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o ABSTRACT b

Alé\%&e Campbell Flats antlcllnorlum, in the hanging wall®

. 0f tae Mason thrust underlles Mouut Hamell ,and Grande

)

Mountaln,'and crosses the Smoky Rlver some 15 km north-

noitnwest of the town of Grande Cache. An area of about 60

) N \ . i

sq km was mapped ln detall fleld dat& belng stored

£

' retrleved and prOcessed u51ng the computer..EXLStlng

d

'computer based procedures were- ased for. example to plot

maps, prepare orlentatlon dlagrams, divide. the area into 22

doma;es wlthln whlch foldlng can be consadered cyllndrlcal

calculate fold axes, rotate domalns, prepare cross—sections

by downplunge progectlon, and«calculate stratigraphic

[

thlcknesses.\\
\ : g .
Y computer based method was developed to prepare

e

structure-contour maps ot coal seams.or other stratlgraphlc

horlzons usrng only orlentatlonal stratlgraphlc and

‘ pos;tldmal.outcrop data., o R f);f

It has four steps° (a) establishment of domains within

which the hOIlZOD is approxrmately cyllndrlcally folded; (b)

constructlon or the horlzon proflle in each domaln- (c)

pro;ectlon or eacn proflle parallel to 1ts fold -axis 4in

’order ‘to qeherate the coordinates of a set of p01nts on the

-hoﬁrzda lﬂ each domaln (d) computer-contourlng of the

resultlng elevatlons. The flrst and\fourth steps use known
j KA
procedures. The second step can be carrled out graphlcally

u51ng ‘a computer plot that shows the geographlc location,
b L '
| “ iv
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stratigraphic poSition;and‘bedgind tracé of each'outcrOP

b}

projected onto a plane ‘normal-to the fold-axis.

Alternatively, where the stratlgﬁaphlc p051t10ns of thei »
outcrops are kmown precrsely .enough and the structure is not

"too complex, the computer can be 1nstructed to 1nterpolate

h o

the horizon. between the varlous progected outcrops. Tae
\./')
third step 1nvolves using the approprlate dlgltlzed profile
~

and fold -axis to predict the horizon's depth beneath each

outcrop and sav1ng these values for the contour1n§ stage. In
the case of coal seams overburden thlckness maps can also

, be'prepared using this method.
e The Campbell Flats antlcllnorlum exposes strata ranging
' from the Upper Juras51c - Lowe% Cretaceous Nlhana551n
' Formatlon to the Upper Cretace us Kaskapau Formatron.pThe.;

toal-bearing Luscar Formation wa examlned in detaal and
found to comsist of four units: (A} 90 & of 1nterbedded S
:sandstone, siltstone and shale vit several #hip cbal. seams,

)

the most important beipg 1.5 m uﬁle (B) 30 o of marlne .
shale, equivalent to the Moosebar Formatlon of northeaste;n
-gﬁétlSh Columbia; (C) 270 m of 1nterbedded sandstone,

siltstone and shale with three mineable seams.totalllng 8 m
in thickness; (D) 170 m of sandstone with sonme interhedded‘

" sha 1@ and conglomerate.

%%p///‘*" From the structural standpoint, folds within the

_‘ Camppbell Flats anticlinorium are characterlzed by planar
limbs, narrow hinge zones and some intralimb faults. Theb

orientations of the fold~axes and axial planes of the folds
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change rapldly from; one area to another. These geometric
characterlstlcs and the assocxatlon Hlth consmderable

beddlng plane slrp suggest that  the domlnant foldlng

mechanlsm was klnklag rather than¢buckllng.
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INTRODUCTION

N S

Abundant rese}ves of high quality metallu}gical{coal
are present in th% Lower Cretaceous Luscar Formation of the
Rocky Mountain Fogégills-in vest-central Alberta. This coal
has been mined since\zhé beginning of the century'énd'will
undoubtedly be exploited for many years to come. Exploration
and mapping for coal in the Smoky River region began early
in the 1500's but because of poor markets and the remoteness
of the '‘area activity was suspended until recent times.

This thesis describes'the‘detailed structure and .
stratigraphy of the Luscar Formation, about which little is
known,ain a small area straddling tﬁe Smbky Riﬁer near
Grande Cacbe (Fig;‘i). The aims 6% the thesi; were
eséentialiy four—fbid: (1) to determine the stratigraphy‘of
the Luscar Formation, in part%cular the number and |
distribution of coal seamé; ké) to describe and analyse the

structure of the Luscar and adjacent formations; (3) to

develop a numerical, computerﬁbased method for preparing g

4
A

structure contour and overburden thickness maps; and (4) to
demonstrate the usefulness of this and other numerical,

v. \/‘ . .

computer-based methods in determining, displaying and

analysing the detailed structure of coal measures. Field

work for this study was carried out in 1977 during the foucr
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summer months, after which ten months were spent ip Edmonton

¢
J

as a full-time graduate student at the Universi}y4of‘

R —
-

Alberta: . ' = \\\,/

P

The area studied is near the town oé/grgnde Cache,
'about 400 knm ;est -northvest of Eﬁﬁo;;on./;z/ls readily
accessible by Highway 40 from thfoa/agg‘there is a gravel
airstrip at Grande-Cache‘sultable for light planes. The
Alberta Resources Railwa} from Hinton to Grande Prairie’
crosses the northwvestern part of rhe'area. Access to the
norohern part of tne area is provided by the road fronm
Grande "Gache to the McIntyre;Mines plant on the Smoky River,
vhereas Highway 40 provldes access to the southern part.
Within the 60 sq km of the area itself there are several
exploration roads suitable only for trail bikes or four-
wvheel drive vehioles.

'Domlnating the area are Mount Hamell (2129 m) Jjust west
of the study area and Grande Mountain (1987_m) in the south.
Topographic-relief ishgreatest and bedrock exposure best on
" the slopes of the valley of the Smoky Rlver which flows
northeastwards between the two mountains, and whose
elevation is as lov as 930 m. The topography of the sides of
the Smoky Riéer valley is rugged with narrow tributary
valleys and Steep—-sloped interveaing sSpurs. Beyond the
watersheds enclosing tae Smoky River £he relief is generally
more subdued, the vegetatlon much denser, and outcrops more

scattered. Vegetatlon is also controlled by elevation. Below

1000 o, trembllng aspen are indicative of an immature



montane rather tham a coniferous montane forest which is ]
normpally characteristic of theée elevations. Small areas ;f
muskeg, vegetated by black spruce, willow, birch and an
assortment of grasses, are present where drainage is poor.
As the e;evati;ﬁ increases to 1500 m the vegetation consists"
increasiﬁgly Or species typical to the montane forest
ecological zone, namely an assortment of conifers, shrubs,
herbs and‘grasse%. Above the montane forest, sub-alpine to
~alpine vegetation is predominant. This zone is characterized
by small conifers and by some shrubs and gr;sses. Alpine'
neadows are common on the flatter ridge tops. The conifers
end at éppoximately 1900 m and above this the sensitive
alpine tundra envirbnment is encountered intermixed with
areas of barrem rock.

The region has already been mapped on a ‘reconnaissance
scale by the Geolbgical Survey of Canada (MacVicar,
1917,1920,1924; Irish, 1950,1952,1957,1965; Thorsteinsson,
1952; Stott, 1960,1968,1973). MacVicar¥k1917,1920,192“) and
Irish (1963) providea brief accounts of the history of the
area. Other studies that include the Grande Cache area were
publlshed by McEvoy (1925) and HMclean (1977) . Coal leases
for the area are held by the Coal D1v1510n of McIntyre Mines
Ltd. who conducted exploratlon work during the late 1950's
and early 1960's, and also from 1969 to 1995 (Lindes, 1962;
Brown, 1971}. A number of boreholes and adits were COmpletéd

as part of this exploration.



DATA COLLECTION, RETRIEVAL AND PROCESSING

\

Structural and stratigraphic data were collected in the
field by finding outcrops, plotting their posif}ons on
aeriai_photographS‘apd recording various observations made
at each outcrop. In addition certain stratigraphic hofizons
vere followed omn the grouna and with the aid of sfereoscopic

'

pairs of photographs and their traces marked on enlarged
aerial-photog;aphs. Thé‘surface traces of formation
boundaries, recognizable stratigfaphic horizons,lfaults-and
axial planes of folds were mapped-on the photos and then
transferred to the base map. These features were continually .
modified and updated as more information became available‘
and knowledge of the structure and strat;graphy of the area
improved. |

Access 'to tne outcrops was largely by foot along
traverses beginning on the main road through the Smbky Rive;
valley. Midway through the field season a Honda 90 trail'

bike and a Ford 4-wheel drive truék,enabied thé more remote

areas to be reached using exploration roads.

5
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‘- Aerial photographs weﬁ% .obtained' from the Alberta
Department of Energy and Vatural Resources. The orig1nal

U»J

photographs, taken in 1970 and printed at a scale of

1: 18000, provided stereoscopicycoverage, whereas
enlargerents at a scale of 1;9000‘ﬁere used in the field.
Topographic maps on a scale of 1:6066:&ith a contodr
interval of 10 ft and a 1000 ft rectt}inear north-south,

east-west reiference grid were prepared Qy Western

Photogrammetry Ltd. in Edmonton.

. . ) £ '
Throughout this studyuconsiderable guphasis was placed

on using computerfbased techniques to store, retrieve and

&
analyse structural and other data. From the odtset field

data vere collected following a systematic and COpClse
,procedure that was arplicable to every outcrop v151ted.‘To
facilitate coilection and computerization; as many fieid
data as possible:were:reoorded in numeric code on 80-space-
sheets (Fig. 2). |

Outcrops were numbered consecutively, each number being
entered in columns 1-4. Altogether 800 outcrops were
visited. Columns 5-8, designed for borehole identification,
Wwere not used dﬁring field data collection. A binary code
indicating (1) the formation and lf possible (2) the
recognizable stratigraphic" interval within the formation was
entered in columns 9-10 (Appendix 1). Where possible the
stratigraphic distance in feet of the exposed horizon above

the base of the formation to which *it belongs was entered in

colhmhs‘11e1u. Each outcrop was~located as precisely as

°
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posSsible and. then myrk4y by 4 pinhoig and the location
identified on the byck yf the appropriate 1:9000 photo.
After each outcrop.lécﬁbion had been transferred to the '.
‘toPogLapbic base wag,‘its coordinateslin feet weré obtained
and recorded in colypuld 15-29 of the appropriate field data
sheet. The X and ¥ toonainat%s, referred to hcrizontal axes
pointing\due edasSt and dqe north, respectively, ﬁitg an
origin at the UTH grid point 19,600,000N and 150,000E of the
120th mefiﬁian, very £Oynd with ﬁhe aid of the'?ectilinear
grid, a Douclas prot;actof and an engineer's scale. The 2
coordinate, in feet zb0ve sea~lQVel,nwas measured by
interpolating betweqp Cgntours, Errors.in fhe coordinates of
an outcrop stemmed £ro® four possible soﬁrces:

1.:Locating_tﬁ; outhop.incorrectly on the aerial photof

2. Transféffihg the Oytcrop incorrectly from the aerial

Photo to- the topografPhic map.

3.'Beading“£he coardijates incorrectly from the topo-

graphic nmap.

4. Inaccyracies in the topographicvmép.'
 T@e first thtee,tyfés Ot error combined‘normaliy should not
be more than 33 ft (1Q;ﬁ); the fourth is unlikely to exceeé_
6 £t (2 B). The likely error in the position Qf an outcrop
as given by its cookgifutes wvas estimated in feet, divided-
by ten and placed ia c€lumn 30, ’b

At eacp outcrop up to six bedding plane orientation5

wvere measuted within af area of 10 sq m and recorded in
columps 135~29 of the data sheet. Piahai.briegtation data

Nyt



were measured as numerical dip-direction and dip with a
Freiperger compass scaled in grads rather than’degrees.

‘The pnesence of adainional information recorded in a
conventional field notebook_was indicated on the field data
sheet by a 1=yes or 0=no entry in columns 31-38 (Appendix
1) . Such information concerned (a). the orlentatlons of
bedding plane linears, mesoscopic folds, fanlts and joints,

‘(b)wlithologic descriptions, (c) fossils, (d) general |
observations and (e) photographs. Where bedding plane
linenrs were observed, the orientations were recorded as
multiple readings of the pitches of these linears measured
clockwise on the bedding plane. At outcrops displaying
mesoSCopic folae, as wide a range as possible of bedding
orlentatlons wvas recorded along with the orientation of the
axial plane. Multiple readings of fault and JOlnt plane“
orientations were recorded as numerical dip-direction and
@1p along with the pitches of any associated slickensides.
nRepetltlve clieat plane orlentatlons were obtalned at some of
the coal outcrops. Both 35 mm slides and Kodak EK-6 1nst&nt
pictures were taken in the field. The EK-6 pictures were -
extremely useful for drawlng on and noting fleld
observations, but the camera itself was cumbersonme and the
pictures were generally of poor éuality.

The data sheets were very convenient to use but could
be lmproved by a few minor modlflcatlons. The borehole

identification could be incorporated into the station number

entry and the spaces between the bedding orientations
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eliminated. In place of these the date and codes.indicating

‘the weather conditions, time of day and mesoscopic fold

geqQmetry could be included. Fold inforhation could be sub-
divided‘;nto four separate entries: (2) type of folding -~
anticline, syncline, monocllne or series of folds; (b)
orientation of the xold - uprlght horlzontal, upright
plunging, ver;ical, inclined horizontal, inclined élunging,
recumbeni or reclined; (c) style of folded surfaces -
chevron, box or rounded; and, (d) style‘of folded layers -
paralle; Or similar. This would proviée the geologist with a
very accessiple index orn the geometry of mesoscdpic folds.
It would also be possible to examine the productivity 6f the
geologist‘undar various weather conditions and times of the

day and monitor changes in productivity tHroughou\ the field

season.

e
Borehole Data

»

: o~ .
Borehole data in the thesTéQarea are few and denerally
of poor gquality. Although 6 of 'the 49 boreholes examined had
gamma ray and density logs, only elevations and wrltten‘
descrlptlons of the intersected coal seams were available in
the case of the remaining 43 boreholes. Borehdle‘deviation_

-Was generally taken into account in calculating the X, Y and

Z coordinates of the coal intersections. However, 10 of
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these boreholes driiléd;on Grande Mountain were not pronided,
with deviation reccrds. Although these holes were assumed\to
be vertical, with bedding dipping approximately 20 NE and
thevdrillholes being‘up to 300 m iong, some deviation from .
this orientation is to‘be expected. ,
During_previous exploration, approximately 10 adits
were driven for bulk saméling of the coal. For this study
the adits served only as artificial outcrops of the coal

sSeanms.

