faults are preferentially present in the Banff and Kootenay formations on the east slope of Turtle
Mountain. Six orientations are given in Figure 12. Most of these normal faults appear to be neotectonic
faults related to exfoliation of the east slope. A rock fall of 15 000 tonnes in June 2001 was initiated by
such an exfoliation from the slope about 50 m below North Peak.

3.2.3 Strike-Slip Faults

Some of the steep faults show strike-slip movements as indicated by slickensides. Six measurements of
the orientation of these strike-slip planes are shown in Eigure 13.

3.24 Folds
A few mesoscopic folds were observed in the collapsed coal pits as shown in Figure 14.
3.2.5 Fractures (Joints)

Fractures (joints) are present in all exposures. The majority of fractures are extension fractures with
accompanying shear fractures, which are related to the anticlinal fold. A sample of 66 measurements of
prominent fractures from all outcrops visited is presented in Figure 15, but may be biased by outcrop
location and orientation. A somewhat more representative sample is provided in measurements along
three scan lines on the crest of Turtle Mountain (Figure 10). Joints along the scan line near the borehole
have three dominant orientations, dipping moderately to steeply southeast, steeply northeast and steeply
southwest. Less common fractures dip to the east-southeast, south-southeast and south-southwest (Figure
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Figure 13. Equal area stereoplot of poles to strike slip faults.
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Figure 15. Equal area stereoplot of poles to fractures from the whole area. Contours at 2% and 5% of data per 1% of net.
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10). The steeply northeast-dipping set (observed in the borehole and in the scan line near the borehole)
will form the back side of a potential future rock slide from South Peak.

The two scan lines near Crack #1 and #2 show dominant fractures dipping 37° northwest, parallel to
bedding, but there is another set of northwest-dipping fractures that is distinct and 15 to 20 degrees
steeper, yielding the two modes of poles in the SE quadrant of the Crack #1 scan line. Also frequent are
steeply south-dipping and shallowly south-southeast—dipping sets. Less common fractures dip shallowly
to the southeast and moderately to the southwest.

All the data from the scan lines together with the data from the fissures are combined in Figure 16 to
show all surface data on South Peak near the borehole. The three most frequent orientations seen are
the northwest-dipping steeper-than-bedding set, the set dipping steeply northeast toward the Frank Slide
surface and the set that dips ~30° southeast toward Hillcrest.

5%

2%

1%

Figure 16. Stereonet of poles to all surface fractures in the South Peak area. Contours at 1%, 2% and 5% of data per 1% of net.

A total of 151 fractures with apertures <l cm (commonly <1 mm) were also identified and measured

in the image logs of the drillhole. Their orientations are more variable than the open (and likely larger)
fractures, but the larger sample size provides more statistically valid results. The three most frequently
encountered orientations dip west-northwest (subparallel to bedding), east-southeast and east-northeast
(Eigure 17). These fracture patterns show good correspondence with fractures measured in outcrop. The
two main differences between the plots are the lack of vertical beds measured in the borehole due to

the low probability of intersecting surfaces subparallel to the borehole. The fewer azimuths represented
in the surface data may be due to human bias — the tendency to look for patterns and sets rather than
measuring every orientation in outcrop, as is done with borehole data.
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Figure 17. Stereoplot of poles to all fractures and major fractures in the borehole. Contours at 1%, 2%, 3% and 4%.

Mean densities and spacing for all fractures measured along the three scan lines and in the borehole (see
Figure 10 for locations) are summarized in the table below. Higher fracture densities were observed in
exposed rocks compared to in the borehole. This could be explained several ways: 1) we can see even
the healed and hairline fractures at the surface with the naked eye, but they would be more difficult to
see in digital optical borehole televiewer images; 2) they are under lower confining pressures and have
room to expand during freeze-thaw cycles, so there may actually be more fractures at the surface; 3) the
scan lines are close to large fissures and may cross localized fracture swarms. In the borehole images the
major open (> 1.0 cm) fractures were distinguished from the rest; they are rarer, but important, because
their 2.29 m mean spacing indicates that blocks of this size would be expected in future mass-wasting
events. Such sizes are common in the 1903 Frank Slide mass, as are decimetre-scale blocks.

Table 1. Fracture density and spacing in outcrop and borehole.

Mean Crack_#1 scan Crack_#2 scan Scan line near borehole Borehole
line line
Fracture density 13.50 per metre 9.09 per metre 11.96 per metre 4.24 per metre
Fracture spacing 741 cm 11.00 cm 8.36 cm 23.60 cm
Open (>1 cm)
fracture density 044 per metre
Open (>1 cm) 229m
fracture spacing

The drillhole data can be compared to the interpreted surfaces in a Ground Penetrating Radar (GPR)
dataset collected by Theune et al. (2006), along their Line B, which trends 057° relative to true north
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(for location see Eigure 10). The orientations of mean bedding (red) and of all the major fractures (>1

cm) in the borehole were plotted on the interpretation of the GPR data as apparent dips in the plane of
the section (Figure 18). The density of discontinuities recognized in the GPR data is of the same order

of magnitude as the density of open (>1 cm) fractures in the borehole, supporting the theory that it is the
open features that are most likely to be imaged in GPR data . Fractures in the borehole that have apparent
dips to the SW are coloured blue and are consistent with the steeper-than-bedding fractures seen at the
surface. These orientations are also interpreted in the GPR data. There are several sets of fractures with
apparent dips to the NE that are coloured black. Most are not imaged in the GPR data because they are
nearly perpendicular to the ground along the chosen line of acquisition. These large fractures have the
most dangerous orientations because they dip toward the Frank Slide surface and the town of Bellevue.

SW

NE 5 Dr1iél hole

Qce

Crack #2 (?
50';12/rac ®

Crack #1

——— Bedding in drill hole SR

— Fissurein drill hole

—— Steeper than bedding fracture in drill hole

Figure 18. Borehole data (heavy lines) superimposed on GPR data interpretation (thin lines) of Theune et al., 2006. Notice that
Cracks #1 and #2 are not imaged on this line. The location of the GPR line is shown in Eigure 10.

4 Implications for Slope Stability

The 1903 Frank Slide was originally described as occurring along fracture planes perpendicular to
bedding in a west-dipping monocline (McConnell and Brock, 1904). Later interpretation was based on
inferred movements along bedding planes on the east limb of the Turtle Mountain anticline (Cruden and
Krahn, 1973; Fossey, 1986).

Two potential kinematic models of slope failure can be distinguished: sliding and toppling. Both
processes are presently observed on Turtle Mountain. The 1903 slide is the best example of sliding, and
a large rock fall that occurred in 2001 is a good example of toppling. Failure of a large rock mass is
possible if discontinuities exist in the rock. In the South Peak area, these discontinuities are the bedding
planes and the fractures (including fissures). The east-northeast—dipping fissures, which dip to the Frank
Slide surface and the town of Belevue, are the more likely ones to fail and, together with sliding along
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bedding planes along the east limb of the Turtle Mountain anticline, this could result in a major rock slide
toward Bellevue (Read et al., 2005). Historical (Allan, 1933) and more recent (BGC, 2000; Jaboyedoff et
al., in press) suggest that a failure with a volume of up to 5.5 million m? is kinematically feasible. A more
detailed discussion of mechanisms is provided by Moreno and Froese (2006).

