24

~ At Coal Valley there sppesr to be two generstions of southwest-dipping
fauits. The older structures are low-angle, bedding—plane thruits which glide within
some of the cosl. carbonaceous mudstons snd bentonite horizons of the coal zone
and which are commonly the bw\dﬁg ﬂ'i'us’ts of duplexes (see bslow} The
younger faults are higher—asngie ﬂfusts whn:h cut up-section through both
competent and incompetent horizons as well as through the duplexes Sarnn !
appesr to be imbricates which merge with bedding plane thrusts at depth They
tend to make 30° sngies with bedding but the actual dip of some of the fmults'
can be very steep because they have rotated siong younger underlying h’sifit;
thrusts. | -

Dgﬁl:xsi
A duplax consists of two thrusts, both essentially parallel to bedding..
separated by a series of more stesply dipping imbricste thrusts that have thickensd
the imervening

g stratigraphic succession The termh dup/ex was first spplied to a
fault zone in southwestern Alberta In this ares the Lewis and Mount Crandell

thrusts are the floor and roof thm:t boundaries of "a suite of more steeply

mnarﬂfuﬁ;mm-ﬁmmmmmmlafraﬁ
Dshistom 1970). This type of structure was documented by Peach et &/. (1807)
in the Scottish Csledonides but was tlﬁ'ﬂi‘ﬂ "schuppen” or “iﬂtru;ﬂa"_ ,
neither term implying the existence of a roof thrust Duplexes have Ibs
been documented in the southern Appslachisns Boyer 1976), southeastern :
British Columbia (Fermor and Price 1976) s in the Scottish Caledonides [Ellioft |

o “
and Johnson 1980). v ' _

in the Canadian Rockies thrusts tend to have staircase geometries, with ‘

b-ddmg;plm- glu:- zones or ‘flats' connected by fa-atwnn longitudinal 'ramps’, thit \

\
make angles of less then 3%° to bodd-ﬁg Boyer (1978) believes thst duplexes
form from the progressive breskdown of the footwall ramp connecting two flats. '
The outcome of the breskdown of a ramp is the stacking of a panel of rock |

called a 'horse, due to movement of the panel along the floor thrust flat and up
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ff\\ Abstract - . ‘

J : . '
n 8 55 km? area in the outer Rocky Mountsin Foothills of west-cer™
M Y K
! Alberta, data from some 260 outcrops and 1900 drillholes were analyzed =
-

systerns for collecting both data types proved to be very efficient The ;
data were stored, retrieved snd processed using 8 Fortran computer pacess ¢
structural anslysis. |
. . f ,
Strata st Coal Valley beiong to the Cbaispur beds of uppermos™  -etwmcer: <

to Paleocene age which lie between the Brazesu snd Paskapoo Formatc . e
Ssunders Group. - Structural analysis was restricted to a 300 m tbick‘ com e

. the upper portionlof the Coaispur beds. The zone contains seven Co& seams ad
fiue other traceable marker bdi;ons of which the most important sre the Mynheer

snd the Val Dor coal seams. ,

, N : .
Regionally the study area lies just southwest of the Alberta Synciine. Strata

in the coal zone lie in duplexes between befiding plane thrusts, are cut by
southwest and northeast—dipping thrusts and transverse ramps and sre gently
foided.

Northeast-verging bedding plane thrusts within the Mynheer, Wee and
\al D'or coal seams sre believed to havé developed contemporaneously. the |
Mynheer thrust occurs on one side of a transverse ramp and the Wee and
Val D'or thrusts on the other. Imbrication betwsen bedding plane roof and floor
thrusts st the tops and bottoms of the Mynheer and Val D'or seams has formed
duplexes and increased the seam's thickness up to twenty ties. Younger
southwest—-verging folds and thrusts aitered the geometry of the duplexes. The
“lergest of the tbruou the Haifpenny Creek thrustlis believed to cut up-section
from the Mynbeer to the Val D'or dupiex and to have had s major effect on the
thickness of the Mynbeer duplex. Deformation at\Coal Valiey concluded with



moverment ﬁcﬁg the Basverdam transverse ramp and contemporanebus
southwest-dipping thrusts.  These thrusts have cut the Val D'or duplex. juxtaposing
nﬁﬁdﬁmmtehmtﬁdt-bﬂmmﬁwg-mf{mv
pisne thrust below the Mynheer coal seam Folding in the area is predommnantly
gentie and the result of bending above thrust-relsted thickening st depth

7 -

4
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. Introduction

The Rocky Mountain stratigraphic succession at latitude 53¢ is divisible into
an older miogeoclinal sequence, Precambrian to Middie Jurassic in age and a
younger clastic wedge sequence of Late Jurassic to Paleocene age. The older
sequence, dominated by Paleozoic carbonates, is well exposed in the Main and
Front Ranges. The more recessive clastic wedge sequence underiies much of the
Foothills. During orogenesis both sequences were thickened vertically and
shortened horizontally, partly as a result of folding but mainly by movement along
thrust faults that dip southwest and merge at depth with a basal detachment zone
Excellent exposures of Paleozoic rocks in, the Main and Front Ranges and gaad
seigrmic refiections from nesr the top of the Paleozoics beneath the Foothills have
resulted in good documentation of the characteristics of thrusts in the miogeociinal
sequence. In contrast, poor exposures and seismic reflections for most of the
Mesozoic rocks of the Foothills have preventsd thrusts in the clastic wedge

sequence from becoming as well known

Recent coal exploration and production in the Foothills have generated vast
quantities of drillhole data enabling structural studies to circumvent the scarcity of
outcrop d:i; The purpose of this study was threefold:

(1) to build outcrop and drillhole dsta bases for a 56 km’ area in the
outer Foothills comprising the Luscar—Sterco Coal Valley mine,
(2} to retrieve and process these data with a software package for
structural sralysis and
(3) to determine the structure of Upper Cretaceous and Paleocens coal
measures in this area, including the nature and origin of the coal
in the process it was hoped that the efficiency of computer—based techniques
could be demonstrated and our knowledge of Foothills structure improved -

K



The Luscar-Sterco mine is located m west-central Alberta 48 km southwest
of Edson and 200 km west-southwest of Edmonton The ares lies just northeast
of Highwsy #40 (Nordegg branch of the Forestry Trunk Road), 30 km southeast of
Coalspur Fig 1. Topographic relief is moderate in the northeast to low in the
. southwest Although sparse, the best natural exposures are found along the
Lovett River and on ridges in the northeast Four abandoned and three :ctrva open
pnts and three trenches provide good exposure and there are over 2500
geophysically logged drillholes. Access to all open pits and trenches snd to most

outcrops is provided by numerous mine and exploration roads.

Vegetation is typical of a medium-relief, sub-boreal. climactic zone. String
bogs ‘with grasses, moss and black spruce are numerous in the southwest Alders
and willows predominate along the banks of creeks snd rivers. Elsewhere a
mature coniferous forest predominates, except in the north where there are large
stands of trembling aspen The regions around sbandoned and active open pits are

disturbed sites.

Coal has been mined in the srea since the esrly 1900's and the present
C@ Valley mine lease now encompasses the former coal mining communities of
Lovettvile, Reco, Foothills. Coal Valiey and Sterco. The end of steam=driven
jocomotion in the early 1950's forced closure of these mines, but new markets
for thermal coal in Ontario resulted in renewed exploration in the mid 1970's and
the opening of the Luscar-Sterco mine in 1978. The yesrly production is now
about 3.35 million tonnes of cleaned, high volatile C bituminous coal

The lsck of exposure in the Coal Valley aes raﬂs:its s similar deficiency of
published geologic Jltoriﬂr! E!rly reports by Dowling (1909,1922), Stewart
(1916) Allsn (1920) and Allsn lnd E@rfard (1924) introduced the stratigrapbys

-and economic potential of the .area M::E-lg 11943 1947,1949) produced a
preliminary geologic map of the Foothills belt of :ﬂ‘\tnﬂ Alberta snd exardined the
stratigraphy in more dmii 'Much later, the Athabasca River regional geology map
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Price et a/. 1977), which displays structural festures for the central Foothills. was
compieted The configurstion of the Mynheer coal sesm in part of the study srea
was researched by Alexander (19??)jﬁé most recently the lithologic and
sedimentological aspects of Coal Valley strata have been :mdmd by Jerzykiewici
snd MclLesn (1977,1980) and McLean snd Jerzykiewicz (1978)



ii. Dsta Collection

A. Field Dsts :
' During the summer of .1981 six weeks were spent collecting field data
from open pits, trenches and outcrops within the Coal Valley mine lease. A
four—-wheel—drive truck was used to reach open pits and trenches and a trail bike
to reach remote outcrops. Of the 260 data stations established, most were in the

open pits.
e

The positions of dsta stations were obtained from maps prepared l;wP
Luscar-Sterco snd Western Pbotografmtry Ltd Up-to-daste topographic maps of
the four active open pits have a scale of 1:1200. These were used directly
(without serial photographs) in pit mapping In mapping the abandoned open pits
_topographic maps prepared in 1977 at a scale of 1:4800 were also used directly.
Most outcrops were mapped using 1:33,000 serial photographs in conjunction with
~ 1:4800 topographic Ms. Five northeastern outcrops not covered by the 1:4800
maps were located using serial photographs and 1:12,000 topographic maps.