Construction aad Preliminary Processing of Data Files

The first step upon arrival back at the university was

to construct a master data file containing all the codeable

and numeric information in an accessible forn for retrieval

and proce551ng. A master file DATA was constructed by

readlng computer punch cards prepared from the 800 outcrop

data sheets. The format\of all but the first and last line’s

of DATA is identical to the field data sheets with colunmn
numbers in the file equivalent to Spaces.on the dafa Sheets
(see Appendix 1). |

The storage file BOREHOLE, contalnlng 1mportant

D

stratigraphic 1ﬁ%g;sectlons and the Dorehole surface

.locations was construct&@\from the horehole lnformatlon (see

~.

if_kppendlx 2) The coordinates of-tne lntersectlons of faults
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and the tops of eoal seams and the Cadomin Formation were
calculated from oorehole>surface‘coordinates,_borehole
orientatrongand devietion and drilled depths. |

The,field data contained in the file.DATA were
partially processed and stored in the file MEANN whose
format was acceptable as input to the domain analysis
comput;r packages available in the Department of Geology.
The file DATA was first sorted, by the systems péékagev
*SORT* according to stratlgraphlc code and was input to the
program DELET. 051ng‘a serles of temporary files and the
programs SCRT, MEANS end RESORT, the file MEANN was thnen
constructed (Fig. 3).

The program DELET (Appendix 3) converts the orientation
data measu;ed in grads to degrees, assigns a 1etter to each
stratlgraphlc interval and places the output in a temporary
flle —-DATA1. The program SORT (Appendix 3) using —DATA1 as
input constructs a temporary file -DATA2 contalnlng the
repetltlve bedding orientations at each outcrop in a format
acceptable as input to the érogram MEANS (available in the
Department of Geology). A mean beddifflg orientation for each
outcrop is calculeted by this program through a process of
vector addition of the direction cosines of the poles to
bedding and correcting the resultant mean vector to unlty.‘
Fisher's concentration parameter K, which measures the
scatter of‘the bedding orientations measured at each
outcrop,xis also calculated (Mardia,‘1972, Py 251). K values

calculated from outcrop data in the thesis'areé”ramged'from
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about 30 (iﬁdicating a scatter in orientations) to over
40,000 (suggesting very little differencé_in'individual
bedding orientations). The od;éut from the progranm MEANS (irn
the.tehpora;y fileé ~MEAN and -KV) along with certain data
from the file ~DATAT are then rearranged by the progranm
RESORT (Appéndix 3) and the 6qtput placed in the file MEANN ,
whose format is given in Appepdik 4. '

Geologiéai Xaps (e.g. fig. 4, in pocket) showing the
locations of oufcrops, mean bedding orientations-and, as an
option, outérop‘numberé, were produced on the Calconp
- Plotter or ;gctronix Graphi;s Terminal using the program
DRAW (see Appendix 5)% Input data for this program were
.obtained frém the fiie MEANN. Similar maps Showing borehole
locations, bedding plané:striae and mesoscopic fold-dxes
wvere élso produced:by DRAW. The format of the input data is
the same in eéch case'except that the dip—directions and

dips are replacéd by zeros for boreholes or by trends an@l

TN

plunges for striae and fold-axes.

DatavRetrievai

v

Two methods were used to retrieve data from the file
MEANN and rearrangé them in a form amenable tc further
processing and' analysis. The first method involved using the

proéram SELECT (see Appendix 3) to retrieve information by
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outcrop number. One of the input files contained the desired
outcrop numbers and the second fhe data from which
information was'to be retrieved. The format of SELECT had to
"be modified as different data were requlred from different
files. Tae second method of data retrleval was by means of
the file edltor and copy commands. In most instances the
data files were sorted according to some parameter before
editing or copying took place. During later stages of
structural‘analysis, the domain files were edited and the

appropriate borehole information was inserted.

N Data Processing

Petermination of Cylindficity

Using the geological'map and a gqualitative knowledge of
the structural geology of the area, domains were delineated
within which foiding was expected to be cylindrical. :
Separate domain files whosquprmat vas identical to ME&%N
and BOREHOLE and containing-all the outcrop and boreholé ,
data for each domain vere constructed using both défduzj”q
retrieval techniéues and then analysed for cyliﬁdricaiuz
folding.

Individual domains were processed initially by the

progran CYLTEST avallable in the Department of Geology,

'vh1Cn determlnes a Dest—rlt fold ax1s and séme statistical.
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‘parameters that are used in testing for cylindricity. The
"vector of direction cosines of the pole to bedding is
determined for each outcrop in a domain. The column vector
of direction cosines for each bedding polé‘is then.
postaultiplied bylthe row vector and the products are summed
to Eori a symﬁetriqf3x3 matrix which has three eiéen values
and associated eigen vectors. If ¢i.is the angle between the
ith of p poles to bedding and an estimated fold-axis, the
best fit fold-axis is obtained when 2 cbsz¢iis minimized.

i=1
This minimized sum of sguares of c052¢1 is equal to the

minimum eigen value (i3 ) and the associated 3~element eigen
vector contains the direction cosines of the best-fit fold-
axis (e.g;~Cruden, 1968, p. 143-148).

For a perfeétly cylindrical fold, with no scatter of
béddiné poles about the plane normal to the fold-axis, the
value of A3 1is 0. Because of measurement error and bedding
plane roughness on a scale less than that of the folding
being investigated, this‘ideal situation is'unlikely to be
encountered, even in the case of cylindrical félds. Two
statistical tests are used tqideyegmine‘the\1ikelihooq of

.. the observed scatter of bedding poles being due té moa=" ’

Cfli;diiéiifj(élé;'éhérleé@br{higgig;;‘1976),:v.
-1.'Thé>¢6p1anafify tést,defermineS'the'likelihood»of the -
dgviatiop"from*cylindricitx being -due to measurement
error and bedding pi;ne r&dghnesé oh a'scéie_}eSs.than

that of an individual outcrop. Fisher's concentration

parameter (K) and A13derived from single randomly
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selected original bedding orientations, l per outcrop,
are regui Eed to determine a chl-square statistic used to
test the null hjpothe51s of cyllndrlcal foldlng.
2. The coaxiality test determines the likelihood of the
deniation froa cylindricity being due to measurenment
error and bedding plane roughness on a scale larger than
\that of an outcrop. Each domain is divided into two
segments (a and t? with Pa and Py outcrops and two
.values of ), (Aaa and Asb) and the respective fold-axes
are determined. To accept the cylindrical rodel two
conditions must be met: first, the scatner of poles 1in
each sbgment about planes normal to the respective fold-
axes must be egnal»aﬁa, second, the deviationffrom
cylindricity for the entire domadin nnst be accounted for .
by the deviation from cylindricity in the two segments.
For practical purfposes the results of these two tests
are useful but should not be rigorously adhered‘to when
'a&cepfing”on neﬁe¢£éngv;heaeylindricallnodel;fbﬁhei ciiﬁe}iaf
include (a) the'relative'falues'of lf,-xéjano "3 (b) the‘
value- of the standard scattering angle-— the standard
dev1atlon of the angles between the beddlng poles and the
,plane normal to the fold~ax1s, and .(c) the value of the
angle between the fold~axes of different segments'of the
domain (Kilby, 1978, P- 26429). Throughout this study .
cylindricity was assnmed_vhen;ﬁ~'- o T
1. X, vas less.than ‘an ‘order 'S Baghitude smallet than Ay

and more than an order of magnitude larger than A; ;



2. the standard-“scattering angle was less than 6°£,

3. fhe angle béfween the fold-axes of separate segments
“of a domain was less than 5°; and

4. the null hypothesis of cylindricity associated with

one of the statistical tests could not be rejected.

Profiles and Composite Sections
The program SECTS, available in the Department of

Geology, was used to obtain plots showing for each domain
(down plunge projections of outcrops and borehole

‘ intersections within the domain (see Appepdix 6) . Input to
SECT5 consists of the domain file contéining station
locations and bedding orientations, the fold-axis
orientation, the normal to the plane of projection and a
scaling factor to determine the size of the plét. These

~;;pi¢ts';§ﬁ thenn5é.ﬁgea to ¢dnstruct profiles and sections of
-any orientation (Fig. 5). For each data observation éoint"in
thé input>file4 £he‘§£ogram SﬁCTS‘fraﬂsforms the mgp
:coogdinates to brdfile'coofdinates (X ahd;Y) and calculates

z_ihé'pitchnéf beddiné An"the prqfile. At each location on the
blane‘of the profile a short line to represent tﬁe pitch of
bedding and an identification symbol, present in column 1 of
the input file, are drawn by the Calcomp Plotter or
Tectronix Graphics .Terminal. Locations without bedding

. éif/, \'oﬁgenﬁggiqns;ﬁﬁe répfésehtéd by a cross rather than a line.

{/Additional X, Y and 2 coordinates of coal seams were read

)



FIGURE 5.

Downplunge projection of domain 22 with Luscar
Units A, B, and C, and #4 and #10 coal seams.
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from the¥geological map and the locations plottéa-aé
d;tcrops without orientations. A

Composite plots for several domains wefe uifimateiY“w
construcﬁed using the programs DOMROT, available in the
Department of Geology, and SECT5. The domaiﬁs to bé
repregented were first rofated using DOMROT so that their
fold~-axes became parallel. The various rotated'outcrops and
borehole intérsectioAs were then pr&jected onto a singlev
plane using SECTS5. Input to DOMROT consists of the domain
file containing the data to be rotated, the present and
ﬁné:; fold-axes and the coordinates of the point about which

. the rotation is to be performed. The output file contains

the rotated coordinates and bedding orientations.

Pi Diagrams

The standérd filesvfor éomainjawalysis are input to the
program STEREO which returns the temporary file —bATA |
con;isting of a title, an identification: of data type and
the orientation data. The progranm FINPUT uéing -DATA as
input returns the direction cosines of the orientation data.
The program PLOT produces a grid of numbers, each of which
is the egual—area-prdjection of the density of bedding poles
at a certain counting location on the surface of the
reference hemisphere. The diagram is completed by contouring

the grid and enclosing it in a gigclé”whose diameter is 8 in

DR

“(see Kilby, 1978, pa-34).. . T LI r s e e T
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- Fold Geometry

The fold-axis orientation‘injeaChfdomain;¢anghe

~determined. in one of tso wayS' (a) hp using‘the prcgram

CYLTLST, or (D) bj us;ng the progranm STEREO and the source

-_programs FINPUT and EIGEN both of whlch use. an. elgen value
375rout1ne (p.__é); Ihe best*flt fold-ax1< ‘and the pltch of ‘the
._axlal plane measured on the proflle normal to the fold axis
*(p¢~18), are used to deflne the ax1al plane “orieintation. The

+ apical angle can be measured and the limb shape determined

R L

from the down plunge Projectioni v.” =T ¥ tris e tar

"é£r;€i§§a§hi€5&hickﬁééseé“*‘

The~poor exposure in parts of the thesis'area“made the‘
stratigraphic position of certain outcrops~diffioul£0ho”
determine. The APL.program THICK, implementing an automated
procedure of the Busk technique, was used toicalculare'
approrimate stratigraphic'thioknesses between pairs of
exposures (Kilby, 1978, p. 34~35). The difference behween
the radii of cylinders with a common axis at the
intersection of planes normal to the two bedding planes, and
vith surfaces passing through the outcrops, is the interval
thickness. In situations where the angle between the two
bedding planes is less than S°_ the thickness is taken as

the perpendlcular dlstan&e oetweeh the planes passing

through -the two outcrops whose orlentatlon 1s the mean of

“fhat at these outcrops..Th;s'method assumes that foldlng lﬁ

e T e

LR

concentrlc so 1n thls map area, where the predomlnant styles d*zv

Wy e
E A "f
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of folding are chevron and rounded chevron with narrow hinge
Ve

zones, both exposures must be located on the same limb .for

-

thithechnique'to be applicable.

Mesoscopic Structural Processing

Mesoscopic information concerning bedding plane striae,’

bmesoscopic-folds, mesoscopi¢ faults,’joints and the Cadomin-

o : S
Nikanassin unconformity were collected and subsequently

processed and analysed. Approximately 300 orientations of

.’ striae on bedding "‘and fault planes vere collected at 25

A

outcrops. Temporary files containing/a title in line 1 the

9fedding or fault plane orientation in the first 6 columns of

rllne 2 and tne pitches of the striae in the first 3 columns ‘

of the remaining Iines ¥ere constructed. Each of these
temporary files were processed4by the program SLICKS (see
Appendix 3),?ith the output going to the file SLICKENS. The
output consists.of a title in line 1, the data type in line

2 (ir this case TYPE=1) and the trend and plunge of the

'striae in the first 6 columns of all the remaining lines

‘except the last in which an end of data Statement is

present. The file SLICKENS was then copied to -DATA and
processed by the source programs FINPUT and EIGEN. The file

MESODATA was constructed containing the X, Y and 2

coordinates in columns 2-16, the mean trend and plunge of
e~;t¢he linears at each outcrop ‘in columns 18-23 and a 2 in

'{;;column 80 The trends and plunges of the striae were plotted

- --OL A mesoscoplc data map by tbe program DRAW (Erg:‘-);.,' T
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Mesoscoplc rold data were of two t]péS' (a) mesoscopic
fold~axls orlentatlons,‘and (b) beddlng orlentatlons
.;measured across the fblds. Multlple fold ax1s orlentatlonsb
wére placed in temporary flles and processed as linears by
the source programs FINPUT and EIGEN to. determlne a mean
'fold-ax1s orlentatlon for each outcrop w1th mesoscoplc

‘-folds. Eacn set of bedding orlentatlons vas placed in a

temporarj file -and processed by the programs FINPUT and

. EIGEN to. detérmine a best flt fold-ax1s orlentatlon. The -~ =7

-

fold- ax1s‘or1entatlons“were put into the flle M?SODATA wlth ”
.the same rormat as—the s;r;ae,data_bnt_w;th_ag3-ln colunmn -
s0.

