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ABSTRACT

Analyses of well-log and seismic data suggest that a net thickness of about
40 m of Famennian-age bedded rock salt was uniformly deposited within Wabamun
Group in the Stettler South study area (T33-34, R18-21W4M) in south-central
Alberta. Subsequent to deposition, this original rock salt was leached to the extent
that it is now preserved as irregular shaped bodies of widely varying areal extent
and thickness. In the immediate study area, dissolution appears to have been
initiated by regional deformation during the mid-Late Cretaceous, and accentuated
thereafter by various large-scale mechanisms including glacial loading and

unloading.

Seismic data suggest that some of the salt-dissolution features in the Stettler
South area retain a marked linear orientation (SSW-NNE). In short cross-section
(on west-east oriented seismic lines), these structures are manifested as upward-
expanding conical-shaped zones of observable subsidence. These zones of
subsidence are characterized by increased structural relief at greater depth (due
principally to the timing of the leaching, stoping and lateral strain within post-salt

strata), and small-amplitude near-vertical offsets.

The character of these subsidence features is consistent with: 1) the onset of
dissolution as a result of regional deformation during mid-Late Cretaceous time; 2)
the plastic deformation (creep) of rock salt; 3) the plastic deformation (on a large
scale) and relatively gradual subsidence of the post-salt strata; and 4) accelerated

rates of leaching in response to glacial loading and unloading.

INTRODUCTION

The Upper Devonian Wabamun Group in south-central Alberta is subdivided

into the Stettler and Big Valley formations (Figure 1). The Stettler consists



predominantly of interlayered dolomites, anhydrites and residual halite-bearing
bedded rock salt; the Big Valley is composed of green shales and fossiliferous
limestones (Belyea, 1964).

The rock salt of the Wabamun Group was widely distributed and uniformly
deposited throughout much of southeastern Alberta (Anderson, 1992; Anderson and
Brown, 1991, 1992a,b; Anderson, Brown and Hinds, 1988; Oliver and Cowper, 1983;
Meijer Drees, 1986). However, as a result of extensive post-depositional
dissolution, this salt is preserved now only as isolated-to-contiguous bodies of

irregular shape, having maximum net thicknesses on the order of 40 m (Figures 2,

3, and 4).

Previous geological based studies suggest that in the Stettler South area
(T33-34, R18-21W4M; Figures 2 and 4), dissolution of the Wabamun rock salt was
initiated by regional deformation during the mid-Late Cretaceous (Santonian time),
and continued thereafter at significantly reduced rates (Anderson, 1992; Anderson
and Brown, 1991, 1992a,b; Anderson, Brown and Hinds, 1988). These conclusions

are based on the the following observations:

1) Post-salt/pre-Santonian strata in this area (except for the sub-Cretaceous
unconformity, or Paleozoic subcrop), are more-or-less parallel and draped
across the residual rock salt. Relative structural relief is a direct function of
the thickness of the residual rock salt, and to a lesser extent, erosional

topography at the sub-Cretaceous level.

2) On the reconstructed salt-distribution map for end-Santonian time (end
Colorado Group deposition), dissolutional features, basinward of the

Wabamun subcrop edge, exhibit a preferred NNE-SSW or WNW-ESE

orientation.



3) This near-orthogonal dissolutional pattern for Santonian time has, on post-
Santonian reconstructed salt-distribution maps, become increasingly masked

by progressive dissolution.

In support of these geological (well-log based) interpretations, we present
three parallel seismic lines. These lines cross a NNE-trending salt-dissolution
lineament and associated subsidence feature. These geophysical data support the
interpretation that dissolution of the Wabamun rock salt in the Stettler South area
was initiated by regional deformation during the mid-Late Cretaceous and
continued thereafter, although at a markedly reduced rate. The data further
suggest that salt dissolution is largely a self-substaining process, whereby salt
removal facilitates continued dissolution, and is influenced by processs including

rock-salt creep and glaciation.

