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ABSTRACT

A study of jointing in the rocks of the Central Foothills Belt of
Alberta was undertéken in order to determine the relationships of joint
patterns to regional and local structure. The writer used a different
approach to the problem than that used by many previous investigators
in this field, No attempt was made to relate joint directions found to
fractures produced experimentally by earlier workers under controlled
stress conditions., Interpretation is based solely upon demonstrable
relationships between individual joint patitsrns and known §§ructure.

The Central Foothills Belt is a portion of a continuo;s linear
zone, bounded on the east by the easternmost extent of thrust faulting
and on the west by the First Range of the Eastern Rocky Mountains of
Canada. The area studied is the portion of this belt which lies between
latitudes 52°15' and 53°15', Here, low angle thrusts of Laramide Age,
folded together with the rocks they cut, outcrop at the surface as
steep to vertical reverse faults with, in some cases, total displace-
ments of over six miles.

Data were gathered on over 9000 joint surfaces at 1kl different
locations within the area studieds Each location was carefully chosen
for its knom structural position. Variable factors of lithology,
sampling selectivity and time of deformation were recognized and taken
into account while data were gathersd and compilad, These orientation
data werse plotted on nets of equal-area projection and the resulting
poles were contoured according to standard practice. Joint patterns
thus derived, when examined in the light of both regional and local

structural settings lead the writer to conclude that:

1

-
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1. A regional fracture pattern exists within this area., It is composed

2.

3.

b

Se

Te

of two trends which are anproximately perpendicular to each other and
to bedding, regardless of the attitude of the beds.

Two subsidiary trends are present at some locations espascially in
rocks which have experienced more intense deformation than those
which possess only the regional joint pattern. These trends do not
have a regular relationship to each other or to bedding, but usually
intersect nearly equal angles on either side of one of the regional
trends. |

In some cases rotation of joint trends hés taken place together with
rotation of the strata.

Later trends of both the regional and subsidiary patterns have been
developed in some areas.

The main trends of the individual patterns developed very early in
the deformational history of the area when the strata were essential-
1y flat-lying and therefore before the principle Laramide diastro-
phism.

The specific conditions which produced‘the early joint trends appear
to have continued aporadically through the deformational history of
the rocks. While the original trends were rotated with the bedding
during deformation, joint trends were produced which are similar to
the origiﬁal trends of thwse farmed earlier,

Shale lithologises which commonly lack joints or have joints with ir-
regular or curvilinear surfaces probably possessed jointing similar
in trend to that of the more competent horizons. Flowage of thess

rocks in response to tectonic stresses built up during the Laramide
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orogeny may account for the distortion or obliteration of thsse joint

surfaces.
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INTRODUCTION

History of the Project

During the summems of 1953 and 1954 the writer served as Technical
Officer on a field mapping party for the Geological Survey of Canada
in the Central Foothills Belt of Alberta. In 1953 structural and joint
data wers gathsred on two prominent tear fault zonss in thé Central
Foothills (Schmidt, 1955), in order to determine similarity or dis-
similarity in the origin of the faults. Structural data, analyzed in-
dependently from the joints, indicated that movement on one fault zons
was primarily transcurrent or strike slip while the other had eﬁperienced
largely vertical or normal displacement., Joint trends in the dirsct
vicinity of one of these fault zones differed from those near the other
éone. In each case there is a direct relationship between certain joint
directions and direction of the faults,

As conceived, the major problem was to study the nature, local var-
iation, and relationship of fracture patterns to both regional and local
structure. The writer approached this problem with the following aims:

1. The determination, through the use of objective techniqueg, of
representative joint patterns at not less than 100 locations.
Fach was to be situated with known relationship to structure and
based upon sufficisnt measurements to insure statistical validity.

2. To analyze these data empirically, rather than genetically,i.e.,
with the aim of interpreting joint patterns from field observa-

tions alone employing strict control of variable factorslwithout

1. Ses section on "Control" p. 24,

.
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reference to preconceived principles of rock fracture as deter-

nined by experimental work or mathematical deduction. The writer

feels that many previous observers have failed to reach conclu-
sive results for one or mors of the following reasons:

a, Insufficient or inaccurate structural data were usedl,

b. +the method was applied to highly complex st;ucture as a
means of acquiring further data where conventional invas-
tigation methods proved insufficientz,

c. the worker attempted to extrapolate genetic relationships
from experimental dataB, which m=y not be a wvalid procedure.
Although the latter case is an ultimaie goal of every inves-
tigation of joint patterns its fulfillment must come after
the basic principles of rock fracture have been established

in the field.
In the present study it was hoped that the establishment of rela-

tionshipé of joints to structure through empirical methods in relatively
simple and well investigated areas would svsntually lead to the determin-
ation of the fundamental relationships which govern the .formation of
joints and joint patterns on a regional scale. Knowledge of these rela-
tionships might then allow joint techniques to become an important tool
in the solution of structure and tectonic history in more complex or un-

investigated areas.

1. Wilson, 193l; Melton, 1931,
2. Wilson, 193L
3. Bucher, 1920; Kupsch, 1955,
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Location of the Area

The area investigated covers approximately 2400 square miles, It
extends in a north-northwesterly direction along the structural trend
from Latitude 52°915!, Longitude 116°00! to Latitude 53°15', Longitude
117930 and covers the major portion of twelwve 15 minute map areas (see
maps, Figures 1 and 2),

Tt ie the major portion of what has been termed the Foothills Belt
of Central Alberta (McKay 1943), and is bounded on the east by the eastern-
most limit of thrust faulting and on the west by the ramparts of the
Front Range of the Rocky Mountains. Northwest and southeast, well beyond
the confines of the area, ths Central Foothill ranges gradually diminish
10 be replaced by other ranges in the Southern and Northern Foothills,
Within the area three foothill ranges, the Brazeau, Bighorn, and Nika-
nassin rise to elevations of nearly 9,000 feet, but the majority of the
land surface is compesed of gently rolling ridge aﬁd ﬁlley topography
with about 1500 feet maximum relief,

Access to the area is provided on the north and south by Forestry
Service roads, but the greatest portion had to be investigated by horse-

back and on i‘dot.
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HISTORY OF THE STUDY OF ROCK FRACTIRE

The study of rock fractures precedes the oft-quoted works of Dau-~
bree. Bakewell (1633) discussed "geams" in his published lectures given
at Yale. Hopkins (1835) was the first man to attribute the "regularity
of joints in rocks to the mechanical action of an elevating force", thus
linking rock fracture to deformation on a regional scale, Most early
workers viewed joints as "tensional" phenomena which came about through
contraction either by the loss of water, or by cooling., A series of
articles appearing in the American Journal of Science from 1882 to 1884
well illustrates the differing opinions of the day with respect to the
origin of joints. Le Conte (1882) and Kinahan (1882) presented the view
ttp;a.t joints result from contraction dus to drying and Gilvert (1882a,b;
188l4) felt that, since the joints which he had observed fell into a rec-
tangular pattern rather than a polygonal one, there must be an explana-
tion other than shrinkage.

The monumental work of Daubree in 1878 and later, was the foundation
upon which virtually all subsequent fracture investigations have besn
based, He was the first to integrate experimental work with field obser-
vations of joints or "diaclages" as he called them, and to recognize the
potentialities of expsrimentation in this field as a possible key to
natural processes. Because his experiments and observations have besn
treated in soms detail by many writers, they will not be described here,

In the period 1883 to 1893, W.0. Crosby published a series of ar-
ticles in which he advanced the theory of rock fracture in response to
the suddenly applied stress of earthquake waves. A growing quantity of
unrelated joint observation (Shaler 1887,88,89, Buckley, 1898, and

=10~
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Cushing, 1901) formed a framework for the work of Hobbs (1901, 1904,
1905, 1911) who repeatedly called attention to the regularity and
systematics of réck fractures and their apparent relations to other
structures. He recognized and exprassed well the empirical relation-
ships hs observad:
",ee in regions which since their formation have
besn little disturbed, the joint planes stand
near the vertical, amd in their network two
dominating series are generally found to be
approximately normal to each other." (Hobbs, 190L)
Hobbs had 1little to say about detailed relationships, and preferred to
discuss joints in terms of the broader structural features of the
earth's crust,
"The significant fact is that whersver a relatively
simple and orderly system has been discovered, the
dominant structural and relief directions represent
ons or mom of the elements within the quadruple
set [of joints] which has been above described."
(Hobbs, 1911)

Although Hobbst' work suffers a great deal from sweeping and often
misinformed generalizations and a lack of adequate specific information,
the impact of his work was felt through the stimnlus which it provided
for other workers to investigate the arigins of rock fracture. (Harder,
1906; Sheldon, 1912},

In 1920 W.H. Bucher published his critical work on "The Mechanical
Interpretation of Joints". Using more modern analytical technique (ster-
eographic projection) he was able to demonstrate in several instances
the applicability of joint pattern amalysis to structural interpretation.
Like the work of Hobbs, that of Bucher gave a new impstus to fracture

research. (Swanson, 1927; Bucher, 1928; Lovering, 1928). In 1929 Melton
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published the first of a series of articles on regional fracture patterns
of the Ouachita Mountains and the Interior Plains of Oklahoma, Melton's
work represents the first effort to uée detailed joint cbservations in
regional tectonic interpretation. Although based on much more factual
data than Hobbs' work, Melton still maintained an approach of broad gen-
eralization. In a later abstract (1931) to a paper which was apparently
never published, he drew regional patterns in the southwestern United
States from the Missisaippl River to New Mexico, based on scattered local
patterns, At this same time , Wager (1931) published his work on "Joint-
ing in the Great Scar Limestons of Craven", England, in which he related
the jointing to the tectonics of the area. 1In 1933 what was perhaps the
first aerial-photo study of fractures was published by Barton on an area
in southern Texas. Studies of joint patterns and their particular re-
lations to igneous intrusion and ore emplacement were made in 193L by
Johnston and Cloos and in 1935 by Clooss.

Wilson's study in 193h of jointing in the Five Springs Creek Area,
Wyoming brought to light some new technigues for the use of data on
Jjoints in deciphering the tectonic history of an area in which igneous
intrusions are important features. Unfortunately the presentation of his
material is not entirely clear. Since his conclusions are, to say the
lsast, somewhat hypotheticall, the strength of the work suffers. Never-
theless, it serves as a valuable springboard for speculation.

In 1942 Parker published his work "Regional Systematic Jointing in
Slightly Deformed Sedimentary Rocks', a study which was perhaps 't.he most

important analysis until that date. The joints he studied are in

1. Wilson, p. 518.
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essentially flat-lying strata in New York and Pennsylvania so that he
was able to show joint patterns quite clearly by plotting the strike

of individual Joints on a rosette diagram. This procedure not only
lent itself to simpler mechanical and statistical treatment of‘ data,

but also allows a clearer visual understanding on the part of the
reader., By closely linking his joint data with both regional and local
structure, Parker was able to show a distinct correlation., At about the
same time Ver Steeg (1942) undertook the compilation of joint data in
Ohio from various sources. He, like Parker, found that there is a close
correlation betwsen structwral trends and the direction of joint planes.
Although thework lacks statistical validity the generalizations drawn
are believed to be significant in the light of Parker's study.

From 1946 to the present a wealth of information on joints has
appeared in the literature. Although only a few studies have been con-
cerned with the investigation of joint patterns alone on eit.har a local
or regional scale, many workers have tried to us the analysis of frac-
ture patterns as a means of acquiring supplementary information, (Hig-
gins, 1947; Gram, 1947; Harrison, 1953). In 1950, Shainen published an
important analysis of the nature of en echelon tension fractures which he
found to be aligned along conjugate shear directions. This study, along
with others by Duschatko (1953), Gilkey (1953), and Bucher and Gilkey
(1953) have done a great deal to throw light on tbs fundamental proper-
ties of joint patterns in their natural framework.

Iaboratory or experimental study of rock fracture was concurrent
with the development of technimues of study of the field relations of

joints or fractures. DBucher (1920) published an excellent summary of
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early work (largely foreign) in this field, for the most part pertaining
to flow and fracture in stressed metals, Daubree (1879, 1880) performed
what were perhaps the earliest actual experiments on the strain behavior
of stressed materials. Using clay blocks and crude apparatus he succeed-
ed in demonstrating that fracture patterns analagous to those faund in
nature could be produced experimentally, In the United States, Case
(1895) performed significant experiments involving flow and fracture
of moving ice, but it wasn't until the work of Adams (Adams, 1901,
1918; and Adams and Coker, 1905) that experimentation was carried on
upon specimens of indurated rock.

Listed below are a number of articles which, although by no means
a2 comprehensive assemblage, offer significant contribution to the know-
ledge of experimental deformation of earth materials. Those marked
with an asterisk (%) are felt to be most uséful.

Karman (1911)
Wright (1920)
Becke (192L)
Withy & Aston (1925)
# Nadai (1931, 1950)
Rettger (1935)
Birch & Dow (1936)
* Hubbert (1937)
# Griggs (19L0)
Goranson (19L0)
Hughes & Jones (1950)
# QGriggs, Turner, Mitler, Handin & Chtih (1951)
Parker & McDowell (1951)
# Griggs, Turner, Borg, & Sosoka (1951, 1953)
Borg & Turner (1953)
% Handin & Fairbairn (1953, 1955)
# Higgs & Handin (1954)
% Turner, Griggs, Heard (195L)
¥ Robertson (1955)
# Cloos (1955)

In very recent years, the application of statistical methods to

joint data has becoms increasingly important. Chayes (1949, Lowe (19L46)
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and more notably Pincus (1951, 1952, and 1953) have discussed this phase
in great detail, but not without criticism. (Rodgers, 1952).

