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Abstract

Balanced vertical geological cross-sections, constrained by abundant seismic, well,

and surface data from the Jumpingpound-Wildcat Hills area, show the triangle zone to be

a NW-SE trending antiformal stack of duplexes involving Cretaceous rocks that have been

forced eastward into foreland strata between two bedding-parallel detachments. The lower

of these detachments carries carbonate rocks of Mississippian age in its hanging wall.

It rises from a flat near the base of the Banff Formation, and flattens out beneath the

Edmonton Group, near the top of the Belly River Formation. The upper detachment rides

within the Edmonton Group, and the two detachments are not observed to merge at a

simple branch point near the triangle zone. Gravity data acquired in the area have a

subtle, but identifiable response to the carbonate rocks that have been thrusted into the

clastic sedimentary section.

in



A
ck

no
w

le
dg

em
en

ts

M
an

y 
th

an
ks

 g
o 

to
 D

r. 
D

.C
. L

aw
to

n 
fo

r h
is 

su
pp

or
t, 

gu
id

an
ce

, a
nd

 e
nc

ou
ra

ge
m

en
t

in
 h

is 
su

pe
rv

is
io

n 
of

 t
hi

s 
w

or
k.

 
D

r. 
R.

R.
 S

te
w

ar
t 

an
d 

D
r. 

R
J.

 B
ro

w
n 

of
 t

he
 C

RE
W

ES

pr
oj

ec
t 

ar
e 

th
an

ke
d 

fo
r 

th
ei

r 
fe

ed
ba

ck
 

an
d 

in
pu

t 
in

to
 m

y 
fo

ra
y 

in
to

 e
la

st
ic

-w
av

e

se
is

m
ol

og
y.

 D
r. 

D
.A

. S
pr

at
t a

nd
 D

r. 
P.

 M
ac

K
ay

 a
re

 th
an

ke
d 

fo
r 

sh
ar

in
g 

th
ei

r i
ns

ig
ht

 in
to

th
e 

tri
an

gl
e 

zo
ne

.

M
ss

rs
. E

ric
 G

al
la

nt
, C

ar
l G

un
ho

ld
, J

on
 G

re
gg

s, 
D

av
e 

H
ar

ve
y,

 a
nd

 i
n 

pa
rti

cu
la

r,

M
r. 

M
al

co
m

 B
er

tra
m

 a
re

 t
ha

nk
ed

 f
or

 t
he

 a
ss

ist
an

ce
 t

ha
t 

th
ey

 h
av

e 
pr

ov
id

ed
 i

n 
th

e

ac
qu

isi
tio

n 
an

d 
pr

oc
es

sin
g 

of
 t

he
 v

ar
io

us
 d

at
a 

us
ed

 i
n 

th
is 

stu
dy

. 
D

r. 
S.

 C
he

ad
le

 i
s

th
an

ke
d 

fo
r 

th
e 

us
e 

of
 h

is 
be

am
 s

te
er

in
g 

pr
og

ra
m

.

Ch
ev

ro
n 

Ca
na

da
 R

es
ou

rc
es

 a
nd

 S
ha

pi
ro

 M
an

ag
em

en
t a

re
 t

ha
nk

ed
 f

or
 th

e 
re

le
as

e

of
 d

at
a 

us
ed

 in
 t

hi
s 

st
ud

y.

M
y 

co
lle

ag
ue

s 
in

 t
he

 h
al

ls 
of

 t
he

 g
ra

du
at

e 
st

ud
en

th
oo

d 
ar

e 
th

an
ke

d 
fo

r 
sh

ar
in

g

th
ei

r 
en

th
us

ia
sm

 f
or

 l
ea

rn
in

g 
as

 w
el

l 
as

 f
or

 t
he

 v
ar

io
us

 s
ha

re
d 

am
us

em
en

ts 
th

at
 m

ad
e

w
or

ki
ng

 th
e 

lo
ng

 h
ou

rs
 o

f 
gr

ad
ua

te
 s

ch
oo

l 
m

or
e 

fu
n.

I t
ha

nk
 m

y 
fa

m
ily

 f
or

 t
he

ir 
su

pp
or

t a
nd

 e
nc

ou
ra

ge
m

en
t, 

an
d 

m
os

t i
m

po
rta

nt
ly

,



To Ninna,

to Christian,

and to any more that may come.