SALT DISSOLUTION FEATURE

The geologic section A-A’ originates in the Ireton shale basin and extends
eastward onto the Leduc fringing reef complex (Figure 5). Seven stratigraphic
horizons have been interpretively correlated across this section. Six of these
horizons (Leduc, Ireton, Wabamun, Mississsippian, Mannville, and Second Specks;
Figure 1) are well-site controlled. The seventh plotted horizon, the reconstructed
Wabamun, is our estimate of where the Wabamun would be structurally situated if
all of the dissolved Wabamun salts were restored. We base this estimate on the
hypothesis that 40 m of Wabamun rock salt were uniformly deposited in the
Stettler South area, and that dissolution occurred in mid-Late Cretaceous time
(subsequent the deposition of the Second Specks) or thereafter (Anderson and
Brown, 1992a,b).

As indicated in Figure 5, Wabamun rock salt is preserved at the 7-14 and 6-
4 well sites and absent at the 10-5 and 3-30 locations. On the basis of structural



control at the Wabamun level or shallower horizons, residual rock salt is
interpreted as being preserved at the 10-13, 16-27, and 8-31 locations. (Note that
the net rock salt thicknesses are presented. The gross thickness of the rock salt-

bearing zone is typically two to three times the net salt thickness.)

Figures 6, 7, and 8, are three interprete(i seismic lines. These lines are
west-east oriented and parallel, although slightly offset. Line M-1 is about 1 km
north of 3-30 (Figure 3), Line M-2 is 0.2 km north (3-30 effectively ties Line M-2 at
trace 81), Line M-3 is about 0.8 km south. These 12-fold dynamite data were
acquired using DFS-V recording equipment, and a split spread with near and far

offsets of 25 m and 1500 m, respectively.

As an aid to the interpretation of these seismic data, a suite of synthetic
seismograms were generated. The synthetic seismogram from one of the deeper,
rock salt bearing wells in the general area (2-20-35-16W4M) is displayed as Figure
9. The more significant synthetic seismic events have been identified. On the
reverse-polarity display, the Prairie salt event is manifested as a high amplitude
peak, the top and base of the 15 m thick residual Wabamun rock salt zone
generates a high amplitude peak-trough sequence, the Wabamun, Mississippian,
Mannville, Viking, and Lea Park horizons correspond to prominent troughs, the
Colorado is manifested as a peak. These reflectors, as well as several other marker

events, have been correlated on the example seismic lines (Figures 6, 7 and 8).

The most prominent structure on these seismic data is the NNE trending
subsidence feature centered on line M-1 at shotpoint 87, on line M-2 at 89, and on
Line M-3 at 15 (Figures 6, 7 and 8). This subsidence feature is attributed to the
dissolution of Wabamun rock salt. Leaching is thought to have initiated along a
regional NNE trending shear zones during the mid-Late Cretaceous, and to have
continued thereafter, albeit at a significantly reduced rate. In support of these

interpretations we note:



1)

2)

3)

4)

The Wabamun salt interval and the encompassing Wabamun/Ireton interval
are thinner immediately below the collapse feature than elsewhere on the
seismic lines, indicating that salt dissolution is the most plausible cause of

subsidence.

The Wabamun salt and Wabamun/Ireton intervals thin by about 20 ms (40
m) within the zone of subsidence on Line M-2 (Figure 7) indicating that
there is little, if any, residual salt near the center of the feature, and that
up to 40 m of rock salt are preserved elsewhere. Significantly less thinning
(about 10 ms) is observed on Lines M-1 and M-3, suggesting that up to 20 m
of rock salt is preserved within the zone of maximum subsidence on these

lines (Figures 6 and 8).

The Wabamun, Mississippian, Mannville, and Second Specks events are
more-or-less time-structurally parallel across the subsidence feature (Figures
6, 7 and 8). Significantly less subsidence is observed at and above the
Colorado event. These observations support the thesis that dissolution

initiated in mid-Late Cretaceous and continued thereafter at a reduced rate.

The subsidence feature is oriented NNE, supporting the thesis that
dissolution initiated along a NNE shear zone. The three west-east oriented

seismic lines are oriented more-or-less orthogonal to the lineament.

The Wabamun event on line M-2 is about 55 ms lower at shotpoint 89 than
at shotpoint 201 (Figure 7). This time-structural relief is attributed to the
dissolution of about 40 m of Wabamun rock salt (up to 20 ms), up to 25 m of
erosional relief at the Mississippian level (up to 10 ms), and a possible
decrease in the average velocity of the Colorado/Wabamun interval in the

vicinity of trace 89 (as a result of stoping and/or subsidence-related



5)

6)

7)

fracturing). Relative to Line M-2, the Wabamun within the zone of
subsidence is time-structurally higher on Lines M-1 and M-3, supporting the
interpretation that residual salt is preserved within the subsidence feature

on these lines (Figures 6 and 8).