- Multlple fault planes were processed by FINPUT and
;EIGEN to determlne a mean orlentatlon at each outcrop where .
:faultlng was observed. The angularlty between beddlng and
the fauit Plane was also determined at these outcrops.

A mean joint plane orlentatlon was obtalned from FINPUT

~ .and EIGEN Ior each joint set observed and a. pl dlagram of

lfthe jOlnEBPlahe orlentatmons was produced uslng the program,y»
' pLQT.'(\// - \‘1\ . ‘

‘ ' Computer programs uritten-specifically for anaiyses-of
structural data included in this thesis are listed withd

. appropriate run commands in Appendix 4.



Contourfnaps showing the configuration of a coal seam

-and the varlatlon of its depth below the -topographic surface

;. are’ used extens vely 1n coal exploratlon. A.magor axmﬂof
tnls ‘thesis wvas to develop a .numerical, computer;based..
teChnigue for constructing such maps from an input of
ioriénfition::§OSitional and stratigraphic data. Most contour
- bmaps are constructed, either manually or,numericaliy (e-g.
Gold; 1978), from.irregular sets of points in two-
dimensiOnal space,-at.eachiofﬂwhicn thegnumericai.value of
‘the guantity to be contoured is known. However, the above
”contourin§'methdd'can'be“implemented in the‘case'of;coai
seams only after exten51ve.drllllng. What lS needed lS a -

‘.metnod that uses as. 1nput an 1rregu1ar set 0r outcrops and

:“boreholenlntersectlons of known geographlc locatlon,
stratlgragh;c“pos;tion and, in ‘the casesofroutctops,,bedding':
orientation. |

In the conputer—based’method:of structure contouring
from outcron and borehole data developed by Robinson (1976),
coordinates'on:the'horiZOn to be cbntoured'are esrimated-by>

~simulation of the known rold geometry within a cyllndrlcal

domain. The method developed in thls thesis has four steps-uf

25
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|
1. diyision cf the are¢a into domains within which the
.

horizon to be contoured is cylindrically folded, ai?

calculation of the fold-axis in each domain;
2, cdnsttuctidh of the profile_of the horizcn to be
contoured in each domain;

, e

3. p:ojégtion'of each profile parallel to its fold-axis

in order to generate the coordimates of a set of foints

4. éoﬁputer contouring'bf tﬂe reéultiné'éievations.
Tﬁe first step has Q;ready been dealt with (p. 14) and the
fourth is already well known. The second and third steps are

<

described below.

“ing prerider

W oo . ) = . .
el T T e aTe - - L

'..Pr(?’ff_ﬂ?s,_ may 5e~--C»9~ﬂ$tru¢.tiéﬁ éi';c;her" /grvé.bh:ivcawlly or . using
a numérical;‘éomputer;based érpqédure. The graphical
J-techniqde‘is‘uséﬂ”éﬁérefthéfexaciLStra;igraphicﬁprition'of
ﬁo$t outerpé and baieh;lefinﬁerSéciions is?uﬁéeftaihldf
' where structural coﬁélexities\réquire considerable
interpﬁetation on the part of the person drawing the
profile. The profiles can be drawn on éomputer—plots that
shou'the_positiqp§ of each outc:pp and borehole intersection
,proj@cted paréllel to,£he fdid%éx;s.épd where possihble the.

traces ,of bedding (p. 18). Using as a guide the traces of

-
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bedding and the stratigraphic positions of the outcrops angd
. : "
borehole intersections, a best-fit line representing the

trace of the hocizon to be contoured is drawn on each plot.
The resulting lines are then digitized, denerally at
irregular dist;cces along the horizontal (X) axis, care
being taken to include the‘hinge'and inflection points of
any folds, and each digitized point is given equal veight
(see below). The pltch of the horizon at each dlgltlzed
point (X Y ) is estlmated from the profile.

The numerical mfthod for constructing proflles can be
used where tane exact stratigraphic position of mest outcrops
is knoup and where the fold is either similar or parallel in
style. It consists. of the followlng stepS" |

(1) "a computer llne flle is constructed from the proxlle

~

coordinates of each cutcrop and borehole- 1nter<ectlon 1n

-

.,the domaln progected normally onto the plane of the
_‘proflle and wnere 90551ble, the pltCh of the trace of
'beddlng angd - the prec1se stratlgrapnlc p051tion.)To do

this each domaln flle is processed by SECTS (p. 18) . The

A

proflle coordlnates and the pitches of bedding from the

output file are tgen combined with the precise

§

stratigraphic positioas, outcrop numbers and

L4

Stratigraphic identifications from the 'domain file by
the program DATAFORM (see Appendix 7).
(2) the profile cocrdinates, bedding pitch and precise

Stratigraphic position in each line of the above file

are used to determine the profile coordinates (Xi Y1 )
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of 5ne'point on the horizon to be cpntoured.-In Figure
7, E is the normal projection of an outcrop onto the
"plane ofvthe profile, i.e. the XY plane. The coordinates
of E referred to the axes X Y and the origin 0 are (Xxq
ye). The pitch of ?edding meaéured clockwise on the XY
plane 1is P © and that of the axial plane is pb° .-The
axes a and b intersecting at E have pitches of pp° and
‘pb+90°, respectively. From Fiqure 7, if the horizon h'
exposed at E is a distance 4 étratigraphically above the
horizoﬁ to be coantoured, the coordinates of a point F on
this horizon, Teferred to the axes a b and to an origin
at E, are (0 d) in the case of parallel folding. In the
case‘pf similar foldiﬁg the point corresponding to F is
G;»énd its coordinates are (d-tan(p -p ) d). Using well
known transformation equations, the'cooiﬂgnates (x v )
of F and (x y )~of G referred to the axes X Y and to an

origih at E are given by,

-~
’ [#] x [0d] = [xy]
and- [M] [d=tan(p -p ) d4]* = [x 7]
cos(pb) , cos(180-pb)

where [M] = -

cos(270—pb) cos(pb+90)

PR
SO

The .coordinates of F and G referred to the axes X Y and
to an ofigin at O can ke obtained by adding x Yo to x y

and the pitch of bedding at F and G is the same as that

A
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‘at E. Swmall ohanges‘toﬁthe'above equations are.régui:ed,
when p> 90°. A weight is calculated based on the

' stratigraphic interval d separating the outcrop or
porebole.intersection and tne horizon to be contoured.

(3) the p01nts produced in step (2) display a certain

Nl
& B ACS

amount of scattef aoout a best fit line on the proflle
representlng the coal seam. Coordinates and slopes of
points lying on this best;fit curve are calculated at
regular intervals along the X-axis by projectindwthe
~profile coordinates (X5 Y3) parallél to their slopes to
each ¥ increment and weighting each value relative to
the distance of the projection along the X-axis and the
stratigraphic weight calculatod in step (2). The slope
at a point on the curve ii/egiimated by weidhting the
input slopes with the gzgatigraphic and projection
weights. :
The procedure of calculating the Coordinaées of a coal seamn
on the profile discussed here is by no means a deneral case.
Anyone adoptihg this approach has to examine the technigque
closely and, if necessary, modify it to be consistent with
the geometry of the fclds being studied. Plots showing the
positions of points on the coal seam are produced in both

steps "(2) and (3), unsmoothed and smoothed, respectively

(see program HORIZON, Appendix 7).

<

R



The Three-dimensional Array

The procedure for extrapolating the profiles to
generate three- dlmen51onal Sets of points representlng
elevations and depths is outlined below:

(1) a line file Containing the coordinates of a set of
points (x y z ) on the topographic surface in each
domain is built. This array could form a uniform- grld
and as such would have to be bUllt from scratch u51ng
the topograplic map of the area. Alternatlvely the array
could be built using the coordinates of outcrops ang
borehole locations, supplementeqd by some points along
the axial traces of folds, and aé such beeirregular. The
Second method was Freferred not only because it was less
onerous but also because the array of Points, used
Subsequently as input to ;he contourlng Procedure itself
(see below), is widely spaced where outcrop and borehole

control is poor angd closely spaced where co

good, as indeed‘should be the case.

the next etep is tc calcula elevayion of the

horizon to be comtbureg  directly beneath each of the

poinﬁs (x jv' ). To do this the program SLOPE (see

£ .
Appendix is used to find, first, the profile

31
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'coordiaafés;(xffff of the polnts (x i z") projected
normally onto the plane of the profile, and second, the
B (Y) value of the horizod to be contoured at the node Q
. The horizon is projecfé‘ from each of its profile
points (Xi Yi) (@etermlned elther graphlcally or
auaeficaliy) parallel to the 1nd1v1dual pltches to tne
node Q (Fig. 8). A weight is calculated for each
projection based upon‘the gistance of the projection
along the X-axis. A single point (X B ) of the horizon
on the profile is calculated using these projections and
the stratigraphic and projection Wweights. This point is
the normal projection qf«the point [x y z~(B/cos p) ]
vhere P is the plunge of the fold-axis, so the elevation
and depth of coal a{“the.point (x Yy z ) are (z—-B)/cos p
and B/cos p, respectively. The slope of the horizon
beneath the point (x y z ) is determined by 51m11arlly
weighting the individual slopes of the proflle p01nts

(X Y1) on the coal sean.

i
A plot of the downplunge projections cf the set of points
located cn the Surface of the coal seam)ié procuced. The
stratigraphic and projection weights are calculated with the
equation Wt=e_AX(Newton, 1973) where A is a constant and x
is the distance between the known and interpolated
coordinates. .The amount of smoothing and influence of
neighboufing points can easily bé adjusted by changing the
value of A. The maximum possible weight using this procedure

“is 1.0.
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Contouring-tgg:Threetdiggnsiona; Array

The sets of coal sean elevations or depths caICuIated‘
e '°.“a~"J'q‘ L T U S SR ? : R ke : T -

vvvvv

v

triangular element routine provided by Dr. C. M. Gold (Gold

o

. et al
/ - - e
The procequre 1nvolves 1nterpolatlon of the surface within

1, 1977), Department of Geology, University of Alberta.

1rregular trlangalar ‘domains constructed from the- o

coordlnatGS'aﬁd slopes -of the horlzon prov1ded by the

- - )
i PO e

program SLOPE. Each 1ndlv1dual array was constructed So as.
not to overlappbutronly to borderAany~nelghbour1ngadoma;ns~
-Q:Vow = rand-allow aﬂsmooth_contrnnum or‘contonrs between cylindricai
domains (see Fig. 14-19). - 'V \ :
These technlques can readlly be expanded to produce
: rsopach and strlpplng ratio maps.‘slope calculatlon at each
map. locatlon could be modlfled to a welghted elgen value i

routine rather than the welghted average, presently belng

used.
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STRATIGRAPHY

Some 1250 o of .marine and non- marlne strata ranglng

oo . ET .

o

_from the Jt a551c and Lower Cretaceous Nikanassin formatlon‘

"the'stu}

..rea. thth sandstone, 51ltstone and shale are

R

more common than conglomerate and coal. Four major

‘"transgre551ve and three major regressive sequences can be

recognlzed The tfanSgressiVe phases are represented by the
lower 200 m of the exposed parct of the leana551n Formatlon,

a marlne shale band in the Luscar Formation and the marine

i‘Shalés of the Shaftesbury and Kaskapau Formations. The upper

160 m of thehNikanassin Fornation;lthe Cadomin Formation and
lower 95 m of the Luscar Formationvconstitute one
continental regime. The others are'represented by the upper .
475 m of the Luscar Formation and bf the Dunvegan Formation.
a number'of coal seams are presentlwithin the lower 310 m of
the Luscar, three of which are of sufficiently high qnality-

and thickness to warrant mining and are currently worked by

McIntyre Mines north of the study area.

.
R
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Nikanassin Formation

Soﬁe 365 m of the upper»Nikagaséin-Fofm?tiqn;érg_A
;éipdsed directly above the Gténde’MCdﬁtaiq thrﬁst‘ahdfih'thé
core of £heyCasébeilvinfiCIidoﬁidm:.Xlthoé§h n8'éistfﬂbt:-1
mappable units were encoﬁnteréd, the upper 160 m are non-
marine-whereas a highly variable flyschoid sequence nmakes up
the remainder of the formation. The‘mqih7ifihblogiéé -
represented are shale, carbonaceous shale, siltstone and
lithic and argillaceous sandstone.

The néh-maripe sequence contains carbonaceous shale and
a few thin lenticular coal bands. Its thin, cross-bedded

sandstones are commonly ripple marked and contain a few

thin, discontinuous pebbly.bahds. The'marine sequence 1is

I
v

- ~€o osed of sandstcne, shale and siltsfone from which
ﬂ:;ii:é)Ceouslmateriai, cross-st;atification and ripple marks
are‘conspicuously‘absént. The Jurassic-Cretaceous boundary
coincides approximately with the contact bétween the marine
and non—-marine seguences. Poésils were collected at one
1ocali£y: a Jurassié pentacrinus on Packrat Creek, 183 nm

.Jﬁelow the Cadomin Formationm. Imn addition, near }he top of
the Nikanassin Eormation”abﬁndént but‘unidentifiable_piant

remains were observed.
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"7 The leanass1r is unconformably overlaln by the Cadomln

S ATS -

ot

'*”Formatlon (Irishy, 1965 su). U51ng~aamethod”51w11ar to

that described by Cruden and Charlesworth (1966), beddlng

o orlentatlons from toth sides of the unconformlty were

collected at five localities in an attempt to determine‘its
anguldrity and the dip-direction of Nikanassiq strata in -
Cadonin time,lAt ohe~localityrtoefe Ha$ no significant'
angularity. Apparent'aﬁgularities of 289, 22°, 99 'apnd’ §°

Lwere observed at the otner localltles

ith inferred dip- .
dlrectlons for VlkanaSSLn strata in Cado in time of 2939,
3219, 72° and 90°, respectively. The absence of angularity
| at .o'lx:rne locality, .the large apparent angul:ar.iti”ems at two
localities: and the variation in inferred dip—direcﬁion
‘suégeSt that in fact the sub-Cadomin unconformity is not
angular aad that the apparent angularities observed at four

localities suggest an irregalar erosional surface. .