Table of Contents

Title Page . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i

Approval Page . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i i

Abstract . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i i i

Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i v

Dedication . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v

Table of Contents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vi

List of Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . viii

List of Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ix

Chapter 1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Objectives . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.3 Methodology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
1.4 Database . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

Chapter 2 Geological Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
2.1 Regional Geological Setting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
2.2 Study Area . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2.3 Review of the Triangle Zone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
2.4 Previous Structural Interpretations . . . . . . . . . . . . . . . . . . . . . . . . . . 16

Chapter 3 Seismic Data Processing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
3.2 Acquisit ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
3.3 Processing - General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
3.4 Preliminary Processing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
3.5 Static Corrections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
3.6 Beam Steering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
3.7 NMO and Residual Static Corrections . . . . . . . . . . . . . . . . . . . . . . . 40
3.8 Imaging . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

vi



Chapter 4 Seismic Interpretation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
4.2 Line CX91 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
4.3 Line 12X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
4.4 Line 18XC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
4.5 Line FS86-3 and FS84-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
4.6 Line FS86-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
4.7 Line FS85-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
4.8 Line FS86-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
4.9 Pull-up Anomalies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

Chapter 5 Gravity Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
5.2 Study Area Density Values . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
5.3 Fieldwork Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
5.4 Gravity Reduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
5.5 Anomaly Isolation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
5.6 Interpretation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
5.7 Error Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
5.8 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82

Chapter 6 Structural Interpretation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
6.2 Structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83
6.3 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93

Chapter 7 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98

Appendix I - Gravity Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102

vn



List of Tables

Table 3.1 Acquisition parameters of Line FS86-2. . . . . . . . . . . . . . . . . . . . . 23

Table 3.2 Acquisition parameters of Line FS85-1. . . . . . . . . . . . . . . . . . . . . 23

Table 3.3 Acquisition parameters of Line CX91. . . . . . . . . . . . . . . . . . . . . . 24

Table 3.4 Acquisition parameters of Line 18XC. . . . . . . . . . . . . . . . . . . . . . 24

Table 3.5 Acquisition parameters of Line 12X. . . . . . . . . . . . . . . . . . . . . . . 25

Table 3.6 Acquistion parameters FS86-2. . . . . . . . . . . . . . . . . . . . . . . . . . . 25

Table 3.7 General processing flow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

Table 5.1 Gravity profile data analysis sequence. . . . . . . . . . . . . . . . . . . . . . 70

Vlll



List of Figures

Figure 1.1 Location Map, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
Figure 1.2 Seismic and gravity database. . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

Figure 2.1 Table of formations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
Figure 2.2 Geological map of the study area. . . . . . . . . . . . . . . . . . . . . . . . . 13
Figure 2.3 Triangle zone schematic cross section. . . . . . . . . . . . . . . . . . . . . . 14
Figure 2.4 Charlesworth (1985) model. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
Figure 2.5 Jones (1982) model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
Figure 2.6 Fox interpretation of Jumpingpound . . . . . . . . . . . . . . . . . . . . . . 17
Figure 2.7 Ollerenshaw interpretation of Jumpingpound . . . . . . . . . . . . . . . . . 18
Figure 2.8 Jones interpretation of Jumpingpound . . . . . . . . . . . . . . . . . . . . . 19

Figure 3.1 Unfiltered shot records . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
Figure 3.2 Constraints upon recordable dip. . . . . . . . . . . . . . . . . . . . . . . . . 28
Figure 3.3 Image degradation due to an inadequate aperture. . . . . . . . . . . . . . 30
Figure 3.4 Image degradation due to spatial aliasing . . . . . . . . . . . . . . . . . . . 31
Figure 3.5 Filtered shot records. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
Figure 3.6 Improvement given by the static corrections. . . . . . . . . . . . . . . . . 36
Figure 3.7 Beam steering example . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
Figure 3.8 Difference records . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
Figure 3.9 F-X filtering example . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