Normal faults are the main structures causing topple failure. They are slightly more likely to occur in the
North Peak area and the resulting slides will generally be smaller in volume than the potential South Peak
slide (as shown by the large rock fall from North Peak in 2001).
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Appendix 1. Section 97RAH4 Blairmore A

Section 97RAH4 Blairmore A
Location: northeast side Highway 3 at Blairmore, Rocky Mt. Foothills, southwestern Alberta.
Base section at: 5497908N, 686015E, zone 11u; map datum NAD27; NTS 82G/9.
Top section at: 5497999N, 685917E, zone 11u; map datum NAD27; NTS 82G/9.
Attitude of section: 172°/74°SW (near base). Measured by: B.C. Richards in 1997.
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/ / oo / ] 0.5% quartz silt. Base sharp; medium to thick bedded; beds not well defined and

=/ =) boundaries commonly stylolites. Medium dark grey; light olive grey weathering.

_ /E§.>/ @) /( " Unit 27,59.9-60.67 m: Dolostone. Dolomite finely crystalline. Thinly laminated.

Unit 26, 58.64 - 59.9 m: dolostone. Dolomite very fine to finely crystalline. Base is
__shear zone; thick bedded; beds massive. Dark grey; yellowish grey weathering.

Unit 25, 56.08 - 58.64 m: dolomitized skeletal packstone and wackestone; upper 7
to 8 cm contains coal lenses and abundant lycopod stems. Dolomite mainly finely
crystalline; upper 10 cm medium crystalline. 10 to 15% quartz silt in lower part of
unit, 0.5 to 3% above. Base gradational; thin to medium bedded. Olive grey.
~Unit 24, 54.06 - 56.08 m: dolostone. Dolomite finely crystalline; 1 to15% quartz silt.
Base sharp and stylolitic; lower 96 cm laminated to thin bedded; 55.02 to 55.36 m
shows very thin, planar laminae; 55.36 to 56.08 m medium bedded and beds
~Jnternally massive. Medium grey; yellowish grey weathering.

60 m

RST

PelletOIds

55 m

Calcispheres
Calcareous algae........................
Foraminifers..............ccccecveeveunn.
Superficial ooids
Colonial corals

gralnstone passmg into fenestral cryptalgal lime boundstone Abundant vadose
pisoliths and ooids in bed at 53.0 m. Base gradational; thin to medium bedded; bed
boundaries poorly defined; bed boundaries undulatory. Prominent vuggy porosity.
Medium light grey; light grey to yellowish grey weathering.

MIDDLE VISEAN
Zone 12

Unit 22, 45.46 - 49.72 m: dolostone. Dolomite very fine to finely crystalline; 5to 7%
white chert and carbonate nodules at 47.3 to 47.62 m; unit becomes more
calcareous upward. Base sharp; medium to thick bedded; bed boundaries poorly
defined and commonly stylolitic. Thin wavy to sub-planar laminae common.
Medium dark grey; light olive grey to yellowish grey weathering.

Bryozoans..................

SALTER MEMBER
50 m

Stromatolites
Terrestrial plant remains........ ==
Sequence boundary................. SB
Transgressive systems tract... TST
Regressive systems tract...... RST
Surface of regressive erosion. SRE

~"Unit 21, 44.19 - 45.46 m: pelletoid-skeletal lime packstone and wackestone
passing upward into dolostone. Dolomite finely crystalline; 3 to 5% quartz silt. 12 to
__15% chertas irregular bands. Base sharp and undulatory; medium bedded.

Unit 20, 43.45 - 44.19 m: dolostone. Dolomite fine to medium crystalline; 2 to 10%
\quartz silt. Abundant dolomite intraclasts and intraclast breccia. Base gradational;
thin to very thin bedded. Yellowish grey weathering.

45 m
Lagoons with washover fans and lagoonal tidal flats

BARIL-SALTER SEQUENCE

Intertidal. ..
Supratidal..............cccocueeeeeiinaan. S
Transgressive ravinement surface. TRS

Unit 19, 34.17 - 43.45 m: dolostone. Dolomite finely crystalline; 5 to 7% white,
cauliflower-shaped nodules and geodes of chert, carbonates and purple fluorite; 10
- 15% quartz silt. Scattered, fenestrate bryozoans. Base erosional with 15 to 20 cm
of undulatory relief. Lower 61 cm very thin to thin bedded and platy; massive lower
bed of variable thickness fills in irregularities in basal erosion surface; 35.0 to 43.45
m is medium to thick bedded and bed boundaries commonly stylolitic. Beds
massive; unit is of uniform aspect. Lower 61 cm light olive grey; deposits above
medium dark grey and light olive grey to yellowish grey weathering.

RST.

MISSISSIPPIAN

MOUNT HEAD FORMATION

35m

Unit 18, 32.11 - 34.17 m: intraclast-skeletal lime grainstone and packstone. Lower
bed dolomitic packstone. Base erosional; medium to thick bedded; bed boundaries
R0 V poorly defined. Medium-scale, low-angle cross stratification. Medium grey.

T/ee .o ~Unit 17, 30.69 - 32.11 m: dolostone. Dolomite very fine to finely crystalline; 10 to
15% quartz silt. Base sharp and broadly undulatory. Medium to thick bedded; beds

_massive and poorly defined. Medium dark grey; light olive grey weathering.

Unit 16, 29.37 - 30.69 m: dolostone. Dolomite very fine to medium crystalline;

_ 25t040% quartz silt. Base sharp; thin to medium bedded. Light grey.

"~ Unit 15, 26.95 - 29.37 m: dolostone. Dolomite very fine to finely crystalline; 1 to 8%

quartz silt. White, carbonate and chert nodules common in lower 97 cm and locally

present above. Base gradational; thin bedded to laminated. Disturbed, small-scale

crosslaminae common. Light grey; yellowish grey weathering; platy to flaggy.

Unit 14, 25.68 - 26.95 m: dolomitized wackestone and packstone. Dolomite fine to

medium crystalline; 7 to 10% quartz silt. Abundant intraclasts. Base gradational.
_Unit 13, 24.76 - 25.02 m: ooid-skeletal grainstone passing into ooid grainstone.

Unit 12, 22.63 - 24.76 m: dolostone. Abundant dolomite intraclasts. Dolomite

very fine to medium crystalline; 2 to 7% quartz silt. Base gradational;

laminated to thin bedded; abundant small-scale crosslaminae; upper bed
__massive. Medium grey; light olive grey to yellowish grey weathering.

Unit 11, 21.43 - 22.63 m: dolomitzed skeletal wackestone. 3 to 5% chert nodules;
_ 110 2% quartz silt; very fine to medium crystalline. Medium to thick bedded.