Previous Fracture Studies in the Central Foothills Belt

In 1950, the Geological Survey of Canada published the report of O.
A, Erdman covering the Alexo and Saunders Map Areas (360 square miles),
These map areas adjoin the area of the present study on the scuth, To-
gether with the mapping and general geology, Erdman conducted a limited
investigation of the joint patterns. He recorded data on 600 individual
Joint surfaces at 300 stations. He then tabulated major directions and
compiled the results, together with the major structural trends, on a

reduced map of the area ( Fig. 3, p. 39 of his report)., He concluded
thate

1. "A joint system composed of two, intersecting, steeply
dipping sets is present throughout the map-areas, and in
places a third set is apparent. One set, referred to as
'strike joints'!, is parallel with the general strike of
the beds; the other set, the 'dip joints! is approximately
at right angles to the general strike."

2. "The strike and dip joints are generally equally persistent
and regular in attitude. The quality of joints in rocks of
the same formation and of similar lithology varies throughout
the map-areas."

3. "The dips of strike joints appear more variable than those
of the dip joints, although each set may range from steep
to vertical., Strike joints appear to dip approximately narmal
to the dip of the associated beds. Ths dip of the dip joints
at the crest of a fold may be nearly normal to the plunge of
the folds 1In other words, the data indicate that both strike

and dip joints are approximately psrpendicular to the bedding
plane,."

L. "Field evidence from a few places indicates that the joints
were formed previocus to the faults or during fault movements."
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Purpose of Studying Joints

As stated, ths writerts purpose does not differ markedly from that
of other workers., Most have sought to relate joint patterns to struc-
ture. Howsver, geologists have used a number of different approaches to
the study of joints and their structural relationships. On a fundamental
level, however, these may be reduced to three, which are here termed
observational, experimental and mathematical, The first might be also
termed an empirical approach in that conclusions are bassd upon only the
data which appear through observation of the attitudes and relations of
joint planes as they are found in the field. The second two might be
grouped as the genetic approach in that they seek to employ the comcepts
of genesis of joint planes derived by experimental means in the labor-
atory or by mathematical deduction as an explanation of the patterns
found in the field.l The validity of this procedure has never been de-
monstrated, It is a basic assumption which must be accepted if one is
to accept ths resultsof studies involving this technique. Inconclusiwve
results® of such studies lead the author to belisve tha the fault lies
not in the technique or reasoning of the wrker, but in the assumption
which must be made. The writer has approached the problem from the em-~
pirical point of view as did Hobbs (190L, 1911), Melton (1929) and Parker
(1942), but with the purpose of applying strict control of the many var-
iable factors.3

In this way, it was felt that the field relationships of joint planes
and structure, once demonstratad by using carefully controlled techniques

in the light of known tectonics, might be used as a tool in arsas of

1. Sele Cloos (1955)
2. Wilson, 193k; Gilkey, 1953. -
3. This latter aspect will be discussed under %“Control" - Section 5
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unknown structure. When and if sufficient controlled field data are
available, it may be possible to relate natural fracturss to those

produced in the laboratory.
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FIELD TECHNIQUE

Orientations of joints were taken at 1Ll locations. 33, 50, 67 or
100! individual joint surfaces were measured at each location depending
on factors discussed below. In all cases determinations of strike and
dip were made by Brunton compass within *1° on the instrument, and pro-
bably within *2° of the true orientation of the joint surface where
measured. It is well known that individual joint surfaces display var-
iability within several degrees of an average direction and the writer
does not intend that the figure T2° be construed as the limit of that
variation, but merely as the average‘error found by re-measuring the
sams group of joint surfaces.2 In addition to strike and dip, fsatures
of each joint surface were recorded at every location,.

Once it was determined that thers were sufficient joints within
the area of outcrop for adequate treatment, orientations were determined
for every joint in a straight line along the outcrop. <thus the writer
was forced to record every joint regardless of its orientation. The
foregoing procedurs was followed in all instances except that of curved
joints. Since strikes and dips are impossibls to determine, these joints
must be omitted. On the few occasions where regularly curved surfaces
broke into planar joints at either or both ends, the orientations of the
planar segmenits were recorded with the notation '"goes into", These plan-
ar segments of the surfaces were plotted separately. dJoints which possess
a wavy or irregular surface, but which otherwise have a consistent bearing,
were used, and the inconsistencies noted. {in all cases, compass readings

were nade with the use of a note-book placed on the surface so that

1. Convenient number-groups for contouring purposas.
2. See pags 30,
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readings would represent, as nearly as possible, the true orisntation
of the surface where measured and would not be influenced by minor sur-
face irregularities. (See photograph No. 1).

Corrections were made for compass declination which varied within
the area by adjusting the declination periodically as the work progressed
from one map arsa to the next. As an additional precaution thes declin-
ation setting on the instrument was checked daily.

In a few cases, later compilation showsd the numbsr of joints re-
corded at each location to be insufficient for accurate determination of

1

the location of preferred orientations™, but the majority were satisfac-

tory. Early in the study 100 joints were taken, at every locality, but
contouring in groups of ten® showed that the ‘number might well be reduced
with little loss in accuracy, thus assuring greater coverage of the area
within the available tims.

At least one photograph and hand spscimen was taken at every loca-
tion, the first for later identification of the location, the sscond to
provide material for examination and comparison. Individual locations
were accurately located anmd recorded on the aerial photographs being
used for mapping. These locations were later transferred to copies of
the completed maps. Abt least three bedding readings were recorded at

each location and the results averaged and plotted on ths equal-area

nets at the same time the joints were plotted., Whenever there was wide

1. See section on Local Joint Patterns and Local Structure.

2. The writer detsrmines the minimum sample size necessary for adequate
treatment in a new area by splitting the entire sample of orientation
data into smaller groups and plotting and cmtouring each group cumi-
latively, When the addition of sach new group of data no longer
changes the position of established highs or produces new ones, the
sanplse number may be considered an adequats one,
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deviation of bedding each reading was plotted separately.

An arbitrary system for'estimating extent of joint surfaces was
used in recording the magnitude of each joint. Since there is.no way
in vhich the true magnitude of a joint surface may be determined, unlsss
it is terminated in all directions within the exposure of the outcrop,

the writer used the following estimate dictated by visible joint extent.

Designation Area .

S (small) 10 square inches or less

M (medium) 10 to 6l square inches

1 (large) 6l square inches to L square feet
VL (very largs) over lj square feet

In addition to the notations described above, detailed notes were
taken on the structural setting in the immediate vicinity of the joint
location, and on pertinent features concerning each joint surface or
grouﬁ of surfaces, e.g. open ,j‘oint 1/8", calcite-filled, =lickensides
(with directions), displacement, planar, ﬁmguhr surface, wavy surface,

curved surface, "goes into", etc,
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COMPILATION

Polar coordinates of the recorded orientation of joints were plot-
ted on an upper hemisphsre of the Schmidt Equal Area Net (standard 10
cm. radius) by means ofla plotting device similar to that described by
Duschatko (1955). The Polar Coordinate overlay was then transferred to
a grid and the polar plots were contoured on a secord overlay using the
method described by Billings (1954).

The collection of joint orientation data in sample groups of 33,50
67 and 100 facilitated contowring of the plotted poles for the following
reason. Use of the standard 1 % counting circle is based upon 2 sample
group (N) of 100 joints, the value assigned to each joint being 1 %, If
the same 1 % counting circle is applied to a sample group of 50 joints,
the resulting value for each will be 2 %. In the sam manner, a value
of 1 and 1/2 % for each point (N equals 67), and 3 % for each peint (N
equals 33) may be derived. Contours were drawn using these values, on
an interval which seemed to best suit the requirements of each indivi-
dual location., In cases where the polar plots showed high concentration
in 1 or 2 local areas, a larger interval was used for purposes of clarity.
In other cases, where dispersion was large and greater definition was ne-
cessary, smaller intervals were used. On the whole, however, it was
desired to keep the interval as umiform as possible. For this reason the
intervals of 3 ¢ (N equals 33), 4 % (N equals 50), 3 % (N equals 67) and
2 4 (N equals 100) were usually used. Contour diagrams reproduced in
Appendix A were all drawn using these intervals (See contour key - front
of Appendix & ).

In order to preserve the observed relationship of joint planes to
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bedding, the nets were not rotated to a position in which the bedding
is horizontal. It was felt that the direct relationship to structure
would be obscured by such a procedure. The pattern shown at any one
location may be related to other locations, merely by mentally rotating
the nat in accordance with the btedding plots which are shown on each
contour diagram. |

In addition, v»ntation of the nets would result in de-emphasis of
2nd and 3rd generation patterns which appear to be related to present
strike and dip of the beds. Rotation of the net itself makes necessary
the assumption that regional dip of the beds was negligible when the
joints were formed; an urwarranted assumption. Although non-rotation
of the contoured rets sacrifices some clarity and requires mental re-
orientation as each net is examined, the additional information thus

gained compensates for the minor inconveniencs,

Relationship Between Magnitude amd Direction of Joints

In order to determine the relationships between magnitude and joint
direction, the writer plotted joints from nine locations on multiple
overlays., "Small, "Medium" and "Large" joints were each plotted on sep-
arate sheets and were comtoured individually. ILocations were randomly
selected one from sach of the formations in which most of the joint
orientation data were taken and on 3 representative structures. The re-
sults showed no correlation between magnitude and direction. In most
cases the dispersion was similar to that of the completely plotied net.

Either the method of joint magnitude classification used here is
inconclusive due to lack of exposure of joint-surface terminations, or

if relative magnitudes recorded are valid, there is no corrslation
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between relative magnitude of joint surfaces and their orientation in

space.
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CONTROL

The rocks exposed in the Central Foothills Belt range in age from

Cambrian to Paleocene and consist of the following:

Age Formation Lithology Thickness
Tertiary Paskapoo Non-marine shale and lime-
stone Unknown
Upper Brazeau Non-Marine shale and limestone 2000t'*t
Cretaceous Wapiabi Marine shale , 1600-1800¢
Bighorn Marine sandstons, conglom-
erate and shale 220-h00!
Blackstone Marine shale, silt and grit 1000-~1L40C!
Disconformity?
Lower Mountain Park Non-marine shale and sand-
Cretaceous ' stone 300-1000!
Luscar Non-marine shale, sandstone
and coal 910~2400!
Cadonin Conglomerate (non-marine?) 15-30%
Nikanassin Shale and sandstone
(non-marinae) 200-12001
Jurassic Fernie Marine shale, sandstone
and carbonate L00-500'
Disconformity?
Triassic Spray River Marine siltstone and dol-
omite 0=5001
Disconformity?

Pennsylvanian? Rocky Mountain

Mississippian Rundle

Banff

Marine sandy dolomite and
chert 0-421

Marine dolomite, limestone

and shale 534-1188¢
Marine limestone and shale  500-837!
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Age Formation Lithology Thickness
Devonian Exshaw Marine shale 3261
Palliser Marine limestons and

dolomite 724-828 ¢
Alexo Marine sandstone,dolomite 2h0-3331
Fairholms Marine dolomite, lime- ,
stone, shale 1100 *
Cambrian or Ghost River(?) Marine dolomite 198-250!
later .
Upper Formation C Marines shale and dolomite 310-600!
Cambrian
Middle Formation B Marine dolomite and lime-
Cambrian stone 270¢
Formation A Marine limestone and shale 12001

For more detailed stratigraphic descriptions of these rocks the reader

is referred to Douglas (1956).

Joint orientation data were taken in the Faskapoo formation, Bra-

zeau formation, Bighorn formation, Mountain Park formation, Luscar for-

mation, Cadomin formation, Nikanassin formation and Spray River forma-

tion. For experimental purposes one location was made in the Wapiabi

formation, and two in the Paleozoic rocks.

Joint investigations were confined to the mors competent beds within

Mesozoic formations for two reasons:

1, Since local, and perhaps regional disconformity has been rec-

ognized at the base of the Triassic strata and within the

Mississippian (Rundle) it is possible that regional warping

of unknown cause and extent has taken place at those times.

The absence of Permian rocks and limited thickness of Penn-

sylvanian rocks (?) (20 to LO') lends further weight to this
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possibility., It was felt that by confining the investigation

to the rocks which, as far as could be determined, had only been
affected by a single orogenic cycle, the resulting joint pate
terns would reflect a single system of stress diections. Also,
provided the premise as ocutlined is valid, this variable factor
for determining relationship betwsen joint patterns and region-
al structure could be adequately controlled. In order to test
the premise, two locations were established in Paleozoic rocks
(Patterns BB - 1 and PGR - 1 ) and the resulting patterns appear
to bear out the premlse ( see discussion p. 67 ).