Pre-Wabamun events on Line M-2 are about 25 ms time-structurally lower
beneath shotpoint 89 than shotpoint 201 (Figure 7). This pattern is
consistent with the interpretation that 40 m of rock salt has been leached at
shotpoint 89, 25 m of erosional relief at the Mississippian level, and a
possible decrease in the average velocity of the Colorado/Wabamun interval.
Less velocity "push-down" is observed beneath the subsidence feature on

Lines M-1 and M-3 (Figures 6 and 8).

The Wabamun/Ireton and top/base salt intervals thicken gradually away
from the center of the subsidence feature (Figures 6, 7 and 8). Time-
structural relief along the post-salt horizons similarly increases gradually
away from the center of the subsidence feature. These observations suggest
that the edge of the residual rock salt is gradational rather than abrupt, and
support the theses that: a) the residual rock salt tends to creep toward sites

of active leaching; and b) the uppermost soluble layers were most rapidly

leached.

On Line M-2, subsidence is seismically visible at the Wabamun between
shotpoints 37 and 157; at the Mannville between shotpoints 27 and 161; at
the Colorado between shotpoints 105 and 167; and at the shallow marker
between shotpoints 101 and 178 (Figure 7). Similar patterns are observed
on Lines M-1 and M-3 (Figures 6 and 8). In general terms, the subsidence
feature, in short cross-section, can be described as an upward-expanding
conical-shaped zone of seismically measurable subsidence, a feature

characteristic of gradual rather than catastrophic collapse (Anderson and



8)

Brown, 1993; Anderson et al., 1993a,b). This geometry suggests that the

post-salt strata have undergone horizontal as well as vertical strain.

On Line M-2, the shallow marker beds are up to 10 ms higher above the
center of the subsidence feature (shotpoint 89) than nearer the edge of the
zone of seismically measurable subsidence (west of shotpoint 101 and east of
33; Figure 7). These beds also appear to be vertically offset at trace 177.
Similar patterns are observed on Lines M-1 and M-3 (Figures 6 and 8),
suggesting that the zone of seismically measurable subsidence is slowly
expanding as a result of continuing dissolution and the long term creep of
rock salt toward the shear lineament (Anderson and Brown, 1993). We
speculate that these shallow subsidence features may be partially the result
of a most recent phase of relatively rapid dissolution related to glacial

loading and unloading.

DISCUSSION

On the basis of the incorporated seismic data and previous geologic studies

of the Wabamun salt, we have reconstructed the history of salt dissolution and

subsidence in the Stettler South area. Our proposed scenario is as follows:

1

2)

During the Fammennian Stage of the Late Devonian, about 40 m of bedded
Wabamun Group rock salt were uniformly deposited within the Stettler

South area.

During the pre-Cretaceous hiatus the paleo-surface was intensely scoured.
In the Stettler South area, the Mississippian is the Paleozoic subcrop.
Further to the east, along the Wabamun subcrop, rock salt was exposed to a

near-surface environment during the pre-Cretaceous and dissolution was



3)

4)

5)

6)

initiated as a more-or-less continuous front that effectively paralled the

Wabamun outcrop edge.

The bedded rock salt in the Stettler South area remained relatively
undisturbed until mid-Late Cretaceous (Santonian time), at which time
regional deformation (possibly associated with the onset of the Cordilleran
Orogeny) occurred. These shear zones provided conduits between the
evaporitic beds (at a depth of about 750 m) and adjacent aquifers; leaching

and subsidence were thereby initiated.

Initially, thick sections of rock salt were in direct contact with vertical
conduits and rate of dissolution was relatively high. In a general sense, the
rock salt in proximity to the shear zone was leached from the top down (e.,
at any location, the most rapid dissolution occurred along the uppermost
remaining soluble bedded layer). As a result of both this top-down pattern
of leaching and the progressive creep of rock salt towards the shear zone, the
residual rock salt thickens gradually (in a step-wise manner) away from the

shear zone.