Field sheets

At each dsta station certain positional, lithologic—stratigraphic and struttural
dats -were recorded on field sheets (Fig 2. The format of the lithology section of
thk A field sheets is after Kiby (1978) except that lithologic and stratigraphic dats

beon coded Most of the varisbles snd associsted codes for the A field
sheets are listed in Appendix 1, the others asre described in t:n-l-marm (1981)
snd will not be discussed here. The stratigraphic and Ithologic coding system
(Appendix’ 2)'was based on a geophysically logged columnar section made available
by Luscar Expiorstion Ltd In the fisid the system was learned rapidly and with
less time spent writing, affici‘rvcy increased. A fisid notebook was used to record
general observations and interpretive ideas and to sketch mn-as:aplc features.
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The mine grid, oriented 46' clockwise from true north, was used to specify
the eastings and northings of data stations (Appendix 3). The likaely error of an
outcrop's recorded position dap-mds upon the scale of the map. Positions from
the 1:1200. maps should have errors of less than 2 m, from the 1:4800 maps less
then 6 m, from the 1:4800 maps in conjunction with the aerial photographs less
than 40 m and from the VHE,DOQ maps less than 60 m Elevations were
determined by !iﬂglfpelnﬁg between contours on the topographic maps and should

have errors af gpproximately haif the errors N horizontal position

., Orientation measursments were made with a Freiberger structural compass
;nrd were recorded in terms of dip—direction and dip or trend and plunge with
respect to true north At Q:t;h outcrop up to seven planar bedding orientations
were taken, up to five readings for each joint set and as many readings as

possible on fault planes and mesoscopically folded bedding

B. Drilihole Data
An active drilling program at Coal Valiey has been carried out by Luscar

‘Exploration Ltd. smce .15’7;‘3. By mid-November 1981 spproximately 2770 drilholes
had been drilled. Data from some 1900 of these with ‘picked. relable geophysical
logs were recorded The rmnnﬁ 870 drillholes were not used for one or m&a
of the following reasons _ |
| {1) the drillhole was not gaég;hysie;ily logged,

(2) the geophysical logs were unrelisble, o,

‘(3) the drilhotle collar pasition was unavailable or urrelisble.
The first two reasons spplied to some 800 of the oider exploration drillholes. !
Recorded drillholé collar positions were unavailsble or considered to be incorrect

~ for the remamning 70 driltholes.

a scale of 1 in to 10 ft This combination ensbles relisble lithologic interpretstions
to be made Since the beginning of 1981 the gsmma—caliper—neutron too! has -



Q i
been used in order to log through the drill stem in drillholes with caving prabl-mi

These logs result in less relisble lithologic interpretations.

The spacng of drillholes varies considersbly. It can be as close as 8 m but
n some areas no driling has been done. The average spacing is aspproximately 75
m. which is sufficient in most cases to allow the structure to be estimated The
érnhﬂ depth averages 110 m with fewer than 10 holes exceeding 350 m Most
driliholes are vertical Bottom-hole devistions are generslly less than 2° for every
100 m drilled. -The error in the recorded positions of drilthole marker bed
inter sections should ﬂﬂf'éfafg not exceed 5 m at the bottom of an average depth

drilihole.

Drilthole sheets

Certain data from holes drilled before November 1981 were used to
eaﬁs’iruct a computerized data base as follows First, these dsta were written
onto Drillhole A and B Sheets (Fig 3. An alphsnumeric coding system was
designed for Drillhole B Sheets such that all lithologic types, stratigraphic markers,
faults and even cosl seam partings in each drillhole could be recorded (Appendix
2) /G‘ﬁé festure of this system is that lithologic contacts can be distinguished from
stratigraphic marker horizons and faults. The stratigraphic marker codes
correspond exactly to those used for the HORIZON code on the A field sheets
Fig. 2).

Once a geophysical log had been checked for relisbility the header
information and overburden depth were written on a Drillhole A shest The header
data include drillhole number, oriéntation, collsr coordinstes, iogged depth, mine area
code and drilled chpﬁ Next, each lithologic or stratigraphic marker and fault pick
down the hole was given a code and its depth and associsted drihole number
were recorded on Drifthole B sheets S . |
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Fig. 3.. Format of A and B Drillhole Sheets



iH. Preliminary Dats Storage and Processing

Most of the data recorded on Field and Drillhole A and B Skeets were used
to construct computer files which in trn werd used as nput to the software
package TRIPOD (Chartesworth 198 1,:), During this procedure, some recorded data
were omitted, others were reformatted, and azimuths of structural dsts and Utm
' coordinates wers r*af’éﬁ'sd to the mine grid rather than rus north Fig 4 is 8

flow diggram of the computer files and programs used for this study.

During the field season evenings were spent entering data from c;amﬁl;md
Y -:sity of Alberta Computing
Centre. This was sccomplished using a portable in\gractive ‘terminal, @L;Sﬁ&iﬂy

. Field Sheets A and B into Ime files on disc xt the

coupled through a direct teiephone line to Edmonton While in Edmonton,
ompleted Drillhole A and B sheets were kiypu‘l:hld verified and entered into
computer files. Files made up from completed copies of the four types of :hnt
comprise the Raw Data Files. When sl outcrop and drillhole data had been
stored. these files were re—formatted to Pre/iminary Data Filaes for use with

TRIPOD Fig 4).

The formats of the Raw and Preliminary Dats Files are found in Appéﬁdix 4
while Appendix 5 contains listmgs of all the processing and re-formatting
programs referred to in Fig 4.
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IV. Data Storage, Retrievsl and Processing

A; Intradumlan
Outcrop and drillhole data in the preliminary dasta files were stored, retrisved

and processed using the Fortran software computer packsge TRIPOD (Charlesworth
1881) which has been designed primarily for field geclogiss, especially those
working ih the sedimentary terrsins of orogenic beits. The system is
command—-driven and interactive to the extent that the required output, whether.
graphical or numeric. can be verified or rejected and re-run numerous -tnes’ st &
single terminal session TRIPOD was designed sbout a main program which is
essentially 8 comming interpreter. The interpreter accepts a number of active and
passive commands. The active commands cause the interpreter to call specific
sgbrmnin-i for computstion while the passive commands establish the output
parameters and the dsta retrieval filters. These filters sliow for data to be
retrieved on the basis of

(1) type: whether drillhole, outcrop or both

(2) surface a specific geologic horizon or marker

(3) outcrop or drilihole number

(4) geographic position

(5 type of structhure
All combinstions. of these filters are allowed

Upon specifying an active samm-ndma sppropriate subroutine performs the
sction. Each subroutine is built sround a pre-processor which sets upirtha _
command snd makes parameter checks, a point-processor which performs. the
action on each data point in accordance with previously specified retrieval
paramsters and a post-processor which writes out the ‘rn-ult: and returns to the

The Preliminary D:tn Files F1-F4 waere préscn-d by a subroutine in TRIPOD

. upon input of the command 'READ. The subroutine called is PROG. whith

12
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generates Master Files 1-4 These files sare stored in machine langusge n order
to save disc space The Master Files differ in format from the Prelminary Files

and contan informa concerning the file position of specific dsta ?ypas

7 C)v71ng to the size and varisbility of the data types within the
master filas }.d the necessity for retrieval filters, permanent arrays to store and
sort data for each subroutine would r-qufu excessive disc space To circumvent
this the subroutine 'READIT reads the master files when other subroutines require

specific dsta sets

in conjunction with plotting and printing hardware the TRIPOD system was
used to produce outcrop and drillhole collar maps, delineste structural dOMaENS,
draw down-plunge cross sections, rotste orientation data, produce ananman

diagrams of various types and list output and statistics data

i The usual procedure for preliminary structural f;llviis of deformed terrains
using numerically based computer t:;miq,:ss is to divide the study area into
domains where folding is essentially cylindrical Establishing domains is usually
accomplished by ;ﬂffarrmng a series of statistical tests using outcrop data, such as
explained in Cruden (1968) and Charlesworth et a/. (1976). At Coal Valley,
however, these statistical tests have little value because outcrops are sparse and
irreguiarly distributed. Drillhole data are, however, well distributed in most of the
study area The most useful structural tool is therefore the down—plunge Ccross
section Data processing consequently proceeded as follows. First, the entire ares
was divided up into ‘slices’ p-rpmdm to the regional strike. Then using the
'SECT command of the computer package and an interactive graphics system
available st thn University of Alberta, 8 pﬂ:fih plot of both drillhole and outcrop
data pmpet-d slong an estimated fold axis for each slice was viewed on 2
graphics terminal. The alignment of traces of drillhola marker bed intersections on
the profile was examined. It there were no enomakies and the traces could be
considered geologically workable & hard copy of the plot was obtained Otherwise
the profile was re-pfbtted using ditferent fold axis orientations until the best plot

-
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was produced

- 5

B. Cross Sections
The ononutnon of the fold axis vanos only slightly W the study
srea and the piunge is almost horizontal As a result, in order for thers not to be
an undesirsble superposition of projected outCrops snd drilholes, it was found thst
the distance of projection generally had to be less than 75 m Accordingly. the .
area was divided into ninety slices most of which are 150 m wide a few shces in
areas with scant drillhole control are 300 m wide. Al outcrop and drithole dsta
wrthm each slice were selectively retrieved using the geographic filter of the
TRIPOD system These data were then projected {uraltol to the fold axis onto
—_—
vertical plancs oriented parallel to the Coal Valley mine grid northmg. which is
within a few degrees of porpendnculamy to the fold axes within the slices
(Appendix 3). Use of this grid facilitated verification of drillhole positiond in the
event of snomalies and construction of cross sections and final geological maps.
The computer—constructsd down-plunge plots display outcrop and drithole
data differently. For.o(:tcrops, a short line of sppropriste siope is piotted siong '
wi'th the geologic horizon symbol For drillholes, a line comotj:ting the projections
ofthotopofmbodrockmdmbottomofmbg;odmtafm&ilhalb
is plotted together with a '+ sign and the geologic horizon symbol for each
marker Bed intersected Geologic cross sections were caonstructed from these
plots by connecting corresponding marker bed intersections. The cross section
was then balanced }aw to masintain a constant Ccross-— soctlonal area f:fr sach |

horizon.

The down-plunge projection method 'roquiroi that the plsnsr structures
mdor oxammat»on be cylm&icdly folded At Cosl Valley gently foided stratigraphic
horizans snd low—angh thrust faults sre the dominant structural fnturn in order

“for the down—plunge profiles to portray thess fastures accurately it is nacessary

that they have the same fold axis orientation and that this axis be perpendicular to
.

"r
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the direction of displacement slong the fautts At Coal Valiey the strikes of most
faults and stratigraphic horizons are alimost paraliel Becsuse of this, the fold axes
for most faults and stratigraphic horizons can be considered coaxial Since most
thrusts move up the dip direction in their centrai portions (Elliott 1976) the error
in dispiacement resulting fFC!ﬂ‘!‘ non-perpendicularity of the displacement direction of
thrusts with respect to the profile plane is probably small. The error in measuring
the amount of displacement from the profile will consequently be srfiall as well if
the error in orientation of a profile is ® and the projection length_ is p the error @
in the amount of displacement associsted with projection is given by p sin @
Elliott and Johnson 1980). Because p is less than 75 m and @ is unlikely to be’
more thandiiye should never exceed 26 m

in some areas oblique and longitudinal cross sections were constructed in
order to detect oblique faults. Because these are not dowm—piunge profiles the
true dips and displacements of the detected faults could not be ascertained from

these sections

C. Map Construction

Various types of rrn&:hiﬁa!piaﬂad maps were used during the course of this
study. These m%s were produced by a Calcomp Fléttar in conjunction with the
TRIPOD package. the SURFACE Il package (Sampson 1975) and a library of plotting

routines available at the University of Alberta

Outcrop and Drillhole Maps

The command ‘DRAW’ in the TRIPOD package will produce outcrop or
drilihole location maps depending upon the retrieval filter settings. Drilihole location
maps were used to decide upon suitsble cross section spacing and location and to '
verify the positions of questionsble drillholes.
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Structure Contowr Maps
A facility for placing the spatial coordinates of marker horizons in a file for
use with an outboard structure contouring package is availsble in the TRIPOD
system. The contouring package used in this study is ther SURFACE Il software
system designed by R J. Sampson (1975). In conjunction with longitudinal cross
sections, structure contour maps were empioyed to determine the orientation of

oblique faults.