2, Flow of incompetent rocks in response to minor deformational
stress is well knovml. Joints were not measured in rocks of
this lithology since it was felt that if joints are fractures
formed in response to deformational stress, then the joint
surfaces present would reflsct local stress conditions rather
than regional oneé, and hence would yield little information
concerning the regional pattern. In any case it was impossible
to detefmine joint planes in these rocks due 'l.;.ohthe' curved and
irregular nature of the joint surfaces. One location was made
in what was felt to be a representative horizon of this type
(the Wapiabi formation -~ see pattern WA - 1 ).

Rocks from each joint location wers examined in the field and in the

laboratory. Thin-sections were cut from a few representative specimens
from three formations and compared under the petrographic microscope.

Examination of both the hand specimens and the thin sections gave

1. Lovering, 1928, .
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indication of very little variation in grain size, mineral composition
or cement of rocks of the sams formation., Where slight variation did
exist, it apparently had no effeet in variation of the joint pa.tternl.
Of the formations in which joint orientation data were taken, the Pas-
kapoo, Brazeau and Mountain Park were those which exhibited greatest
variation and Bighorn, Cadomin, Nikanassin and Spray River, the least.
In the cass of the former, the overall nature of the.rock through which
entire joint surfaces were traced was remarkably uniform, aithough var-
iation was great within a few square inches of the outcrop area, In
ons particular case sub-planar joints were 6bserved to extend continu-
ously through 30 feet or more of poorly sorted, cross-bedded, hetero-
geneous arkosic conglomsrate with little variation in strike or dip

( see photographs No. 2 and No. 3).

Conversely, outcrops with marked vertical variation in lithology
tend ﬁo exhibit joint surfaces which are distinct only within each lith-
ologic type. Discrete surfaces end at the interface of two lithologies.
(see photograph No. 4). This is particularly evident in the case of inter-
bedded sandstones and shaies where the sandstones are commonly well joint-
ed and the shales show irregular and heterogeneous joint development. In
the same outcrop, successive sandstone layers generally possess essentially
the same fracture pattern. The writer feels that the extrsme mobility of

‘the shales under minor stresses is responsible for this condition. Llhey
appear to adjust to space requirements of the more competent beds by flow

while the more competent layers themselves yield through discrete fracture,

- 1. See Conclusions, page 76
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Fhotograph No. 5 is a view of a minor antithetic reverse fault
above a larger thrust. The 6 inch sandstone layer in the upper left
is displaced downward to the right along a series of parallel frac-
tures which displace only the bed itself and do not continue into the
shale, The trace of the fault is parallel to the hammer handle and is
located at the point of the hammer head. Total displacement is 716",
right side down, Photograph No. 6 is a view of the same fault from a
distance of about 100 feet.

Table I is a descri;i’oion of lithologies in which joints were

measured.

Sampling

Unless a predetermined approach is used in gathering data for a
statistical study there is a tendency on the part of the observer to be
selective in the gathering process. In choosing joint orientation data
this factor is particularly important since certain trends are often
oriented in such a position as to be more noticeable than others. If
the observer has previously formed opinions concerning major or minor
trends the tendency toward selectivity is even more pronounced and every
effort must be made to eliminate or compensate for it if the study is to
have sampling validity. For this reason, control was executed contin-
u2lly while data were being collected. Outcrops were selected for study
on the basis of two factors: structural position, and sufficient joint
surfaces to provide an adequate sample. Once these two requirements
ware fulfilled every joint along a straight line was measured and re-
corded, with the exception of curved joint surfaces, which were omitted

for reasons already discussed.
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Paskapoo formation - coarse to medium-grained, angular arkosic silicar-
enite with abundant rock fragments., Grain size highly
variable from silt to conglomerate. Poorly cemented.

Brazeau formation - lithologically the Brazeau formation and Pasképoo
formation are indistinguishable.

Bighorn formation - well bedded to massive, medium to fine-grained,
silica-cemented gilicarenite.

Mountain Park Formation - coarse to medium-grained, angular, arkosic,

silicarenite., ILocally, it varies from conglomeratic
to Silty.

Luscer formation - fine to medium~-grained, evenly bedded, argillaceous,
silicarenite and fine to coarse-grained, angular
arkosic, silicarenite.

Cadomin formation - conglomerate composed of rounded pebbles of chert
and quartzite up to 3 inches in diameter. Lt is

locally sandy, but everywhere well cemented by
silica.

Nikanassin formation - massive to thinly bedded, fine to medium grained
silicarenites and silicasiltites. 4t is poorly
cemented and friable,.

Spray River fommation - thinly bedded, finely and evenly laminated,
gilicasiltites and fine-grdned silicarenites.
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In order to test the reproducability of a series of readings at
one locality (DD - IIT) the writer chalked numbers on each surface as
measurements were made. At the end of the traverse, amd without ref-
erence to the previous notes, measurements were made of the -same joint
surfaces working in the opposite direction. The two series of notes
were compared by number and differences in both strike and dip were
added and the mean variation was found to be less than *2° for both
strike and dip.

Another possible source of sampling bias was recognized but could
not be}adequately dealt with in many cases., Joints whose surfaces are
parallel to a cliff face ars often neglected due to their lack of out-
crop on the face of the cliff, Where many measurements must be made
alcng such outcrops samples reflect the absence or reduced densiﬁy of
joints with trends parallel to the cliff face. In an area vhere cliff
face outcrops have a random orientation this factor has a tendsncy to
be eliminated in the regional picture, but in the Central Foothills Belt
where outcrops are often located along the water courses and hence have
a tendency to be parallel to one another, the reduced frequency of cer-
tain directions is not compensated and the regional patterns will reflect

| this fact. However, since cliff face outcrops are seldom perfectly
planar, joints parallel to the face are exposed wherever irregularities
in the face occur. The writer included these with the other directions
when they were encountered, but there seemed to be no way to insure

definite compensation for this factor.
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The Areal Density Factor

There are two important parameters which may be derived from a con-
toured net of joint poles. They are a measure of relative density and
a measure of dispersion, Relative density may be defined as the number
of poles falling within a unit counting circle ( 1 % of the total area

of the net) divided by the total number of poles on the net. Thus:

n

Relative density (D) = ¢ and is expressed in
N percent (%)
0 * 00

where: n equals number of poles
N equals total number of poles
¢ equals the area of the unit counting circle.
( 1% of the total area of the net)

Relative density then is a measure of the height of a high and, in
general, it may be said that the higher the relative density the more
likely is it that it represents a reall preferred orientation and not
one which could have come about by chance alone.

In contouring polar plots, relative density intervals are used as
contour intervals, e.g. the 1 - Ii % interval or the L1 - 8 % interval,

Of the many ways to measure dispersion, psrhaps the easiest is to
measure the area containing a given relative density. The smaller the
area containing a given density, the more likely is the supposition that
it is a unique preferred orientation. The greater the area, the more
likely is the chance that it contains 2 or more highs.

For the purpose of convenience it is desiied to combine thess two

measures into a single term which might then be used as a measure of the

reliability of data being studied. For this reason the Areal Density

l. The writer uses this term to mean an actual preferred orientation
rather than one which might result from chance or sampling error.
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Factor (A.D.F.) is proposed and defined as the highest relative den-
sity of any apparent high on the net, divided by the area within the
contour containing that density. Thus:

t
AJDJF, = 7 and is expressed in %/sq. ine

where D! gqua}s highestlrelative density of
a high in percent

and A equals the area in square inches within
the highest contour line containing that
relative density.

Thus, a high of 20 percent covering an area of 1 sq. inch would
yield an A.D.F. of 20 percent/sq. in. A high of the same relative den-
sity, covering an area of only 1/2 sq. in. would yield an A.D.F. of
L0 percent/sq. in. Another with the same area but a relative density of
LO percent would yield an A.D.F. of 80 percent/sq. ine

The A.,D.F. then forms a measure of the uniqueness and reality of a
preferred orientation, The higher the A.D.F, the more reasonable is the
assumption that it represents a single, real preferred orientation. It
ies apparent that the magnitude of the A.D.F, of any given high depends
somewhat on the contour interval chosen. By contouring any preferred

.orientation using different intervals, larger or smallser areas and higher
or lower densities will be derived. However, since the A,D.F, is a
measure of reliability the generalization between magnitude of the 4,D.F,
and its uniqueness and reality is still valid, If, by using mors closely
spaced contours better definition of the form and height of the high is
achieved, then the A.D.F. will be higher, while the use of more widely

spacad contours will bring about a converse result. Since it is expressed

1. Since relative density is expressed on a contoured net in terms of an
interval, D' then must be the average (or mid-point) of the highest
interval,e.g.,if the highest interval is 12,1-16% then D! would be 1L%.
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as a ratio, an A,D.F, may be compared with those of other locations
with a larger or smaller number of sample observations.

The writer hopss to analyze the AD.F, with the aim of demonstrat-
ing the statistical validity of the factor and deriving a level of re-
liability for it. However, such treatment is beyond the scope of the
present work and will » considered at a later date.

Tabulations of A,D.F!s for preferred orieptations on contour dia-

grams reproduced in Appendix A may be found in the Table, Appendix A,
part le
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REGIONAL STRUCTURE

Thrust faulting and, in some arseas, concurrent folding are the
major strain mechanisms through which regional stresses bixilt up in
the eastern portion of the Cordilleran Geosyne line ﬁere relieved in
late Cretaceous and early Tertiary times.

The Central Foothills Belt is a portion of a continuous linear
zone bounded on the east by ths eastermmost extent of thrust faulting
and on the west by the high ramparts of the First Range of the Eastern
Rocky Mountains of Canada. This zone extends from north central Mon-
tana northwesterly to beyond the 5Shth parallsl, a distance of over 500
miles., Within the confines of this Foothills Belt, low angle thrusis,
folded together with the rocks they cut, outcrop at the surface as
steep to vertical reverse faults with, in some cases, total displace-
ments of over 6 miles (Hake, Willis and Addison 1942). Stratigraphic,
deposi tional and structural evidence together place the time of the or-
ogeny which produced these features as post-Paleocene and probably
Eocene., It is thus a phase of the widespread Laramide orogeny.

For the following discussion the readsr is referrsed to Regional
Map A, Appendix B (in pocket).

The Central Foothills Belt is approximately 20 miles wide and con-
sists of seven linsar, northwsst trending, parallsl elements listad below.

1., The outlying easternmost portion characterized by shallow,

low-angle, widely separated thrust fanlts. This zone is highly
deformed on the west where it is’ over ridden by the next

element (2).

-3}
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2. A complex marrow zone of thrust faults and folded faults
which passes into the thrust-faulted anticline of the Bra-
zeau Range to the south. (Brazean Thrust Zone).

3o The sastermmost of three broader synclinses which preserve
rocks of Uppermost Cretaceous Age.

> ke A second, westerly,narrow zone of folded thrust faults which
is here termed the Intermediate Folded Fault Zone.

5. A second, central syncline, this one nmarrower than the first,
called the Black Mountain Syncline by Douglas (1956).

6. A zone of thrusting, exposing Lower Paleozoic rocks along
the front of the Bighorn Rarnge on the south and the Nikanassin
Range on the north. (Bighorn Thrust Zone),

7 The westermmost of three synclines, :overridden and overturned
on the west by desp-seated thrust faults which bring Lowermost
Paleozoic rocks to the surface along the front of the First
Range of the Rocky Mountains.

Fundamentally, these elements may be resolved into two major thrud
zones termed the Brazeau and Bighorn Thrust Sheets (Douglas, 1956) and
a more complex, but shallower zone between.

To the south, along the front of the Brazeau Range, the Brazeag
Thrust outcrops in a series of imbricate thrust faults which dip rather
steeply. This imbricate zone involved rocks of Lower Mesozoic and Upper
Paleozoic Age. The trace of the sole of the Brazeau Thrust lies to the
east of this zone and brings Wapiabi and Brazeau rocks in contact with
the Paskapoo formation. The northwest extension of this’zone has under-

gone extensive contemporaneous faulting and folding and ths resulting
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structure is that of a synclinally folded thrust zone lying beneath
a synclinal structure in beds of the Alberta Group. This structurs
has been deséribed in great detail by Hake, Willis and Addison (1942).

The Paleozoic rocks exposed in the Brazeau Range are folded into
a doubly plunging anticline, the eastern flank of which is overturnsd
and faunlted at the base by the imbricate zone of the Brazean Thrust as
described above, The western flank dips more gently tothe west and
the Paleoczoic strata disappear beneath the overlying Mesozoic rocks
within about two miles of the crest of the fold.

Southwest of the first folded fault zone and the Brazeau Rangs,
the Brazeau Thrust lies beneath Brazeau and older strata in an elongate
synclinal structure which varies in width from two to six miles. Immed-
iately west of this zone and in what is the Central part of the Brazeau
Thrust Sheet, Luscar, Mountain Park and Blackstone formations are re-
peated in a series of steeply southwest dipping imbricate thrusts
(zone L). Thrusts within this zone, although not folded for the mdjor
length of their outcrop, are locally folded in the Wapiabi Creek map
area (Douglas 1956) and in the Alexo Map Area (Erdman 1950).