Unit 10, 19.91 - 21.43 m: dolomitized skeletal lime wackestone. Dolomite finely to

medium crystalline; 5 to 7% quartz silt. Base sharp; unit fines upward; medium
—bedded; bed boundaries undulatory; bedding lenticular. Medium light grey.

Unit 9, 16.52 - 19.91 m: dolostone. Dolomite finely crystalline; 2 to 5% quartz
silt. Scattered, white, carbonate nodules. Base gradational; thick bedded;
beds poorly defined; massive. Medium dark grey; light olive grey to yellowish
grey weathering.

" Unit 8, 14.93 - 16.52: pelmatozoan lime wackestone; intraclast breccia at 15.88 -
16.52 m. 5 to 7% chert nodules in upper wackestone. Base sharp; thin to medium
bedded. Dark grey; lower 1.59 m moderately recessive and rubbly weathering.

" Unit7,13.28 - 14.93 m: dolostone. Dolomite medium crystalline; 15 to 20% quartz
silt. Abundant tabular, finely crystalline, dolomite intraclasts. Base sharp; thin

_ bedded to laminated. Yellowish grey weathering; flaggy. Upper surface bored.

e /<" / ] Unit6,11.55-13.28 m: dolomitic lime wackestone overlain by dolostone. Dolomite
f _/ «:r«y finely to medium crystalline. Silty in upper part with 5 to 10% quartz silt. Base sharp;

N X medium to thick bedded. Medium dark grey, light olive grey weathering.

~ LsReY [
i

IBARIL]|

| SB/_
TRSA
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|

FTRS-

RST

'R""""' -

LOWER VISEAN

Lagoons with washover fans and lagoonal tidal flats

Foraminiferal zone 11

WILEMAN MEMBER

J

Lagoon and} - - - - - oS- - m oo
lagoonal

RST
TURNER VALLEY-WILEMAN SEQUENCE

10 m

H{® | \Y4 |D =t D Unit 5, 7.10 - 11.55 m: intraclast-skeletal lime grainstone. Base gradational;
|:|;: |:|| ® |V medium to thick bedded; beds poorly defined. Beds mainly massive; poorly
| | ) ] defined large-scale cross-stratification above 9.9 m. Medium grey, light olive grey

weathering.
J Y NER

SN O Unit 4, 5.99 - 7.10 m: Intraclast breccia overlain by intraclast-skeletal lime
_<>. O <>€B @ packstone 1t00.5% quartz silt. Base erosional; medium to thick bedded.

E |oo[] foo= oo Unit 3, 4.0 - 5.99 m: dolostone; local intraclast breccia. Dolomite finely to medium
o— /,<«\- -/—Vﬁ/ crystalline; 1 to 12% quartz silt; dolomite intraclasts. Base gradational; thin to very
oo /* < /[] *¢) thinbedded. Small-scale crosslaminae common. Weathers yellowish grey.

Beach\barrier
island

-TRS

tidal flats-

I

—Leef . .,4(\’«/(\] Unit 2, 2.11 - 4.0 m: dolomitic, peloid-skeletal lime packstone grading upward into

dolostone 3to 10% quartz silt; siltincreases upward; dolomite medium crystalline.

Unit 1, 0.0 - 2.11 m: silty, oolitic, mixed-skeletal lime grainstone grading upward
into fossiliferous, ooid grainstone. 1 to 3% quartz silt and sand. Medium to thick
bedded; beds massive. Medium grey; light olive grey weathering; poorly exposed,
moderately recessive and shows shearing; exposure continues below.

LIVINGSTONE]|
FORMATION
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Appendix 2. Section 97RAH5 Blairmore B

MISSISSIPPIAN

VISEAN
MOUNT HEAD FORMATION

CARNARVON MEMBER

Section 97RAHS Blairmore B
Location: road cut along northeast side Highway 3 at Blairmore, Rocky Mt. Foothills,
southwestern Alberta.
Base section at: 5498154N, 685754E, zone 11u; map datum NAD 27; NTS 82G9.
Top section at: 5498221N, 685657E, zone 11u; map datum NAD 27; NTS 82G9.
Attitude of section: 173°/52°SW from unit 1; 173°/54°SW at 5 m below top section.
Measured by: B.C. Richards in 1997.

Thick, deeply covered interval with grass, gravel and broken rock.

Unit 20, 50.32 - 53.75 m: dolomitic, skeletal packstone and wackestone passing
upward into fenestral packstone and lime mudstone; thin pedogenic breccia and
nodular mudstone at top. Base sharp; medium to thick bedded; bed boundaries
undulatory to irregular. Carbonates fine grained; medium dark grey, medium light
grey weathering; upper mudstone greenish grey.

Unit 19, 47.17 - 50.32 m: peloid-skeletal lime wackestone and packstone passing
into fenestral wackestone; lower 2 cm is shale; upper intraclast breccia. Base
= abrupt and irregular; medium to thick bedded; bed boundaries undulatory; beds
)&m H#1|O massive to burrow mottled; deposits fine grained. Upper surface bored.
(= | ) Carbonates medium dark grey, light grey weathering; shale greenish grey.

Unit 18, 43.71 - 47.17 m: cycles comprising peloidal, intraclast-skeletal and
mixed-skeletal wackestone and packstone passing upward into fenestral
wackestone and cryptalgal lime boundstone; shale at 45.02 - 45.04 and 45.82 -
45.83 m. Carbonates fine grained; thick bedded; beds have undulatory to
subplanar boundaries; beds have good lateral continuity; beds massive to burrow
_mottled. Carbonates dark grey, medium light grey weathering.

Unit 17, 41.89 - 43.71 m: peloid-skeletal lime wackestone interbedded with shale;
local cryptalgal boundstone. Carbonates medium to thick bedded and abruptly
overlie shale. Carbonates mainly burrow mottled and fine grained; locally shows
>>=—="9\ \thinlaminae. Carbonates dark grey, light olive grey weathering; shale olive grey.

)
® @0

Unit 16, 35.57 - 41.89 m: mixed-skeletal lime packstone and wackestone passing
into fenestral lime wackestone and cryptalgal lime boundstone; argillaceous
pedogenic breccia at 41.70 - 41.80 m gradationally overlies limestone and is
gradationally overlain by shale. Base of unit sharp; medium to thick bedded; most
beds massive; locally shows laminae. Beds have good lateral continuity. Most of
unit very resistant, fine grained and of uniform aspect. Carbonates medium grey
and light grey weathering; shale greenish grey.

Unit 15, 34.41 - 35.57 m: mixed-skeletal lime packstone interbedded with shale
__and fenestral boundstone. Medium to thick bedded.

Unit 14, 32.71 - 34.41 m: dolostone; dolomitized skeletal wackestone and
packstone. Dolomite finely crystalline with coarse to very coarse allochems. Base
_sharp; medium to thick bedded. Olive grey, light olive grey weathering.

J—< ©| - #| <Dj Unit 13, 28.79 - 32.71 m: peloid-skeletal lime packstone and wackestone; 1 to 2%
#l-U—U-AI_O | j shale and mudstone. Base sharp; carbonates thick to very thick bedded and
— separated by very thin shale beds; beds massive to burrow mottled; bed
= | U U<| A ] boundaries stylolitic; beds have good lateral continuity; beds at 30.8 and 31.1 m
(— show dissolution fissures containing greenish argillaceous deposits. Carbonates

fine grained medium grey and light grey weathering; shale greenish grey.