Cadomin Formation

The Lower Cretaceoqs Cadomin Forpatioﬁ, a prominent
ridge-forming unit whose thickness varies from 22 to 38 nm,
is made up of a lower conglomerate (8 to 15 m); a middle
'sandstoqe (3 to 6 m) and an upper conglomerate (9 to 18 m).

The congloaerates consist of well-rounded chert and
. \ , s ‘
guartzife-pebbles and_cobbles”in a medium- to coarse—grained

at



lltth sandstone matrlx.fWhlte, grey, 5iaéki"§£ééﬁ}?£a5aéa
and occalslonal;y -red chert makes uggapprox1mately 60% of
the rock. The guartzxte fragments are generally’ whlte, buff
:dnd_RlQKlSh.ln colout.: The lower conglomerate tends to be
coarser grained and to have more .green. chert particles. The
congiongzgtes are silicified and extremely well indurated:
fractures generally cut across fragments rather than around
them. The medium—grained litnic sandstone .contains some
fine- gralned s;lty and coaly zones. Poorly preserved plant
remains were observed at the base of the formation and 1n
the‘sandstone nember. The upper conglomerate grades 1nto_the
overlying Luscar Formation #ithin a zone less than d n

“thick.

Luscar Formation
",

' at 550 to*600 m thick, the Lnscar Formation is the
tn:gkest unit present and underlles more than half the study”
area. Its lithologies are many and varled and include
sandstone, shale, Sthstone, conglomerate and coal. Grey and
brown, buff weatherlng, llthlc and arglllaceous sandstone'
make up half the formation. The sandstones in the upper 100
‘m are grey in colour and are thicker bedded than those lowver

, in the formation. Grey to dark grey shale, mudstone and

wCarbonaceons'shale,comprlse one quarter of the formation,
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uhereas dark grey 51ltstone accounts for nearly‘20%
: Aoprox1mately 2. 3% of tae rormorlon consists of coal seams
rranglng in thlcknecs from a few centlmeters to .5 m. :
Fopglomerates account for less than 2% of the formation.
Concretionary ironstone bands and nodules associated with
shale and siltstone occur in minor amounts. Practically all
the coal occurs within the 1ower 310 m and most of the
conglomerates within the lower 95 m of the formation.
Althougn no complete section through the formatlon lS.
exposed, a comp051te section based pr1ma5lly on exposures
along Packrat Creek and Hells Creek has been established and
ie iociuoed as Appendix 8. . ﬂ ’
Four map units; established byjthe author, are present,
within the formation (Eig. 9) and are described below.
Although the thicknesses and facies of the horizons within
these unit; vary someﬁhat, in general they are continuous
over most of-the area. Measdrements of the thicknesses of
the units at different localities, although too few to
Bbtainva definite rate and direction of thinning, are
consistent with a northeasterly direction of thinning. The
numbering of the coal seanms giveanelow is that used by
McInt}re Mines.
Unit‘A

5

Coal seam #1, 1.2 to 1.8 m thick, occurs 20 m above the

base of the formation and is directly overlain by a

\

resistant 4.6 m thick sandstone and corglomerate bed. Coal
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W, up to 0.8 m thick; ray,be‘éresert about 3 m below the #1
sean. Coa; X, also less than 1 m thick, may be present aboﬁt
45 m above the formerion base;and is overlain by a 7 m thick
sandsrone and cocglomerate bed. A 7 m thick, massive, fine-

grained sandstone is located 60 m above the base ofn\he

. formatior and 3 m above this the 0.5 m thick #1. 5 coal may

be present. Located approx1mately 85 m’ above the base is the
1 m thick #2 seam. The thicknesses and stratigraphic
positions of all except the #1 seam were obtained from

borehole data.

Unit B
Located 91 m above the base is a 31 n thic%‘section of
marine mudstone and shale.with thin, cross-bedded, fine-
grained‘sandstones andlraresigidfﬂnodular, silty, orange-

brown weathering audstones. This unit is of uniform

thickness and is persistent over the entire study area.

~ Y

Unit C e ’“ff\

~ N \\\\

The most distinct marker horizon in the‘formation is a
ridge-forming, 15 to 20 m thick sandstone which occurs about

150 m above the gase. Thé sandstone, referred to locally as

»the 'Salt and Pepper Sandstone' is medium-grained, lithic

and weathers to a llght grey with some reddlsh —-brown

limonite staining. Coal seam #3, 1 to 1.8 m thick, directly

S
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overlies tne sabdstone amd a 1.5 to 7.5 m thick pelecypod
coquina, referred to locally as the 'Clam Zone', begins 1.5
m above the-coai.“cbal seam #4 is locatéd nearly 200 a above
the base. It rarnges in thickness from about 4 m on the
northwest side of the Smoky River to between 3 and 3.3 n on
the southeast side; and reaches a maximunm thicknéss of over
-6 m just north of the study area. A massive, fine-grained .
and silty sandsione Teferred to locally as the 'Super 4
Sandstone! occur$ 3 above #4 seam. Along Two C;mp
Anticline this sandstone reaches a maximum thickness of 24
m. It is cﬁaracterized by rapid facies changes, and at some
iocgléties i;‘isxgbsentvand replaced by a silty and shaly
.sequencé. L%cated.about 23C m above the base is the
discbntingo@s 02 m thick #5 seam which is of no value as a
marker hori%onAand was identified in only a few boreholes.
Coal seans 46 and #7, also discontinuous with thicknesses up'
~to 1.2 m and separated by 0 to 1.2 m of mudstone, are \Vwmk
located about 219 o above the base. Seam #8, from 3 to 10.7
m above coal #7,ﬁhas é thicknéss of ¥ to 1.4 m. The
stratigraphic interval between #4 and #8 seams thins from 50”
R | - ’

e DY N : :
m'pn Mouq;,ﬁ&me%l to 35 m on Grande Mountain. Located about

Lo
€ ‘base is seam #10 (previously named #9 by

&

Landes, 192%3$QE1ch ranges in thickness from 1 to 3 nm.

i

At 300 m and 360 m abave the base of the formatlon are

two medium- to flne-gralned lithic sandstones, ranging in

thickness from 15 to 24 m and 12 to 21 m, Cespectively. The-

shaly strata Separating these sandstones are by no means

¢
)
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uniform 1in thicknéss, as evidenced by borehole 6118 (26596E
28105N), located on Campbell Flats, where the shales are

absent and the combined thickneSs éf,thg,gaqastones is 36 m.
The sandstones weather light grey with £;rge,b%al) reddish-

brown, limonite stains. Despite being only poorly indurated,

the sandstones gegerally form pfominent ridges.

Nl
&

~ 7.

Unit D ,

Onit D is répresenteddbyAupper 160 to 180 m of the
formation. A granular and pebbly‘sandstone-with a thickness
of 18 to 25 m is located about 400 m above the base and 160
m below the top of thd& formation. It consist; of a lower
granular seéfioﬁ (7.6 ﬁ), an intervening mgdium—grained
sandstone (5 to 10 m) and an upper granular and\pebbly“

sandstone (6.1 m).

/ . Fossils
Wfth the exception of the upper 120 @, plant fossils
and remains are abundant throughout the formation. In
addition to plant fossils, the following iwmportant
collections of pelecypods and gastropods were made.
1. Pelecypods were collected from the coOguina hOIHzan
locally rerferred to as the 'élam Zone', This interval is
widely distributed and can be found verlying the #3

coal throughout the entire study a -:a.

2. On Grande Mountain (map referenceq37941g 1446 1Y) ,
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very well preserved specimens of the pelecypod Unio and
some-gastr0pods'were collected along a road cut about 6
m above the #4 seam, 200 m above the formation base,
’ffom the silty facies equivalent to the 'Super 4
Sandstone'.

3. On érande Hountain (map reference 37826E 110378,
approximately 470 n abéve the base; some gastropods and
pelecypogs were collected fronm cutcrops along a bliff.
This fossil zone is .a reliable marker horizén within
Unit D and can be identified in borehole samples and at

other outcrops.

Regional sStratigraphic Correlation

The marine mudstones and shales located about 90 n
above the base of the Luscar Formation probably correiate
with the Moosebar Formation of northeastern British
Columbia. There, as at Grande Céche, the beds (belonging to
the Gething Formation) that underlie the marine shales
differ fronm the overlying étrata (belonging to the Gates
Formation) which have thicker and more, abundant coal seans.
At Mount Torrens, 65 km to the northwest of Grande Cache,
Stott (1968) indicated that the Moosebar Formation is 42 n
tnick and is located 91 m above Fhe Cadomin Formation. At
Grande Cache this shale wedge-is significantly thinnér than

farther north and continues to thin southward (Kilby, 1978).

In the central and northern foothills of Alberta,'thick
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éeams observed at several lbcalities}occupy similar .
‘stratigraphic positions within t%e Luscar Formation. Kilby
(1978) has %uggested that these seanms may be cérrelated.
Among these seams are the #4 coal seam at Grande Cache, the
Jewel Seam at Cadomin and Luscar,;the Kennedy Seam at
Mountain Park aﬁd the thick seam near the base of the Gates
Formation at Mount Torréns and Mount Belcourt, 100 km to the
northwest of Grande éache (Fig. 10).

The Mountain Park Formation as described by MacKay
(1930) is not distinguishable from the Lluscar Formation in
thiébarea. Houev;r, the uppermost 100 m of the Luscar
Formatioam, gompoéed of non-marine, barren sandstohes and

siltstones, is possibly equivalent to the Mountain Park

Formation.

Shafteshury Formation

This formation has limited exposﬁre in the study area
and is mainly restricted to the Syncline Hills syncline. It
consists of 140 m of dark gréy, fissile,, marine shale
commonly with concretionary ironstone bands and some
siltstone and sandstone layefs. The boundary between the
Upper and Lowe; C:etaceoqs lies near the top 6f thé

formation. The contacts with the underlying Luscar and
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overlying Dunvegan Formations are sharp and gradational,

respectively. s

Dunvegan Formation

The resistant, ridge-forming Dunvegan Formation is
eqused in the Synéline Hills syncline and consists of 30 to
45 m of interbedded sandstone, shale and siltstone. The
basal section of the formation coﬁtaips a 7.5 to § m thick
well indurated, massive and blockf-quartzose sandstone above
vhich lies . the more variable interbeddeé secfion; The
contact between thié formation and the overlying Kaskapau

~Formation is gradational.

Kaskapau Formation

Exposures of the Upper Cretaceous Kaskapau Formation
. are restricted to the Syncline Hills syncline and to
‘directly below the Syncline Hills thrust. Its dark grey,

thin-bedded and fissile marine shales comménly are silty and

~

"contain clay ironstone bands. These shales are very
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incoméetent and structures invoiving them are generally.
cohplicated by minor faulting and folding, making.thicknegs
determinafions difficult. However, this formation is:

believed to attain‘a mdxihum thickness of 460 to 500 m

(Irish, 1965), of which iny'the\lowest 100 m are present in

the study area. ' ~

]
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STRUCTURAL GEQLOGY

Strata in tae Rocky Mountain Foothills of the Smoky
River region are folded and cut by numerous southwesterly
dipping thrust faulfs (Fig. 1). Most of the thesis area is
underlain by Nikapassin toﬁKaskapau strata belonging to the
Syncllne Hills thrust-sheet. To the southwest these §txata'
are bounded by leanaSSLn and younger strata of the Cowlick
thrust-sheet and to the northeast py Kaskapau and older [
strata of the Mason thrust—Sheeﬁ.vThé area has been divided

into 22 domains within each of which folding can be

considered‘cylindrical (Fig.,11). %

Cowlick Thrust-sheet

Traceanle for about 100 kn aleng strike, tﬁé Cowlick
‘faﬁlt is one of the latgef thrusts in the Alberta Foothills
north of the Athabasca River (Irish, 1965). Fithin the
Cowlick thrust—shéet only‘the-Nikanassin and tadomin
Formatlons between Hount Hamell and Grande Mountaln were

mapped. Tne fault has a dip of approximately '60° SW Deneath,

Mount Hamell, steepening to about 70° S¥ on Grande Mountain,

4s
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()

and cuts up section to the nbttheast at aﬁoﬁt_QOJp It
Sdbe:imposes Nikanassin and Cadomin on Luscar strata.and has
an apparent” dlsplacement of about 2. 5 km. Small sub—parallel
thrusfgéaults wltn‘dlsplacements less than 10 m are
part;cular;y abundant Fi the basal 50 m of the thrust-sheet.

Two macnpscoplc and several meso scopic chevron folds with

axlal plan ﬁ%?l pi steeply norfheast and hlnges plunglng _
£*§=

gently northwest ngre observed on Hount ﬁamell;%,.u~ 31'
' On Mount Hamell the plange of foldé 'in the th, Et-Sheet
is to the northwest. In the floor of the Smoky Rlverrthe
plunge becomes southeastwards and steepenS'to 10°,.br1nglng'
the Cadomln Formation 1n contact.wiﬁ; Luscar strata aeross
the Coglickufault. On Grande Mountain the plunge is &gain_to

the pnorthwest.

Syncline Hills Thrust-sheet

. The portheastern limit of the study area is‘marked“by

the Syncline Hills Thrust, dipping to the southwest at

_approximately 50°. The fault, which brings Luscar strata

“onto' the Kaskapau Formation in the footwall, is not a major

; . ¥
thrust and cannot be traced along strike for any great
distance.

Most of the Syncline Hills thrust-sheet is underlain by

the Campoell Flats anticlinorium (Plate 1). The ‘

e .
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anticlinporium exposes Nikanassin and Cadomin strata aiong
the Sooky River, with Luscar strata forming'the higher /

_ ‘ ; _
ground-on HMount Hamell and Grande Mountain. The Shaftesburﬂi &
Dunvegan and Kaskapau Formations are confined to the higher
’ground on. both sides of the river, and to the core of the
Syncllne HlllS syncline which borders the Campbell Flats
antlcllnorlum to the northeast (Fig. 12).