The westermmost portion of the Brazeau Thrust Sheet is folded into
an asymmetrical syncline in Upper Cretaceous rocks (zone 5) termed the
Black Mountain Syncline. (Douglas, 1956), Its western flank is over-
turnsed, faulted and -overridden by the Bighorn Thrust Sheet. To the
north this syncline nas been crumpled and folded to compensate for
increasing displacement on the thrust fault which brings to the surface
Palsozoic rocks along the front of the Nikanassin Range. Here the

faulted, asymmetrical anticlinal structure of the Nikanassin Range plunges
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south beneath the northern end of the Black Mountain Syncline. North
of here, the structural position of the Syncline is occupied by the
thrust block of the Nikanassin Range. Structurally equivalent to the
Black Mountain Syncline a new syncline in Mesozoic rocks is developed in
front of the Nikanassin range.

In the southerﬁ part of the area, the Black Mountain Syncline is
overridden- on the west by the front of the Bighorn Thrust Sheet,
bringing to the surface west-dipping Lower Paleozoic rocks of the Big-
horn Mountains., Along this zone (zone 6) displacament gradually de-
creages to ths north until the Bighorn Thrust itself dies in the Black-
stone Hrmation on the southwest flank of the Nikanassin Range. Just
north of the North Saskatchewan River, displacement on the Bighorn Thrust

Sheet changes abruptly where a series of tear faults extend from the base
of the thrust sheet at the Bighorn ﬁange soutlwesterly to the base of the
overriding First Range Thrust Sheet. These tears displace rocks of
Paleozoic through Upper Cretaceous ége and have a length of over 10 milss,
South of this zone, Paleozoic rocks are not exposed along the front of the
Bighorn thrust sheet within the area shown on the map.

Behind the Bighorn and Nikanassin Ranges, a third synclinal belt is
evident (zone 7 ). It is longitudinally continuous from the scuthern
boundary of the area to its northern terminus behind the Nikanassin
Range, and is composed of gently westward dipping Mesozoic strata which
have been strongly faulted and overturned along the western flank. The
resulting structure is that of an asymmetrical syncline with a gently
southwest dipping sast flank and a west flank which is vertical to

overturnsd., At its northern terminus it is cut off by anastomosing of
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the First Range and the Nikanassin Hange., It plunges south from this
point and attains a maximum width of four miles in its central portion.
Farther toward the south, immediately north of the North Saskatchewan
River, it exhibits a sharp decrease in width and elevation along the
tear-fault zone, |
From a study of the maps and obssrvation in the field it seems

clear that the major thrust sheets within this area lie at a rather
shallow depth. The frequent occurrence of local thrusts with small
displacement and imbricate structures repeating Mesozoic strata leads

" one to suspect that they merge with depth with the main faults of the
larger thrust sheets. Thus the umderlying structure of the Central
Foothills Belt may be viewed as two rather thin shests which have been
locally crinkled a.r_zd folded both during and after thrust faulting. Local
adjustments, even within the folds themselves, appear to have taken
place in the more competent strata by fracture rather than rock flow.
This is interpreted by the writer as a reflection of the shallow depth

of burial at the time of deformatione.
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REGIONAL FRACTURE PATTERN

Examination of the contour diagrams (Plates 1 through 72) in Ap-
pendix A, part 2, should leave little doubt of the existence of a reg-
ional pattern of joint directions. This regional pattern possesses
characteristic components which may be recognized in each individual con-
toured net. Gensralized, the regional directions composing this pattern
are two. The first (#1) strikes parallel to the structural trend and
the strike of the beds (northwest-southeast), and dips within a few de-
grees of perpenciicular to the dip of the beds at any locality. The
second Trend (#2) runs across the strike of the beds (northeast-southwest)
and is approximately perpendicular to trend # 1.l Its dip is generally
within a few degrees of vertical, These directions may be seen general-

ized in Figure 3A and on the nets of Locations DD -~ I12

s DD~ IIT, DG - I,
DH - I, DH - IT, DI - IV, DJ - I and DK ~ II which represent a few of
the patterns of joints taken in the comparatively undeformed beds within
two of the major synclines ( zones 3 amd 5).
Joint patterns in more highly disturbed areas tend to hawe the or-
.-igipal regional pattern masked by joints developed in other directions.
Although the relative density of the ré'gional trends has a tendency to
be reduced because of locally developed subsidiary directions, they still
persist in most cases. (See nets DF - I, DH ~ III, DH -~ IV).

Por ths purposes of convenient reference the pattern just described

is designated as pattern R (for regional) and will be termed such in

1. Arabic numbers appearing on the contoured nets are not trend numbers
but are reference numbers for A.D.F, tabulations, Appendix A, part L.

2. For meaning of locality numbers and their geographic location see
Appendix A, part 3.

-39
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TREND 2
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TRENO 1

TREND 4
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



later discussion.

Pattern R is essentially the same as that found by Erdman (1950)
who designated the component directions as "S" and "D""for Strike
joints and Dip joints (directions number 1 and 2 respéctively) « The
writer has no particular objection to this terminology, but prefers to
number the directions since directions other than R pattern components
will also be discussed.

Almost without exception the joints of trends 1 amd 2 have a at-
titude which is nearly perpendicular to bedding regardless of the atti-
tude of the beds., This striking fact may be domonstrated by examining
any of the contour diagramsl. Whenever the beddingis horizontal ( or
nearly so) the highs appear on the periphery of the net. When the bed-
ding is inclined, the highs appear within the net and approximately 90°
from the bedding ( See Figure 3B)e.

Trends 3 and L of Figure 3A are common subsidiary directions in the
Foothills Belt. In Figure 3B they are shown rotated along with Trends
1l ard 2. They are often later, so that their polar highs fall near the
circumference of the net (3! and L') while Trends 1 and 2 are rotated as
in 3B.

That the component trends of the R pattern developed early in the
deformational history when the rocks were horizontal or very gently in-
clined is clear from the foregoing discussion and from other evidence.
In some contour diagrams, there are secondarily developed new R patterns
(R') which are oriemted with respect to a present horizontal surface in

the same way the original R pattern is related to the bedding (See

T. Bedding is shown by small crosses with the letter B. Subscript
numbers refer to different bedding readings plotted individually while
the letter B alone indicates an average of 3 or more bedding readings.
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particularly nets DL - I, DN -V, DO -V, CM ~ I, CM ~ VI, CM -~ VIII,

CR - II and CS - I. In this regard, it should be emphasized that the
relative density of a high bears little relation to its direction.
Locally any single direction may have a greater density than the others
depending on genetic, as well as statistical conditions. Given a trend
of a certain direction, it will decrgase in relative density with the
addition of each joint of another direction, so that locally any single
trend may be reprssented by a high with the highest density. It is for
this reason, in part, that in more highly deformed areas trends other
than R pattern components often possess higher densities than the R. com-

ponent trends themselves.
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LOCAL JOINT FPATTERNS AND LOCAL STRUCTURE

Three terms are used by the writer to designate various character-
istics of the preferred orientations or highs on a net. Developed refers
to the density and hence "well developed" or "strong" wauld indicate a
high density highe "Poorly developed" or "weak" indicates one of low
density. Definitién mr'evfers to the dispersion or scattering of the
poles of the joint planes which make up the high. Thus "well defined"
means a small area of scatter, and "poorly dei‘ined" means the converse.
Regnlarity refers to the tendency to form a circle or an even curve; it
gives some measure of the completeness of dispersion from the highsst
part of the high to the lowest. Outlines of highs which approach circu-
larity are very regular. Those which have numerous extensions and reen-
trants without apparent sysiem are termed irregular.

The arabic numbers on the nets are idemtification numbers of highs

for which A.D.F.'s have been calculated and do not refer to trend numbers

discussed below. See Appendix A, part k.

A - T Trends 1 and 2 of the R pattern are present, but 2 is very
weak. E-W trend (3) is present. Local small thrust in over-
lying beds. Compare with location MA - I nearby, which does

not have trend 3.

AB - I One of the few locations where the R pattern is mearly obscured
by development of another direction (trend 4 ). This location

is situated a short distance beneath a thrust fault,

13-
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AB - IT The R pattern in this net is comparatively weak. Trends 3
and Y are present in multiple highs. Joints were measured

in beds immediately overlying a thrust.

AC - I R pattern is here present but again complicated by develop-
ment of trends 3 and L. Trend 1 is strong but trend 2 is
waak and poorly defimsd. Location is 6 feet above a major

thrust fault (The Bighorn Thrust).

AD - T R pattern present, trend 3 also present, trend L present and
strong. Location is in rocks 300 feet above a thrust fault.

Locations AD - I through AD - IV are shown on Map VII,

AD - 1T Shows strong R pattern; trend 1 is well~defined and regular;
trend 2 is poorly defined amd irregular. Location is in

flat-lying beds with no local structure recorded.

AD - TIT This net again shows strong R patiern development,together
ﬁth trend he Trend 3 is present but very weak., Although
situated within the strongly folded, plunging, southwest limb
of the Nikanassin Range, it is only indirectly associated with
faulting, West-dipping thrusts of moderate displacement occur

1/h mile upstream and downstream of the location,

AD - IV The R pattern is present as the 2 major highs on this nst.
Thers is apparent revolution of these highs with respect to
the plane of projection. The lccation is on the west flank

of a steeply plunging anticline.
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AE - T R pattern present, but again confused by development of mal-
tiple subsidiary highs., Trend 2 strong, trend 1 weak and ob-
scuwred. Trends 3 and L appear to be present as well as other

indefinite trends. Situated 5 feet above a major thrust fault.

BB -1 This net represents joints taken in the uppermost beds of the
Paleozoic rocks (Mr. Head member of the Rundle formation -
Mississippian in age). The location was made because only two
obligque joint directions were apparent in the outcrop. The
contoured net also shows only two. Location is on the western

limb of the Brazeau Range Anticline.

CC -1I The R.pattern on this net is well-defined and of high density
in both trends. A subsidiary trend lj appears, but is compar~

atively weak, No nearby local structures have been recorded.

Chb -I A strong R pattern is also present here, howszver trend 2 has
bifurcated appearing as a double high with a separation of
about 150. This location is on the axis of a synclinal struc-

ture overlying a folded thrust fault, CD - I is shown on Map II.

CE -1 R pattern present with streng trend 1 and weaker trend 2, Trend
3 alsc present. Location is on the east flank of the synclinal
structure overlying the same folded fault ( as CD - I)e CE = I

is shown on Map II.

CF -1 R pattern present with trend 1 weak and trend 2 strong. Trends
3 and b also present, but weak., ILocation is on the west limb

of a syncline, 5 feet above cut-off of formation by folded
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thrust fault. CF - I is shown on Map IT,

CG -1 The R pattern is present, but both trends are weaker than 3
and lje Beds are not highly disturbed, but Bighorn Thrust

outcrops less than 1 mile upstream from this location.

CH-1I All trends on this net have apparently been rotated. Since
trends 3 and 4 as well as 1 and 2 are present and hawe been
rotated, it is impossible to determmine exact identification
of the highs present with the trends they represent. Loca-
tion is on the eastern flank of a goubly-plunging anticline
beneath a folded thrust. Fhotograph no. 11 is a view of this

location,

CH - IT Net shows good development of R pattern with subsidiary trends
3 and L also present. All trends have been rotated., The lo-

cation is between two west-dipping thrust faultse.

CH - ITT The only clear trends present on this net are the R pattern
components, Elongation of these highs in the usual positions
of trends 3 and L might mean that they are present but dis-
tinctly subordinate to trends 1 and 2., This location is be-

tween two thrust faults of small displacement.

CI -1 Trend 1 of ths R pattern is strong and rotated on this net.
Trend 2 is weak and poorly defined. Several subsidiary trends
appear, but are of such low density and poor definition that

their meaning is uncertain, This location is on the east limb
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of an anticline within a small fenster bensath a foldsd fault.

Locations CI ~ I through CI - VI ars shown on Map V,

CI - IT The R pattern is present and well-defined on thkis net. There
are no well-developed subsidiary trends, but four minor ones
are present., The one in the eastern partof the net may either
represent bedding plans separations rather than joints, or a
joint trend at a véry low angle to bedding. Location is on the

gast AJ_..imb of an anticline bensath a folded fault.

CI - ITIT This net shows trend L as well as both components of the R
pattern. Minor trends of unknown significance alsc appear.
As in CI - II, the high wery close to the bedding pole may
indicate separations along bedding planes, Location is on ths

west limb of the structure of CI - II,

CI - IV  The R pattern is again well developed, as is trend L. This
location is on the western limb of a steeply plunging syncline

between two west-dipping thrusts,

CI -V Trend 1 of the R pattermn is strong and well defined., Trend
2 is represented by four separate highs perhaps indicating
complication by trends 3 and L. Location is om a thin slice
of Bighorn formation in the trough of a syncline bstwesn

two folded faults.

VI - VI This net exhibits both trends of the R pattern and trends 3
and l} as well., Weaker subsidiary highs girdle the net.

Structural position is-similar to CI - V.
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Cd -1 Trends present are 1 and 2 of R pattern and subsidiary trend
. See CI - IT for explanation of remaining high., Joints
taken in trough of synclinal structure beneath an anticlinally
folded thrust fault. Locations CJ - I through CJ - IV are

shown on Map VI.

CJ -TII Trends 1, 2, 3 and L are all present here. Trend 3 has a dual
high and, together with trend L, is stronger than the R pattern
components. Location is in steeply west-dipping rocks between

two thrust faults,

CJ - ITTI On this net trend 1 of the R pattern is absent. Interesting
to note, however, is the development of a weak trend 1 which
is normal to a horizontal plame. Trends 2 and 3 are present
as well as a high which might represent bedding. Location is
between two folded faults.