Unit 12, 25.87 - 28.79 m: peloid-pellitoid-skeletal lime wackestone and packstone;
upper 0.32 mis pellitoid-skeletal lime grainstone underlain and overlain by very thin
shale beds. Unit abruptly overlies thin shale at top unit 11; carbonates medium to
0 very thick bedded; fine grained; beds massive; bed boundaries commonly stylolitic.
- e NH O _Mediumgrey, light grey weathering.
LE — _|:L Unit 11, 23.02 - 25.87 m: dolostone; dolomitized skeletal wackestone to
N_—%ﬁ%—%—% packstone; grades into dolomitic, pelmatozoan lime packstone at top. Dolomite
finely to medium crystalline. Thick to very thick bedded; beds massive and have
good lateral continuity; bed boundaries stylolitic. Medium grey, pale brownish grey
__weathering.

Are O A Unit 10, 19.16 - 23.02 m: peloidal, skeletal lime wackestone and packstone; thin (2
to 5 cm) shale beds and laminae between carbonate beds. Base sharp; carbonates
thick to medium bedded; beds have good lateral continuity; beds massive with
subplanar to undulatory boundaries. Deposits locally fenestral; unit fines upward.
Bases shale show grikes and clay-filled dissolution fissures. Carbonates fine
grained, medium dark grey, olive grey weathering; shale greenish grey.

Unit 9, 16.87 - 19.16 m: dolostone; lower 0.24 m is fenestral, peloidal lime
wackestone overlain by shale. Dolomite finely crystalline; scattered coarse to very
coarsely crystalline allochems. Dolostone medium to thick bedded, beds massive;
—£<- _ stylolitic bed boundaries; scattered carbonate nodules. Medium dark grey.
= Unit 8, 15.14 - 16.87 m: peloid-pellitoid-skeletal lime wackestone and packstone
e passing up into pedogenic breccia and shale. Base gradational, medium to thick

30m

20 m

L,E, Y OA O_~@| ) _bedded. Carbonates medium dark grey; light olive grey weathering.
-1 /7 / /) Unit7,13.35 - 15.14 m: peloidal lime wackestone overlain by dolostone. Dolomite
i / Y/ O\ finelycrystalline. Base sharp; medium to thick bedded; beds massive. Dessication
[@) <[] _polygonsatbed tops. Medium dark grey, light olive grey weathering.
1 [ 25 Unit 6, 12.01 - 13.35 m: peloidal, calcisphere wackestone passing into pedogenic
— __mudstone. Base sharp; medium to thick bedded; dessication polygons near top.
> O [ ) __Unit5; 11.34 - 12.01 m: fossiliferous, peloid-pellitoid lime packstone.
g ) Unit4, 6.61 - 11.34 m: dolostone with minor shale and mudstone. Deflation breccia
Sy with dolostone intraclasts at 9.56 - 9.70 m; pedogenic breccia at 10.51 - 10.81 m.
/== ~< Dolostone very fine to finely crystalline. Base unit sharp and stylolitic; thick to very
7 == thick bedded; bed boundaries stylolites and thin (1 - 3 cm thick) styloseams; most
i beds massive. Local large, cauliflower-shaped geodes; scattered indeterminate
_/ bioclasts; beds have good lateral continuity. Upper pedogenic mudstone overlies
4 / &/ / ) dished dissolution surface. Dolostone medium light grey, yellowish grey
/ / ) weathering; upper mudstone greenish grey to pale red purple.
oy I ]
(= T e Unit 3, 4.21 - 6.61 m: dolostone, upper 78 cm is pedogenic mudstone interbedded
w—7 7 73 Wwith intraclast packstone. Dolomite very finely crystalline. Base unit sharp;
A /_____ /) _dolostone mediumto thick bedded; beds massive.
/ / ) Unit 2, 1.52 - 4.21 m: dolostone interbedded with shale and mudstone. Dolomite
+——F—"—7—5= veryfinetofinely crystalline. Base sharp; dolostone medium to thick bedded; beds
/ / ) massive and have good lateral continuity; bed boundaries stylolitic to planar.
7 /7 7 ] Dolostone mediumgrey, yellowish grey weathering; shale olive grey.
. = )/ ee Unit 1, 0.0 - 1.52 m: dolostone interbedded with pedogenic shale and mudstone.
e /7 — Dolomite very finely crystalline; 0.2 - 0.5 quartz silt. Medium to thick bedded, beds
oL/ > /1 _massivetothinlylaminated. Shale greyish red to greenish grey.

Deeply covered with grass, gravel and rock debris.
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""" Lagoonal tidal flats and supratidal flats (sabkhas)
----------------with thin continental soils-------------------

_ Ul
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LOOMIS - MARSTON SEQUENCE

LEGEND
Shale and mudstone.......... E
Limestone..........c.ooeve..... E
Dolostone...........ccccceeuuunn.... E

Breccia..........ccccociveeeenna. S

Dolostone................ccccccuu... sl
Limestone............ccccccvveeene.... I
Argillaceous............ccccccocvevreennns _
Dolomitic........ e L
Calcareous............ccccvvueeeeean.... 1
Sty .o

Chert nodules & masses........ @AARX
White, cauliflower-shaped geodes
and nodules...............ccccvenn... i)
Small-scale crosslaminae....... PN
Pedogenic carbonate nodules.. <=
Clay-filled dissolution fissures.....
Horizontal to wavy laminae....... =
Burrow mottled.......................... U
Dessication structures...
Churned..........cccooevvvevveeeeeaennn.
Rhizoliths and root tubules.......... A
Aggregate grains
Fenestral fabric..........................
Peloids
Pelletoids..........cccccveveeeeeeeeeenn,

ONCOlithS. ...

Carbonate intraclasts................... ]
Calcispheres............ccccccooevenenne. O
Calcareous algae.......................... H
Foraminifers............cccccocueeeeunnn... )&
Bryozoans...........cccccoceeceniicn. s
Ostracodes.... N
GaStropods..........ccovevereeeeerrnnnn A
Brachiopods.............c..cccceeueild A\V4
Pelmatozoan ossicles.................. X
Sequence boundary................... SB

Maximum flooding surface....... MFS
Transgressive systems tract...... TST

Regressive systems tract.........RST
NEritiC........oceevieieiciiieeiee N
Intertidal...........ccccooevveevviniiiien |
Supratidal.............cccovevviieeaaannn S
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Appendix 3. Section 98RAH14 Blairmore C

JURASSIC
FERNIE

FORMATION

PENNSYLVANIAN

MOSCOVIAN?
TOBERMORY FORMATION

MISSISSIPPIAN

SERPUKHOVIAN?