The collapse of post-salt strata was gradual as opposed to catastrophic.
Plastic strain occurred both vertically and horizontally. In short cross-
section (orthogonal to the shear zone), the collapse features developed as an
upward expanding zones of measurable subsidence. These observations
indicate that the shear strength of the post-salt strata and the rate of salt
dissolution were relatively low, and that the rate of rock salt creep was
relatively high (Anderson et al., 1994a,b). Creep was caused primarily by
compressional stresses related to the leaching of rock salt, and accentuated

by the presence of water (Urai et al., 1986).

As the thick salt in the immediate proximity of the vertical conduits was



progressively dissolved, the rate of leaching decreased markedly. Dissolution
was controlled, at least partially by both the rate at which the residual rock
salt crept toward the vertically permeable zones, and fluid flow within

fractured post-salt strata.

7) In places, progressive dissolution (and associated creep) caused the near-zero
edge of the residual salt to migrate laterally away from the shear zone. The
rate of leaching and hence the rate of migration was affected by changes in

the hydrologic environment, regional tectonism, and glaciation (Anderson and

Knapp, 1993).

SUMMARY

The incorporated seismic data support the thesis that the dissolution of the
Wabamun rock salt in the Stettler South area was initiated by regional
deformation in mid-Late Cretaceous time. The shear zones provided vertical
conduits between the rock salt and adjacent aquifers; leaching and subsidence were

thereby initiated.

In short cross-section, the collapse feature in the Stettler South area forms
an upward-expanding zone of measurable subsidence. Strata within this zone have
not been intensely faulted, indicating that subsidence was gradual as opposed to
catastrophic, and supporting the thesis that rock salt in the vicinity of the shear
zones was dissolved in a top-down manner and deformed plastically (ie. crept
toward the zone of dissolution even as the main edge of the rock salt migrated
away). Dissolution appears to have been self-perpetuating; a process whereby
fractures, created within the immediate post-salt strata as a result of subsidence,
provided a conduit for unsaturated waters, thereby facilitating further dissolution.
As the main edge of the rock salt (edge of the zone of measurable subsidence)

migrated away from the shear zone conduits, the rates of dissolution and



subsidence slowed in general. Periods of accelerated dissolution thereafter could
have been triggered by regional changes in the hydrological environment or

regional tectonism.

The most recent, seismically defined episode of accelerated dissolution and
subsidence was possibly triggered by glacial activity. It is conceivable that this
latest phase was caused by: 1) glacial loading and an associated increase in
subsurface temperatures and stress differentials (Anderson and Knapp, 1993); 2)
glacial unloading and an associated influx of fresh-water; and 3) a reversal in
regional hydrologic environment from centrifugal-flow to centripetal flow as a
consequence of sediment rebound in response to glacial retreat (Anderson and

Brown, 1993; Anderson and Knapp, 1993).
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FIGURE CAPTIONS
Figure 1. Stratigraphic chart for south-central Alberta.

Figure 2. Plan view map of the general Stettler area. The Stettler South study
area (T33-34, R18-21W4M), the approximate locations of the example seismic lines
(Figures 6-8), and locations of the wells incorporated into geologic section A-A’
(Figure 5) are highlighted.

Figure 3. West-east geologic cross-sections from the Stettler study area illustrating
the discontinuous nature of the Wabamun Group salts. (The maximun net
thickness of these salts in the Stettler area, as indicated on the cross-sections, is on
the order of 40 m.) Both present-day and reconstructed profiles for the Viking
horizon are displayed on the cross-sections.

Figure 4. Isopach map (in meters) depicting the interpreted present-day .
distribution and net thickness of the Wabamun rock salt in the Stettler area
(modified after Anderson and Brown, 1992b). The dashed line represents the
Wabamun subcrop edge; the heavy solid lines denote the edges of Leduc reef
buildups.

Figure 5. Geologic section A-A’. Well locations are highlighted on Figure 2.

Figure 6. Normal-polarity, nonmigrated seismic line M-1 (Figure 2), crossing the
subsidence feature displayed in Figure 5.

Figure 7. Normal-polarity, nonmigrated seismic line M-2 (Figure 2), crossing the
subsidence feature displayed in Figure 5.

Figure 8. Normal-polarity, nonmigrated seismic line M-3 (Figure 2), crossing the
subsidence feature displayed in Figure 5.

Figure 9. Synthetic seismogram for the 2-20-35-16W4M well. Well 2-20 is the
closest deep (Elk Point; Figure 1) penetration for which a sonic log is available.
This well encountered about 12 m net of Wabamun rock salt.