The Gcaigglggi Map

The surface traces of geolafic horizons, faults and axial planes of foids are
key slements in the construction of a geological map. Because outcrops are so
scarce at Coal Valley, geological maps were constructed by locating the
iF;tESEEiiﬂﬁ between the traces of these siements and the topographic surface in
each cross section (Fig. 5a. The geographic position of each trace—topography
intersaction point was then measured from its X and Y coordinates on the cross
section and placed along with a numeric identification code in the computer file
TRACES (Appendix 4) Using the SURFACE Il graphics system a plot of the various
intersection points was obtained Fig. 5b). Such plots greatly facilitated the '

construction of the geological map of the area
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' V. Stratigraphy

A. Introduction

Strata at Coal Valley are Upper Cretaceous to Paleocene continentsl clastics
situsted near the top of the Upper Molasse Unit of the Rocky Mountain clastic
wedge sequence. Recent palynological studies have suggested that the base of the

Paskapoo Formation does not concide with the top of the Brazesu Formation in

“the centrsi Foothilis becsuse the cosl seams sbove the Brazeau Formation correlsts

with seams below the Paskapoo Formation in its type srea (Jerzykiewicz and
McLean 1980). This leaves a gap in the nomenclature between the top and bottam
of the Brazeau and Paskapoo Formations, respectively. An informal name, the
Cosispur beds, was assigned to these rocks by MacKay (1947,1949). All strata

studied are contained within this unit

B. Description of the Cosispur Beds

The strata st Cosl Valley ;-Iaég to the 'coal zone' of the Coaslspur beds
Fig 6). This z0mve is approximately 300 m thick and contains 7 cosl seams of
which the oidest, the Mynheer, is 275 m above the Entrance Conglomerste MacKay
1843). All rocks sre of continental origin as substantiated by pollen and
freshwater fossil identificstions and by sedimentary structures. An alluvial

pthocnviromm is suggested by Jerzykiewicz and McLean (1980}

Although scarcity of exposure prevented a complete section from being
messured, geophysicsl logs permitted some lithologic units to be traced throughout
the srea Fig. 7 is the stratigraphic section for strata anslyzed in this study and

inchudes cosl sesm names. which were assigned in the earlier part of this century.

in a brosd sense the rocks at Coasl Vahey consist of fining upward
sequences of sandstones, siltstones and mudstones interspersed with coals,

carbonaceous mudstones snd bentonites. A few laterally discontinuous pabble

s .
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conglomer stes rwesentind channel lag deposits were observed and a sihceous tuff
crops out m the northwest The sandstones have a characteristic salt-and-pepper
texture, weather to light rust or greyish olive, and contain a large proportion of
ciay cement Siltstones are generally thinly bedded. greenish~grey snd weather light
brown: near cosl seams they contan sbundant plant remains. The mudstones
westher rapidly to greenish grey cClay with little preservation of sedimentary
structure. Bentonite partings occur in a number of coal sesms They are hght
gwtonmamhmﬁincmm&mns

(8 Pudsiy, personsl communication, 1981). A ‘earrplit- lithofacies analysis of the
Coalspur beds can be found in Jerzykiewicz snd McLean (1980)

on geophysical logs and can be used as marker beds for structursl purposes. For
instance the ‘Lower Mynheer’, lying immediately beiow the Mynheer coal seam, is 2
useful marker horizon containing 5 m of carbonaceous mudstones and bentonites.
The lenticularity of many of the sandstone beds at outcrop and the varisbility of
drilhole log signatures suggest that the facies of strata between marker horizons
chango over short distances.



Vi. Structre

A. Tectonie S!ﬂlng

The outer Foothills in the vicinity of the study area can be defined as lying
between the northeast-dipping L_avéﬁ and the southwest-dipping Brazeau faults Fig
1). To the southwaest lie the inner or waeastern Foothills characterized by low—angle,
foided thrust fauits which cut up-section to ﬂ'il northeast through the Masozoic
clastic wedge sequence (see Hake et o/. 1942 Kiby 1978 Hill 1980; Charlesworth
and Kilby 19817) To the northeast lies the southwest limb of the Alberta syncline.
The structure of the cmar Foothills is obscure, primarily the result of poor
exposures and the mMoONOtonous nsture of the Upper Cretaceous—Paleocene
continental clastics. The most conspicuous large—scale folds near Coal Valley sre

the Coalspur Anticline and the Lovett Syncline,

For the purpose of description, the study ares has been{ divided into ten
structural blocks, the largest of which are shown in Fig 8 Withm each of the
blocks specific structural elements tend to occur. The geological map Fig 9. I
pocket) and the cross sections Figs. 10a-100, pages 52-65) display the structure

of the study area

B. Structurai Elements
Southwest -dipping Thn;It Faults

The most prevalent structural element in the Foothills is the
southwest-dipping thrust fault Such thrusts generally
" (1) follow a stsircase trajectory composed of flats snd rames.
(2) cut up-section in the direction of hanging wall displacement,
(3) thrust oider rocks over younger, snd
(4) sre folded by subsequent deformstion of footwall strata

[
L)
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At Cosl Vailey there asppesr to be two generstions of southwest—dpping
faults. The older structures are iow-angle, bedding—plane thrusts which glide within
soma of the coal carbonacecus mudstone and bentonite horizons of the coal zone
and ‘which are commonly the bam E'fusts of duplexes (see below) The
younger fﬂtsrahﬁwm@oﬁunﬂmﬁc&tmmﬂfa@bﬂm
competent and incompetent horizons as well as through the duplexes. Sami
appear to be imbricates which merge with bedding plane thrusts st depth. They
tend to make 30° angles with bedding. but the actuasl dip of some of the fmuits’
can be very stesp because thay have rotsted siong younger underlying listric

Duplexed

A duplax consists of two thrusts, both essentially paralisl to bedding
separated by a series of more stesply dipping imbricste thrusts that have thickenad
the intervening stratigraphic succession. The term dup/ex was first applied to a
fault zone in southwestern Alberta In this sres the Lewis and Mount Crandeil
thrusts are the floor and ré-af thrust boundaries of “a suite of more steeply
dipping wﬂfuﬂs that thecken .Elnd shorten an interverwng panel of f@"
{Dashistom 1970). This type of structure was documented by Peach et /. (1907)

\
in tha Scottish Caledonides but was termed “schuppen” or "imbricate” gk re,

sequently
ians (Boyer 1976). southeastern :

neither term implying the existance of a roof thwust Duplexes have s
been documentsd in the southern Ap

British Columbia (Fermor and Price 1976) and in the Scottish Caledonides (Elliott
K

and Jobnson 1980)

in the Canadian Rockigs thrusts tend to have staircase geometries, with ‘
bedding—piane glide zones or 'flsts connected by footwall longitudinal ‘ramps’, that R\
make angies of less than 35* to biddni Boyer (1978) believes that duplexes ;
form from the progressive breskdown af»ﬁi footwall ramp connecting two flats.

Tmmmgfﬂnbrgkdawnaflrmisﬂﬁmﬂkﬁgafpml@frét:k

\

calied a ‘horse’. dus to movement of the panel slong the floor thrust flat and up



the active ramp. The active footwall ramp connects the active segments of the
roof and floor thrusts. Continued breakdown of the ramp n the dwection of
hangng wall transport creates a series of stacked horses sepsrsted by wmbricate
theusts which merge down dip with the floor thrust at depth and up dip with the
roof thrust The mechsnics are not understood but balanced restored cross
sections ensbie the probable sequence of dupiex formation to be urraveiied Fig
110 Most duplexes are approximately tabular, aithough irreguisrly shaped duplexes
with folded roof thrusts have been documented (Elliott and Johnson 1980. p.79)
'The geometry of a dupiex ensbles the derivation of quantitative information. |f the
present cross—sectional area of 2 duplex is A snd the original thickness of the
imbricated strata is t, the original length L, of the strats in the duplex can be
calculsted from L, = A/t,. Assuming plsne strain, the minimum smount of
shortening S which has taken place betwseen the roof snd fiocor thrusts in the
duplex can then be calculated by subtracting the current length of the duplex L'
from L, (Elliott and . Johnson 1980). |

At Coal Valley duplexes appesr to be confined to the Val D'or and Mynheer
cosl sesms. mmnmwaoofMMxnthr@fﬂ
fioor thrusts generally coincido with the tops and bottoms of these coal seams,
resulting in grestly thickened sections of coal of cormdonbn SCONOMIC IMportance.
Their goologcc and economic significance warrants trutmem of the duplexes as

distinct structural units.

Transverse Fsults
Most faults which afe oblque or porpondtm to the regional tﬂ-ti of the ‘
Rocky Mountain Foothilis are either Dshistrom 1970} '
{1) tesr faults which are usually confined to a thrust sheet or

_ (2) transverse ramps.

At Coal Valley st least two transverse Of oblique ramps sppesr to be
present One, the Reco Fault. separates the Mynheer duplex to the northwest from
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the Wee bedding pisne thrust and the Vai D'or duplex to the southesst The
oblique Besverdsm ramp separates the Weldwood Synciine and Weldwood Fault
Zone to the northwest from the Beaverdam Fault Zone to’ the southeast Fig 81 In
addition, the Halfpenny Creek thrust and Weldwood #1 and #2 thrusts are believed

to be connected by a?;ransvorso ramp Fig B8)

_ Northesst- dipping Thrust Faults

Northoast dlpp’m thrusts are an important structural element in the
outermost Foothills, particularly near the western margin of the asymmetric
Alberta Synciine. They thus form the northeastern boundary of what petroleum
explorationists often call the ‘triangle’ or 'deita’ zone. Here, northeast—dipping strata
in the southwest limb of the Alberta synciine are bounded below by one or more |
northeast-dipping thrusts whereas on the other side of the trisngle’ most strats dip
‘southwest sbove southwest-dipping thrusts. The upturning of the southwest limb
of the Alberta syncline was probably the resuft of tectonic thickening of strata
lying between the northeast-dipping thrusts and the basal detachment zone.
Northeast-dipping thrusts such as the Wildhay. Pediey. Lovett. Waidron and
Black Mountain faults have been documented in the southern and central outer
Foothills Hume 1931 Douglas 1950; Irish 1965; Price 1981) ‘At Coal Valley
northeast—dipping thrusts can be observed at the surface and ;ntorprotod in the
subsurface. The northeast-dipping Halfpenny Creek thrust deiinestes the boundsry
between the Cosl Cresk Block and.the Halfpenny Cresk Thrust Shest whereas the
east-dipping Woldwood thrusts occur in the vicinity of the Weidwood Fault Zone
Fig 8. Just nonhust of the study sres a major northeast- dipping thrust, the
Lovett fault, lies in the southwest iimb of the Alberta Synciine [Fig. 1)

Folds

Deformation by folding in the outer Foothills has been less intense than in
the inner Foothills, Folds tend to be simple, rounded and concentric and to be
less tight snd less closely-spaced than folds closer to the Front Rsnges. The -
lsrger folds at Coal Valley are probably ‘bending folds where strata have behaved



passively in response to deformation associsted with a vertical bending moment N
underlying strata, rather than buckle or kink folds which resulted from compreassion

parallel to layering.