At the level of the Nikanassin and Cadomin Formations
;he Campbell Flats anticlinorium resembles a box-fold with a
horizontal central limb. The Cadonin Foreation in the fold
which borders the central limb to fhe sputhwest, known as
the Sterne Creek anticline, actually pro;ects about 250 m
above the level of the Cadomin in the central linmb, formlng
an ear to the box—gold. Its northwesterly trending fold-axis
is horizontal in do;oins 3 and 4 énd gently plunging to the
northwest in domain 5. There is a correéponding change in
the orientation 5? the axial plane from 37° 549 +to ﬁ6° 829
and in the value of the apical angle frdm‘35° to 60° (axial
plane orientations given as dip direction and dlp, fold-axis
orlentatlons given as trend and plunge). | '

Two Camp anﬁlcllne,:yhelfold bordering the central limb
of the anticlinoriunm to’the‘northeast, is a simple chevron
fold at the level of the Cadonmin Formatlon, in domains 9 and
10. Td%ards the northwest in domain 8,~within the Luscar
“ormation, the fold becomes more‘comp;ex, forming a
aortheastern ear tc the Campbell Flats anticlinorium. The

southeasterly trending fold-axis is essentially horizontal

3
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in domains 9 and 10 but steepens to 15° SE in domain 8,
wvhereas the dip of £§e nortaowesterly striking axial sufface
‘changesufrom 60° SW in domains 9 and 10 to 75° SW.in domain
8. There is.a corresponding decfease in the apical:angle,
from 120° to 80°. B

Fox Creek syncline and a small'unnamed anticline lie to
the northeast of Two Camp anticline. The fold-axes of théséj
rounded chevron folds plunge to the southeast at 5° and tEKe
axial planes‘dip to the southwest at 75°. Along strike to
tke north;est the two folds are replaced by a steep,
northeasterly dipping reverse fault (Fié.ﬂ13). In the
hanging wall of the fault, the tight, chgvron;.Syﬁcline
Hills syncline, with an apical angle of‘SOO, plunges'gently
to the west-northwest with an almost vertical axial plane.
Directly below the fold to the northeast is the Syncline
Hills thrust.

The major box-fold so conspicuous‘on Mount Hanmell,
cannot be ident;fied southeast of the Smoky River on Grande
Mountain. However, Sterné Creek anticline and Syncline Hills
‘syncline are eésily located. T

Sterne Creek anticline with a horizbntafﬂ southeasterly
trending fold-axis has an axial plane orientation of 50° 78°
-and an apical angle of about 100°. Thé fold is no longer a
simple“structure, however, and in ifs southwestefn limb
contains both southwestefly and shéllow northeasterly
dipping thrusts which cﬁt up section at low angles to the

a

northeast and southwest, respectively. Southeast of the

-

A
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crest of Grande Mountain, Sterne Creek anticline appears as
an aéymmetric.chevron foid} disrupted on the southwest limb
by a small thrust with a displacement of about 1 km that
brings Cadominiand Nikanassin beds onto lLuscar strata.

Between Sterne Creek anticline and the continuation of
Fox Creek.gﬁncline,Vfour small folds, which die out on the
lover sloées of Grandé Mountain, were observed. Two Canmp
anticline canﬁot be correlated_across the river. Fox Creek
syncline and the adjacent anticline also die out lkelow the
crest of Grande Mountain. All these fol&s-ha#e nearly
horizontal southeasterly trénding fold-axes and axial
surfaces that dip southwest at about 70°. Syncline Hills
syncline continues across the ndr£hern slopeg of Gramnde
Mountain as a more open fold with an apical angle of
approximately 100 . The geographic extent and geometry of
the folds on individual surfaces are displayed on structure
contour and overburden maps produced for coal seams 3,(ﬂ and
10 (Fig. 14,15,16,17,18,19). |

The structure of the area.southeast of Grande Mountain

! .
N

remains obscure because of poor exposure and the virtual
absence of drill hole data. A gquarry, beside highway uO,ﬁin
the faulted and folded strata of the Cédomin Formation
provided good artificial outcrops. The geométry of the
folding is that of a box-fold with one ear on-tpe northeast
limb which is faulted by two northeasterly dipping thrusts
with a comﬁined displacement of about 250 m. .The

northwestern limb of the box-fold is a continuation of

A



58

Sterne Creek anticline, with the ear structure not evident.

ld

!

Mesoscopic Structural Geology

Ay

Minor bedding-piane faults with almost no apparent
displacement are common in the interbedded strata of the
Luscar and Nikanassin Formations. The faults follow bedding
for a distance, then cut up section for generally a meter or
'less and then resume a position parallel to -another
stratigraphic level.>;Frger faults with displacements of 1
to 10 m are common (dipping both to the southwest and

A

northeast) aqd normally make an angle witﬁ bedding df‘BO or
less.rﬁ ¢ | |

Most of the mesoscopic.folding is congruent with_the'
macioscopic folds although incongruent folds do occur
adjacent to faults (Fig..6). Tight chevron folds and
numérous kink bagds ;épying in w%dth from 0.5 to 5 m are

. . ,
common. Insufficient data were collected om jointing and

coal cleat to warrant comment.

Discussion

- K

Abundant bedding plane slickensides perpendicular to
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L]

the fold-axes throughout much of the areaiindicate‘that the
flexural slip méchanism of deformation was active. This
méchanism, along with the narrow hinge zones,%planar.limbs,
.and the'discontinuity of the folds both along strike and
verticallyé suggest that.kink folding omn a makroscopic scale
was the primary means of deformationY(Faill,‘H969, 1973).
The gudden changes in d;ientatioﬂ of many fold-axes and the
linited geographic extentbéf the c¥lindrical domains (e;g.
Two éamp anticline) are characteristic of kink folds.
'Numero&s mgSoscopic kink bands were alsb obsérved. The
geometry of most of the folds in the area can be described
in tgrgé of iarge scale kink baﬁds of various sizes and
orientations (Fig. 20):

The steep Cowlick and Syncline_ﬁilis faults are
probably r6£é£éa impbricate thrusts in the hanging wdll_of a
majorﬂthruézg.possibly'the.Mason.thrust, which 1is the
largest fault in the foothills north of the Athabasca River.
This fault could also be acting as a zone of decollement
between the Juraésicland the pre-Jurassic strata.

Three levels of disharmonic mesoscopic deformation are
" observable in the stratigraphic succession. Much of the
deformation present in the Nikanassin Formation terminates
near the base of the Cadomin Formation. The second level is
bounded above by the thick shale horizon located S0 m above
the base of the Luscar Formation. The third level, within
"which minor faulting predominates over'foldiﬂg, lies in the

upper Luscar strata above the shale horizon. From the
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geological mdp (Fig. 4), many folds and faul#’s can be seen
to terminate or alter in configuration near these

boundaries.

61
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SUMMARY

¢

" This st as attempted to contribute to the

understéndihg of the geology of the foothills of west-
central Al grta apnd toc provide some insight infs the
application of sope computer-based technlques that may be
used during e;ﬁlératlon for coal seams in structurally
complex areas. Specifically, this the51s accompllshes the
aims outlined in Chapter 1, namely: (ﬂ)'to_determigéffhe>.
stratigraphy of the Luscar For#ation; (2) to dsscribé the
structure of the Luscar and adjdcént formations in the
vicinity of Mount Hamell and Grandeuubﬁnfain;~(3) to develop
a computer—-based structufe contouring proceduré that
utilizes orientatiqn, positional and Stratigraphic,déta; and
{4) to demonStrate the usefulness of sbme computér—based
technlques in determlnlng and analy51ng the structural
geology of coal measures. The structure contourlng Procedure
is partlcularly useful during preliminary exploration for
coal fo‘assess potentisl mining areas and to prepare
structure contour and overburden méps of coal seams without
fhe g%ed for extemnsive drilling.’

‘Additional detailed studies such as this, through
cooperation De€tween the university, indﬁstry and government

research agencies, are required to gain a fuller

62
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&

understanding of the geology of the Foothills of the Western
Canadian Rocky Mountains and to develop new and refine
existing computer-based procedures helpful in determining

and analysing their structure.
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APPENDIX 1.
format and contents of the file DATA are as

L4

Description

Numeric code specifying form of orientation data.

1= trend and plunge
2= dip-direction and dip
3= strike (right-handed) and dip

Title.

SECOND TO SECOND LAST LINES

Column

1-4

9

10

Description

Identification number.

Binary code of which the first digit identifies
formation apd the second stratigraphic position
within the formation:
90= Kaskapau Formation
80= Dunvegan Formation
70= Shaftesbury Formation
40= Luscar Formation (undivided)
57= upper 100-125 m of the formation
56= 25 m interbedded medium grained and pebbly

i sandstores

55= 35 m of sandy and shaly strata

S4= 18 m lithic sandstone (upper sandstone)
53= 40 m of interbedded shale and sandstone
52= 20 m lithic sandstone (lower sandstone)
51= Coal seanms 10, 8, 7, 6 and related strata.

50= 15 m of shale

49= Coal seam 4, "Super 4" sandstone and
related’ strata

48= 15 m of shale and sandstone

. 47= Coal seam 3, "Salt- ‘and Pepper" sandstone
and related strata , .

46= 25 m of mudstone, siltstone and sandstone.:

45= 31 m of mudstone

44= Coal seams 2, 1.5 and related strata.

43= Coal seam X and relafgd-strita.

42= Coal seam 1 and overlying sandstone

41= lower 20 m of the formation with coal W

R
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11-14

15-29

30

31-38

39-79°

80

LAST LINE
//lv\

Vs

30= Cadomin Fcrmation (undiVidedf

33= upper conglomerate
. 32= middle ssandstone
'31= lower conglomerate

20= Nikanassin Formation

Distance in feet of‘exposed horizon above base of
formation to which it belongs. :

X (easterly), ¥ (northerly) and Z (elevatjon)
coordirnates in feet.

Station position reliability indicator found by
dividing estimated possible error in feet by 10.

Presence of additional information recorded
elsewhere was indicated by a A=yes or 0=no entry
in these columns. :

31= bedding plane linears

32= mesoscopic folds

33= faults

34= joints

35= lithology

36= fossils

37= general observations including sketches
38= photos ’ . o '

Bedding orientations Fecorded as six 6-digit
entries of dip-direction and dip with a space
between each entry. Dip~direction, the azimuth of
the direction normal to the strike in which the

‘strata young, can range from 0 to 400 grads. Dip,

the angle through which the strata have
apparently been rotated, cdn'range from 0 to'’'200-
grads, being greater than 100 grads "in the case
of overturned beds. '

Presence of additional bedding or#entations :
recorded elsewhere was indicated by a 1=yes or
=no entry in this column. :
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follows:

FIRST TO

2-16

71-74

+ 80

70

APPENDIX 2.
format and contents of the file BOREHOLE are as

LAST LINES -

Description

Alphanumeric code designating:
5= topographic surface ’
1-4= coal seams 1-4 (tops) ..
6-9= coal seams 6-8 and 10 (tops) '
D= Cadomin Formation (top)
2= fault

Coordinates of intersection of above surface'and
borehole as in DATA.

Identification of which digits 1 and 2 indicate
year of drillirg and 3 and 4 1dent1fy borehole ln

McIntyre Mines' records.

1 (see. progranp DRAW).

4

. -
\_;ﬁ\



ARPENDIX 3.

KA

Listings of computer programs written for data
processing with appropriate inputs and outputs.

'

DELET
, T
*
input 5=DATA ;
output 6=-DATA1 .
’
1 C === TO COMVLLTY GEALS. T0 LEGRELS A<D ASSIGY 4 LETTE® CODF
p C === 30 SFRATIGEAPYIC HUKIZLONS . '
3 LINEUSION X (50)
b ISTrGar I'N,D5,2
5 ISNTLG AR 0035(26)_'A','E','C','U','i','f','u‘,‘ﬁ','I','J','K',
[ glz_l'lnlllul‘too'll,l'lon’,oht'"_n;l'l:-l"U"cg‘lc‘_--'l'_(c'lyll|zl/
.7 A=Q )
g C === RELD IL 4AK DATA o , .
0 :1’EEAD(5,1U,hﬂb=B)NQ,FC,DB,IL,IX,ll.f!,?Z,fB,FQ,:5,?&,3?,"%,:5,
1 (X (J),3=1,12, ,40 ' . '
11 C ==~  CUANGL GLiDS TuU L¥GL22S
12 L L0 2 3=1,12
13 DS E NI YOO (S
14 IOCOPTINIL ¢ .
15 C -—— ASSIGY =il LuTYLR CoL: :
16 IF(FM .E¢. G) Gu TO &
17 IP(Pn .eD. ¥) GUu TU & -
18 SRS . -
19 . «xaFn v oo
.20 . C === WwRITE T3t NL4 DiTA
- 21 < ERIIE(n,11)CUu2(R;,HO,FK,U&,IX,IY,l;.h1,n2,n3,nk,35,56,!7,r!,
22 ¥A9, (L (J) ,I921,32) 10 _ LI
23 GG TG 7 . :
24 o .51r5(6,14)uu,Fr,va,:x,1:,rz,:1,:2.%i,rL,us,rﬁ,ﬁv,ﬁa,n9,
25 ={x(J) ,421,%2), 00
26 7 CUNTIzuE.
27 GL T0 1 .
28 - 14 20uu;r¢za,uz,12,1&,3:;,511.213,5(1x,214),In
29 1 ?OKEAT(i1;1°,3l,12.£4,315.311.213,5(11,213):11)
20 12 Poazar(1x,1u,32,12,1u,315.511,213,5(1:,213),11)
31 -3 STuR ‘
32 ¥ADL

ND uP FPILE
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SORT

input 5=-DATA1

output 46=—DATA2

1 C —— 00 SORT DATA k3 INPCT FOR YEAFS.S ---
2 DI4RN SION X (30) P .
3. INTEGER 4,5,C,X
s ‘WRITE (6,30)
33 DO 1.1=1,800 / v . '
07 : | WRITE(U,AO) x 2,2,C, (X(J),5=1,72)
& 1 CONTINUE b
¢ . 1) POKMAT(41,13%,215,9¥%,2I3,5(3X,2I2))
10 ‘ 20 FORAAT (A1,3I5,5(1%,213)) . .
1 30 POREAT(!2',3Y,'GRANDE CACHE')
12 . - 80 PORMAT ('/") .
13 . 3 CONTINUE
s . WRITE(6,40) . Y _
%5 . SToP “‘ 7 '
16 . EuD _ - o {
END OF PILE" g , oA
. : y: ’ £
' )
* .
¥ . g X ) .
‘ . o .
[
" o 3 .
X L :
s o N 7
A L : :
& S , . .
z $ . . ) a
f f .
. N
< i o
%
I‘ D - .