Alberta
Central Plai Age [ . s | iFle
entral Plains | yq6 s | Series o ra
ML‘AAAM 1.6 g
W 53 0
R
Hand 23.7. % o
Hills é 5
[&]
36.6 ﬂﬁ
Pack 57.8 =
askapoo
66.4
Edmonton 1st Upper
Group White
BellyaRaiver i S%eh;}?l:d
v
3 2nd
5 | ite
G | Cgorado |gpeckied
5 Shale
@ '/Viking/
3 Cglg;alxg © | Pelican Q
/97_5 Late %
ERTE—————
W\JO“FOU Lower E
2 .| Upper 9
E:‘ o
Ce &
g‘” Lower <
detrital
144 Early
V]
Q
L |w»
2
Fernie Middle <
L s
208 E
u
5}
L |3
<
Middle | &
245 | L-E

PERMIAN
286
320 |PENNSYLVANIAN
U1
L
Rundle
360 E
Wabamun Upper
\
Winterburn
Camrose
§' < =1
5 lreton
el
$
3
Cooking Lake
= 2 374 Late | | ©
-1 Waterways zZ!35
& - Slave Pt SN
Wl Mo ~~ Ft. o) 8
Vermillion ol
Prairie = n<_
Winnipegosis Middle
Contact Rapidg
hMAANAAAAAY
Cold Lake
Ernestina 387
Lower
408 Early
A}
\Grla-g%tseb \el\;gsh 438 Silurian
U P-4
L| 3
Middl g
iddle
505 2
L [e)
AAAAAADAAANAN]
b AAAANNAAANN anegan u E
~ppp ey oesedi o
arlie  — §70 Middle 3
’ O
Basal sst




v

2

R21W

R1SW

R17W

Ri5W

R13W

R11W

T

10-21

V;

( Lid
4

16-24\§

Lige SL-1
Lihe SL-2

7-

10-5

1328¢ [
Line|SL-3

Ling SL-4

Line

]
-d

D-4

1-14, 7
AT

18-22

&9

T

N

T136 1 t
16-1

16-1 Line

6-31

Tne
D-2

62

D-3

40 km




2
[3]
g ?
& x o cDu. @ m
Q. ® T B o =
w 1 5
-] .m (] i S a £ S m.n.mmm
8 ¢ § 3 5 § 3 3=588%
5 g 2 §: 17 3 0 ns5==83
A 38 & orievz el |
olsesig —
015e- Iz — [ELLIES _
oise9yr -
Soyz - 1i-1691-04-
" ¢ 11-1801-04- 5
S8V &
sl - 21185191 W
seL9 - ZL-1e 611~ ’ 3
siserl-Lr - El-lEpI-El- M
ciso®ry —
cige8l- El-16-81-L- _
€15C910t- ~— Yi-ieri-Ll-
TeEeell - ri-ieLi-0t-
sise-ig -~ = Sh-1eCl9-
Sigc0z6 s SI-1601-9- _
st - €
SRR - m 9-IE-iy
sise0ze - § "ol e
[150€2-4t- = JINT I T8
l1seRe -
11089
fisee2s  ~
SOy — 81101
815006 11 — g ~ \ 83182011
siserigle —
sistesl- 7~ . %__..-_Z.ﬂ.
815-12-11- /- v £02-
6155082 02Z-iE¥1-91-
7~
025c-12-24- )
0Z5e8l9)- 01209
1Zserte - \ /
125es14- - 02-1E-L26
zseo- ~ v\
Z gl
zsere - / /
’ Z-1e81-L-
tZse-2L - / /
| e 21066
| & sm 1 1 1 1 I i 1 1 1 1 | I 1 I I |
(=) [=2
3 8 3 8 3 8 8 8
« m T «
§ & ¥ 8 e S 3 §

{198 was MO|8q SI0jaw) UOREAS|T (1one] was moleq ssejew) uoneAcly



T
10 26

AV

20 JIN
D

10

R13w

1
30 |t
1

/o

D)

20 |/

R15wW

R17W

56 )/‘ |
NAR

v O

T Nk

4
\\\\\\

R19W

1W

0 | <A

Pl

A5 efLd

40 km




1004

200

300

N

o

o
|

o

o

o
1

Subsea depth (m)