Most strata in the study area dip essentisily homociinally or are gently
foldad. Th!ﬂ folds tend to have vgrtn:ll or steeply dipping axal planes and fold
axes with naﬂga trends of 162* and plmgis of 3* The Coal Creek Block
contains three folds which end downwards sgsinst the Mynheer dupiex. A
moderately southeast—plunging anticline is contained wr’hﬁ the Halfperny Creek
Thrust Sheet in the north-central part of the study wea In the Weldwood
Syncline ﬁ'ﬁacc anticline-syncline fold pair and the Weldwood syncline are opan

folds with long wavelengths

Maesoscopic Structures

Structures at the scale of an outcrop in the study ares include highly
contorted smalli-scale folds in disturbed coal seams, small-scale faults both thrust
and mrmnl) drag fak;i, thrusts, joints, slickenside strise and calcite fibres
associsted with both fault and joint surfaces. Small scale faults and disharmoni
folds are common in all cosl sesms which have been structurally thickened or
which were glide horizons. For most of the study area, joints can be grouped
into three sets, two of which sre widespread The dominant jjont set has 3 mean
orientation of 275* B7%. The second set averages 354' 84* while the third, less
widespread joint set has an maean orientation of 54* 88*. Northwest of Pits 14

and 15, joint sets sre poorly developed

C. The Val D'or Duplex

The Val Dor eg,ilv seam in the southeastern part of the study area generally
occurs in 8. duplex bounded by the Val D'or roof and floor thrusts At all
localities where the seam crops out repetition of strata within the duplex is essy
to see becsuse of the existence of sandstone and biﬁtqmt- layers within the sesm

The connecting imbricate faults can aiso be clearly observed The existence of the
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duplex at depth is indicated by the seams increased thickness — up to five times
normal (as seen in Figs. 10m-100) - and by the repetition of marker beds within
the seam as seen on geophysical logs (Fig. 12). The duplex is believed to
terminate to the northwest against the Reco fault and to have developad
contemporaneously with the Mynheer duplex and the Wee thrust (see below). The
duplex is cut by and therefore older than the Beaverdam fault, thrust faults in the
Beaverdam Fault Zone, and the Weldwood thrusts. it appears to die out and be
replsced by s bedding plane thrust both along. strike to the southeast and

_ down-dip to the southwast !

In the w-ldwagﬁ Syncline, nesr the outcrop of the Val Dor sesm, the roof
and floor thrusts coincide with the top and bottom of the seam Horses are well
delineated by repstition of thin bgﬁtc;ﬁi’tpg and the 35-40 cm thick sandstone split
batween the ‘B and 'C' coals of the seam (Fig 12). . The imbricate thrusts have
orientations that average 215' 30° and make angles with bedding of 20°
Displacements on these thrusts, which are some 4 m apart, average 5 m (Plate 1,
ptga 49). Val D'or coal sdjacent to the hanging wall of the Weldwood #2 thrust
is nowhere exposed, but has been intersected by drillholes. Although gently
dipping throughout, the thickness of the sesm is up to three times normal and

apparently occurs in a duplex (Fig 10j).

in the Beaverdsm fault zone the Val D'or duplex is partially exposed in Pit
24 where thickening up to 4.5 times has occurred. Within the zone thickening
decreases down-dip to the southwest and also along strike to the southeast (Figs.

10m=100).

In the Weldwood Fault Zone the Val D'or seam occurs in a duplex which
has probsbly been rotated snd repested by younger, northeast-dipping, listric thrust
faults. A@e@hﬁma efh&ﬁixe&dﬂmﬂhmﬂﬂbpi
ﬁckm:iéf coal now observed is thought to be a function of imbrication of the
sesm between the Val D'or roof and fioor thrusts and |ater repetition of the 5

Y
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duplex by thrust faulting Fig 10i

Pit 21, iocated in the hinge zone of the Weldwood syncline, is the only
region where the Val D'or floor thrust was not observed to coincide with the base
of the coal seam Here, a layer of coal, carbonaceous mudstone and bentonite (the
uppermost unh of the Val D'or seam) has been thickened from 1.0 to 1.5 m for
250 m along the strike of the seam Individusl horses are well delineated by a
light orange bentonite marker. Imbricste thrusts bounding these horses are 20-30
cm spart and make angles of 35° with bedding. The orientation of the horses
suggests a reiative northeasterly movement “of younger over older strata (Plate 2)
This thin duplex occurs only 600 m southeast of the duplex which involves the
entire seam  This ‘observation, together with the lenticularity of the thin duplex. ,
indicates that duplexes in the Vai D'or seam are lenticular and separated by zones

where the seam is followed by a single bedding plane thrust

D. Mynheer Duplex

The Mynheer coasl sesm in much of the northwaestern part of the study ares
>appears to occur in a duplex bounded by the Mynheer roof and floor thrusts that
occur at the top and bottom of the seam, respectively. Although the occurrence

of imbricate horses is difficult to see in outcrop because of the hc
nature of the coal sesm, that a duplex is present is suggested by
1) the seam’s increasad thickness, up to 20 times normal, and .
2) the unfolded naturs of strata beiow the seam |
Northwest of the Reco fault, against which tﬁ!rdq:ilﬂx terminates, the thickness of
the duplex decreases untii 3.5 Km away, the Myﬁhnr coal seam returns to its
normal thickness (Rongghan 1977, Figs. 10a-10f) Between grid eastings 75000
and B6000 the duplex is cut by and therefore older then the Halfpenny Creek
thrust The Mynheer duplex is believed to be contemporaneous with the Val D'or

duplex, the Wee thrust and the Reco fault .
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Whereas the floor thrust tends to dip uniformly southwest, the roof thrust
has been folded into two longitudinal anticlines and a synclne. Towards the
southeast these folds become overtuned to the southwest and incresse in width

snd structural refef.

in accordance with the folded nature of the roof thrust. the thickness of
the duplex varies considerably. being greatest in two anticlinal pods whose
seperation varies from 300 m in the northwest to 575 m in the southesst In the
more northeasteriy ‘'msin pod the thickness is up to 20 times normal (4 m)
whereas in the more southwesterly 'secondary pod. thickening up to 17 times has
occurred. The few drillm‘)les which penetrate the southwestern flank of the
,ncondarypodmstmmMyrho‘orcoaluunroturnstonormlthicknossa
short distance southwest of the study rga, although drilihole control is insufficient
to verify this. The northeastern limit of the main pod is sbrupt, Mynheer cos! here
returns to normal stratigraphic thickness within 10 m. A normal or slightly
thickened Mynheer coal sesm underlies the syncline between the main. and
secondary pods. An isopach map of the duplex can be soen in Alexender (1977)
in the southeast the duplex is truncated by the northust dipping Halfpenny Creek
thrust in whose footwall fault drag can be observed Fig. 10f). Figs. 10a-10c and
Figs. 10d-10f illustrate the goometry of the Mynheer duplex in the northwest and

southeast, respectively.

Some mesoscopic structural festures in the Mynheer duplex can be
observed whoro portions of the main pod are exposed in Pits 5 13, 14 and 15 _
Fig. 9). Apasrt from its highly breccisted sppesrance, the most conspicuous festure
is the aimost vertical sttitude of bedding Northeast-verging tqﬁguos of Mynheer
coal intrude roof'rbck just sbove the roof thrust of the duploi in Pit 5, sppearently
confirming norMst-dirnctdd ‘movement along the Mynhoor roof thrust (Plste 3).
Smlh’hlttruhvobmnoudhmWwwmmmRockyMommnFront_
Ranges and other fold and thrust terrains (Gretener 1977). Other mesoscopic
structures include large roof rock xenoliths (Alexsnder 1977) and folds with
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wavelengths of 10 cm whose geometries are extremely varisble Plate 4). ..
Calculations to determine the minimum shortening between the roof and
floor thrusts, as waell as the thickening factor in the Mynheer duplex, were
parfarmd using the geometric ralmaﬁm: discussed on page 25 and data frafn :
3{3 cross sections through the duplex Resuits show that ﬂvt:km in the main
pod varies from 2 to 20 times the normal stratigraphic tﬁlc:hn!ssf with a mesn of
105 times. ha-ncmypadﬂamga.s 15 to 17 times with a rhean of
;755 times. The aversge mmimum shortening (S) for the entire duplex is 10 km

with a standard deviation between 30 cross section calculstions of 1.7 km

E. \Hu Thrust

~ Southeast of grid easting 86500 Fig 9 the Wee coal _seam is belisved to
contsin a bedding plane thrust fault Normally the seam is 3-4 m thick and
contains two cosls of approximately equal thickness separsted by 8 20 cm
bentonitic mudstone. In the Wnkdwmd Syncline it displays sbrupt lateral varistions
in thickness. The varistions are genersily confined to the lower coal which is
slightly overthickened in some localities and apparently sbsent in others Gﬁr-
holes from the Weldwood Synciine have shown that the Wee seam (in particulsr
the lower bed) is often highly shesred and pulverized (Shewchuk 1981). The Wee
thrust is believed 1o be contemporaneous with the Mynheer and Val D'or duplexes
and the Reco fault