TODHUNTER MEMBER

ETHERINGTON FORMATION

SERPUKHOVIAN

EWIN CREEK MEMBER

Section 9SRAH14 Blairmore C

Location: road cut along northeast side Highway 3 at Blairmore, Rocky Mt. Foothills,
southwestern Alberta

Base section at: 5498335N, 685467E, zone 11u; map datum NAD 27; NTS 82G9.
Top section at: 5498338N, 685406E, zone 11u; map datum NAD 27; NTS 82G9.
Attitude of section:172°/45°SW from unit 4; 177°/42°SW from top unit 19.
Measured by: B.C. Richards in 1998

Covered with grass and shale debris.

50 m

“Unit 20, 52.91 - 55.0 m: sandy, conglomeratic mudstone (52.91 - 52.96 m)
gradationally overlain by silty shale. Basal mudstone has chert pebbles and
cobbles. Base is regional unconformity with 15 - 20 cm of relief. Shale has

__moderate fissility; brownish black; dusky brown weathering; trenched.

Unit 19, 51.04 - 52.91 m: fine to very fine sandstone passing upward into sandy

siltstone and dolostone. Dolostone intraclasts common above 52.2 m; grades into

breccia. Sandstone is dolomitic, submature subchertarenite with 10 - 15% well

.. rounded, medium and coarse, quartz and chert sand. Base sharp; medium to thick

"2 _bedded; beds massive; sandstone-filled karstic fissures in upper 20 - 30 cm.

Unit 18, 43.09 - 51.04 m: fine sandstone grading upward into silty and sandy

dolostone. Sandstone is dolomitic, submature subchertarenite containing 10 -15%
medium and coarse, well rounded, aeolian quartz and chert sand. Dolomite finely
crystalline and grades into sandy siltstone. Dolostone contains 3 - 5% medium and
coarse, well rounded, aeolian, quartz and chert sand clasts. 1 - 2 % pyrite as small

lenses and nodules 2 - 3 mm across. Base sharp; medium to thick bedded; beds

45 m

poorly defined and most prominent in upper part of unit; bed boundaries subplanar
to undulatory; beds mainly churned or burrow mottled; local, disturbed, small-scale
cross-stratification. Dark grey; olive grey weathering; cliff.

25 m

Unit 17, 42.51 - 43.09 m: fine sandstone; dolomitic subchertarenite.

“Unit 16, 41.11 - 42.51 m: fine sandstone grading into siltstone. Sandstone
\  dolomitic, submature subchertarenite with 30% well rounded, medium to coarse
—aeolian sand. Base erosional; thick bedded; massive. Dark grey; grey weathering.
Unit 15, 35.88 - 41.11 m: granule to pebble conglomerate and breccia (35.88 -
36.28 m) grading upward into fine sandstone (36.28 - 38.2 m) and sandy siltstone.
Conglomerate grades into lithoclast breccia and very coarse sandstone.
Lithoclasts are chert with subordinate dolostone, siltstone and sandstone.
Sandstone is dolomitic, submature subchertarenite containing 15 - 25% medium
and coarse, well rounded, aeolian sand clasts. Base is undulatory, regional
unconformity; thick to very thick bedded; bedding poorly defined; beds massive to

burrow mottled. Dark grey; olive grey weathering; cliff.

‘;’ T Unit 14, 34.99 - 35.88 m: silty finely crystalline dolostone. Base sharp.

—_Unit 13, 34.52 - 34.99 m: greenish, pedogenic siltstone grading into silt shale.
Unit 12, 31.58 - 34.52 m: fossiliferous, medium- to coarsely crystalline dolostone. 2
- 3% quartz silt and sand; 5% black chert nodules in lower 60 cm; 20 - 30% chert
nodules at 32.2 - 33.24 m; 25 - 30% large chert masses at 33.01 - 34.52 m. Upper
part with carbonate glaebules and 3 - 5% pyrite. Base erosional; medium bedded.
Medium light grey, yellowish orange weathering.

Unit 11, 31.31 - 31.58 m: pedogenic mudstone; greenish; basal dissolution surface.

Unit 10, 30.84 - 31.31 m: sandy, medium-crystalline dolostone; 20 - 30% dark grey

5 \chert masses and lithoclasts. Chert in lower part partly brecciated and may be

.'+'| resedimented. Base irregular and probably erosional. Medium light grey.

: Unit 9, 20.24 - 30.84 m: very fine to fine sandstone. Sandstone is dolomitic,
.| submature quartzarenite containing 0.5 - 1% scattered clasts of medium to coarse,
.1 well rounded, aeolian quartz sand; unit coarsens upward slightly; locally shows
*| poikilotopic diagenetic texture. Base gradational and placed at appearance of
.| medium-scale trough cross-stratification; beds poorly defined and thick to very
. *.| thick; beds mainly massive but lower 0.9 m shows trough cross-stratification. Light
2.1 to medium grey; greyish orange weathering. Weathered surface locally shows
-| conspicuous diagenetic mottling. Abundant sub-vertical joints at high angle to
0 bedding; unit very resistant and of uniform aspect; cliff.

Unit 8, 15.35 - 20.24 m: fine sandstone passing upward into very fine sandstone;
1/ lower 19 cmiis lithoclast breccia consisting of dolomite fragments in fine sandstone
matrix. Sandstone is dolomitic, mature quartzarenite showing poikilotopic texture.
Base erosional and may be an unconformity; sandstone thick to very thick bedded;
bedding poorly defined and mainly massive. Light to medium light grey; weathered
surface shows conspicuous diagenetic mottling. Unit has uniform aspect; cliff.

e

X\ /=—""-/"] Unit7,13.08 - 15.35 m: dolostone with sandstone laminae. Dolomite very finely
CAAAD, /- @AA) crystalline; becomes less sandy upward. 5 to 7% irregular chert nodules and
T . /. —~==/.""] lenses;scattered, silicified brachiopods lower 40 cm. Base sharp and irregular; thin
0 __tomedium bedded; dominated by disrupted, small-scale crosslaminae. Light grey.

Unit 6, 10.53 - 13.08 m: very fine, silty sandstone. Upper 2 to 3 cm is mudstone
styloseam. Sandstone is dolomitic, mature quartzarenite; becomes more dolomitic
upward. Base erosional; thick to very thick bedded. Beds massive with relict small-
scale cross-stratification. Light grey; pale yellowish orange weathering.

Unit 5, 8.06 - 10.53 m: sandy, argillaceous siltstone and mudstone. 1 to 2% pyrite.
Base gradational; pseudo-anticlines in lower part. Greenish grey; greyish orange
weathering; friable to blocky weathering paleosol.

=<2 Unit 4, 6.78 - 8.06 m: fine sandstone grading upward into pedogenic breccia.
‘4 Sandstone is dolomitic, submature quartzarenite. Base sharp; medium bedded.

—Unit 3, 6.42 - 6.78 m: silty, greenish-grey mudstone and very fine sandstone.

Unit 2, 2.64 - 6.42 m: fine to very fine sandstone grading into sandy dolostone in
lower part. Unit fines upward; sandstone in lower part is dolomitic quartzarenite
grading into litharenite and contains 0.5% scattered, coarse to very coarse,
aeolian, quartz sand. Sandstone above 4 m mainly very fine quartzarenite. Base
gradational; thin bedded; beds poorly defined with rippled boundaries; churned to
burrow mottled. Light to medium grey, yellowish orange weathering; flaggy.