600

700

800-

0] o
o o0 (o)} ~— -~ ~
N N oo Ny 0 © 3
(%) © NN O ™ o N~
@ o Q0o @ -~ < e
A v il Y S © 3
* e 0] [{e ] s 0] 00 - ~— M~
— Second Specks
/ -
~L \ /_\
‘ Mannville
/\// reconstructed
B \| Wabamun
/_\ /" Mississippian
\ ,/// Wabamun
\_/’— ,”‘—_;:_‘::./
S Py S b proximate locatior
/ \ r\of Wabamun salt zone ~15m Ireton
™~ 1 Leduc
/
~25m
— 1> % —
-~ :'\ A
\\\\~ /
Leduc\
\ TDY TDYYTD YTD YTD YT
1032.4 1380.2 945.5 1007.1 974.8 0 5km 11427



time (sec)

00

10

Line 101

w shotpoint num

246 26 26 186 16 146 1%

ber
16 & 66 46

o m

I' A ‘|+FV UL L

b

Vs AINNINAA

{
=

i
s
'u,"n
n' AN 1411 iyt W
A il il ,m 1’ u;.',m;'. Y

mvm r..vﬂ % y
et

A O O A e
““"'a«‘“"' “""".,\:;‘fu'." * BR) «“\‘W o A

i o \
'.\‘ "' i .‘1',5« }b!v "L‘i”\x 1"?“ tu‘h‘,], ( N
o :
Wk / &

il TR g
,f’) ""u,f e i ,,‘.'u'{”m
R e AL a‘l.\ KA, (rey
o e mw-\ mw. g .1~ «
Py wiked s ., " e
;,;.:n!,,‘t,‘,,‘k,/f,\(.m..,,,.‘ ., 4‘ .Wv.‘,,,‘,,u;t ! ‘,.,«.,;,..,-,,\., TREDB IR
‘*‘"‘”I m‘ \‘;' v oo ¢ oo T (GG TR B
s oy FhN) JW\ """‘l. '
'l‘“"n.) o B A sl ,"' '. okl Sl
\umw.. M
M

R e
""uyw gt 'un‘u Wi e
ol ) e e «\'\“ A
ey el o "l”'c‘ ‘ﬁu.«u“ RTAL
i “(“\m,y,“‘, “\|\w o
N VA S A
‘)‘u‘“ e au‘,:,"“‘\’n
A \'4 i w o
o o
b S (i M W
‘,l." \ o

) v}.\‘lul*.l \1 0 1
.:*:";»« i i »’,
AN |«|

e
Ao

VA

« .g\c,w"
e g -
) AN

gy
l.w l'/
Pl
) A ‘,um‘
..'u, s u‘ ) L
u,\\'.t.‘)-‘l« .~*.u "“ 'l}'p'“‘
u»h ’()‘ !
i .‘n,‘./u]n‘ e :‘”\,11
o ¢ iy ‘..,\- wu.,‘
||rq“:"hl' i‘uu A’4\ G, P ,\." (\ L, Ui, v ﬂ.
PN ‘“mw‘“ “:\b.y" u.lf, ‘«,,‘.,‘..:,,, i
il Jv:‘«“'.‘.'n 3 i v
0 g \.. e "
ORI
m\’ iy Gl -tw.l‘r

" n\» o

u"n'hcnf ‘
\H Py A 4,( ,\ “" Lt
,«t"l“ﬂ‘ i,‘.\"n‘w :u ‘ i |‘“’q,f‘jf,w'|"v" "ru |' ot |'m‘)‘n,v ’
( m

.W\‘,v\‘h 1‘\':,‘ M W
) i "‘H\“'\m« g A \/ 1 A
W) »

..1\/, e

e o
u ¥ Av‘jws‘ »,\ “v“ﬂ
«»“‘ \ J“u- w."

i ,y'«,, !
(AN oy

A RIS (/“':'liﬂa:‘m:w\ﬁ

i\ m.\.u,‘

\”‘W.\' (ot
O mr ¢ ol

‘?\ﬂ(xm”\ Qe ]