RESORT

irputs  4=-DATA1

5=-MEAN (from MEANS)
==KV . (from MEANS)

output 6=MEANN

C =--= TO ARLAMGE DATA AS INVUT Ih 0 dﬂ"‘RIka’ PROGARIE —=—

3
2 INTESEK X,Y,2,0,F,N,P
3 LRITYE (6,10) .
4 ng 1 I=1,%u0 -
S - ELAL(S, 20, EiD=2) K,X,1,2,0,°¢ _
o REALD(9,30) %,P,LiN, k1,042,803 13,F5,H6,h7.ﬁh.:”,‘10
? uz.\.n(7,6u) £ ,2C,L1,L2 ’
N MRITE (b ,90) K,X,Y,3,0, p,n.,:r,L1 L2,130,27, 24,12,
9_ -y ﬂ.ﬂ,fﬂprl,l'q'u“,l.l Nebi,r
16 1 CoNTlan: ,
» [
11 10" POEANT {'2°, 3%, “inAnhi CACESY)
12 20 FUSUAT(AY, 215, W, ls) - .
3 30. PCEZAT (L<,68,22,24,159%,921,51X,21)
14 40 FORIAT(M1,315,12,203,2%,11,%,20.2,23,223,27,11,
15" *3L, L1, 2X'JL1,L:,IU'~\ I5,24,12)
‘16 . AU PORNAT(Z06X,11,2a,PL.2, %, 13,3%,13) -
17 SO POSAANT('/Y)
18 T 2 CONTINIE N
19 HKITF(5,50)
29 STOP -
21 gEND . : : . .

Q2 PILE

73



. SELECT
inputs ,4= MEANN
. 5=QUTNUM (outcrop numbers of data statlons to be
retrieved)
output 6=DOMX (domain file)
1 C-==—== TN SELECT DATA STATIONS FRom THE FILE MEANM ====
2 Cuweme= AND TO PLACE THZM IN A FlLT DNMX FOR PDOMAIN -=~==—-
3 Co==== ANALYSIS . THT STATION Nyugers AYE [NPUT INTD ——m=
a Cm==== SELECT IY¥ A FILT -0QMX, ——e——
s DIMFNSTIIN N(150) )
& INTEGER XY 2Z 20020l L), 0, ~, NS .D01.D1Y
7 & qEaL Co , ,
9 _READ(S.13) 3.,C :
a MQITE(A, 13) A.C
10 .00 1 J=2,15)
11 ! QE\D(Svl’,':Nj—-”N(J)
12 _5: DEAD(A,11,EN022), XY, 2,0, Q!:NN:C N ;, 15042 4477 4 NG, A5,
13 RME M7 (MR M ML 0, C'OU t
14 IF{(N{J)- c)‘05'
15 . 8 WRITE(E 111K XY s ZaNO v Nl Ny CCIL oLl oML 4 M2 N3, 5 M5,
16 tuﬁ,.#?.Mq'M’)"l'Joacf:oOH‘
17 GO TD 1 )
18 A _CONTINUE e !
19 G0 TO =
20 © 1 CONTINUE - ' .
21 2 CONTINUE
22 WRITE(6+15)
23 10 FORMAT (1a} .
e 11 FOQMAT(AL 315 xlX 213524, 12X EB L2 2K 2 PTT 02X ']vZE:fL*;__
2s . *2X+81142X0 14,4X, [8,2X,(3)
26 <7 13 FOOMATULL,7HODMAIN,TT)
2 19 FORMAT( /)
2s sTae '
29 ENO

tND [s L4 FYL'
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input

ouéput

SLICKS

5=PITCH (file'containing orientation c¢f planar

surface and pitches of slickenside striae).

[coal N

VO JdOWE WN -

N
&
[ 3 e

30 ' 16

33 . 2
a5 H

37
OF PILE

6=SLICKENS

Ry
: ’

C -— SLICXS IS LISIGYED TU PING TRLND AND oLNNGE o °
LINBARS XEaASURED AS 4° CLOCKL+ISE PITCO

INTEG2R DD,DI,2IT,¥0,Y,7,2,0L04
DTH=21.754 329~ .
ANL=9Q. 0200 - N
k2ad (5, ]')) w,0,Y,%

LA (S, 1) b, il
IRITBE,12) ko, L,Y,2
1l (6,13)

IJU=‘.'D“.’)'T.1

“bl=bL=pTy

pu 1 I=1,5
BERG(D,18,T50S2) FIT . %
YUIT=pLTS0T 5 :

SERASLE (COM (n iL=(PT7) »C i< (RH0=ADT))
zc=a;n-p513(TA$(19y-Tan(;su—zuL)r

REN

< LE(BLT=Y0)1,5,%

{i=4bu-12¢ ' T
GO 10 % ‘

AT=XDD+XC

CwiTinide ) .

LRESSXT /LT ey 5 )
L2 rReN L. 0) SXREaTL~Y
If(IRER .GT. 26C) TKES=T (T4-36C -
ELLN=XE, DT+l .5 -
WALTL (b, 33) YREA, [ LUY

CuntLanz -
ICOSTINDE X
RATIR (&, 15 ‘
CULPAT (62,335,140, 315)

POLERT (2135)

FORRAT (PSTLTIUNY, IX, 12,1, 31S)-
FOIPAT("PYiFalr)

PORAAT(13)

FOLROT(VREL )

stug o

Py

o

2
O & FLvua

e
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' - APPENDIX 4.
The format and contents of the file MEANN are as
‘follows: : .
LINE 1
Same as for DATA. . s

SECOND TO SECOND LAST LINES

Column " Description
1 | Alphanumeric. code de51gnat1ng stratigraphic

position, coal sean number, etc:
Y= Kaskapau Formation
X= Dunvegan Formation
-~ W= Shaftesbury Formatlon
E= Luscar Formatlon,*lnterval unknown
F-V= Luscar Formation, intervals 41-57
1-4= Luscar Formation, coal seams 1-4
6~-9= Luscar Formation, coal seams 6-8 and 10
B-D= Cadomin Fcrmation, intervals 31-33
- A= Nikanassin Formatlon . s |
Z= Fault S
5= su;face coordlnates of a borehole

2-16 statlon coordlnates as in DATA.

f18-23- Mean bedding orientation. .
. = 3 ;

26 Number of repetitive be8ding orientations.

29-36 Conceantration parameter.

n .
' o 47 - Same as column 80 in DATA.
50- . Same.as column 30 in DATA.

“53-601’Same as columns 31-38 in DATa:

63-66 Same 3s célumn$\11-1u in DATA.

- ‘ ' Voo :
&\\ ~."71-74 -Same as columns 1-4 in DATA.
77-78 Same as columns 9+10 in DATA. .
R . S :
.@AST LINE ' :
. Same ‘a$ last llne in DATA

- 39-44 _Firstfbedding oriéntation measured at outchop,
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APPENDIX 5.

/

Listing of the program DRAW with the appropriate run
commands. ‘ :
inputs 4U=*SOURCE* ‘ :
xmin, ymin = coordinates of lower left-hand
corner Of map , /
xmax, ymax = coordinates of upper right-hand
-.corner of map - ‘ a ' .
scale = scale in feet per inch on marg -
ht = height of chaffacters in tenths of an inch
dtic ="distance in inches between distance
markers on the map boundaries ‘
ocnum = 0, outcrop numbers not plotted, or 1,
outcrop.numbers plotted s
5=MAPFILE (input file to be plotted)

output  9=plotted map

-



LIV E LN

Ctl“i
[t 22 2 5 1

Cxxxws

1000°

Coenasn

5

Cexxan
Crsanw
At

300

300

'S00
[t
1

- 2

0.
11

c“.'.

78

***DLA¥ IS DESIGNID 10 PLUT QIF-DIKESTION ARD DIF

SASIEIOLE OK A kabk 4LONG ¥ITY HOUNDASIES.

ISTEGEX X,Y,XE,YB,ILENT )

BELL RT,X3,Ys,DL,03,N,BY,bY,0CN0R : o
Cill PLOTS ‘ ' ‘
CALL XILIKIT (11G.v)
BELD(%,11)L:IX,!:IE,X:A!,!:AI,SCALZ,ET,DTIC,GCRUE
ILEd= (XANAX~X2IN) /SCALE ‘ -
YLEN= (TRAX~YEIN) /SCALE
XBOUID=XLEE+Y .0
YBOUKDEYLEN+6.5"
XEIRI1=22Ix5 /160
YHINI=YZIN/ 100 ) _ :
SCALE14STALE/100 A
*2%  DhAx BOUNDAALES essss

CALL &X2I¥ (2.0,1,-1) L

CALL 2XIS2(1.0,0.5,1 '+=1,XLES,C.0,X2IN1,SCALEY,DTIC)

CALL AL1S52(130BED,G.5,! *r=1,YLEN,90.0,Y2INY,SCALEY, DTIC)

CALL ALIS2(1.9,0.5,¢ '+1,TL25,90.0,¥8I¥1,SCALEY,DTIC) i

CLLL AXISZ (1.0, YEOUXD,' 'e1,IL2X,0.0,X2IN1,SCALET, DTIC)

**%* READ OYTEN1aTIONS AED FLOT SYMBOLS ssswsx

READ(S,170,E8D=2) X,Y,uD,DI,N,IDENT .

I3=x .

13=Y o

X3= (I3-{IXIN-SCALE) ) /SCALE

Y3=(Y3-(YLIN-SCALE®U.5)) /SCALE ¥

Ir(x3 .L2. 1.} 60 To 1 ’ 2
17 (X3 .GE. X300%D) G0 TO 1

IP (Y3 .LE. .3) GO TO 1

IP(Y3 .52. YBOOAD) GO TU 13

S¥¥DITShEINE IF STATION TO 3% FLUTTID IS AN oorcuog,
***5UKZH0LE,POLD-AXIS O3 SLICKBNSIDE

IP (ID251~7) 300,400,500 ° 4

CALlL Duiw(x3,13,x,3T,D0,0I,0CHDS)

GO  TO 51 .

CALL SY2rOL(X3,Y3,87,Q10,0.G,~1) -

68 Tu 51

CALL =£S0(X3,73,DD¢DI,2Y, IDENT)

CO4GTINOY

CONTINUE

GO 10 S

CALL ¥LOT (C.,3.,99Y) . .
roanar(1x,ls,zs.ox,ra-u,ra.o,u?x,ru.o,sx,zw)

PORMAT (BPD. 1) ' _ W

x

sTop : ‘ - >

ENL .

s sERRARE STUBROCTIAL LEAR ssssxssasxswess .
. SUBBOUTINE DRA?(X,!,l,iI,DD,DI,OCiU:) E N
‘REAL X

Cosanw

.3

R&al bD,DI,UDD,Z,.¥,¥

IF (DI .EQ. 0.3)GG TO 53
KBAL X,Y,S,BT,K,KK,P,Q,T , . :
w®® CHECK.1lF B£DS OVLRTURAEDL, IP SO 4ipp 180 TU DIP~DIRSCTION
IF (DI .1=Z. 9¢.) GO TO 15 , N .
DDD=DD+130. ) .
17 (LLD .L2. 38Q.) GU'TU 3 Ly
DDD=pDL-360. . 5

W=AS (DLD-450.) T : ' ’
GO TO 6 ) ‘

P=AES (DDD-450.)

. @ . ) i "
- . . ) ‘ . .



. Cesemsesxx COOBDINATE CALLCS.

6 G=uw+9C,
" H=diel70.
‘B=J1/“ 3
LO=yLD )
C“l“.“
15 2=0D® 1, T45329E-2
U= (DD+1bu.) *1.745329E~2
¥=(Hu+90.) *1.7453292 -2
K= (DD=90.) *1.745229-2
IP (DI .LE. 90.) GO U 0
rOon
Cessxmssass IXD ITS PLOTTING
X1=)1+SIh (0)=(8T*.33)
Y1=Y+COS (U) *(8T=*.33)
XZ=I+SIN(V)=>(2ZT*.5)
Y2=3+C0S (V) *{BT=*_5)
X3=X2+SIN (L) = (81%.33)
YI3=Y2+COS (U0)* (HT*.33)
.CaLL PLOT(X,Y,3) )
CALL PLOT(X1,¥1,2)
CaLl CIRCLZ(X1,Y1,G6,%,P,h
CALL LGT(IB 13,3)
ClLL ELOT(Iz 12,2)
DI=1E0.-D1l
Crausssms
Cwsspmaxs GUTChOP NUBMBER
20 E=X+SIH (Z)*(AT*.606)
" P=)+COS (2) = {IT=.60b)
A=X+5SIR (Y)*»nT
BE={+COS (V) *dT
C=X+SIK (K) ®3T
D=Y+CO0S (K) =BT
o IF@2 .eT. 2. 3501942
= IP (2 .GE. 3.92869%(5
EV=E+SIN (2)*(BT*=1.0)
PI=P+COS (2) * (HT*1.0)
GO TO 103

‘

-AND.
«AML.

107 E1=E+SIk(Z) *(BT*>2.2)
P1=P+COS (2) % (HT*2.2)
GO TO 1063
162 E1=E+SIK(Z) * (BT*2.2)
F1=2+COS (Z) » (BT>2.2)
103 CONTINDE
TF (2-5.235987) 202,205,205
202 IP (2-2.7925204) 204,263,202
203 XX=1.G
G0 10 25G
204 If(4-0.5235387)205,221,221
205 Xx=2.0

GO Tu 250 u

IP (N=100.) 231,254,234
IP(h—10. )434 233,233,
XI=Z.0° %

G0 TO 250

XX=3.0

GO TO 250

IX=g8.0

COXTINQE N -
TI*X*SIH(D)'(HT‘IX)

. TY=Y+COS (0) » (HT*XX)

»

s~

CUnVERY DEGMEZS 1u RAD1aAUS

DETERZIsR COORDLRnT“S POR SY&BO&,

79

aawne

GVERTOAAED CINCLE SYX soL

-

,0.0) A

\

A

\
UIP AND \

|
I
™ !