-\ Unit 1, 0.0 - 2.64 m: fine sandstone grading into sandy dolostone. Sandstone is
.| dolomitic, fossiliferous, mature quartzarenite. Base covered; medium bedded;
prominent small- and medium-scale cross-stratification locally disrupted by
bioturbation. Light to medium light grey, yellowish orange weathering.

_Deeply covered with grass and rock debris.
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O
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Small-scale crosslaminae........ SN
Horizontal to wavy laminae........ =
Pseudo-anticlines.................. =
Churned.........ccc.cccvvviinicinnl 5%,
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Brachiopods............ V4
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Transgressive systems tract...... TST
Regressive systems tract.........
Surface of regressive erosion....SRE
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Intertidal.......
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Transgressive ravinement surfaceTRS
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Appendix 4. Open Fissures near South Peak

UTM
NADS3
zone 11
Station ID | Easting Northing giil?ection Dip m)d th ?n(:)pth Comment
Crack #1-1east | 141 687043 | 5494916 | 115 90 0.15
Crack #1-1west. | 141 687043 | 5494916 |90 90 0.15
Crack #1-2A 142 687042 | 5494936 |75 90 0.10
Crack #1-2A 142 687042 | 5494936 | 222 67 0.10
Crack #1-2B 183-1 687040 | 5494940 |80 70 0.20
Crack #1-2C 183 687037 | 5494949 | 185 70 0.29
Crack #1-3 1421 687042 | 5494939 |85 90 0.20
Crack #1-3 1421 687042 | 5494939 |50 90 0.20
Crack #1-4 144 687048 | 5494972 |70 80 0.28
Crack #1-A 687058 | 5494943 | 20 77 0.23
Crack #1-B 143 687051 | 5494948 |45 73 0.28
Crack #1-C 687049 | 5494952 | 190 85 0.20 7
Crack #1-D 687047 | 5494954 |70 85 0.44
Crack #1-E 687044 | 5494956 | 200 78 0.40
Crack #1-F 687039 | 5494958 | 190 75 0.77
Crack #1-G 687035 | 5494960 | 202 76 0.44
Crack #1-H 687032 | 5494962 |45 90 0.39
Crack #1-| 687029 | 5494963 | 190 72 0.62
Crack #1-J 687021 | 5494974 |65 86 0.20
Crack #2-1 145-1 687054 | 5494990 |70 70 0.70
Crack #2-2 145-2 687052 | 5494993 |80 77 0.70
Crack #2-A 145 687054 | 5494988 |57 73 0.70
Crack #2-B 687051 | 5494990 |74 77 0.90
Crack #2-C 687047 | 5494994 |35 85 1.00
Crack #2-D 687040 | 5494999 |50 85 140
Crack #2E 165 686999 | 5495054 |55 80 150 10
Crack #3 163 687100 | 5495027 |60 85 0.37
Crack #3 163 687100 | 5495027 |70 85 0.37
Crack #3 163 687100 | 5495027 | 140 85 0.37
Crack(@seism. stn) | 187 687380 | 5494779 | 217 85 0.10 :gtg:”
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Appendix 5. Fractures Measured in Scan Line near Borehole

Orientation: N252; Plunge 16 Orientation: N252; Plunge 16
location E0687045 N5495043 location E0687045 N5495043
cm from N end gilriction Dip cm from N end gilliction Dip
2 225 85 284 120 50
4 105 72 288 40 80
5.5 105 72 297 60 90
8.5 225 85 300 120 75
17 105 72 344 190 88
20 105 72 361 43 75
24 225 85 379 49 85
30 105 72 393 44 80
44 220 48 397 44 80
51 200 90 405 185 80
53 225 85 474 47 75
56 225 85 377 27 80
62 85 75 481 47 74
66 10 85 484 47 74
82 52 43 486 47 74
92 35 64 487 118 68
120 198 85 489 118 68
128 214 65 494 44 65
140 180 90 496 44 65
150 180 70 498 44 65
156 33 73 503 125 36
160 33 73 505 125 36
170 15 67 506 125 36
173 22 84 507 125 36
182 240 79 508 125 36
198 22 84 509 125 36
204 220 90 510 125 36
220 170 65 515 125 36
225 170 65 531 127 58
233 200 71 533 54 79
238 125 80 534 118 35
250 125 80 552 115 58
255 40 69 563 58 67
258 40 69 577 173 78
274 120 50
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Appendix 6. Fractures Measured in Scan Line Near Crack #1

Orientation: N190; Plunge 30

location: | E687048 | N5494958
cm from N end | Dip direction Dip
0 318 32
8 110 42
19 112 38
70 284 43
72 278 37
76 306 45
85 295 30
92 286 35
103 342 33
107 296 58
122 270 20
124 277 29
130 294 72
137 186 77
145 280 75
153 308 65
155 310 89
182 182 87
185 180 81
192 342 88
196 20 74
200 242 48
204 242 48
212 186 85
218 154 78
226 290 45
229 172 80
230 172 80
232 172 80
237 282 57
240 285 43
247 295 67
250 295 67
254 180 75
255 180 75
257 180 75
277 165 68
285 80 82
287 80 82
297 185 70
311 90 88
317 90 88
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Appendix 7. Fractures Measured in Scan Line near Crack #2

Orientation: N170; Plunge 35

location E687054 N5494988
cm from N end Dip direction Dip

0 352 87

6 316 65

9 324 7

14 305 65

18 303 64

31 302 72

36 350 85

47 300 33

72 304 52 bedding
74 314 50 bedding
79 320 37

85 318 25

100 322 18

12 272 30

13 320 15

17 284 22

19 304 34

152 55 30

160 140 65

161 110 23

179 192 80

180 10 23

216 140 60

220 12 22

234 128 65

257 46 75

290 300 45

298 302 40

303 300 57 bedding
313 62 57

350 100 25

352 172 55
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Appendix 8. All Subsurface Structural Data (from Borehole)