4 s s i } \"n(mul"'" .,,..w

““\’M & W,‘ ,‘ [\‘, (w n”r,v r.w A te

o, W 1N A rh.,t“ W
b ST

mhm L { I‘4 w N ¥ L ) ""’w'.‘ it
T gt / i X

;v v gl i
i v‘m y ﬂ‘ ,‘,'v,‘u 2 2 ks ”w‘ L »-u oo ;
L e D e
n'l‘ylw‘um . i R

R
)
m.,rw.( o 1

AT v i ; T ) \r‘"«v\\
B ‘n“ f S I e *,»',’;“'n:" ./:
, - S v i 4 e,

al e
i it
flk e '.wu‘lul
4(,,,.1;4”’,,',.,.'\ & I ‘, < .J.«'.«,w‘/»_:““. oy

g e s, A€ PSR

rmf‘r QR (. ¢
S 'Mr‘v‘.ﬁ A
Rty TREN
H ¢

G
. 0
) m‘l

i : RER ~,w~..u,"'z.‘ i
«.t@i;"«"u‘\’u A A ’u‘"’v'q:l",‘ﬂ‘. ik ..,f«rv\-” Wftesin aghi )

Qg aay
\-Iy,,.x‘y,'.ﬂ B

(st
\\\\\\'Nhnu,‘ \‘Hx

14 "*M:!:\\»:.m:.«: i

o i i 7
X

J ‘H‘ il

Wm,\‘,

iy
,mw\vhu oy " \, RO
,m.m ]l e it ol

.\u\‘w

Um‘
o

ol i 0 V. o 1) R, A
it ‘\} ,,‘u"‘,‘;.."-ul' N 3 ’ AR " -'~‘.
b Qe b I g
‘w,‘i‘ W) " y ....‘ NS iy (o “
*‘»"”" \‘L“,"“'.'w\‘,‘,""p‘\"‘ o “\“ o

el

L D 0 e A
L G

\,. 4 k,‘l,“\\;’,’ o
o e
55 L% o L e
M "' Wm a8
b \\!uh"." \ -'\'1 n"(.","-ul"n." ‘«"‘(‘

uu\“‘m:n i
) .,\

i
e
o e

s o l‘. o
& \u w«m‘

;.«.«. e

r'w::'(zy:r'.u:ar».\".w i .‘,“5,"4\‘ 0
i [‘.Hw, AL it
‘m, ,Agm, A \\‘\m,vm i

e m, i e

,v'.«\'u" vh u’"w

i e

A Y R 3 i

N e el B ol e gt

o i lolalh "
G

M

i.'-‘«"ii-"-'\". '

Gl 4‘. n«i:‘ "‘”"".""a"” gt
wv/‘r:":,"n,'\\«.r:!,'{'v,,‘ Ao .w',(,,,, !

LR o 1 ,,M
el s Lkt

¥ttt stk

v b ! it s
i VTS hlt iy nx” o
i i I

i h
M.,.‘L.A‘/
W

A
“v"\‘”v.

o e W
L ) .»m\\o..y. it |
S S el
‘Kln TR Q,\W i ‘.\u.\. Pt
I y ‘_‘..,,. v,.}.vl‘.\.‘.““.““,

U
'l‘,‘b\"\l\""\u i

y m'
vl !\r‘.y.‘ i J‘v,“‘ m
.v,. o ’, ) w‘v""n‘f wwl‘t:““v‘{“\"“"' ‘\IJ‘N\"“
" S “"”"““'/‘":"."“‘ “H

N v'.‘. 1 ,;‘\;“’

T
s o
‘V"u”v, o
RO bl
ity b I
I . LN ’,'.u i
o m.«,.m“
bR r,,.vu Yo
,).,.‘;“\.,\\.m ol el ) e
e ;s

,n 1“m\ ‘“ L
o ‘1'\,"« l'm
h “N‘;u W v,w.u‘

(A ! 8 'rl P
i L e

i o e ) ) Y,
et oK ¥ n s Kl gl
el 4 il o' 4

XS A
(i ‘,,3.;, .«wuw i

SOV '1\‘!\‘\'\'\\2 ,"!m,‘ o 'A

i
O 5t 418 1
ki w o

BT
) i o

il W alh s it oy L PR W P

it
G

ekt e wu\;‘

il
s

1\\'\1‘\wn!r\\\h
S Lt . bl M Rt

AR KON
EOD

I ' 4
PARARAL "'Lm...'mu_m.ux'.m

il a,':,«. «‘n’

R i o i ¢
i 'uxx.'e" ""‘«Tr(.'“ \.,1.,‘”\;;..;.‘ :":J,w
b el

Whtr A
4,,,:‘/*”“\.«‘.‘1{. ¢

Wi Ie\h"suh
~$fzs;l>s'~

,?1 i
&

el
N'

c'w"““fl :Q )
!'&:«".f.x-.'