5.9265%903) GO
5.497786%) GO

Z .LT.
Z .LT.

TO 101
TO w2



prp

127

122

123

&5l

124
125

126

127
128
129
130
131
132
133
134
135
138
137
138
139
180
w1
Va2
183
148
w5
186
w7
1a8
W9
150
151
152
153

170
171
V72
173
174
175 3
BxD 0P PILE- o ‘ . .

C‘."D‘-- PLQT S!E”QL L2 X ¥

TALL PLOT(E,?,3)

CALLVPLOT (X,X,2)

CALL PLOT(A,b,3)

CALL PLOT(C,D,2)

CALL fU28Ek(23,FP1,4T,DL,0.0,-1)

IP (OCNUB .By. U.0)GD TO 30 .
CaLL HURBER (7X,TY,HT,N,G.0,-1)

Gu TO 30
56 .CALL SYABOL(X,Y,2%87,003,0.0,-1)
30 RETURE ‘
END S
Crasssssw SOULKOUTINE EESO =weas -

Cess=sasa TQ PLOT TREND ANL PLUNGE Of SLICKEKSIDES ARD
Cwsssssss pISOSCUFIC POLD AXES
SUBROUTINE BESO (X,Y,IR,rL, HT,IDENT)
#EAL X,Y,TH,FL,HT
ISTEGER IDENT
TR=ABS (TE~450.)
TT=1k*1.7453298-2
BA=TT+ (30%1.745329E~2)
CL=TT-(30%12785329E~2)
I¥ (IDENT-Z) 600,600,760
Cessssssx CALCOLATE SLICKEUSIDE SISEOL =#ss
600 E=X+SIN (TT) *(BT*3.) :
P=Y+CQS (TT) * (HT*3.)
EI=I+SIK (TT)* (31*5.)
P1aY+COS({TT)*{HT*5.)
" E23X+SIB (TT)* (9T*6.5)
- F2=Y+CUS (TT) * {HT*6.5)
> B§;=°1—‘IN(B“)‘ST
> BAY*?W-COS(bA)tur_ o . -
" CEAXSEYCSTE (Ch)eRT -
 JEXTEEIZCOS (CajPHT

N

60 10 800 ‘ >,

‘Ceexwaswx CILCDLATE POLL AXIS SYSS0L sesws

700 EMX+SIN (TT) » (FT*3.)
P=Y+CO0S (TT) *(HT=3,)

1 21-x~s:n¢rt)-(ar=u )

.+, P1aI+COS(TT)*(AT*3.)
Bu=X+SIR (TT) = (HT*9.5)
2F23T+COS (TT) » (HT*9.5)

AX=E1-SIN (EX)* (HT*1.5) : B 4
BL!=P1—COS(51)‘(81'1 5 P
CAX2X1-SIN (CA) = (24 =1.9) ‘Xﬁé’ -

&, 'CAY=F1=COS(Ca)* (ET*1.5) :
Cmsvsssss  DPLOT SIRHULS s=ws *

800 CALL FLOT(E,P3),
. CAIL ELOT(E1,P1)2)
CALL PLOT (31X ,BAY,2)
‘CALL PLOT (CAX,CAY,3)
- CALL kLOT(213,P1,2)
CALL NOEMEK (E2, rz‘Br,pL,u-o 1)
*  'RETURS
END

80
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APPENDIX 7.

Listings of the programs, with appropriate inguts and
Outputs, used to generate the coordinates of points for
structure contouring. i

DATAFORM
inputs =-PROFILE (output from SECT5)
5=DpoMX
Outputs 6=PROFILE
*
1 C == ZBDITAPOIFE IS L2SIGLNED Tu PEFURS LT FSOFILE QuTeuT
2 C === FPROM SECTS wif? LATA FRLOF DLomAn FPLLES INTO 3
3 C === FURMAT SUITL-LL fOR STIUCTUNE CONTOMIIRG TROGALRS
n IXTEGER D - :
5 . LG 1 I21,100
6 S SEAD(8, 10, FKi=4) X,Y, 01
7 Y stAo(s,11,:;n=5)u,s,u
8 SDmpaq, ,
9 “ UNITE(6,10)%,1,817,SD,¥8, 4
10 G0 TU 6 ‘
1 S COATINUE
12 . WRITE(6,12)%,),FIT
13 € CONTIKDE
'L 1 CUNTIKUOE
1s 0 FUREAT (6X,3F12.1)
16 11 PORRAT(€2X,1<,4x,18,2x,12)
17 R ¥ POREAT(UF8 .3, ¢15)
18 13 PORFAT(3Fb.1)
19 2 sSiup
20 Fup

ESD QF p1iL:



inputs

outputs .

WDV r LN -

fEa R

(RN o'}
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r \
HORIZON \

4=%*SQURCE*

ddap = dip direction of..the axial plane

diap = dip of the axial plane

tnp = trend of the normal to the profile
pnp.= plunge of the normal to the profile ’

coal se apove the formation base
xprofy” yprof = coordinates of the lower left-
hand corner of the profile
scale = scale in feet per inch
5=PROFILE " ' ‘

cs = stnangraphlc position (in feet) of the
o

6=COALPROF (file containing the profile
coordinates, slope and weight of points
calculated to be on the coal seanm)

9=profile plot of the points on the jg;{’seam

-=~= HO03IION I3 USSIGKEr TO TARLTULAYT CDUSLIRPLES AND
=== SLOPZS 0% Jual SRLL TC 2r CONTOURED FROS PhOrilLz
=== OUICMOP fudIi.OrS

1rTESEIE CS : ’

Dro=1.78822ve-s

KELB(9,1G)LDL:,QIA9,ZHE,Ph:,CS,AékG?,x?EOFQSCAL:
Call FLOTS
=== DLAX BOUKDASI:ZS
ARQaxrFR0P/10.
YP2aYrROP/C.
SCA2SCALE/T10.
CALL AX22x{1.3,3,-1) -
SALL 2XIS2(1.v,.U,*X~%"1I3 fiet,-11,10.8,0.0, TPE,SCLr,1.0)
Ll ;x152(11.o,1.o,~,-,-1,1o.o,so.c.rya,sc;,-1.o)
Call RIT3.(1.0,%.0, 't -241S i, 11,100,500 0, Y27 ,8Ch,-1.()
CALL AX1S5Z(1.9,11.2,!" ',I,IQ.c,b.b,l?L,SCZ,T.Q)
TaF=DDapP+130C.
FAD®YD ~DZac
PRTE]AP=-US5(.
TNF=TEP=-450. | °
DS?‘(T&P*?uQ.)‘DTL
CIE= (SO .~FxP) »
—=—=  DPETEERINE W:::~r70n CUSANL
- IO FYE AX1AL FLANL RD Id:
L=CO0S (DUR*L 6y ) mSUS (DT A% FrP)
S=SIX(DTE®YaL) »CUS (LTR*PA L)
C=S1K (UTR®LAL)
V=208 (DTR*T5E) *JQS (JUNL*E <)
ZaSIK(DTE®I N ) =2TUS (278200
FaSlH (LTIBFFNE
=== PI¥D THLZ DIELI2LUN COSLAZS UF T3 LINT O® 1u4Z
=== UF T22 Ail.l »rLLYZ 2\D PaAQ2I1: (P2QJZCTION LINE)
Lyu SL=(kap~CaL) /(A3T=bHwy) -
El= («F=D=gi) /2
LIna3QRT (1/(1+.Len2+435r 822
LL=Aiwsl
S YmaY L aLm

LS OF TUF x0-A%1
POLD=~AXIS

~



39
40
&y -
22
43
84
4s

+7
58
59
<0
s

&
33
5 .
S8
13
L7

Ss
60

€

4]

(ic,

(X}

)

(e}

'

===  FIND TEY TLiiD &Nb LoUnG: AaD
=== LI4L OF ZA0JLSTI0N ux THE 02

2u1 PIL=ASIK (Xi)
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TILAalXP=(Y0rUwX) =alAR (CUS (D12) »TAN (ASIN (SIn (FIL) /SIxn (U1

DIP=TIL=-(Ds2=y2aDTE)

aZTm=(iSTx (CUS (ulr) »CCS (SUsTZ-EILl)))

AI==8,51/500. h
—— AZAR IE P307ILE DATA
202 L9 1 I=1, 100
RZAD(5,11,25022)%,Y, 557, 8D
FCT=PIT ‘
SLOPEZ=-TAd (FIT™00E)
DIF(PIT «Zd. =395.%) GO T< 100
IF(PXT .GT. Yu.'EITmPIT-10U.
270 I?(SD .EQ. =LY .5130 70 4

-——  UITERPIND STZATICKADNIL SIELiATION

~== 43D COAL SEa:
25=2S~-SD
C3xABE(CD)

== 'CALCDLATY ¥rlgu<
“TaZ.7182c 15+~ (LINCY)

ruLs (PIT=450.) *DT3

u

e =
EETZIT%

0GTCx0P

=== PI30 ANGLL 3ileeii¥ T8aCEZS5 U¥ alil TLaN& a2l z=Su3Iw

AYGEAFP-PUL

IZ(ANG .GT. 73%UT3) GO TU &
12 ANG LLT. . =75%0%i) GO TI 5
CL=2D /805 (Miv)

=== rIND PBROJLCTZD COU2US AND SLOPE QF iGiL‘SZ'

203 X1=(X+C0OS {(122)+CL)
t1=(1-SIK{aPP) *CL
GO T0 5
3 X1=X+COS(PITT1+DT %) «CD
Y1=Y+SIN (PIT1*DTH) =CL

o WRIT®(5,12)%1,i1,5L0%82,%7
GU TV >
100 I2(ABS(CD) .GT. 2C.)60 70 &
SLOPE=¢ .Y
LI P :
WREITE (6,100, , 00, ]
I i=sX ‘
YixY
> COHTIMUZE
XO= ( (X1+SCals) -« }/SCALL
YO®m ((YT1+SCALE) —¥#¢02) /SCALS

CALL SYZ20L(Xu,Y0,d.05,0604,5.0,-1)

® CunTIzu:
1 SONTINaGE
10 2ORSAT(8PY.1,28,558,. 1))
V1 FOLGariery.1)
12 JOAMAT (28.1,725. 4,70.04,210 .0)
2 CRLL PLOT (U a,d.,9%9)
STCP
T2

~
&as
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SLOPE

inputs 1=COALPROF
2=*SOURCE*

a = trend of fold—-axis
b .= plunge of fold-axis
xprof, yprof = coordinates of the lower left-
hand corner of ‘the profile .
scale = scale of the profile in feet per inch
ri = distance to 1% influence for the
weighting function

xmnin = lowest profile X- coordlnate to be
calculated

xmax = highest profile X-coordinate to be
calculated '

3=DOMX (with additional map coordlnates added
from within the domaln)

outputs 5=*PRINT* (listing of map coordinates and slopes
' of the coal sean)
6=COALMAP (map coordlnates and slopes of the coal
seam for contouring) .
. 9=COALPLOT (profile plot of the coal sean
locations projected parallel to the fold-axis)

”‘B{fx
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TU GLNEKATYE COUEDIRATES POU STHUCSTUKE COUNTUUR LNG
DINENSION TET1(Y) ,1nZ(%9),XX (400) , 1Y (200U) ,UD {260} , 9T (200)
REAL LI, MP, NU,LE, PN, NP, PLUN
INTEGRR x,%Y,21
khARL LR ’ .

KEAD(Z,20) A, 8, X1h0F YT ROP, SCALE, RT, KBIN, XRAX
WRIFIL(S,26)1.,8

hl=z=4._.b1/R] .

CAiLL PLOTS : !
XPL=xPhopF, /10,

YFU=YPHOUF/ 0. )

SCA=SCALE/C.

CALL AXZEP (1.0,1,-1)

CALL AXIS2{1.0,1.0,'Y=adlsS ‘10-,-11,10.0,0.0,;vn,sca,1.0)§
CALL AXTISZ(11.0,1.0,' ',-1,10.v,90.0,Y0k,SCA, =1.0) ‘
CALL AXIS2(1.0,3.C,'Y~24ILS +10',11,10.0,90.0, YPE,SCA,~1.0)
CALL AX1S52(1.0,11.0," *,1,10.0,0.0,%Fk,SCA,1.0)
DIR=1.7u53248-2 .

Aaaslipnt

B=g3sHTR

=1 ' .

DO Y J=13,200 S @ o
HEAD (1,21, h8D=2) A {d) , 11 {J W (J) ,W1 (J)
H=k+1 ) "

TCORTI ML

SA=S1IN (a)
CA=COS (A) , o N

SU=SIN (L)

CR=COS (B) :

CHREATL TRANSPONPAYTIUNS PATHRIX TH

TR (1) =3h .

TrI(J)==5A . )

TY1(3) =0, 4 .