Depth (m) ?NII‘;:;I::':!:;I ?I!fu:illg]rltj:)] Dip | Class Notes
19.09 0 bottom casing | casing affected magnetometer
20.84 0 tool zeroed — unoriented image
21.27 276.5 293.2 38.8 | bedding disseminated circular vugs
21.32 270.4 2871 40.9 | bedding ~1cm diameter
21.42 143.5 160.2 521 | fracture
21.50 95.3 112.0 34.9 | fracture
21.51 2814 2981 56.0 | fracture
21.53 2773 294.0 38.8 | bedding 5x10mm vugs
21.55 245.2 261.9 61.2 | fracture
21.57 298.7 315.4 581 | fracture
21.60 271.2 287.9 34.0 | bedding
: 5x10mm vugs
21.80 285.8 302.5 30.6 | bedding
21.85 89.2 105.9 62.0 | fracture
21.87 286.6 303.3 32.7 | bedding
21.95 286.2 302.9 324 | bedding
21.99 286.6 303.3 33.6 | bedding 5x10mm vugs
22.00 289.7 306.4 32.4 | bedding
22.04 277.3 294.0 351 | bedding
22.07 95.5 112.2 441 | fracture
2210 284.3 301.0 34.2 | bedding
2217 276.1 292.8 345 | bedding
22.25 285.0 301.7 33.6 | bedding
22.32 273.2 289.9 29.4 | bedding
22.40 282.6 299.3 30.6 | bedding
22.45 108.1 124.8 50.8 | fracture
22.50 277.0 293.7 54.9 | fracture
22.53 108.6 125.3 721 | fracture
22.54 2534 2701 449 | fracture
22.57 285.5 302.2 31.0 | bedding
22.61 282.0 298.7 32.7 | bedding
22.70 268.8 285.5 32.7 | bedding
22.73 2881 304.8 53.5 | fracture
22.75 280.2 296.9 46.6 | fracture
22.86 1M1.5 128.2 52.3 | fracture
22.92 118.4 135.1 52.5 | fracture
22.95 258.8 275.5 58.0 | fracture
22.97 257.6 274.3 581 | fracture
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Depth (m) m‘;:;‘zm;‘ ?Ffu:‘ﬂ?::]? Dip | Class Notes
23.00 257.3 274.0 57.0 | fracture
23.00 265.9 282.6 36.0 | bedding
23.08 267.8 284.5 63.2 | fracture
2312 58.0 4.7 450 | fracture
2312 26941 285.8 54.6 | fracture
23.16 2744 2911 49.2 | fracture
2317 103.2 119.9 48.8 | fracture
23.20 287.3 304.0 51.6 | fracture
23.26 281.0 297.7 48.9 | fracture
23.20 74.9 91.6 53.7 | fracture
23.30 2741 290.8 51.3 | fracture
23.36 280.1 296.8 36.8 | bedding
Depth (m) E'ﬁrtﬁ;'mum (Mag Bg}rtAh)zmuth (True Dip Class Notes
23.37 971 113.8 50.5 | fracture
23.41 280.3 297.0 34.0 | bedding
23.46 94.2 110.9 56.4 | fracture
23.59 309.0 325.7 478 | fracture
23.63 23.7 40.4 71.5 | fracture
23.63 312.3 329.0 43.0 | fracture
23.69 328.7 3454 55.9 | fracture
23.83 334.5 351.2 46.9 | fracture
24.02 281.5 298.2 66.2 | fracture
24.27 88.4 1051 52.5 | major fracture
24.36 71.6 88.3 75.0 | fracture
24.61 283.5 300.2 40.5 | bedding
24.76 274.0 290.7 416 | bedding
24.93 274.0 290.7 43.9 | bedding
2518 273.2 289.9 42.3 | bedding
25.21 272.4 289.1 42.0 | bedding
25.33 275.3 292.0 42.3 | bedding
25.80 129.7 146.4 55.2 | fracture
25.98 278.9 295.6 276 | bedding
26.03 290.2 306.9 30.3 | bedding
26.17 273.0 289.7 44.9 | bedding
26.26 273.2 289.9 49.6 | bedding
26.36 262.4 2791 48.6 | bedding
26.64 165.4 1821 374 | fracture
26.71 207.8 2245 53.2 | fracture
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Depth (m) m‘;:;‘zm;‘ ?Ffu:‘ﬂ?::]? Dip | Class Notes
26.84 140.5 157.2 59.6 | fracture
26.88 311.9 328.6 60.6 | fracture
27.01 291.6 308.3 45.0 | bedding
2710 296.3 313.0 38.0 | bedding
2715 299.7 316.4 43.0 | bedding
2719 107.3 124.0 33.6 | fracture
21.23 91.7 108.4 53.6 | fracture
27.36 114.8 131.5 746 | fracture
27.55 285.4 3021 32.0 | bedding
27.61 288.3 305.0 370 | bedding
21.711 270.2 286.9 42.0 | bedding
27.83 78.6 95.3 30.3 | fracture
27.87 7.5 88.2 26.1 | fracture
27.88 274.2 290.9 37.2 | bedding
27.90 70.5 87.2 31.0 | fracture
27.96 2817 298.4 331 | bedding
27.96 2871 303.8 34.7 | bedding
28.02 286.5 303.2 33.3 | bedding
28.09 294.0 310.7 63.8 | fracture
2817 278.9 295.6 39.2 | bedding
28.29 263.7 280.4 32.9 | bedding
28.90 86.0 102.7 43.9 | fracture
29.03 280.1 296.8 39.2 | bedding
29.05 333.3 350.0 39.8 | fracture
Depth (m) E'ﬁrtﬁ;'mum (Mag Bg}rtAh)zmuth (True Dip Class Notes
29.11 328.7 3454 478 | fracture
31.06 43.9 60.6 654 | fracture
32.30 291.7 308.4 48.4 | bedding
32.58 299.2 315.9 38.8 | bedding
32.66 2976 314.3 42.2 | bedding
32.90 175 134.2 294 | fracture
32.96 12.7 1294 31.3 | fracture
32.99 119.2 135.9 31.3 | fracture
3317 2954 3121 331 | bedding
33.27 307.0 323.7 34.7 | bedding
33.36 3871 43.8 38.0 | bedding
33.49 270.3 287.0 384 | bedding
33.62 138.2 154.9 611 | fracture
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Depth (m) m‘;:;‘zm;‘ ?Ffu:‘ﬂ?::]? Dip | Class Notes
33.87 120.0 136.7 61.2 | fracture
33.98 119.5 136.2 58.4 | fracture
3415 27114 287.8 418 | bedding
34.25 2631 279.8 39.3 | bedding
34.35 263.5 280.2 35.8 | bedding
34.42 184.3 201.0 714 | fracture
34.43 276.1 292.8 57.6 | fracture
34.61 166.6 183.3 70.9 | fracture
34.61 300.4 31741 33.6 | bedding
34.80 150.7 167.4 76.5 | fracture
35.54 153.3 170.0 511 | fracture
35.76 98.3 115.0 59.5 | fracture
36.05 971 113.8 55.2 | fracture
36.20 621 78.8 26.6 | fracture
36.20 264.9 281.6 418 | bedding
36.25 275.2 291.9 39.6 | bedding
36.31 227.8 2445 279 | fracture
36.37 278.0 204.7 374 | bedding
36.71 1214 1381 43.4 | fracture
37.59 40.3 57.0 65.5 | fracture
37.79 51.8 68.5 75.8 | major fracture
38.28 89.3 106.0 42.2 | fracture
38.30 87.2 103.9 40.5 | fracture
38.38 292.7 309.4 32.8 | bedding
38.47 531 69.8 551 | fracture
38.78 277.3 294.0 374 | bedding
39.04 40.7 57.4 65.3 | fracture
39.14 171.8 188.5 71.8 | fracture
39.20 374 541 75.6 | fracture
39.27 547 714 72.0 | fracture
39.51 22.6 39.3 73.0 | fracture
39.61 334.5 351.2 53.5 | fracture
39.67 457 62.4 68.9 | fracture
39.69 2691 285.8 75.8 | fracture
39.78 256.7 273.4 46.9 | bedding
39.86 53.5 70.2 39.0 | fracture
Depth (m) E'(E)rtﬁ)z'mum (Mag B:)prtAh)zmuth (True Dip Class Notes
39.98 3514 8.1 479 | fracture
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Depth (m) m‘;:;‘zm;‘ ?Ffu:‘ﬂ?::]? Dip | Class Notes
40.07 6.6 23.3 55.0 | fracture