F. Reco Fauit _

A transverse ramp, called the Reco fault is thought to occur in the vicinity |
of g;id easting 88500. Although the fault is nowhere exposed, having been
over-ridden by strata in the hanging walls of nst-dippinﬁ thrusts continuous with
_dhe Weldwood thrusts #1 and #2 and the Halfpenny Creek thrust, an sbrupt
discontinuity follows the line of the fault The Mynheer cos! seam lieg in 8 duplex
northwest of the fault whereas it is undisturbed to the southeast The Val Dor



seunoccursmad;plax smﬁﬁ@fﬁfnﬂﬁutiiuﬂsg:b@dteﬁmt
The Wee co‘] seam southeast of the Reco fault is foliowed by a bedding plane
thrust which does not occur northwest of the ramp . The Reco fault therefore
sppesrs to mark a transverse ramp along which the 10 km of displacement
usocumd with the Myﬂhllf duplex has been transferred to the Val D'or duplex
snd the Wee thrust Although its orientation cannot be determined by direct
observation, in accc:fd,-‘vc,i with the characteristics of transverse ramps aisswhere
mm%&ymsﬁrﬁisﬁrubﬁymwmmml
northeasterly strike. ’

G. Steroo Block

Strata benesth the Mynheer duplex lie n the footwall of the Mynheer floor
thrust and are therefore sutochthonous relative to those sbove the duplex. These
footwall rocks, which consist of L.C!'w’f-f Mynheer mdéldsr strata. are exposed
northeast of the Sterco raitway siding Fig 9. The block is bounded to the
east—northeast by the Hsifpenny Creek thrust but is probably continuous bengath
the Mynheer coal seam eisewhere in tha northwestern part of the study area

in a few sreas Lower Mynheer strata and the Mynheer floor thrust have
been disrupted by faults younger than the duplex (e.g. Figs. 10b and 10f). Daw
were insufficient to determine whether these festures sre longitudinal thrusts or
transverse ramps. in some reas Lower Mynheer strata benesth the duplax exhibit
thinning and thickening perpendicular to strike (e.g. Fig 10d. A small duplex in the
Lower Mynheer may expisin the thickening whersas thinning may have been caused
by sctive involvment of this marker horizon in the Mynheer duplex

Between grid eastings 73500 and 78500 (Fig. 9) the Lower Mynheer and
overlying Mynheer thrust lying northed
Mynheer dupiex have been displaced southwestwards slong 8 northeast—dipping

st of the L’

wation of the msin pod of the

tault, the Sterco thrust Fig 10c). The vertical sepsration of the displaced marker
is 40 m but because the dip of the thrust ig- unknown its displacement could not

"



be determined This fault cuts Lp‘saﬁbﬁﬁ and merges with the overtyng
Halfpenny Creek thrust 150 m northwest of Pit 5 but could not be traced further

northwest than Pit 1.

H. Cosl Creek Block

The Coal Creek Block overlies the roof thrust of the Mym duplex and is
therefore allochthonous with respect to the Sterco Block. To the northwest,
beyond the limits of the duplex, it overlies the Mynheer trrust Strats within the
bliock are folded and disrupted by the southwest-dipping Bourne dwust and its

splays.

Anticlines uparutod by a gentle synclne are cburv'ad sbove the
southeastern portion of the Mynheer duplex (@.g. Fig 1Df) These three folds have
axisl plsnes with dip directions varying from 40° to 50* and dips from 75° to 0.,
They developed contempor sneously with growth of the pods in the duplex.

A low=-sngle, southwest-dipping thrust, the Bourne thrust, is thought to
occur in the Coal Creek Block between the Bourne cosl seam and the roof thrust
of the Mynheer duplex because everywhere the spparent thickness (about 58 m) of
the Bourne to Mynheer interval is grester then the true thickness of 44 m Above
the southwestern flank of the main pod what sppear 10O be a series of imbricate
splays from this thrust have disrupted a 15 m thick assemblage of strats from
t:ovoﬁantobdowmaoercﬂlsmlF-g: 10b and 10d. A beddmng
pisne thrust may follow the Bourns seam in part of the Coal Creek Block which
would account for the apparent ﬁm of this seam in several drillholes. A
sedimentologicsi explanation for the sbsence of the Bourne seam is uniikely
because of its continuity eisewhere in the study srea Drillhole control is
ineufficient to determine the dips and duphcmm of the Bourne thrust and its
splays. The splays of the Bourne thrust do not sxtend siong strike trrouﬁ't the
moblockbmwwtobocanﬁmdtcﬂﬁsnbﬁwnngiam
71500-78000 (Fizg 9).



Although drilihole control is poor, strats in the southwestern part of the
Coal Creek Biock appear to dip uniformly to the southwest st 25°

.

. Haifpenny Creek Thrust Sheet

The northern quarter of the study area contains the northeast-dipping
Halfpenny Creek Thrust Sheet (Fig 8) The Halfpenny Creek thrust cuts and is
thersfors younger then the Mynheer duplex. [t 1s partisily exposed on the north
walls of Pits 5 and 14 Only a few drillholes have penetrsted the sheet adjacent

The thrust is thought to be continuous with the - Weldwood #1 and #2 thrusts

Strata in the thrust sheet do not- correlate with those elsewhere jn the
study srea They sppesr to belong to the lower part of the Coalspyr beds and
possibly to the q:prmaﬂ Brazesu Formgtion and are thus oider than the Lower
Mynheer seam Fig. 6). A distinctive 10 m thick assemblage of silicified tuffs and
bentonites is exposed in Pit 5 and can aiso be seen on logs from nearby drilholes.
The tuffs also crop out 2 m sbove the Haifpenny Creek thrust in Pit 14, but in
this location the beds are only 7 m thick Sanderson (1931) described a 5 m
thick bed of “hard unaltered tuff interbedded with thinner beds of pure bentonite”
from the Coalspur and Pembina River regions, 20 km to the northwest and
southeast, respectively. of the study area (Fig 1. He named this ‘sequence the
‘Saunders tuff and stated that it occurs 245 m below the Mynheer cosl seam
The 'Saunders’ and ‘Coal Valley' tuff horizons sre believed to be equivalent because
Coal Vﬂiq; lies between the two occurrences of these distinctive markers.

Furthermore, Jerzykiewicz and McLesn (1980) have noted that both horizons and

the Kneehills Tuff in the Alberta plains contasin correistable psiynomorph zones. The

occurrence of older strata in the hanging waill of the Halfpenny Creek thrust
imphes substantisl southweet-~directed dispiscement along it

The thrust is exposed in Pit 5 where it forms the northeastern limit of the
men pod Plate 3. Here the fault coincides with a zone of shearing n which

"L



37

mmfﬁnafeﬂcﬂaﬁwsmmAmhamm
Fiemmmmmfm;wcmﬂmm;m
and bentonitic materisl occurs. A similar zone of shearing occurs just above the '

main pod in Pit 14

Drillhole and outcrop control are insufficient to trace the Halfpenny Creek
ﬂ;uﬂ at the northwast and southeast edges of thlm However. aerial
" photograph interpretation northwest of Pit 5 suggests that the Haifpenny Creek
thrust trends northward in this region Fig 9) Becsuse the angle between the
Halfpenny Creek thrust and bedding is unknown, displacement along the thrust could
not be determined

To the southeast the Haifpenny Creek thrust is believed to have cut up
section into the Val D'or seam siong a vertical or sast-dipping. slightly oblique
ramp which strikes 25' and to continue in the central—southwaest portion of th-
study area as the east to northeast-dipping Weidwood thrusts (Figs. 8 and 9
Thet the thrust cuts up section to the southeast is consistent with the oversll
iaﬁlﬂﬂuﬁ!hﬁﬁuﬂytﬂﬁﬂﬂilﬁaflﬁmﬁﬂmwﬂléf
the Halfpenny Creek thrust increases to the northweast A small, subsidisry,
northeast-dipping thrust has been interpreted on the basis of discontinuities of
bedding orientations just above the Halfpenny Creek thrust snd northeast of Pit 14.
This thrust lies on the southwest flank of a broad, gentle anticline whose fold axis
orientstion is 100° 13* and whose steeply-dipping axial plane strikes 126* (Fig 9).
The snticline may be the result of a ramp at depth, in the Halfpenny Creek thrust
or in the subsidisry thrust’ The large northesst—dipping Lovett fault. which can be
easily traced on aserisi photographs, forms the upper boundary of the Halfpenny
Creek thrust sheet Becsuse it lies northeast of the study ares its charscteristics



J. Waldwood Syncline
The centrai-southeastern part of the study ares s dormnated by the

Weldwood syncime which is probably continuous wih the Fhu‘pimy Creek Thrust
Sheet The syncline is bounded to the west by tha wm@od #2 twust and 1O

the southeast by the Beaverdam transverse ramp Fig 8. The syncline folds and is
therefore younger than the Val D'or duplex and the Wee mrust The oldest :Em
to crop out in the northeast betong to thosae slightly older thin the Lower Mynhear
marker bed Exposures sre hmited to Pits 21, 41 and 42 and to the banks of the
Lovett River (Fig 9). Although drilhole spacing is small. averaging 150 m, most
holes sre shaliow and do not penetrste the entire cosl zone section

Structire is simplast n ﬂm&-'dafﬁmw-ﬁﬂ‘
older than the Wee seam dip uniformiy to the southwest Eisawhere there e
east to northeast-dipping thrust faults, bedding plane thrusts and broad. gentie to
open folds sffecting Mynheer through Val D'or strsta  The Val D'or duplex extends
th':)ud'!out the Weildwood Syncline, so that strata above the sesm are
silochthonous with respect to those below.