CJ - IV Trend 1 appears to be represented only by a rather weak tail
on trend 3. Trena 3 itself is poorly defined, representing
rather widely scattersd poles, Structural position is immed-

iately beneath an east-dipping folded thrust.

CK - I Rotation of all trends on this net has occurred. Trends 1, 2
3 and L} are all present. Location is on the western limb of
a plunging anticline developed above a west-dipping thrust .

Locations CK ~ I through CK - V are shown on Map IV,

CK - II There is slight rotation of trend 1 on this net. Trend L is

present and well defined; -while 3 is perhaps represented by a
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tail on the trend 2 high., Location is near the culmination
of a doubly plunging anticline 1/2 mile west of a west-dipping

thrust.{

CK - ITT Trends 1 and 2 are both weak and poorly defined herec. Trends
3 and L4 are strong but irregular. Joints were taken in west-
dipping rocks immediately beneath a west-dipping thnist.

(see photograph no. 10).

CK - IV Trend 1 on this net is poorly defined. Trends 2, 3 and L are
well defined and strong. Location is on the east limb of a

synclinal structure within 25 feet of a west-dipping thrust.

CK -V Trends 1, 3 and L4 are all weak and poorly defined on this net.
High dispersion of joints in the northwest quadrant indicates
irregular joint development. This location is on the east

limb of an anticline within 10 feet of a west-dipping thrust.

CL - I Trend 1 is weak and rotated slightly while trends 2 and L
are strong and well defined. There appears to be rotation of
the entire net in a counter-clockwise direction about 15 degrees,
with what appears to be later development of very weak R
patitern components in a position similar to those on other nests,
Trend 3 is either absent or weakly represented by the tail on
trend L. Location is on gently west~dipping beds without

nearby structural complications.

CL ~ 1T Trends 1, 2, 3 and }; are all present on this net, together with

a number of very weak, scattered trends whose meaning is uncertain,
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Trend l; appears as a triple high while trend 3 is very
weak and poorly defined. ZLocation is on the overturned
western limb of a syncline a few hundred yards below a
largs thrust.

CL - IIT The only trends evident here are those of the R pattern,
both of which have heen rotated from their normal positions.

The location is on the east limb of a plunging synclins,

CM - I Trends 1, and 2 of the R pattern are strong on this net.
Trend )i is also present but poorly defined and irregular in
shape. Locality is on the west limb of an anticline develop-
ed above a large thrust fault, This location is shown on Map
VI,

CM - IT Both trends of the R pattern are present and well defined on
this net. Trends 3 and L are sither absent or representsd
by tails on the highs of trends 1 ard 2. Location is immed-

iately above a minor fault (Displacement 15 feet),

CM - IIT This net shows good development of both trends of the R
pattern as well as subsidiary trend L, Joints wers measured

below the failt in the sams outcrop as CM - II,

CM - IV Trends 1, 2 and L are all well developed on this net. Loca-
tion is situated on southwesterly dipping rocks between two

west-dipping thrust faults.
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CM -V On this net, trends 1, 2, 3 and L are all well developed
and clearly defined. Joints were taken in steeply dipping
beds above a large thrust.

CM - VI Both trends of the R pattern are exceptionally well developed
here., The tandem high of trend 1 and the dispersion of trend
2 about the edge of ths net both reflsct the structure, since
joints were taken ower the crest of an anticline beneath a
folded fault. R The two beddiqg readings correspond to the dip
of the beds on each flank of the structure and the double

highs may be similarly correlated.

CM - VII Trends 1 and 2 are both presént on this net together with trend
3 which, however, has a dual high, Location is on a syncline
bensath a folded fault,

CM - VIIT On this net rotation of all highs from normal position has
taken places, Trends 1 and 2 are present and are well definesd
while trend 3 is probably representd by the tail on the trend

2 high, Structural position is similar to CM - III above.

CN -1 Trends 1 and 2 are both present and well defined while trend
3 could be represented by a bulge in the comtours connecting
trends 1 and 2, Trend L, if present, is represented by the
secondary high near trend 2. Joints were tdsn in east-dipping

beds approximately 300 feet above an east-dipping thrust.

CN - IT Trends 1 and 2 are present as well as trend L. All trends

appsar to have been rotated slightly, Another subsidiary
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trend is present, the meaning of which is uncertain. Location
is on the overturmed eastern limb of an anticline developed in

front of a large thrust.

CN - III Trends 1, 2, 3 and L are all present. Location is situated on
the east limb of a broad synéline which has been complicated
by a minor thrust which outerops 50 feet to the west., CN - ITT

through CN -~ VI are shown on Map VI,

CN - IV Trends 1, 2 3 and perhaps L are all present here. 1 and 2
are both strong, 3 is weaker and L miht be represented by the
tail on 1. Slight rotation appears to have taken place,

Location is immediately below a west-dipping folded fault,

CN -V Trends 1, 2, and 3 are all clearly defined with elongation of
trend 2 high perhaps indicating the presence of trend L, Slight
rotation to the NW has also taken place. Location is on the
west limb of a steeply, doubly plunging anticline 100 feet
beneath a thrust fault,

CN - VI Trends 1, 2 and 3 are all present but poorly defined. Thres
subsidiary trends are present but their meaning is unknown,
Location is immediately above the east-divping limb of a

folded fault.

CO -1 On this net, trends 1, 2 3 and L are all present. Trend 1
however has a dual or tandem high., Trend 3 is very well de-
veloped and clearly defined. This location is situated on

the west limb of a strongly folded syncline Just east of the
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outcrop of an east-dipping folded fault.

CO - IT Trends 1, 2 and Ly are present here, both 1 and L being of
low density. Structural position is on the east limb of an

anticline devéloped within an anticlinally folded fault.

CO - ITI Both trends of the R pattern ars present here together with a
poorly defined tandem high representing trend 3. Trend L
is also present, merging with trend 2, Location is on the
eastern limb of the broad syncline of zone 3 just west of

the outcrop of a large thrust fault,

CP-1I This net shows very good development oi the R pattern trends.
A few subsidiary highs ares present, but none of these appear
to correspond to trends 3 or L. Trends 1 and 2 are both poorly
defined and highly dispersed. Structural setting is near the
axis of a syncline overlying a folded fault., Locations CF - I

through CP - IV are shown on Map VIIT, .

cP - II Trends 1, 2 and | appear clearly on this net. 1 and L are
weak, but 2 is strong and sell defined., Location is on
overturned west-dipping rocks caught between two east-dipping

folded faults.

CP - IIT As in CP - II trends 1, 2 and L are present and 3 is absent.

Structural setting is similar to Cr - IT.

CP - IV Trends 1, 2 and L} are present and have been rotated toward
the southeast on this net. ILocation is on the overturmsd
east limb of an anticline which lies beneath an anticlinally

folded fault.
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cqg - I Trends 1, 2, 3 and L areall present on this net, Trend 1
has a subsidiary high near the E-W margin of the net, Trends
2, 3 and L are all rather weak and irregular, Location is on
the east 1limb of a plunging anticline beneath an anticlinally
folded fault. Locations CQ - I through CQ - IIT are shown on
Map VIII.

cQ - IT Slight rotation of trends 1, 2, 3 and a very weak trend L has
taken place here, Location is on the west limb of a south-

easterly plunging syncline between folded faults.

CQ - III Trends 1, 2, 3 and L are all present here. Trend 2 is rep-
resented by the tail on the trend 3 high, but the others are
strong and well defined., Joints were measursd at this lu-
cation in steeply south-west dipping beds above a largse

thrust fault.

CR - I On this net, trends 1, 2 and I} are present, Trend 3 may te
represented by the subsidiary high very closs to trend 1.
Trend 1 itsslf is wvery weak and appears on the net as a tail
on trend L. Joint development is irregular and poorly defined.
Joints were measured at the trough of a very gently plunging
syncline (zone 5) where the rocks have been locally faulted
along east-west trending tears which are approximately

parallel to trend 3 on the net.

CR - II Trends 1 and 2 are well developed but irregular., Trends 3

and L} appear as tails on highs of trend 2, Tremd 2 is
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represented by a dual or tandem high, Trend 1 shows marked

elongation and a tendency to girdlie. Same structural set-
ting as CR - T.

CR - IIT Trends 1, 2 and kL are present on this net. Trend 3 is appar-
ently absent, but may be weakly represented by ths bifurca~
tion of trend 1. vhich is itself weak and poorly defined.

Structural setting is again the same as CR = I,

CS -T Trends 1 and 2 are both present hers, but have been rotated
from their normal positions. Location is on the overturned
western 1limb of a broad syncline (zone 5) thrust-faulted by
the Nikanassin Thrust 1/2 mile to the west.

CS - IT Tremds 1, 2, 3 and 4 all of which are well developed have
been rotated to the southeast, Location is on ths east flank

of zone 5 batween two large thrust faults.

CS - IIT On this net the R pattern has been over shadowed by the strong
development of trends 3 and L, Trend 1 is represented by the
bulge in the girdle between trends 3 and 4. Trend 2 appears
as a similar bulge at the edge of the net. This location is
on the east flank of zone 3, 1/2 mile southwest of a major

thrust fault.

CT -1 Trends 1, 2 ard l appear on this net. 1 and 2 are well devel-
oped but 3 is weak, All are well defined. The structure at
this locality is not clear. B.R. McKay has interpreted this
small area as an imbricate structure in Bighorn formtion

rocks produced by 2 thrust fanlts, Later information from
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CT - III

DD - I

DD - IT

Db - IIT
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Douglas indicates that these are 3 slices produced by a single
folded fault.

Trends 1, 2, 3 and L4 are all present here. In addition there
is a late development of trend 1 which is weak but in a nor-

mal position. For structure see CT - I above.

Trends 1 and 2 are clearly defined on this net. Low prefer-
red orientations in the positions of tremds 3 and 4 may in-
dicate tendency toward development of these trends, Lats
development of a new trend 2 is also indicated here. For

structure see CT - I above.

This net shows good development of trends 1, 3 and 4 and weak
development of trerd 2. Location is at the axis of zone 3.

Minor thrusts occur nsarby,

Good development of trends 1 and 2 of the R pattern is indi-
cated. Trends 3 and lj are entirely absent, Joints were taken
on the west flank of zone 3, No minor structures were re-

corded. DD -~ IT is shown on Map II.

Excellent developmsnt of tremnds 1, 2, 3 and L is shom
Trend 3 has a tandem high one part of which is connscted to
the trsnd 2 high. This location together with DD -~ IV is

wi thin a zone of minor thrusts only three of which are shown

on the map, (Regional Maps A and B ),

1, The patterns of the D series are for the most part representative of
the broader, mors flat-lying portions of the area, They represent
joints taken in the Brazeau formation, which is seldom caught up in
the more complicated structures. Except in those cases where this
occurs discussion of local structure will be. brief.
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DD - Iv The distribution of highs on this net is not clear. Trend 1
appears to be present, but other trends are irregular and
poorly defined. The number of joints taken at this location
is considered to be too small for adequatg interpretation of

the pattern.

IE - I Trends 1 and 2 are present here but are very weak while trends
3 and L are exceptionally well daeveloped and regular in orien-

tation. See DE - II for structural setting.

DE ~ II On this net, trends 3 and L dominate. Trend 1 is very weak
and trend 2 appears to bs absent. Both DE - I and this lo-
cation are at the base of a large klippe of Brazeau and

Wapiabi formations thrust over Brazeau.

DF - I Trends 1, 2 and 3 are present on this net, They are of approx-
imately equal density and of slight irregularity in orisenta-
tion. The location is on the western limb of zone 3 within
1/2 mile of an east-dipping thrust faults DF - I is shown on
Map IV,

DG - T Trends 1 and 2 of the R pattern are the only dirsections rep-
resented here., ILocation is on the west-dipping rocks of the
Brazeau formation on the east flank of zone 7, The positiocn
of the location on the map is in doubt since this portion of

the area was not mapped ( see note - regional Map 4 )

DH -1T Trends 1, 2 and 3 are all present here. Trend 1 has a tandem

high, tut 2 and 3 exhibit normal development. A subsidiary
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trermi is present, the meaning of which is unknown. Location
is on the east flank of zone 3. No lecal structures have

been recorded.

DH - II  Trend 2 is strong and regular while trends 1, 3 and L are
present but weak on this net, Location is near the axis

of zone 3. DNo minor structures have been recorded.

DH - III On this net tremds 1, 2, 3 and perhaps li are present. 1,
2 and 3 are represented by distinct highs while L is rep-
resented by a tail on the trend 2 high, Structurally,
this location is on the overturred west flank of zons 3.
A major thrust passes 1/2 mile to the west, Photograph

no. 9 shows this location.

DH - IV This net has trends 1, 2, 3 and L all well developed but
irregular in form. late development of a new R pattern is
also evident. This location is on a slice of Brazeau forma-
tion which is part of an imbricate structure beneath 2 folded
faults,

DI - T Rotation of trends 1, 2 and 3 has taken place, Trends 1 and
2 are strong and regular while trend 3 is weak. Structural
position is on the western limb of the narthwest plunging

syncline of zone 5, No local structures have been rscorded,

DI - II Trends 1, 2, 3 and L are all present on this net. Slight
rotation has apparently taken place and trend 2 joints are

inclined steeply to the southeast, Joints were taken at
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the axis of the syncline, zone 5.