FERERETIEN L BN
Tl () = sul:

TE1(b) 2Cb

"TA1(7) 2-5A=Cy

2
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[a]

3% Tr1(8)a-CAmCE

KL DU STR(8) =Sh ' )

gﬁ?'ﬁch'--- CREATE TEAMSPONNATION HiAT2IX TN2

N A ._~,J_.__,,L:,.v "*2(1)-—'¢A

42 TA2(2) =Ch*S3 .

43 . Te2(3)=Cange o .

sy - «-2(t-)=c;e , 5 ‘

897 . .. wTHZ2(5)=SA=S3 :

4 - TeZ{o)yaSarC2

uF - R ANy e "r"(-l.] ,0 0 N\ - '

s R le» "F2,£§)1"“G - : L e

'ge) RO . Ve § ] - . S

53 ¢ © 7 w3ITE{S,29) - . -

51 - {9 »26) e 23

S2 To0u ucF§§j§2},5\934\x 7,21 2 S ,

53 TuPsLI®1,Q R 2 . T ®

54 C === CZRAXSPOER #Ar JCO&DINRTES TO EXOFILI «COWry THdRr

55 : XP=X®TE (1) +Y+T¥1(2) Lo

56 TP1AX*TLY (4) + 727X 3 (5)

52 2=~ (X*TAY (7) ~¥=*TA1 ()} . )
58 C == CALCOLATE TV LoOFfILY CUOOADLINATSS G2 THME l0alZOY¥ OF ZNT::iST
s9 IP (1P .LT. XELN)Gu O © -2 ; "
60 . IX(XF .GT. XYAX)GO 70 S ¥ : .o L,
61 51=0.0 ' o
62 - SLP=C.0 : :

63 SwWaG.0

2 RN SWD=0.0

65 DO 100 I=1,%

86 LY =XP—-IX ()
.07 ) Y1=YY (T)+DX=pp (I )

68 DR=ABS (DX)

69 T -=— DETZBMINEZ WLIGET oot ;

70 Ta(2 718“81&"(A;'DE))‘-T(-) 8

71 “% Sw=Sken

72 ST=ST+Y 1%8

73 SIP=SDP4DD (I) &%

74 IP(LE(X) .2Q. 2.0) GO TG 301

75 SWD=SID+Y .
76 101 CONTINCZ2

77 100 CONTIKDE

78 YP=SY /SN

79 o IP(S¥D .20. 0.0) GO 70 179

80 < =-~— DETERZIND SLOEE ) . ;
81 " SLOPE=SDP/SWD - ' . -

82 - GJ3 TO 180 - . ,

‘83 17¢ sSLoPE=0..0

8a e cozxz...coo—uLsxrvs TO SLUPE QF PROZILZ

as 180 YSEPP=YP~IP1 .

86 TCIASYSEP*TAN (5) )
87 - LP=TPp-2CH2 )

88 YO= ((IP+SCALE) ~XPROP) /SCALZ

g9 : 1G=((YP+SCILE) ~YEROP) /STALZ

20 CALL SY®BOL(XD,¥Q,0.05,004,u.0,~1) -
91 o rsausvoaa PEUZILT COORDINATZIS TO ~i2 COUADINATES

92 . AJ=IP=TE2 (1) +YP4TL2(2) +2E=T5 2 (3) :

93 Cox YJ=ZP‘TH2(¢)+Y°‘ ‘P2 (5) +ZP=TN2 (5)

94 CJ=~ (IP*TA2(7) +YP=T22 (8) +ZP=TZ2(9)} -
95 = C ==~ DETERKINE -THT APEARENT DIP OF TEZ HURIZ0% ALONS THT X 2.z s
we T === H%F L1IBS .

87 C == AANGLXY BETRZEY FHOPILE X Y AXD 2 ALD Yii QLT T¢ TAZ IOTTION

~
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100
161
102
103

"104

105

106

107
108
109
110
111

112 -
113

314
115

116
317
- 118
119 |

120
121

2122

123
124
125
126
127
128
129
130
131
132
133

134 -

135
136
137
138

-139

140
181
142
183
1-4
145
146
147
hL2-)

s -

150

151 .

152

O

nn

P

29
21
22

k]
-~

-
-

“r &

!
v
7
z6

o

IF(SLOFZ .LT. G.U)GO TC Su
1# (SLGPEZ .Ey. Ugd) GU TC 50
LA=ATAN (1./5L572)

Yhae (ATAn (SLOEE))

0 TO S1 5
XA=ATAH (1. /5L0PI)

YA=4TAN (SLOEZ

CONTINOYL

DIMECFTIOS COSINES CF THE »oL:
LF=COS(BG‘DTR#YA)

nP=COS (SO=LTE+XA)

NP=COS (9G#C-TxR)

109

TRANSPORX TEE DIRECIICH Cos1nrs To Teo “LP COORDINATE SyIsTzy

LEXLE*TN2 (1) +5P =Ty 2 (2)
TEaLPeTRE2 (i) +rPRTR (5)
K== (LPETM2 (7) +3L =T 2 (8))
CONFVEPT TET BIAECTIOL COSINES TO 4 .Ta?nD LND PLONGE
IP(RE .LT. =1.0) Nm=—1.0

IF (§% .GT. 1.0) ¥M=1.0 - N
PLON=ASIN (N2)

TRN= (LX,TOS (FLUS) ) L

IF{TEE .LT. =1.C) TRii=—-1.0

ZP(TBRN .GT. 1.0) TrK=1.0

TEIZS*ASTN (Thy) ’ .
CORVERT TLE TIZEND RuD PLISCZ 10 & D1F LIFESTICN AsSD
DIPDIB=(102LTR) +TaEY

D1z=(90*DTE) ~cLip P
FIND TEZ2 rPyaRIrRe DIZ OP 14% J0OERI204 UM V3D Res (X))
ON TREZ =~y ('V aLIIS : :
LLX=SI§ (DIZLINUSTEN (LIF)
ADI‘SI\(SV'ZTI°DIPUIH)‘T)N(JI“)

G0 TO 501
CthULAT: OIEEBUﬁ:L& THICNL LSS

EDX=0.0

ADY=0.0

CO8=TQF~2J .
XRITE NI% CUURDINLTTS

RITE(5,23) Y], XJ,uJ 40X,ADY, TuP, 0%

«RITE (6,23)Y0,X 2J,L0%,LDY,;00,03

COKTIND: ’

CONTINDE

GO0 TO 1000

FOXMAT (5F8.1)

FORMAT (2F6.1,Pa. U F10 0)

POBRNAT (X, 314)

FORRAT (7F11.2

FORZAT(*1", 57 1CHFOLD AXIS ,1FE.1//)

rOBXLT (S5Z, Z1-501'TS Fok COWTOGUZING/)

FORzaT (7X,x1, TuX,*'y?*, 101,'4'./X,'X-SLOPF',

s4Y,*Y-5LOpL Y, cX, ‘“O“b' LTY 0

’OR“RT("”Q}E TEE 'V“?'7AL P 1% I:’LC"“C’W
FORAAT (FB.T) .

Call PLCT(C.,C.,99Y)

sSTGP

250

OIp

AXTs

AND,



APPENDIX 8. . .
Tbe following composite stratigraphic section of tia/ﬂm;&’
Luscar Formation. was compiled from partial sections measured
Qn. Packrat Creek, between grid points 28700E 23600N and -
27230E 24480N, Campbell Flats, from 27230E 24480N to 26300E
26770N, Hells Creek, from 25350E 25950N to 23200E 25900\,
and on Grande Mountain from- 37750E 11050N to 37850E 10200N.

(, ___,—" H

-

Unit D

~

1898.5 578.6 :
Interbedded sandstone, shale and siltstone;

abrupt contact w1th overlying Shaftesbury
Formation

1472.5 448.8
Granular and pebbly sandstone

1452.5 442.7
Medium-grained sandstone

1412.5 430.5 .
Granular and pebbly sandstone

1387.5 422.9 o .
Interbedded sandstone, mudstone and siltstone
with a 4 ft (1.2 m) pebble conglomerate at top

o
v
E

Unit C

1270.5 387.2
Ridge-forming, lithic, medium- to fine- grained

sandstone; flaggy in places with some siltstone
6 and mudstone bands
{
1200.5 365.9
Interbedded mudstone , siltstone and sandstone

1120.5 341.5
Carbonaceous mudstone

1110.5 338.5 ‘ ‘ T
' Sandstone



1107.

1104.

1095.
1081.
1077.
1076.

1062.

980.5

965.5

5

5

5

5

5

5

5

1T

337.5 - oo
Mudstoge g : N

336.6 ;
Slightly carbonaceous, cross—bedded, medium—-
grained lithic sandstone

333.9 — ..
Mudstone -

329.6 _
Coal, #11 sean

328.4
Carponaceous shale

328.1
Silty mudstone with some 51ltstone bands ~

323.8 . % . .
Medium-grained, lithic, poorly indurated, ridge-
forming sandstone with large, oval reddlsh—
brown, limonite stains on weathered surfaces

238.8

Shale with clay ironstone nodules, #10 coal seanm
is covered but should lie between 950 and 980 ft
(289.5 and 298 7 m) . . v ’

— N

294.3

////Lnterbedded fine- to medium-grained recessive

9435.5.

947.5

943.5

939.5

925.5

917.5

sandstone, siltstone and some carbonaceous shale

289.4
Very fine-grained sandstone #+

288.8 '
Very fossiliferous, orange-brown weathering
siltstone y '

287.6
Mudstone wvith Sthstone bands

286.3
"Siltstone with some sandy ands

282.1
Shale

279.6 : "

"Flaggy, medium-grained, cross- bedded slightly
carbonaceous sandstone with some reddlsh -brown .
weathering clay ironstone podules



112

899.5 274.,2
‘Shale with some sandy and silty bands

876.5  267.1 ' ; N

Coal and coaly shale
871.5" 265.6 »
dedium-grained argillacdeous sandstone v

869.5 265
Interbedded shale and siltstone

840.5 256.2 )
#8 sean "

P
[

835.5 254.6 , )
Shale with some fine- to medium-grained sandy
‘.zones at top and bottom

812.5 247.6 ‘
Carponaceous and coaly shale

807.5  246.1 - : e P
' ~ Siltstone with abundant pkant fossils //“\\qf”’. .
. 3 '
802.5 244.6:
. Carbonaceous shale

791ﬂ5 241.2_
Coal

786.5  ,239.7 .
~wFine-grained silty sandstone with abundant plant
, “fossils ’
761.5  232.1
‘ Mudstone

756.554: 230.6
gﬁ,'*% Fine-grained silty sandstone
7%355 226
. Mudstone with some coal from 727 to 729 ft (221.6
] to 222.2 m)*

/

- 7085 216.2
_ Coal and coaly sha%e

,706.5  215.3° . o
Light grey weathering, blocky siltstone

698.5 212.9 :
Ridge-forming, massive, fine-grained, silty



638.5
629.5
618
607

599

585
550
545
487
459
458

421

401

sandstone, locally r
Sandstone!

124.6
-Mudstone, massive ne

191.9
Coal, #4 sean

188.4

Fine-grained, argill
the upper 2 ft (0.6

. 185

Mudstone with silty

- 182.6

"Fine-grained sandsto

178.3

a!

eferred to as the 'Super 4

ar top, bedded near base .

ff

&

v
+

aceous sandstone; silty in
m) .

bands

ne

Mudstone, silty in the upper'10 ft (3 m);

contains the 'Clam 7

167.6
Coal, #3 sean

166.1 |
Medium-grained lithi

staining

148.4 .

%

One'!

113

c sandstone'which weathers a
light grey with sone reddish-brown.limonite

Interbedded mudstone, laminated siltstone and

thinly bedded fine-g

139.9
Chert pebble conglonm
sandstone matrix

139.6 o
Mudstone and siltsto
to 1.5 £t (0.2 to 0.

128.3

rained sandstone

erate with medium-grained

ne with sandstone—bdpdst.S
5 m) thick =~

Fine—grained/sandstone with siit} and shaly bands

Unit B

122.2
Mudstone with rare,
nodular ironstone ba

orange-brown wveathering,
nds and rare thin bedded and



299.5

295.5

275.5
271.5

262.5

245.5

219.5

198.5

~190.S

176.5

168.5

148.5

cross—-bedded fine-grained sandstone bands

«

., i

Unit A

N : I
51.3. /
Carbonaceous, argillaceous and sandy lamipated
siltstone with abundant chert pebbles

90.1
Partially covered fine-grained sandstone,
carbonaceous near the base

84
carponaceous siltstone and shale

82.7
Fine-grained argillaceous sandstone

80 .

Interbedded shale, siltstone and laminated
siltstone with some cross-bedded, fine-grained
sandstone bands

T4.8 -
Covered

]

66.9

Massive fine-grained sandstone w1th rare bands of
medium- and coarse-grained sandstone and some
lenticular and cross-bedded zones

60.5
Mudstone becoming silty and sandy near the top

~

58.1
Thin bedded, fine-grained, carbonaceous sarndstone

which grades into silty sandstone near the top

53.8
Slightly sandy sxltstone with abundant plant
fos31ls

51.4 '
Coarse- and medium-grained sandstone with sonme
interbedded fine-grained sandstone in the upper
half, pebbly near the base

45.3
Chert pebble conglomerate with medium- and coarse

;gralned sandstone matrix

Y

{7

ad



146.5
144

142.5

137.5

132.5

129.5

128

126

124

114

107

101

85

70

66

4

fossils

44,7
Silty shale

43.9 \
Fine-grained argillaceous sandstone N

43.4 s
Bard, carbonaceous nudstoné with aQyndant plant

41.9 . '
Thin bedded, fine-grained sandstone and siltstone

40.4
Shale . . -

39.5
Coal

39
Shale

38.4 Q .
Reddish-brown weathering silfstone

37.8 _ : _
Covered, appears to be mainly shale but there may
be a thin coal seam present

36.3 , .
Medium grey weathering, fine- to medium-grained
argillaceous sandstone -

34.7 _
Medium-grained, brownish weathering, cross-
bedded, flaggy sandstone

- 32.6

Partially covered, nodular, reddish-briown
weathering mudstone A y ‘
30.8

Coarse-and medium-grained-sandstone

~

25.9

. Coarse- to medium-grained, pebbly'sandstone with

common lenticular pebble conglomerate beds

21.3
Coal, #1 sean

-3

20.1 . : »
Interbedded shale and fine-grained sandstone with



58.5

57.5

47:5
45;5
44,5
31.5
.29

27

26

16

rare medium-grained sandstone bands

17.8

. Nodular, silty, reddish-brown weathering mudstone

P

17.5
Shale with some thin fine-grained sandstone
bands, plant remains and carbonaceous and coaly

zZoLnes : .ﬁm\
J ' | \ X

14.5 . ‘ .
$ilty nudstone with abundant fossil plants

13.9
Fine-grained, silty sandstone

13.6
Carbonaceous shale with, numerous plant fossils

9.6 _
Fine-grained, silty sandstone

8.8 . .
Carbonaceous” shale with abundant plant remains’

8.2 , :
Reddish-brown weathering siltstone with %5ome clay
ironstone nodules

- ~

7.9 -
Interbedded siltstone and silty sandstone with
some fossil plant remains

0 ‘
Cadomin Formation