4015 76.5 93.2 60.2 | fracture

40.20 37.8 545 68.7 | major fracture
40.21 302.0 318.7 66.2 | fracture
40.34 29741 313.8 62.9 | fracture
40.56 14.4 311 68.8 | major fracture
4110 448 61.5 49.7 | fracture
41.64 270.6 287.3 42.3 | bedding

41.79 274.9 291.6 39.4 | bedding

41.79 273.7 2904 52.3 | fracture

41.83 82.3 99.0 61.5 | fracture

42.09 31.6 48.3 425 | fracture

42.30 2.5 19.2 57.8 | fracture

42.41 531 69.8 80.4 | major fracture
42.58 45.6 62.3 62.6 | major fracture
42.95 278.6 295.3 454 | bedding
43.44 273.3 290.0 39.0 | bedding
43.50 272.4 289.1 39.4 | bedding
43.56 257.2 273.9 43.7 | bedding
43.59 2445 261.2 61.9 | fracture
43.63 267.5 284.2 40.5 | bedding
43.70 221.7 2384 52.5 | fracture

43.74 314.0 330.7 66.1 | fracture

43.78 43.4 60.1 701 | fracture
43.80 217.9 234.6 68.1 | fracture
43.83 49.3 66.0 641 | fracture
43.95 65.0 81.7 40.2 | fracture

4410 144.2 160.9 69.6 | fracture

44.21 6.2 229 50.0 | fracture
44.36 262.3 279.0 40.3 | bedding
44.56 122.8 139.5 53.4 | fracture
44.63 904 1071 71.2 | fracture
4469 9.5 26.2 73.9 | major fracture
44.89 571 73.8 64.6 | fracture
45.26 31.6 48.3 64.6 | fracture
45.27 236.6 253.3 70.4 | fracture
4543 66.1 82.8 447 | fracture
4548 225.9 242.6 73.5 | fracture
45.57 42.0 58.7 86.4 | major fracture
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Depth (m) m‘;:;‘zm;‘ ?Ffu:‘ﬂ?::]? Dip | Class Notes
45,57 253.9 270.6 66.2 | fracture
45.68 277.3 294.0 70.5 | fracture

4573 1024 11941 434 | fracture
46.45 190.5 207.2 71.3 | fracture

46.59 42.3 59.0 60.3 | major fracture
46.77 318.0 334.7 53.9 | fracture
46.89 210.2 226.9 60.2 | fracture

47.07 151.6 168.3 54.7 | fracture

48.21 60.1 76.8 35.8 | fracture
Depth (m) Blé)rtﬁ)zmuth (Mag Bg)rtAh)zmuth (True Dip Class Notes
48.29 90.0 106.7 56.4 | major fracture
49.25 284.2 300.9 39.0 | bedding
49.32 2876 304.3 37.8 | bedding
49.46 294.0 310.7 33.8 | bedding
49.65 302.4 3191 331 | bedding
49.78 300.5 317.2 34.7 | bedding
49.95 288.2 304.9 36.6 | bedding
50.07 2954 3121 331 | bedding

50.18 295.0 3117 35.5 | bedding
50.22 300.4 31741 324 | bedding
50.42 279.2 295.9 38.8 | bedding
50.58 264.3 281.0 411 | bedding
50.70 259.6 276.3 425 | bedding
50.89 2579 274.6 37.8 | bedding

51.03 281.9 298.6 434 | bedding

5115 2717 294 .4 38.4 | bedding

51.26 284.7 301.4 39.4 | bedding

51.36 38.6 55.3 63.2 | fracture

51.49 16.0 32.7 79.2 | fracture

51.57 290.5 307.2 60.9 | fracture

51.62 94.2 110.9 51.3 | fracture

51.75 2794 2961 55.7 | fracture

51.88 58.4 751 479 | fracture

52.02 174.0 190.7 811 | fracture

5210 58.0 4.7 66.4 | fracture

52.47 296.4 3131 38.0 | fracture

52.51 243.2 259.9 72.2 | fracture
52.52 191 35.8 33.0 | fracture
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Depth (m) m‘;:;‘zm;‘ ?Ffu:‘ﬂ?::]? Dip | Class Notes
52.56 46.9 63.6 53.7 | fracture

52.56 226.6 243.3 36.4 | fracture

52.77 21.0 317 83.0 | major fracture
53.21 247.3 264.0 54.4 | fracture

53.58 154.9 171.6 611 | fracture

54.84 261.7 278.4 68.2 | fracture

55.98 1714 188.1 62.7 | fracture

56.03 241.8 258.5 447 | bedding
56.24 281.0 297.7 447 | bedding

56.31 275.8 292.5 445 | bedding

56.41 270.8 287.5 38.0 | bedding
56.47 260.8 2775 384 | bedding
56.62 266.7 283.4 62.3 | major fracture
57.78 73.6 90.3 30.1 | fracture

58.04 281.2 297.9 447 | bedding

58.21 7.7 944 49.7 | fracture
58.34 103.6 120.3 271 | fracture

58.44 971 113.8 378 | fracture

58.53 92.2 108.9 30.1 | fracture

58.55 941 110.8 35.8 | fracture

58.58 102.3 119.0 36.6 | fracture
Depth (m) Blé)rtﬁ)zmuth (Mag Bg)rtAh)zmuth (True Dip Class Notes
58.61 167.7 184.4 181 | fracture

58.63 2651 281.8 34.0 | bedding
58.70 64.2 80.9 376 | fracture

58.70 2711.2 287.9 34.9 | bedding

58.81 265.9 282.6 32.7 | bedding
59.02 231.7 2484 73.7 | fracture
59.41 69.4 86.1 301 | fracture

59.55 174 1341 62.3 | fracture

59.61 1.2 17.9 64.5 | major fracture
59.63 355.9 12.6 55.2 | fracture

59.78 162.7 179.4 41.3 | major fracture
60.12 276.8 293.5 63.9 | fracture

60.27 311.0 3217 711 fracture

60.32 284.3 301.0 20.9 | fracture

60.36 1M1.5 128.2 29.6 | fracture

60.40 357.5 14.2 60.3 | fracture
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Depth (m) ?ﬁg:;‘g:‘;;‘ ?Ffu':‘ﬂ?::l? Dip | Class Notes
60.54 353.4 101 78.7 | major fracture

60.57 209.6 226.3 46.9 | fracture

60.84 249.3 266.0 80.3 | fracture

60.92 253.4 2701 42.3 | bedding

60.95 11.9 28.6 67.3 | major fracture
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