Fauits

Structure contour maps drawn on the base of the Wee ‘seam and drilthole
cross sections in the southwest part of the Weldwood Syncine have enabled
detection of three east to northeast—dipping thrust faults, Weldwood tirusts #3-5.
Because these thrusts strike paraliel to the Weldwood #2 thrust they may be
spisys from .it, but drilhole control is insufficient to verify this. Of these the
Weldwood #3 thrust is the mait extensive, striking parsiiel to the Weldwood #2
thrust, but it spparently flattens into a bedding plane thrust located between the
w.gmuyﬁﬁﬁcaﬂnin:t?igg), The geometry of and the displacement on -
the Weldwood #3 thrust can only be estimsted from cross sections. The dip of
the fault is probasbly similar to that of the Weidwood #2 thrust end the
displacement is sbout 80 m Fig 10g. Waeldwood thrusts #4 and #5 sre small,
arcuste, esst-dipping thrusts which die out upwards in strats between the Wee and



Arbour cosl sesms snd which could only be traced for 450 m n the subsurface.
The Wee bedding plane thrust is siso found in the Weldwood Syncline

Folds

The Mwﬂﬂrcail seam near the sbandoned mﬁg town of Reco through
to strata above the Val Dor smmum of Pit 21 have besen very gently folded
into s southeast plunging fold called the Weldwood syncline Figs. 1. 9 and 10j).
Val D'or coal in both limbs 1s presently being mined In Fﬁt 21 This syncline has a
vertical axial plane trending 165* and a fold axis orented 164* 5 The spicsl
angle of the fold 1s 175 North of Pit 21 outcrop-and drilihole data revesl an
anticline—syncline pair calied the Reco folds. which are oblique to the Wasidwood
synciine but spproximately parslie! to the regional strike (Fig 9) Although the
anticliine has been observed siong the Lovett River, its geometry is better seen onh.
drillhole cross S-!Etiﬁﬂ! Fig 10g. The synciine has been observed on structure
contour maps drawn on the base of the Wee seam and on cross sections (e.g.
{ their apical
Weldwood

Fig 10j) The vertical axial planes of both folds strike southe

angles are sbout 170° The reistive ages of the Reco foids and 1
syncline could not be established '

K. Weldwood Fauit Zomne

The Waeldwood Fault Zone is a narrow structursl unit bounded to the
northeast by the w;ldﬁwmd #2 thrust and to the southwest by the Weldwood #1
thrust Fig 8). In this ares Val D'or cosl appears to lie in a duplex which m places
has been intensely disrupted by and rotated on, younger, steeply northeast—dipping
listric fauits including the Weldwood #1 thrust The structure in the zone varies
from northwaest to southeast In the northwest the Val D'or seam dips steeply
northeast but is of normal thickness Fig 10h) In the central portion of the zone
the coal occurs in a pod which is 9135 m long, SS*BOm\nﬂ;ﬁﬁ@téng
thick (Johnson 1979). In the southeast the seam appears to occur in a gently
southeast dipping duplex where thickening is up to four times normal (Fig 1(3&11
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The only :xpas;:g of the zone is in Pit 26 where the northeastern part Qf.
the pod can be observed Plate 6. The spacing of drillholes is low nearest the
pod, but the shallowness of the holes and the nability to identify units within the
Val D'or seam in geophysical logs have impeded definition of the structure of this
complex region

L]

Although the Weldwood #1 thrust cannot be traced at the surface the steep
northesst dip of the Val D'or seam through most of the Weldwood Fault Zone
suggests that the seam is bounded below by a listric northeast—dipping thrust
which juxtaposes Val D'or against younger strata and along which the Val D'or has
probably been rotated Tha absance éf markers across the fault prevents
determination of its displacement In the central part of the fault zone the
Val D'or seam is thought to occur in a duplex which has been complicated by
subsequent faulting and rotation In a vertical core from this region bedding dips
at 65'-85* Steep bedding in some areas is also supported by the large apparent
thickness exhibited by geophysical log signatures of marker beds. This suggests
ﬂﬁ!ﬁVﬂB’afm:mb-ﬁmm-deMrﬁmﬁ;mtm
northeast—dipping thrusts. Besides rotation it is believed that younger,
northeast-dipping thrusts repested the entire duplex It is difficult to distinguish
becsuse marker beds have such exaggersted signatures and cannot be identified
with any confidence. The faults mt dis out along strike or flatten into a bedding
plane thrust becsuse they do not sppear to disrupt the Val D'or duplex in the :
southeastern or northwestern portions of the fauit zone.

L.  Beaverdam F:ﬁlt Zone

The southsasternmost portion c;sf' the study area lies in the Beaverdam fault
zone, consisting of Mynheer and younger strata repested by numerous longitudinal
thrusts. The fault zone is bounded to the north by the Beaverdsm ramp and

continues to the southwest and southeast beyond the limits of the study srea
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Towards the southwast the faults in the zone bring older and older strata
to the surface Folding is apparently limited to smali-scale drag features :;s_aei':t:d
with thrusting Exposures of strsta are limited to Pits 24 and 25 and along the
Lovett River. Drillhole control is good near the outcrop of the Val D'or. Arbour
snd Mynheer seams but paar eisewhere. Drillholes rarely penetrate deeper than
180 m so little is known sbout the zone below this depth

Beaverdam ramp _ ;

Aerial photographs and drillngle dsta assisted in tracing the oblique
Beaverdsm ramp whose strike is 65' Becsuse driholes are unevenly distributed
the characteristics of the fault could be studied only nesr Pit 24 where drillhole
spacing is low. On cross sections the fault sppesars as a steeply south—dipping
thrust (e.g, Fig 100, However, the grest difference in the amaunt of shortening
between the Besverdasm Fault Zone and the Weldwood Syncline, the transverse to
slightly oblique strike of the xE’g,ivm‘,darﬁ fault, and the counter—clockwise rotstion
of faults snd bedding adjacent to its hanging wall suggest that the Beaverdam, fault
is sn oblique ramp that dips steeply south The continustion of tha Beaverdam
To the sast the ramp changes strike ’

ramp to the southwest is uncertan
moderstely eastwards and is believed to continue past Lovettville, where it
displaces the Mynheer coal seam. and to end in a bedding plane thrust below the
Mynheer seam (Fig. 9). o
Thrust faults

Some 11 southwest-dipping thrusts have been identified using drilthole
cross sections. Linear ridges visible on aserisl photographs @pnr 1o follow the
outcrop of resistant sandstones r-pq:t-a by these thrusts. Drilholes, however. are
irreguisrly distributed and shallow, so the exact displacement on the faults could
not be determined. Nonetheless, the individual faults appear to make angles of 30*
to bedding and have been traced for up to 3 km parshiel to strike.



I the northeastern half of the fault zone the thrusts disrupt the Val D'or
dxphxmdtheArboucoalsm(Fm 10m and 10Nl Other thrusts which he
sbove and to the southwest ofthomoronorthustomthrusts have brought Marker
A through strata oider than Mynheer north‘lttwl'dt over younger Coalspur beds
mdhavolargerdwphcmmsummouttrumxoﬁnnqm\dﬂﬁgt 10m and
10n). Bocwummlobotwoonmfwltsmdboddmgcouldnmbedﬂm
the displscements on the thrusts is unknown. The thrusts are assumed to end to
the north against the Beaverdam ramp. To the northesst the Beaverdsm Fauit Zore

significant separation of the Mynheer seam near the sbandoned town of Lovettville |
Fig 9. This bedding plane thrust is probably the basal thrust for the entire fault
zone. From this thrust spisys cut up section to disrupt coal zone strata Thae
spparently larger displacements associsted with the more southwesterly thrusts in
ﬁnzomwggaststrmmofwmdocrmoinmtomnorML



Vil. Structural ‘Synthoslp

Based on the aforesaid structural observations and with consideration of the
geometric and temporasl rolationship‘s of similar structures eisewhere in the Rocky
Mountain Foothilis, the author proposes the following five—stage structural evoiution

for the Coal Valley area

STAGE A

Deformastion in the Coal Valley area began with movement along the Bourne
thrust This fault appears to be foided along with strata above the Mynheer duplex
and is therefore older than this structure.
STAGE B

. i\

Movemnent ‘siong the Mynheer and Val D'or thrusts resulted in the formation
of essentially tabular duplexes in the Mynheer (Fig 13, stages 1-2) and Val D'or
ssams. This movement seems to have occwr;dbcontompormously with movement
siong the Wee thrust.and the Reco transverse ramp. Displacement leading to the ‘
Mynheer dupiex seems to have been at least 10 km. Southwest of the study area,
with the disappesrance of ltho Mynheer duplex, ge Mynheer roof and floor thrusts
probsbly merge with a single thrust which must parsilel bedding in the footwall for
at least 10 km.  The positions of the longitudinal ramps which must bound the ’
wide Mynheer flat to the southwest and northeast'sre unknown (Fig. 14).

Northwest of the study area, the roof and fioor thrusts of the duplex sppesr to
merge with a single bedding plane thrust locsted ‘v’ the Mynheer sedm where
 displacement is also probably about 10 km ’ | '

o,
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Fig. 13. Structural evolution of the Mynheer duplex.
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Southeast of the Reco transverse ramp, movement along the Wee and
Val D'or thrusts occurred e@ntgrﬁparmusly with that along the Mynheer thrust
The combined displacement aiong the Wee and Val D'or thrusts is probably the
same as that along the Mynheer thrust (Fig 14).

STAGE C ot

Whereas the movements that occurred during Stage B were associated with
northeast—verging structures, those that took place during Stage C produced
structures whers vergence is to the southwest Where the Mynheer dupiek was
sufficiently thick, strata above it behaved independently of those below. ie the
duplex behaved as a detachment zone. Gentle folds carresponding to small
variations in thickness of the essentially tabular duplex st the end of Stage B (Fig
13, stage 2). became accentusted by buckle or kink foiding (Fig 13. stage 3)
Folds of this type did not develop over the Val D'or duplex because it was
nowhere thick enough to permit decoupling of strata sbove the duplex from those
below. Furthermore, the Val D'or seam contains considerable detrital material,
including a thick sandstone split and is therefore more competent Detachment of
the strata sbove the Mynheer dupiex sppesrs to have agcwrgdi in Stage C because
the folds are overturned towards the southwest (Fig. 13, stage 3). The main and
secondary pods, where thickening is up to twenty times normal, developed in the
cores of snticlines which were formed during this stage. It was during this stage
that coal in the Mynheer duplex probably experienced smali-scale deformation,
resulting in its present contorted appearsnce.

) Probably contemporaneous with foiding of strata above the thicker region
DQthlﬁQ?f duplex, the northeast-dipping thru:’t faults became active. This is
suggested by tha fact that both they and the folds have a southwest vergence.
The Halfpenny Cresk thrust snd Weldwood thrusts #1 and #2 are believed to be
contemporansous and to be connected by a transverse ramp. These two

Weldwood thrusts probably merge at depth. Strata in tm southwast limb of the
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‘Weldwood syncline were rotated to ther present position as a result of movement
along the Weldwood #1-#3 thrusts. which appesr to flatten with depth

STAGE D

end to the north against the Beaverdsm ramp in the Besverdsm Fault Zone. The
northeast—dipping thrusts of the Weldwood Fault Zone are truncated by the
Beaverdam ramp, 30 movement along the Beaverdsm thrusts must have occurred
after the end of Stage C.

The base of the Mynheer duplex was disrupted in certain localities by faults
with small displscements (Fig. 13. stage 4). These are either small transverse ramps
contemporaneous with duplex formation, or younger longitudnal thrusts, m which
case these structures developed during or after Stage B, respectively.