Figure 4.1 Synthetic seismic trace . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
Figure 4.2 CX91 final migrated seismic stack . . . . . . . . . . . . . . . . . . . . . . . 46
Figure 4.3 Interpretation of CX91 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
Figure 4.4 12X final migrated seismic stack . . . . . . . . . . . . . . . . . . . . . . . . . 50
Figure 4.5 Interpretation of 12X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
Figure 4.6 18XC final migrated stack . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
Figure 4.7 Interpretation of 18XC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
Figure 4.8 FS86-3 and FS84-1 interpreted data . . . . . . . . . . . . . . . . . . . . . . . 57
Figure 4.9 FS86-1 final migrated stack . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
Figure 4.10 Interpretation of FS86-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
Figure 4.11 FS85-1 final migrated stack . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
Figure 4.12 Interpretation of FS85-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
Figure 4.13 FS86-2 final migrated stack . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
Figure 4.14 Interpretation of FS86-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

Figure 5.1 Gravity Line 89G Bouguer anomaly. . . . . . . . . . . . . . . . . . . . . . . 73
Figure 5.2 Gravity Line 88G Bouguer anomaly. . . . . . . . . . . . . . . . . . . . . . . 74
Figure 5.3 Logarithmic-power spectrum . . . . . . . . . . . . . . . . . . . . . . . . . . 75
Figure 5.4 Interpretation of Logarithm-Power spectrum. . . . . . . . . . . . . . . . . 76
Figure 5.5 Observed and theoretical gravity responses of Line 88G. . . . . . . . . 79

IX



Figure 5.6 Observed and theoretical responses of Line 89G. . . . . . . . . . . . . . 80
Figure 5.7 Theoretical gravity response of Turner Valley structure. . . . . . . . . . 81

Figure 6.1 Cross-section locations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
Figure 6.2 Jumpingpound cross-section . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
Figure 6.3 Stoney cross-section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
Figure 6.4 Bow River cross-section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .87
Figure 6.5 Wildcat Hills cross-section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88
Figure 6.6 Structural elements map . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
Figure 6.7 Development of synclines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95



Chapter 1 Introduction

1.1 Introduction

The aim of this thesis is to provide a well-constrained interpretation of geophysical

and geologic data from the triangle zone in the Rocky Mountain Foothills west of

Calgary. The triangle zone is found at the leading edge of the disturbed belt, where thrust

and fold structures of the Canadian Cordillera terminate as a foreland-tapering wedge

within foreland basin strata. It is a type of buried thrust front, and has been recognised

at the leading edge of several thrust belts around the world (Banks and Warburton, 1986;

Gordy et al, 1977; Morley, 1986; Vann et al., 1986).

A key feature of a triangle zone is the presence of two major faults with

opposing vergence that bound a foreland-directed intercutaneous wedge that has been

forced into a foreland molasse. Strata overlying this wedge are deformed into a foreland-

dipping frontal monocline that is juxtaposed against hinterland-dipping strata within and

behind the wedge. Flat autochthonous strata underlie the foreland- and hinterland-dipping

strata to form a roughly triangular structural geometry. Because triangle zones may be

important regular features of thrust fronts, and because they are prospective for

hydrocarbons, there is much interest and debate over their development. Currently there

are two main models for the genesis of a triangle zone, although there are few published

studies in which these models have been critically tested.

In this study, good-quality seismic data, well-log data, surface geological data, and
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gravity data have been analyzed and interpreted to provide a detailed structural picture

of the triangle zone in the Jumpingpound-Wildcat area, about 30 km west of Calgary

(Figure 1.1). The region is the site of two major gas fields, the Jumpingpound and

Wildcat Hills gas fields, that are trapped within the hanging wall of a thrust fault that has

detached a thin slice of carbonate rocks of Paleozoic age. Hence, a good database of well

data complements the surface control and seismic data, and has allowed for a well

constrained interpretation. The interpretation of these data reveals a structure that

contains elements that both challenge and support the current ideas about the development

of triangle zones. These observations, and their interpretations, are the main new

contributions of this thesis towards an improved understanding of the development of

triangle zones.

This thesis is organised as follows: in this introductory chapter the research

objectives and methodologies are specified, and the database is described. A review of

the triangle zone and of the regional geology follow in Chapter two. In Chapter three,

details of the seismic data acquisition and processing are given, and in Chapter four, the

interpretation of the seismic data is presented. In Chapter five, the acquisition, processing,

and interpretation of gravity data are described. Finally, Chapter six focuses on the

integration of the data and discussion of the results.

1.2 Objectives

The primary objective of this work was to integrate reflection seismic, borehole,
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Figure 1.1 Map showing location of study area.