DT ~ IIT Trends 1, 2 and ) are present here., Trend 1 exhibits a tan-
dem high but appears to be in a normal position, Trend 2 is
rotated slightly as in DI - II., Location is on ths east |
flank of zone 5 syncline.

DI - 1Iv Trends 1 and 2 are present and .éome suggestion of zones 3

and L which are weak., Structural position of this location
is on the east flank of zone 7.

DI -V Trends 1, 2 and 3 are present together with a weak suggestion
of trend ke Trends 1 and 2 are regular and well defined while
trend 3 possesses rather broad dispersion. Sames structural

~positien as DI - IV, but farther to the west. Fhotograph no,
8 shows this location.

DJ -1 Trends 1 and 2 are present, regular and well defined. Weak
suggestions of trends 3 and L are apparent, Location is on
the west flank of zone 3.

DJ - II Trends 1, 2 and L are present with a suggestion of 3., All
trends except L are weak and poorly defined. Locaticn is on
the east flank of zons 3 with a minor thrust just to the

east ( See CN - III)., Location DJ - II is shown on Map VI,

DJ - III On this net trends 1, 2 and 3 are present, together with a
number of weak subsidiary directions. Location is above a

shallowly dipping folded thrust, 1/2 mile from the outcrop
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of the fault plane. Beds are essentially flat-lying and
little deformation has taken place.

DJ - IV Trends 1 and 2 are present and well defined together with
weak suggestions of 3 and lj and other subsidiary directions,
Structural setting is the same as DJ - III, but closer to

the fault plane outcrop.

DK - I Trends 1, 2, 3 and k4 are all present on this net together
with another trend representing low-angle joints. This lo-

cation is on a minor thrust fault,

DK - II Trends 1 and 2 are well developed on this net and trend L
occurs as a weak high, Location is in flat-lying strata

without recorded local structure.

DK - ITT Trends 1, 2, 3 and 14 appear to be represented here, however
highs are so irregular that definition of some is in doubt,
Irends 2, 3 and L are relatively strong and constant, Trend
1 is highly irregular and poorly defined., This location is
on the crest ¢f an anticline complicated by local dislocation
of the beds.

DK - IV Southeastward rotation of trends 1 and 2, which are the only
trends well developed here, has taken place. This location
is on the east flank of a southeasterly plunging anticline

between 2 mjor thrusts.
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DK -V Trends 1, 2, 3 and L are all present here, although trend
3 is very weak, irregular and poorly defined. This loca-

tion is immediately beneath a major folded thrust.

DK - VI On this net trends 1 and 2 have developed normal to the
bedding while later trends 1 and L appear on the periphery

of the net. Location is situated in ths same structural

positionas DK - V ,

DK -« VII Trends 2 and 3 are well developed here, while trends 1 and
4 are weak. There appears to be slight rotation in dip of

trend 2, Same structural position as DK - V ard DK - VI,

DK - VIII Trends 1 and 2 of the R pattern are well developed. Trends
3 and 4 are very weak, but present. Location is on the west
flank of an anticline ( see DK - II), No local structure has

been recorded here.

DL - I Trends 1 and 2 are well developed and trends 3 and L are pre-

sent but weak, Location is on east flank of zone 3,

DN - I Trends 1, 2, 3 and L are all present., 1 and kL are strong
while ths others are weak and poorly developed. Location is
on the east flank of zone 3 at the narrowest point in tne
syncline, Note the steep dips of the beds at all locations
DN - I to DN - V indicating marked constriction of the syn-
clinal structure and consequent local defermation and dislo=-

cation. These locations are shown on Map VIII,
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DN - II At this location trends 1, 2 and 3 are all present together
with what appears to be late development of trend 3 jointse

Location is on the west flank of zone 3, clese to the axis.

DN - IIT Here trends 1, 2 and 3 ére all strongly developed, regular,
and well defined. Late appearance of trend 1 jJoints is
also evident on the periphery of the net. Location is on
the west flank of zone 3 within 1/h mile of a major east-
dipping thrust.

DN - IV Trends 1, 2 and 3 are well developed hsre together with
weaker, more recent trends 3 and L which appear on the per-
iphery of the net. Location is on the east flank of zone 3

near the axise.

DN -V Trerds 1, 2 and L} are present amd well defined here, There
is also late development of trend 1 joints as evidenced by
the tail on early trend 1 high and a weak high at the periphery
of the net., This location is on the east flank of zone 3 very

close to the axis.

DO -TI Trends 1, 2 and 4 are all well developed and well defined here.
Location is on the west flank of zone 5. No local structures
have been recorded.

DO - II Trend 1 and 2 are present and well developed. Trends 3 and
4, if present, are not in their normal positions, Structural
position is on the east flank of zone 5. Iocal dislocations

occur in this flank,
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DO - III Trends 1, 2 and L are well developed and wall defined., Trend
3 is perhaps represented by the irregular tail on tremd 1.

This location is on the west flank of zone 9 near the axis..

DO - IV On this net trends 1, 3 and L are strong and well defined.
Trend 2 is represented by the weak tail on trend L. ZLocation
is on the west flank of zone 3 with a large thrust exposed

1/2 mile to the west. FPhotograph no. 7 shows this location.

DO -V Trends 1 and L4 are present and well defined. Trend 2 appears

to be absent here, Leocation is on the east flank of mne 3.

DO - VI . Trends 1 and 2 are clearly defined on this met. Trend 3, if
present, is displaced from its normal position. Trend L is
present but weak., Structural setting of this location is on
the west flank of a minor anticline developed in front of a
major thruste The thrust outcrops about 100 feet west of ths

location.

DO -« VII Trends 1, 2, 3 and L are all present. Rotation to the southwest
of all highs has taken place. A later development of trend
3 appears nsar the north pole of the net, ©Several minor thrusts

have been recorded both above and below this location.

DO - VIIT Only trend 3 is well developed on this net. Scattered, weak
and irregular highs may represent other trends, but definition

of such is uncertain. Same structural setting as DO - VII
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DP - I Trends 1, 2, 3 and L are all present, but somewhat irregular,

Location is 200 feet east of a major thrust.

Q-1I Trerds 1, 2 and 3 are present but irregular and poorly defined,
Location is between 2 folded tear faults. DQ - I is shown on
Map VIII

DQ - II Trends 1, 2 and L4 are present and well developed, Elongation
of trend 1 high indicates possible presence of weak trend 3.

Structural position is similar to DQ - I,

DQ - III Trends 1 and 2 are wall dewloped and well defined. Trend 3
is somewhat irregular. Location is on the west flank of an

anticline developed in front of a major thrust,

FA - T This net and EA - IT show excellent development of tremds 1
and 2. No other subsidiary trends are present. Structural
setting is in a tear-fault zone on the Bighorn Range. loca-

tions EA ~ T through FA - IT are shown on Map III,

EA - II The same trends are evident on this net as on EA - T. Same

structural sstting.

MA - T Trends 1 and 2 of the R pattern ars present and welil defined,
Two weak, poorly defined highs are also present., Location is

in flat-lying beds with no recorded local structure,

MB - I Trends 1 and 2 are present on this net, but weak trends 3 and
4t show an unusual development in that they are not in normal

position relative to trends-1l and 2 and bedding., Location is
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on the east flank of a minor anticline developed behind a

thrust fault. MB - T is shown on Map IV,

MC - T Trends 1, 2 and 3 are well defined and well developed here
but have apparently experienced southeastward rotation.
Late development of a second trend 1 high appears on the
periphery of the net. One other well developed high is
shown, but its meaning is unknown. Locations MC -~ I through
MC - III are shown on Map VII,

MC - II Trends 1, 2 3 and )4 are all present and have 2ll experisnced
rotation similar to that of MC - I, The location is on the

wast flank of a southeast plunging anticline 150 feet east of
a thrust fault.

MC - IIT Trends 1, 2, 3 and 4 are also present here. Location is on the
west flank of a broader, more gently plunging anmticline than
MC - II,

MD - I Trends 1 and 2 of the R pattern ars the only trends present
on this net. Trend 2 is well developed and strong but tremd
1 is weak, poorly developed and irregular. Location is on a
major tear fault in the Bighorn River tear fault zome. ILo-

cations MD - I through MD ~ IV are shown on Map T,

MD - IT Trends 1, 2, 3 and l4 are all present here. Trend 2 is strong
and well defined but the -others are weaker. Location is on

ancther tear fault in the same zone.
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MD - ITT Trends 1, 2 and L are present on this net. 1 and 2 are poorly

developed and irregular while l is strong and well defined,
Location is similar to MD - II.

MD - IV Trends 1, 2 and L; are present here as well. 1 and 2 are
weak and poorly defined, tut L is strong and well defined.
Same structural setting as MD - 1T and MD - III,

NA - T On this net, trends 1, 2 and L are present, 2 and } being
well defined and strong while 1 is weaker and dually deweloped.
Slight rotation of trend 2 is evident, Location is on the
southeasterly plunging southern end of the Nikanassin Anti-

cline, This location is shown on Map VII,

NB -1 Trend 2 is well developed but not well defined here, while
trends 1 and 3 are present but weak. Structural setting is
in the Bighorn Range tear fault zone. Locations NB - I

through NB - III ars shown on Map III,

NB - II Trends 1 and 2 are present, 2 being strong and well defined

and 1 being weak and irregular, ILocation is similar to NB - I,

NB - ITII Trends 1l and 2 are ths only directions present here, Slight
rotation of trend 2 appears to have occurred. Setting is also
similar to NB -~ I.

PR - I This location is the only one taken in the Paleozoic lime-
stones. In this case, trends 1, 2 and 3 are all present, but

highs are weak, irregular and poorly defined, ILocation is
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within a massive thrust block of Lower Palsozoic, Ghost
River formation in the First Range of the Rocky Mountains

at Tarpien Rock, Brazeau River.

SA -1 Trends 1 and 2 of the R pattern are both present and well
developed. Trend 2, however, has a tandem high., Iocation
is on the northwest plunging northern end of the Bighorn
Range Anticline. This location is shomm on Map IV,

SB-T Trends 1 and 2 are very well developed, regular and well
defined. Location is on the west flank of the Nikanassin
Range Anticline,

SC -~ I Trends 1, 2, 3 and L are present and well dewelopsd. All
trends have uniergone slight southsasterly rotation. Loc&w
tion is on the overturned east flank of-ths Nikanassin Range

Anticline.

TA - T On this net, trends 1, 2 and L ars present, Trends 1 and 2
are woll developed and regular., Trend L is weak., Location
is just below a major west dipping thrust. This location is

shown on Map VI.

TA - IT Rotation of trends 1, 2 and L is evident on this net., 1 and
2 are strong and regular, L is weak and poorly defined,
Location is east of TA - I, away from the thrust. A minor
thrust fault passes between these two locations,

™ -1 Trerds 1; 2 and L are present hsre. A4ll are irregular, but
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well defined., Location is above a minor thrust in zons 1,

-1 Trends 1, 2, 3 and L are present, ©Slight rotation in an
easterly direction is apparent. All trends are irregular and
poorly defined. Structural setting is in a zone of minor

dislocations.

TC - II  Trends 1, 2, 3 and L are also present hers, Tremd 1 is very
iveak, and the others are well developed but poorly defined.
Saecondary development of a new, later trend 3 is evident.

Structure similar to TC - I,

TC - IIT Trends 1, 2, 3 and L are all present. Trends 3 and L are not
in their normal positiony tut appear to have been rotated.
Late development of a new trend 1 appears at the edge of the

net. Location is in a minor fault zone.

¢ - IV Trend 2 is the only distinguishable trend present here., Num-
erous weak and irregular highs appear btut their development

is too poor to allow interpretation.

T -V There are no distinguishable trends on this met., All highs
ars poorly developed, poorly definsd and irregular., Inter-
pretation is not possibls. Both TC - IV and IC - V are beneath
an east-dipping thrust.

WA - I The development of joints at this location is typical of shals
lithologiés. The highs which appear apparently have no reg-

ional significance in terms of the other locations and are
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poorly developed, poorly defined and irregular. No inter-
pretation can be made by the writer. This location is

shown on Map VIITI,
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CONCLUSIONS

A mmber of gensralizations may be drawn from the fore-going data,

A+ Ths regiomal fracture patiern in the Central Foothills Belt is com~
posed of two major trends which are approximately perpendicular to
each other and‘ to bedding regardless of the attitude of the beds,
One of these trends commonly parallels the regional trend of the
structure.

Be Since the trends of the regional pattern usually bear a relationship
to the structural trend, they commonly have a similar relationship
to bedding. However, in the near vicinity of plunging structures
or thrust faults which have experienced change in displacement, the
patterns show a definite rotation. In the former case, the orien-
tation of joint planes of the component trends of the regional pat-
tern are at present approximately normal to and parallel with the
axig of the folde In the latter case, rotated joint trends both
follow and are normal to lines of equal displacement on the faults.
As a result, rotation of the joint trends can be traced diréctly to
similar Totation of beds wherever displacement increases or decreases
laterally along the thrust plane outcrop. In a few cases rotation
of one trend relative to the others is avparent, <1t is possible that
such rotation has coms about as a result of differential movemsnt
aloné intersecting joint planes thus farcing rotation and a change
in the angle of intersection, Such changes in angle have been ob-
served by others, but the writer has fowrd no evidence of this

mechanism within the area studied.
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C. Secondary componsnt trends of the regional pattern occur on some
contour diagrams oriented with regard to a present horizontal plane
in the same way that the original regionmal pattern trends are re-
lated to bedding, If the beds together with the normal joint trends
were returned to the horizontal position while these secondary
tremds were held stationary, then these secondary directions would
occupy the same positions as the normal regional trends. In a few
cases, (see Location CR - IT) certain highs show a distinct tendency
to girdle, indicating joint development during folding,.