STAGE E

Movement along desp-seated southwest-dipping thrusts was probably
responsible for southwest titting of the entire Cgél Valley assemblage. This tilting
appears to have been the last tectonic event in the srea



Vill. Summary

[ ]

All three objectives of the thesis project were reslized, namely. (1) large
outcrop and drillhols dsta bases were constructed, (2) computer processing of the
data was acconphd_nd and proved to be effective, and (3) the structure of coal
measures in the study srea was analyzed and the podding of t‘wa coal seams
- explained Bandonvwswucu:tlﬁmimmfarﬁstmcuﬂwm

of the area was proposed

The most economic and structurally significant feasture in the study srea is
the duplex, which has resuited in up to twentyfold thickening of the Mynheer cosl
seam and up to fivefold thickening of the ‘V':i D'or coal sasm. The raason why
duplexes form in specific locdrtl!s may be related to the interaction between large
bedding plane thrusts, oblique ramps and northeast~dipping thrust faults. The
recognition of other dupiexes and structures associsted with them will be
necesssry to establish a model for their occurrence in the Faaﬂiilg,l

-1
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The Val Dor coal seam viewed from the edge of Pit 21 looking north imbricate
thrusts within the val Dor duplex are designated by arrows Depth of the cut is
L om

The Va Dor seam » P Z° igcowng stuth Tne impricatec pentonité 0 the upper
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The main pod of tne Mynheer duplex i Pits 13 and 14 1ooxing northwest  Vvater
level to aragiine bench i1s 34 m

PLATE 6
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Legend for Figures 10a-100
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(FOR KEY TO OTHER CODES SEE APPENDIX 1)
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FIGURE 10b
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FIGURE 10f
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Fisld Shaet ‘A’ Codas

Osunknown

1=right way up
2=overturned ¢

4
L

¢

[
?
.
g

O=r

] =1
2=abrupt
3

l=yes \
EQSSLS'

O=none
1=molluscs
2=plant remains
3=stems
4=roots
E=trace fossils

NOTE HORIZON codes are on th-a following page. Fresh and weathered COLOUR codes
ring of the colours found in the Geological Society of

tial order of thase colours can be seen
). STRATIGRAPHIC DISTANCE is the stratigraphic

are based on a sequential numt
America Rock Color Chart A listin of the
in Appendix 5 (the program O/CF

Apﬁcﬂdéxl

3=p¢ bly ¢
4=boulder '
S=calcaracus
G6=dolomitic
7=carbonaceous
8=fossiliferous

O=shale

1 =mudstone )
2=claystone ™~ g
3=siltstone
4=sandstone
5=conglomerate
6=bentonite

7=coal 7
B=carbonate
9=ironstone

sm7 Im’ E =

1=
2 smm
3=good

1=dispersed
2=at top

3=at middle
4=at bottom
5=interbedded

1=very fine

2=fine s
3=madium
4=cowrse

S=very coarse
E6=extremely coarse

i

1=recassive
2=moderate
3=resistant

1=thinly laminated

' 2=thickly laminated

3=very thinly badded
4=thinly bedded
5=medum bedded
6=thickly bedded
7=very thickly bedded

SED STRUC
1= eran—biddmg
2=graded bedding

" 3=cpntorted Eiddinﬁ

4=fiute casts
S=ripple marks
E=flame structure
7=mud casts
B=load casts

distance from the outcrop station to a known geological marker horizon It was not used

in this study
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NOTE: the alphabetic codes cbrresbond to the drilihole primary marker codes (Appendix 2)

A= top of Val D'or coal seam

C= bottom of Val D'or cosl seam

D= top of Arbour coal seam

F= bottom of Arbour cosl seam

G= bentonite marker beiow Arbour coal seam

H= Marker ‘A’ coal seam

|= Msrker ‘B cost seam

J= bentonite marker below Marker B

K= topof Wee coal seam <

M= bottom of Wee goal seam

N= top of Bourne cofl seam

O= bentonite marker above Mynheer coal seam

P= top of Mynheer coat seam

R= bottom of Mynheer coal seam

S= top of Lower Mynheer coal seam
U= bottom of Lower Mynheer coal seam
X= fault locstion

Z= topographic Surface

¢

0= siitstones above Val E’or coal ssam ST
1= sandstone above Val D'or coal seam

2= mudstone below Val D'or coal seam

3= sandstone sbove Arbour coal seam

4= mudstone above Arbour coal seam

5= mudstone above Marker ‘A’

6= siltstghe between Marker ‘A’ and Marker ‘B %
7= bentonite and mudstone betow Marker ‘B’

8= sandstone below Maerker B’

9= sandstone sbove Wee coal seam

#= mudstone between Wee and Bourne coal seams

$= mudstone and siltstone below 'O’ bentonite

»= gandstone above Mynheer cosl seam

&= silstone below Lower Mynheer carbonaceous mudstonas

+3 strata below Lower Mynheer carbonaseous mudstones
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Appendix 2 .
|
bl
Drilihole B Sheet Code System Lo

A coding system for use with Drillhole B sheets Fig. 3) was devised in order to
facilitate computer retrieval of depth to specific mérker horizons, total seam thicknesses,
individusl parting thicknesses and thicknesses of various lithologic units for structural,
sedimentologicsl and coal quality analyses The codes fg enterad i columns 5-7

Column 5 contains the /ithologic code if the marRer represents only a lithology
. change and not a stratigraphic pick. otherwise it contains the primary marker

code. . :

Column 6 contains the secondary marker code of 1S laft blank if column B

contains a lithologic code. )

Column 7 contains the top-bottom marker code if eolumn 6 contains a

secondary marker code, otherwise it is left biank.

Lithologic Codes

4 This code is always numeric and appears only in column 5. If a lithologic code is
entered columns 6 and 7 are biank. The depth parameter (columns B=13) represents’the
bottom of the lithologic unit The code is given below. '

1= sandstone

2= siltstone +

3= mudstone

4= bentonite :

6= conglomerate S , )
7= coal : :

8= shale
.9= bentonitic mudstone

Where a pick on a geophysical log represents the change from a specific lithology
to the top of a stratigraphic marker there will be two B entries for the same depth. in this
case the first B entry will reprasent the lithology encountered sbove that depth and the
second B entry designates this depth as the top of the marker.
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Marker Codes

’ uf
7 The primary marker code is alphabetic. It is entered in Column 5 and is only. one
character in tia?th if the marker.is of negligible thickness, but if its thickness isof
«—8conomic significance then a secondary marker code and top-pottom code are enterad n
Columns 6 and 7. These secondary codes are important for the economis evaluation of
coal seams , o ’
= E'J .

A= top o\ Val D'or coal seam
B= tops bottoms of Val D'or units

C= bottom gf Val D'or coal seam
itcpﬁfgbg:;r:mlsm )

E= tops and bdt{oms of Arbour units

F= bottom of Arbour coal seam .
G= top of bentonite below Arbour coal seam
H= Marker ‘A top ‘
I= Marker ‘B’ tog - : v
J= Bentonite 30ft above Wee cosl seam
K= top of Wee coal seam * O .

L= tops and bottoms of \{f@e units ‘ ’

M= bottom of Wae cosl s#n 5 -

N= top of Bourne coal seam - .

O= bentonite 35ft below Bourne coal seam

P= top of Mynheer coal seam

R= bottom of Mynheer cosl seam .

S= top of Lower Mynheer carbonaceous mudstones

T= top of Lower Mynheer carbonaceous mudstones o .

U= bottom of Lower Mynheer carbonaceous mudstones s .
X= fault location

Z= topographic surface ’

w5

Secondary Marker Code

This code is-entered in Column 6. is alphabetic, and corresponds T4 the coal
horizon nomenciature.used by Luscar Exploration For mstance. the Val D'or seam has ,
been’ divided into 9 units lsbelled Val D'or (A-I) and similarily for the Arbour (A-D) and the
Wee (A-C). This code enables the computer to decide upon thicknesses for these coal
seam units. The Mynheer coal seam and the Lower Mynheer marker bed are given-a
secondary code of ‘A’ because it has not been possible to subdivide them into specific
units. In these two instances only plrtings in the seams or pods which are greater than 2
feat thick have been coded. These partings are given lithologic rather than marker codes.

Top-Bottorn Marker Code . }

_ This code is entered in Column 7 and either a' 1" or 8’2" A1 designates the pick
as being the top of a marker unit within a specific seam whereas a ‘2’ designates the pick
as being.the bottom of such a unit A computer routine designed to scan for a 2 and then a
1 and then subtract the approprate depth values associsted with each will give the
thickness of a parting within a seam. .

Whaere a fault was located within a seam that repeated all or part of that seam,
succesive drillhole 'B' shest entries have repeated marker codes with oply tha top- bottom
code changing from a 1 to a 2 and back again. NOTE The bottom of the Bourne seam and
other thin unnamed coal beds are coded with the lithologic code 7' ,
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Appendix 3

‘ T'ho Luscar-Sterco Conl Valley Mine Grid

j

Tho Coal Vailey mine grid is onomod such that mine northmgs re approxom:toly parasliel to
the regional strike of tie strata  The grid is consistent thr the entire mine lease and is
in feet not metres. The bearing of the grid northing line is 45* 44' 21" east of true north

The origin of the grid is not located within the mine lease. A reference point which is
within the mine lease is the southeast corner of Legal subdivision 7~ Township 47~ Range
1f9;5West of the S5th Meridian, which has a grid northing of 33.392.35 and a gnd ustthg
-0 044.07. _ . .



" Format of Rew Data File R1.