Ds From the foregoing it seems evident that:

1, The main trends of the individual patterns developed early in
the deformational history of the area, when the strata were
essentially flat-lying. In no other way can ths writer account
for the relationship betwsen joint atiitudes and the attitude
of the bedding.

2. The conditions which produced the original patterns were also
Present sporadically both during folding and faulting and after
the rocks had reached their present attitude, These conditions
produced. repetition of soma early joint trends during deformation
of the beds.

3« Conclusions 1 and 2 suggest a reason for the irrsgularity or
absence of joint surfaces in the more incompetent rocks. As-
suming that planar joints formed in the shales at the same time
as in the more competent beds, subsequent deformation of the
shales by flowage could easily have forced the joint planes

themselves to be deformed and perhaps obliterated.

’
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Ee The relationship of joint trend directions to the structural trends
and to the trend of ths flexure bordering the Cordilleran Geosyncline
makes interpretation of the genesis of these joint trends difficult.
1. The joints may have been formed in response to the earliest

stresses produced during the Laramide Yrogeny.

26 ];f tectonic movement progressed from west to east across the
area, joints formed locally in response to the stresses thus
produced could hawe successive origins as well.

3e Origin of the joints perhaps lies in the relationship between
the joint directions and the trend of ths eastern margin of the
Cordilleran Geosyncline during Mesozoic time. (Eardley, 1951),
This relationship might mean that the joints were formed in
response to rather gentle warping about an axis of flexure,
while deposition was still taking place.

Of the three suggested origins, the first or second is felt to offer

the best explamation of the facts., Joint trends developed during

the deformation are the sams as those developed whils the rocks were
still essentially flat-lying. If joints which developed early

are due to flexure of the surface of deposition, then those which de-

veloped later and are clearly related to the structure are similar

in trend only through coincidence of structural and depositional
trends.

F. Development of highs subsidiary to the component trsnds of the reg-
ional pattern is apparent on many of the contour diagrams. These
trends, termed 3 and L, are directly related to the degree of defor-

mation at any particular location. They occur in the immediate
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vicinity of minor thrusts and tear faults. In the latter case one

of the two trends is generally parallel to the trend of the fault
plane, (See MD - 1 through MD - IV, and (R - I through CR - III).
Both trends are especially well developed close to the larger

thrust faults. Patterns of joinbts measured even at greater distancas
still show their presence. Areas which have been strongly folded
also show these trer}_ds. Trends 3 and L4 hawve no definite relationship
to the regional pattern trends or to each other, although they are
also usually normal to the bedding. The angle between them varies
from location to location being sometimes less than and sometimes
gz'éater than 90 degrees. Whatever the angle, however, the two
trends, when present together, generally intersect equal angles on
either side of trend 1 of the regional pattern. It is possible

that these directions, because of the variability in their angle

and their relationship to the more highly deformed parts of the

area represent the conjugate shear planes discussed by Bucher

(1520) and others,

Ge On many nets a subsidiary high occurs close to the plotted pole of
the bedding. Since the plotted attitude of the bedding is based on
the average of only three individual readings in some cases it is
likely that the bedding plot may be a few degrees in error. Because
joints were measured without selsctivity, undoubtedly in some cases
bedding surfaces were measured and plotted as joints. Wherever a
joint high occurs within a few degrees of the plotted bedding the
writer feels that this high represents bedding plane poles rather

than joints. In instances where there is an apparent division
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between the bedding plot and a contoured high the high is thought
to represent joint planes which lie at a low angle to the bedding.
In some cases these directions might represent shear planes or
incipient thrusts developed at the same time as the thrust famlts,
However, not enough information is available on the attitude of

thrust planes in the area to draw a distinct correlation.

He Regularity in outline of highs on individual nets is directly re-

lated to regularity of joint surfaces as described in the field.

At those locations where joint surfaces were described as planar

or regular the contoured nets have the same characteristic. Wherever
the joints ware termed irregular or wavy the contoured highs show
the same feature. irregula.rity of joint surfaces is characteristic
of rocks in the more highly deformed belts of the area, (See D - 3
above), Poor development and poor definition are also character-
istics of joint trends within highly deformed zones.

I, Contour diagrams DE - I and DE - II are excellent examples of the
shift in relative density of one trend with the introdnciion of new
trends or a decrease in sample number, In the case of DE - I where
100 joints were taken the regional pattern is clear, even in the
presence of high density trends 3 and L. AT DE - II where only 50
joints were taken, the regional trend has been almost completely
subordinated. That the regional pattern exists at both localities
seems a valid assumption to the writer since they both represent
joints taken in the same stratigraphic horizon in the same struct-

ural position separated only by a distance of about 200 yards.
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Jde Within the range of lithologies of rocks in which joint measure-
ments were made, the persistent presence of both the regional
pattern and its modifications ind” zates that there is no obser-
vable relationship between lithology and joint pattern. Although
the writer excluded joints in the shales from this study, this
statemsnt holds true for the various lithologies in which different
series of joint locations were established, i.e., the lithologies
of the Brazeau, Bighorn and Nikanassin formations are markedly
different, but the regional patterns found in them are indisting-

uishable on the basis of lithologic type.
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Photograph No, 1

Tllustrating technique used in gathering joint
orientation data, Brazeau River
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Photograph No, 2

Discrete joint surfaces cutting through 30' of
mixed sandstones and conglomsrates, Southesk
Riwver .
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Photograph No. 3

Typical outcrop of Brazeau sandstone with planar
joints cutting through 25 foot bed of sandstons
and conglomerate., Opaben Creek,
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Photograph No. L

Close view of typical joint development in Big-
horn Samdstone. Note that discrete joint surfaces
end at sand-shale interface, Cardinal River
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Photograph No, 6

Distant view (100 feet) of fault in Photogravh No. 5
Cardinal River.
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Photograph No, 7

Typical joiat development in Brazeau formation sand-
stones. Joint Location DO - IV, Mackenzie Creek
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Photograph No, 8

Joints in the Brazeau formation Sandstones, Lo-
cation DI - V, Thistle Cresk.
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Photograph No., 9

Joint development in the Brazeau formation sand-
stones at Location DH - IIT, Upper Cardinal River.
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Photograph No, 10

View of outerop of Bighorn formation sandstone over-
turned with Blackstone formation transition beds on

the right. Joint location CK - II, Uppsr Brown
Cresck.
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ArPENDIX A
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Key for Symbols used on Coutour Diagrams

I. Formations in which joinit orientation data were collected ars indi-

catad by the first letter of the location designation, e.g., 44 - I,

Luscar formation

Mount Head member of the Rundle formation

Bighorn formation

Brazeau formation
- Cadomin formation

- Mountain Park formation

= 2 B v o w P
i

= Nikanassin formation

g«
[}

Palsozoic rocks - Ghost River formation
S - Spray River formation

T = Tertiary - Paskapoo formation

W

- Wapiabi formation

IT. Geograhic location of joint locality is indicated by the second let-
ter of the location designation., In general, all locations within a
single formation and along the sams stream have the same second
letter, @.gey CN - I - ali CN locations are along the Brazeau River.
See Appendix A, part 3, for the location of each individual locality.

ITI, The Roman numeral which makes up the third compornent of the locality
designation indicates the number of the locality within its group.
Thus CN - I through CN - VI compose the entire group of localities
of which CN - IIT is the third location established.

IV, Thse color key for contour intervals shown on Plates 1 through 72 is

the following:
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ol = 2%
2.1 = U7
hel - 6%
6.1 - 8%
8.1 - 10%

10,1 - 12%
12,1 - 1h%

.1 - 16% Lol
16,1 - 18% |

18.1 - 20%

20,1 - 22% |

22,1 - 2l%
24l - 26%
26,1 - 28%

28.1 - 30% |

3001 - 32%

32,1 - 343 |

3h.1 - 367
36.1 - 38%
38.1 - LoO%

V. Arabic
to the

trends

'.1 - 43
ho1 - 8%
8.1 - 12%

12.1 - 167
16.1 - 20%
20,1 - 24%
éh.l - 28%
28.1 - 32%

36.1 - L4O%
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el - 3%
3.1 - 6%
6.1 - 9%

9.1 - 12% |
12,1 - 15% | |
15.1 - 188 [l

2hel - 272 |
27.1 - 30%
30.1 - 33% |
33.1 - 36% [

39,1 - 2% |

as discussed in part II, section 3.

1 - 6%

6-1 - 12%

12,1 - 18%

1 18.1 - 2%

2hk.l - 30%

30.1 had 36%

36.1 - 2%

numerals on individual preferred orientations on the nets refer

Areal Density Factor tabulations, not to designation of joint
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PLATE |

AA-T

Strip Mine - Mordegg

AB -7

Nome/ess Creek
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PLATE 2

AB-I

Nomeless Creek

AC-1T1

Jma@ao: Creek
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PLATE 3

AD - 71

Cordinal River

AD- I

Cordinal River
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PLATE 4

AD - I

Upper Cardinal River

AD-IY

Ruby Creek
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PLATE 5

AE - T

Braozeou River

88 -7

CNMR Trestle
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PLATE 6

cCc -1rI

Smaljpox Creek

¢co -7

Waoiobr Creek
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PLATE 7

ct -1

Wapiabt Creek

CF - T

Sturrock Creek
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PLATE

G -7

Woprabi Creek

CH -T

C hungo Creek
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PLATE

CH-II

C/)ungo Creek

|
!
CH - I

Chungo Creek
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PLATE 10

cI -1

Brown Creek

cr -7

Brown Creek
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PLATE I

C7 -z

Brown Creek

Cl -/

Brown Creek
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PLATE 13

oJ -7

Conyon Creek

cJ -7

Con yon Creek
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PLATE 14

cJ-1I

Canyon Creek
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Canyon Creek \
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PLATE ls
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Upper Brown Creek

Ch-I

Upper Brown Creek
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PLATE 16
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Upper Brown Creek

Ck-Ir

Upper Broun Creek
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PLATE 17
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PLATE 18

cL - I

Thistle Creek

CL -7

Thistle Creek
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PLATE 19

CM-I

Caramal  River

CM-T

Lower Cardinal River
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PLATE 20

CM -0

Lower Cardinal River

M-

Lower Cordina/ River
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PLATE 2l

CM-T7

Middle Cardinal Fiver

CM-TT

Cardinal River
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PLATE 22

M-

—
e
*e ’ Carainal FRiver

Cm -1

Carainal River
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PLATE

CnV-T1

Brazeau River

Brazeau Fiver
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PLATE 24

CN -IT

Brazeau Fwer

v -Ir

Bf‘azeau R/ver
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PLATE 25

N-T

Brazeau Fiver

v -7

Brazeau River
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PLATE 26

cC-171

Harson Creek

co-I

Hanson Creek
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PLATE 27

co-1i

Harnson Creek

cP-7

Rat Creek
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PLATE 28

cP-II

Rat Creek

CP-1

Rat Creek
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PLATE 29

C'D 'E

KRat Creek

cCo-r1

Pembina River
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PLATE 30

ﬁ j// co-I
' C%D > Q Pembina River
-3

ce -1

Pembina Fiver 7
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PLATE 37
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PLATE 38

OF -7

Lower Brown Creek

OF - T

Middle Brown Creek

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



129~

PLATE 39

06 -7

N\ . JOU{/IGS/\’ /?/'yer

OH-T

Cordinal River

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




-130-

PLATE

\ OH -

v

\

\\
1
- ) ‘-/J:
Iy =

Cardinal River

NS

E S P

OH-ITT \\, \ N
Cardinal River " ‘. Qf\

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

40



-131-

PLATE 41

OH - 7

Lower Cardinal River

or-r

Thistte Creek

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



=132~

PLATE

oI -7

Thistle Creek

or -7

Thistle Creek

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

42



~133-

PLATE 43
//1/\ or-w
) —
/ \_\/}’ ( L Upper Tustle Creek

ar-r

Upper Thistle Creek

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



=134~

PLATE 44

A o7 -7

! Brazeou Fiver

o7-0

Brazeou River ) —

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-135-

PLATE 45

o7 -z

Brozeauw River

or-wr

Brozeou River

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



~136-

PLATE <26

Ok - T

Crooked Creek

te

OK-IT

Pembima River

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



«l37-

PLATE 47

On -7

Pembina River

OK -7

Upper Pemébina River - O

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



PLATE 48

D
‘ O |
.