T
2-17

18-189
21-36

- sedimentary structures

jAppmdi:; 4

First lina

QUTCROP DES
outcrop station n
type/numiber — a code for use In TFHF’DB

horizon code

way-up code .

easting, northing and elevation of outcrop station
stratigraphic distance from s lr.namm horizon
airphoto number

stratigraphic contact at Qu‘t:rap? .
outcrop type ..
photos taken and frame number ’

rock sample taken?

f;}ssds present

DESCRIPTION

% of outcrop rapresented by lithology
modifier and luﬂmlagy type
gram size
sar‘tlng
wgiﬂﬁanng charscteristics

bed thickness
frgsh colour
waeithared colour

% of outcrop reprassntad by htﬁc:lagy

Second line

dispersion c:f 1st minor lithology in putcrop
same as lines 47-61 i.'x:ve )

2nd MINOR

% of outcrop represented by lithology
dispersion of 2nd minor lithology in-outcrop
same as 47-61 in line 1
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Format of Rew Data File R2

=99 o

12-17
18-77 -

~J
[44]

Eﬁm, §C j!7 -

outcrop number

structural type planar or folded badding, faults. or
joints

number: given to sach joint set. otherwise blank
pitch of slickenside strise

sense of slickenside striae. whether up or down
dip direction and dip of the axial trace of fold

up to 10 raadings. in terms of dip—direction and dip
of fault, joint, folded or planar bedding

Descriptic

drillhole ﬁmr

grid sasting, northing and elevation of the drillhole.
coliar

trend and plunge of the drillhole

geophysical logging tools used:

1=yeas, O=no

for caliper, gamma, resistance and density,
respactively

date drillhole logged (day.month.year)

logged depth
depth to bedrock
fiud level depth
drilied dapth

laase area code:
Cv=Coal Valley Mine
SB=Silkstone 'B'
VA=Val Dor ‘A’
VB=Val D'or B
W=Waeldwood
WP=Woelidwood Pod
MA=Mynheer ‘A’
MB=Mynheer 'B
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Format of Raw Data File R4

Columns Rescription

-4 drillhole number )

5-7 marker and lithologic codes (see Appendix 1)

8-13 down-hole depth of associsted marker or lithology

Format of Preliminary Data Flie F1

1-4 ' outcrop station number

5-7 ‘000, a code for use in TRIPOD

8 horizon code (see Appendix 1)

9 way—up code (see Appendix 1) -
10-25 easting. northing and elevation of the outcrop station

Format of Preliminary Data File F2

[

Trzue format of the preliminary data file F2 is exactly the same as that of the raw data file
R2. :



(% 3
Format of Preliminsry Data File F2A

The format of the preliminary data file F2A is the same as file F2 and file R2 except that
the dip-directions and trends of structural elements have all had 46* subtracted from
them in order to perform projections and rotations when referring to-the Coal Valley
mine grid rather than true north (see Appendix 1). ' .

Format of Preliminery Data File F3 ) '

1-4 drilthole number o

5 ' “'g’, 8 code used in TRIPOD

6-7 . : null character, required in TRIPOD

8-23 mine grid essting, northing and elevation of the
drillhole coliar

24-29 trend and piunge of the drilihole

30-33 logged depth

34-37 depth to bedrock

’ . .
. ' =

Format of Preliminary Data File F4

-4 ) drillhole number o
: ‘9. a code for use n TRIPOD
7 “ 2 consecutive number assigned to sach down—hole .

pick, for use in TRIPOD
: » _ marker code (see Appendix 3)
-14 ' down—hole depth of associsted marker



Format of file TRACES

1-15

- 16-17
18-19

Dascript

mine grid easting. northung and slevation of the
topography-trace intersection point

not used

2 NUMaric Ce
surface

% which is assigned to each fault, fold

izon which inter sects the topographic
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Appendix 5

The Preliminary Processing Program R1ED

S~ 10

e

INPUT

The outcrop 'A' cards of the Raw Datas File Ri: two

cards for each outcrop station.

OUTPUT

Re- farmittgﬂ A' cards, now the Preliminary Data File F1:
one card or line for each outcrop station.

INTEGER E.N

_~READ15..10 . END=39) ‘0C, TNUM , HRZN,WUP E N EL,DIS

ORMAT (A%, A3.41,41, 218, 2&4/)
WRITE(6,2070C, TNUM ,HRIN,.WUP E,N,EL,DIS
FO ,AT(AA A% A1.A1,216,248)

GO 5
\




The Preiiminery Processing Program RICON

[alalslnlalalalslinlalalalalnlsl e

P e A e e L R
100~ O UM g kD s 2 D 00~ P Y B Y

30 99

INPUT

Outcrop 'A’ cards of the Raw Data File R1 which have UTH
coordinates rather than mine grid cbordinates.

ouTPUT

Outcrop 'A’ cards with mine grid coordinates

PROCEDURE

o
A control point with known true easting,
essting and grid northing coordinates, al
between the grids (in grads) are used to
true grid to the mine grid. (

INTEGER EL.TE,TN

DATA THETA/.7982945/

READ(5,2 ,END=99) TE,TN, EL
FORMAT(]6,16,14)

TED=TE-455B1.05%

TND=TN-303171.58 o
GEO=(TEO=COS(THETA 1 -({ TNOD=SIN(THETA))
GNO= (TEQ=SIN(THETA) )+ ( TNO=COIS(THETA) ) -
GE:GED+76784.24

GNxGNDO+40191.47

WRITE(6,3) GE.GN,EL
FORMAT(2F12.5,2x,14)

GO TO 1

STOP

END

true northing, grid
::n? with the angle
r

reter

and rotate the -



-

The Preliminary Processing Program R2CON

;- C INPUT .
c .

% E ~_fOutcrop ‘B’ cards of the Raw Data File R2A

5 c ouTPUT

6 c E ' .

7 C Outcrop 'B’' cards of the Preliminary Data File R2, which are

g E amenahle for use with a mine grid rather than a true north grid.
10 c PROCEDURE

1 c

12, ¢ ,46 degrees is subtracted from the trend of the axial trace and from
1327 C the dip-directions of bedding, joint and fault measurements. This
14 c results are the grid north bearings rather than true ror th bear fnQs.
15 C Checks are made for no further data on the card and for no axial
16 c trace data. :

17 c o ,

18 INTEGER BRNG(22) )

19 5 READ(S5,10,END299) OC.TYP,NUM, P17 SEN, (BRNG(I), 1=21,22)
20 10 FDH!AT(A!iA1,AEiAS,AIiZZIS)

21 DD 20 121,22,2 L _

22 IF(BRNG(Il,EQ,DiAHB.ERHG(I*1).EQ.DiAHBiERHG(I*Z).EQiQ.AHDiBRHG
23 &(1+3).EQ.0) GO 7O 30 ) i
24 ’ 1F(BRNG(]1).LT.4B) BRNG{1)=BRNG(1)+360

25 BRNG(1)=BRNGI(])-46

26 20 CONTINUE
27 .30 N=1-1 ’

28 1F(BRNGL1).EQ.314) GO TO 40 :

29 : WRITE(§,.10) OC.TYP,NUM, PIT SEN, (BRNG(I).I=1,N)

30 ~8Q 10 . , .

31 . A0 WRITETH,11) DC.TYP,NU!iFITiSEN,(ERNG(I),lss,N)

a2 11 FORMAT{Ad4,A1,A2,A3,41,6X%,2013)

i3 ~GD T0 5

34 99 STOP

35 END

The Preliminary Processing Program R3ED

INPUT
Drillhole ‘A’ cards from the Raw Dats File R3
QUTPUT

L KD

Drifinole 'A' cards of the Preliminary Data File F3

[2lalalnlnlialalal

INTEGER DHN,E, N EL.T,P LOG,DAT,TD,LD, . WT,.08 _

READ(5,4 ,END=10) DHN .E.N.EL,T,P,LDG,DAT,TD,08,¥W7,LD,PC,AC
FDR@AT(E@!EGE654.263.GA.GE.GJ.EEBiGS.AE.AE) o
WRITE(6,6) DHN,E,N,EL,T.P,LD,OB,WT, TD.LOG.DAT AC S—
FORMAT (G4 ,’ B’ ,2X,2G6,G4,2G3,G4,G3,8X,G3,G4,G5,66,2%,42)
,60 10 2 o

STOP .

END

O i L WD e I HCH D~ AP LY
D M RN



The Preliminary Processing Program R4ED

D D T U B Rl Y s

10

e Talslalalslslsl~lalslalslalalalalalel

L% ]
~
1 A oy ]

Kl
']
Lo

34 12
36 20

END OF FJ)E

INPUT
The drillhole ‘B’ cards ofthe Raw Data File R4
DUTPY -

Aly those ‘B’ cards which represent significant
stratigraphic markers useful for structural studies.
This output becomes the Preliminary Data File Fa4.

PROCEDURE

The stratigraphic markers are represented by codes

{see Appendix 1 ). These codes are placed in a Data :
statement and are scanned for when each card is read. If one
or more of these codes are found in a specific drillhole

The codes are consecutively numbered and are printed

in a format amenable to the TRIPOD package. Cards which

do not contain the required codes are not in the output 1ist.
DIMENSION STRA(18B) :

INTEGER DHN,NUM,D
DATA STRA/'A','C' /D' ,'F' /G ,H 1" ,"J' "K' "W "N,

o PR U X, 2] NUM/O/ DHN/ ]

READ (5,4 ,END=20) DHN, CODE,DEP
FORMAT(GA,41,2X ,F5.1)

DO 8 J=1,17 ]
1F(CODE.EQ.STRA(U}) GO 10" 10

CONT INUE e

GO 70 2 .

IF(DHN.NE.D} NUM=0 . ‘ . )
NUM=NUMs | , ° . .
WRITE(6,12) ﬂHﬁi::;TEDDE.DEP o '
DsDHN ‘ : - :

FORMAT (G4,° 9’ ,§2,41,F6.1)

GO 10 2

STOP

END



Format of the Fisld Sheet A Processing Program Q/CFORM

_ ffsf
" 7 o
rittén and copyright by Desmond Wynne, Depa nt of | iversity ¢
bt i ynne Dcpm Q‘G-Qlaqy. University of
The purpose of this program is 1o write out & legible one page form of data m
each outcrop station Input to this program is the fite R1 which contains the coded
outcrop data from the A field sheets The program essentially decodes and re—formats
file R1 Asmlemmisiistsdaﬁaggegff ] ‘ ) o

" The main FORTRAN caiting program is. ! : B
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Formast of the file O/CDAT ) [ ]

Tins file contains re-formatted R 1 (A fisid sheet) data as cutput from the program .
O/CFORM

OUTCROP NUMBER B

Hor {zon: A

Major lithology: 40% sandstone -

Fresh colour: light olive grey
Weathered colour: greyish orange
Grain size: med i um '
Sorting: moderate

Bed thickness: : thickly beddad
Weathering character: resistant '
Sedimentpry structures: none observed

Minor lithology: 301 coal

Dispersion: ) bot tom - . .
Fresh colour: black
Weathered colour: black
Grain size:
Sorting:
Bed thickness: thick ly bedded
Weathering character: moderately recessive
- Sedimentary structures: none observed

-y

Minor lithology: 30% carbonaceous muds tone

Disparsion: . top

Fresh colour: moderate brown

Weathared colour: dark grey

Grain size: ’ fine

Sorting: - well

Bed thichness: .
Weathering character: moderately recessive
Sedimentary structures: none observed

Dutcrop data:
- B -
Easting: 98287 Northing: 36830 Elevation: 4454

Stratigraphic contact: abrupt

Stratigraphic distance: unknown

Outcrop type: open pit

Way up: ri?ht way up

Ajrphoto number: 14 |

Fossils present: plant remains

Rock sample: not taken .
- Prhotos: mot taken N
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