O
3
R
Ky
r:a

Ok -7

Upper Fembina Fwer

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



~139-

SIATE 49
«'/ m‘\
{ I
~ -
,\/
i _/ ./
//// ' 0/( ‘m
/
( Upper Fembira Fver
i
| )
!
j/\\
.
DK - T D )L

Upper FPembina fover T __Hfb J L//\ (

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



=140-

PLATE 50

oL -1

\ Upper Honsor Cree

onv-7

Pembina FRiver

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ov-7

Pembina Fiver

ov -0

Pembrina Fwer

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




PLATE 52

- ,(\/}( y4 B ON -7

Pembina Fwver

TS

//
7
— \

[ ¢

ov-¥

Pembina River

-

/

T te—— .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



PATE 53
\\
\ 00- 71
(\.»
<\\ Maockenzie Fiver
N

.
\
Mackenzie River \J

00-o0

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



PLATE 54

00-14r

Mockenzre Fiver

00-r

Mockenzie River

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



PLATE 55

DO - ¥

Mockenzie River

00 -1

Mockenzie Rrver

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



PLATE 56

DO-1I

Mackenzie River

00 -z

Mackenzie Krver

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



PLATE 57

orP -7

Watson Creek

Pembina River

)
oo RO

g ClY/ S

‘ O,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



PLATE 58

09 -7

Lembina Rrver

Q-

Fembina Fiver

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-1h9-~

PLATE 59

£A -7

Bighorr Fange

£A-T

5/'7/) orsn /\Donge

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



=150

PLATE 60

Strip Mine - Nordegg

| MA-T
@

MB-7

lpper Brown Creek

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



~151-

PLATE ol

MC -7

Ruby Creek

N
9

(&

M-I

/?aby Creek

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



PLATE 62

MC -

Ruby Creek

MO-7

5/'9/}0/‘/1 KRiver

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



<153~

PLATE 63
f /
J ] \, M0-17
rr
L_,) Q 5/9bor/7 Fiver
;
2\
c/
\
e
(
M0 -7 . @
Brokor rver
ighorn frive K C
/,
=

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



~15k4~

PLATE ©4

0 -Ir

Bighorn Fiver

WNVA-T

Upoer Cordinol River

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



~155-

PLATE 65

NB-T

Q B 19horn /?a/79e

NB-IT . !

B /9/50/‘/; /‘?anye

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-156-

PLATE 66
\\\\
O \ NB-Z
\i\ 5/9ﬁ0/’ﬂ /ForJ?e
T

s S

Ghost River

\

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



~157-

PLATE 67

SA-7

Upper Brown Creek

S8-7

Mackenzie Rwer

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-158-

PLATE 68

SC-1

Mackenzie FRiver

®

TA-7 & : //“\

] | N

Brozeau River —_
N

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




-159

PLATE 69

TA-IZ

Brozeaw River

7B-7

| /"’
f
¢ /
Pembmna Forver . % O (

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



PLATE 70

7C-7

Coa/ Valley

wc-a

Coal Valley

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



-161-

PLATE 7!

7C-ar

Coa/ Voley

7C-r

Coal o/ley

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



<162~

PLATE 72

) 7C -7

Coa/ Valley

WA-I

Upper Brown Creek

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



~163~

Gesographic Localitles of Jo:int Locations

Following is an index to the map location of every joint location
discussed. Individual locations may be fourd by finding the Map Area
by name (see Figure 2 ), and the rectangle number. The location may
then be found along the stream listed,

Loecation Plate Map Area Stream or Rectangle
' Noe . Other
AA - T 1l Brazeau Strip Mine 3
AB - I 1 Brazeau Nameless Creek L
AB - IT 2 Brazeau Nameless Creek 4
AC - I 2 Brazeau Smallpox Creek 8
AD - I 3 Grave Flats Cardinal River 5
AD - 1T 3 Grave Flats Cardinal River 5
AD - TIIT b Grave Flats Cardinal River L
AD - IV N Grave Flats Cardinal River L
AE - I 5 Grave Flats Brazeau River 9
BB -1 5 Brazeau Cs N. Re Trestle 3
CC -1 6 Brazeau Smallpox Creek 8
Ch -1I 6 Wapiabi Creek Wapiabi Creek 8
CE -1 7 Wapiabi Creek Wapiabi Creek 8
CF -1 7 Wapiabi Creek Wapiabi Creek 8
CG -1 8 Wapiabi Creek Wapiabi Creek 8
CH-1I 8 Wapiabi Cresk Chunge Creek 1
CH - IT 9 Wapiabi Creek Chungo Creek 1
CH - III 9 Wapiabi (reek Chungo Creek 1
CI - I 10 Pembina Forks Brown Creek 9
CI - IT 10 Pembina Forks Brown Creek 9
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Location Plate Map Area
Noo

CI - IIT 11 Pembina Forks
CI - 1Iv 1 Pembina Forks
CI -V 12 Pgmbina Forks
CI - VI 12 Pembina Forks
CJ -1 13 Pembina Forks
CJ - II 13 Pembina Forks
CJ - III 1 Pembina Forks
CJ - IV 1k Pembina Forks
CK - I 15 George Creek
CK - II 15 George Creek
CK - IIT 16 George Craek
CK - IV 16 George Creek
CK -V 17 George Creek
CL -I 17 Grave Flats
CL - IT 18 Grave Flats
CL - IIT 18 Grave Flats
CM - I 19 Grave Flats
CM - IT 19 Pembina Forks
CM - IIT 20 Pembina Forks
CM - IV 20 Pembina Forks
CM -V 21 Grave Flats
CM - VI 21 Grave Flats
CM - VII 22 Grave Flats
CM - VIIL 22 Grave Flats
CN - I 23 Grave Flats
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Stream or Rectangle

Other

Brown Creek
North of Brown Creek
Brown Creek
Brown Creek
Canyon Creek
Canyon Creek
Canyon Creek
Canyon Creek
Upper Brown Creek
Upper Brown Creek
Upper Brown Creek
Upper Brown Creek
Upper Brown Creek
Thistle Creek
Thistle Creek
Thistle Creek
Cardinal River
Cardinal River
Cardinal River
Cardinal River
Cardinal River
Cardinal River
Cardinal River
Cardinal River

Brazeau River
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East)

Location Plate Map Area

Noe
CN - IT 23 Grave Flats
CN - IIT 2l Pembina Forks
CN - IV 2L Pembina Forks
CN -V 25 Pembina Forks
CN -~ VI 25 Pembina Forks
CO -1 26 Grave Flate
o - IT 26 Grave Flats
€O -~ III 27 Grave Flats
P -1T 27 Grave Flats
CP - II 28 Grave Flats
CP - III 28 Grave Flats
CP -1V 29 Grave Flats
Q~-1I 29 Grave Flats
cQ - IT 30 Grave Flats
CQ - IIT 30 Grave Flats
CR -1I 31 Mountain Park(East)
CR - IT 31 Grave Flabs
CR - III 32 Mountain Park(
CS -1I 32 Mountain fark(East)
CS - IT 33 Cadomin (East)
CS - IIT 33 Cadomin (East)
CT - I 3k Cadomin West
CT - II 3L Cadomin West
CT - IIT 35 Cadomin West
DD - I 35 Wapiabi Creek

Stream or
Other

Brazeau River
Brazeau River
Brazeau River
Brazeau River
Brazeau River
Hanson Creek
Hanson Creek
Hanson Cresk
Rat Creek

Rat Creek

Rat Creek

Rat Creek

Pembina River
Pembina River
Pembina River
Pembina River
Pembina River

Pembina River

Mackenzie Creek
Mackenzie Creek

Mackenzie Creek

Tascar Creek
Luscar Creek
Luscar Creek

Wapiabi Cresk

Rectangle

LYo JENA Yo BN Ve BENNE S - T o D VT R R V5 R s e o A~ B A SN A~ S A SRR « AU © A S « NN F 1 S A N ) B O )
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Iocation Plate Map Area
Noe :

DD - II 36 Wapiabi Creek
DD -~ III 36 Wapiabi Creek
DD - IV 37 Wapiabl Creek
DE -1 37 East of Pembina

Forks
DE - II 38 East of Pembina

Porks
DF - I 38 George Creek
DG -1 39 West of George

Creek
DH - I 39 Grave Flats
DH - II 10 Grave Flats
DH - III Lo Grave Flats
DH - Iv hi Pembina Forks
DI - I W Grava Flats
DI - II L2 Grave Flats
DI - III h2 Grave Flats
DI - IV L3 Grave Flats
CI -V 43 Grave Flats
DJ -1 Lk Grave Flats
DJ - II NN Pembina Forks
DJ - III L5 Pembina Forks
DJ - IV Ls Pembina Forks
DK =T L6 Pembina Forks
DK - IT Lé6 Grave Flats
DK - III L7 Grave Flats
DK - IV L7 Grave Flats
DK -V 48 Grave Flats

~166=

Stream or
Other

Rectangle

Wapilabi Creek
Blackstone River
Blackstone River
Brown Cresk
Brown Creek
Brown Creek
Southesk River
Cardinal River
Cardinal River
Cardinal River
Cardinal River
Thistle Creek
Thistle Creek
Thistle Cresk
Thistle Creek
Thistle Creek
Brazeau River

Bragzeau River

North of Brazseau River

North of Brazeau River

Crooked Creek

Pembina River
Pembina River
Psmbina River

Penmbina River
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Location Plate Map Area

Noo
DK - VI 48 Grave Flats
DK - VII L9 Grave Flats
DK - VIIT L9 Grave Flats
DL - I 50 Grave Flats
DN - I 50 Grave Flats
DN - II 51 Grave Flats
DN - III 51 Grave Flats
DN - IV 52 Grave Flats
DN -V 52 Grave Flats
DO -1I 53 Mountain Park(East)
DO - IT 53 Cadomin (East)
DO - III ol Mountaih Park(East)
DO ~ IV 5l Cadomin (East)
DO -V 55 Cadomin (East)
DO - VI 55 Cadomin (East)
DO - VII 56 Cadomin (East)
DO - VIII 56 Cadomin (East)
DP - I 57 Cadomin .(East)
DQ -I 57 Grave Flats
DQ - II 58 Lovett (Waest)
DQ - IIT 58 Cadomin (East)
BA - I 59 George Creek
FA - IT 59 Gearge Creek
MA -I 60 Brazeau
MB-1I 60 George Creek.

Strean or
Other

Pembina River
}’embim River
Pembina River
Hanson Creek
Pembina River
Pembina River
Pembina River
Pembina River

Pembina River

Mackenzie River
Mackenzie River
Mackenzis River
Mackenzie River
Mackenzie River
Mackenzie River
Mackenzie River

Mackenzis River

Watson Cresk

North of fembina River
North of Pembina River

North of fembina River

Bighorn Range
Bighorn Range
Strip Mine

Browm Creek
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Location Plate Map Area

Noe
M-I 61 Gravs Flats
MC - II 61 Grave Flats
MC - III 62 Grave Flats
M-I 62 Bighorn River
M -~ IT 63 Bighorn River
MD - ITI 63 Bighox:n River
Mp - IV 6l Bighorn River
MA -1 6L Grave Flats
NB - I 65 George Creek
NB - II 65 George Cresk
NB - III 66 George Creek
PGR - I 66 West of George

Cresk

SA - I 67 George Creek
SB-TI 67 Mountain Park(East)
SC -1I 68 Mountain Park(East)
TA - I 68 Pembina Forks
TA - IT 69 Pembina Forks
™ -~ I 69 Pembina Forks
-1 70 Lovett (West)
¢ - II 70 Lovett (West)
¢ - TIT 71 Lovett (West)
TC - IV 71 Lovett (West)
-7 72 Lovett (Wast)
WA - T 72 George Creek
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Streanm or
Other

Ruby Cresk

Ruby Creek

Ruby Creek
Bighorn River
Bighorn River
Bighorn River
Bighorn River
Ruby Creek
Bighorn Range
Bighorn Range
Bighorn Range
Brazeau River
Bi'own Creek
Nikanassin Rangs
Mackenzie Creek
Brazeau River
Brazeau River
Pembina River
Strip Mines
Strip Mines
Strip Minses
Little Pembina River
1it%tle Pembina River

South of Brown Creek

Rectangle
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Concerning the Maps

The gsologic maps reproduced here are the work of Robert J.W.
Douglas of the Geological Survey of Canada, No changes or corrections
were made on any of the eight local map areas, which wém traced directly
from the 1" to 1/2 mils unpublished drafts made while the field work was
progressing. Brazeau and Bighorn River sheets have been published to-
gether in preliminary form in 1956 as Geological Survey of Canada Paper
55-3l4 entitled "Nordegg, Albertal,

The two regional maps ( A & B ) have been compiled by the writer
from the manuscript maps mentioned above and B.R. McKay'!s published
maps of the Cadomin and Mountain Fark Sheets. (G.S.C. Maps 209A and 208A
respectiveiy). The small area west of the Bighorn River map area was
taken from a compilation of the Central Foothills Belt by B.R, McKay
(1943) designated Freliminary Map 43-3., The area immediately west of
the George Creek map A.réa. was interpolated by the writer from the areas
to ths north and east and was drawm only for the purpose of continuity.
No data on this area were available at the time the map was drawn, hsnce
the location of the contacts and faults shown might well be in error,
The maps were photographically reduced and re-~traced on 2 scale of 1
inch to 2 milas. In some cases minor details were omitted for the sake
of clarification.

Although these maps are largely the work of Dr. Douglas, and must be

credited to him, any errors or misinterpretations are the responsibility

of the writer.
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