~'411 n'ﬂ\‘,") y

"W T ;mﬁ

a(_um il 1\

4':‘4_‘ b P

At
rn:n' g
W

.4\11,
IV
b ?‘:

" x )
sl e o f S
,,,,\‘.,\.\.1\,'«w Al

2
it

u
a"'

‘\‘:@, o
i

uw,"w .w.u,ww‘m

e
.:.».Jrun“lm’,‘

«[.‘-.‘

g Wu (e /“\‘.v( o o
et

p— um-m

)
3 s o i Xl
m ‘1(“ ot ‘.“(n.v‘“r‘
)
r P L T ob AL
i ety i LG TN
R G T B
gt \ww Y \‘w“u
i

i

o “’.'1\‘0:,4\'.'1,";'\ frin
TR

i
it RE N 4
lc' v @ . w“w“ J “\'qu.yl 4
; T e

AG NG S

g CANG A

;\-‘;‘\.\‘.\... i \”‘n\\.‘.v R VRN

i w\'\”.'m X e
A -‘,} . e o :

\

m/..u?m
Wl o J (il el .,'.
‘\l“' ‘m n"»n'»” g 13
i)

(i e I R

')“r
A ,m‘ “.J.\'.“\‘,.u'm\ \' L et e
I :‘“”lll‘r"n.".‘l.‘ ‘ il

W

g "\ LHy

\.w, o u ! " \!\{le/‘
S X,
R o ‘«l‘“"‘“‘

L .w‘ ]

; ot By b v iy Wiy
L T g "“:‘lr,‘i“ s

Aty il ekt

\"”\ "‘.\\A‘. v'y'\“w”\‘ Y
0o A i ol ',n",m,«m‘..u
i
‘..m.wm, i
e
o
e N

i
A

kil il i 0

AGERGETRTRAT
W

..'.2‘*.

iy ‘(\,\’n. P Y
‘ﬂu‘y" y '(,4'\\u'('v it W\\ﬂ ‘.‘r o

i ¢ 'l""l 1: A

i il
il

LR y i ‘\,'\".‘)'Ju

s b i
S

s '1“] <(,‘

v wu .r“,.

AR

wy’

v‘r.«

n"."‘
LN kn("udv\"“ W”

i

mv, e

19 S g
O

A DR 2

T
0

PO :J‘."l

"
ECHEL

Nk ! "" ‘wLJi

g Cht 4
b e “'(»«‘ '*""

W{{
L

i
e

ul[rf

.Uv.yu\‘:‘l iy

i \m.;‘f,lu § m«:ﬂ»

m,. .‘w

f
ol

A n
Jiliy : -
w-w

i ) m“‘,‘.'.
e ’wlw iR,
i
‘,,.,‘H A

0 f )
at ) O A S

W' b ""'.n".n\ y e
“i'r""- | 0y

i %

e
K R
oy bR

N R
«u.:; o b
i

~‘ h'm.,..n‘

nm
0
¥

.,,,‘w "
(o e

u_.\_'u.._nn

N .<.q
kg

— Colorado

— Second Specks

— Viking

— Mannville

— Mississippian

— Wabamun

— near-top sdlt
—. near-base salt
Ireton

— Elk Point marker



time (sec)

21 21 201 18

Line

102

shotpoint number

161 142

121 12 8 61

b~

N ~ / I

L

g
o
i i
\
uwm

iy A
"2"“ ”“\\ »"'«,;UM« \m. i'“mé\"&w .
o tw‘ f

0-0 § “ :("]\ql‘”

N \'4

!
\‘ N

‘

|r‘.;m\\«\«

‘1\3 | \}[/r(..‘];«t I

P ,/,uwa W

yamesnes “..um.u «
TR

SRR ';;‘m\\\m:‘,

ot ’”*‘u?\ W 2l

A o o

& o ,‘), i u“rm”l’ i

sivaneed i AR 1

i """""n\.,dﬂ\“« KA Y

T U“/,‘un" i i

4 i \

f’lﬁ e m.,,uw \,\, i \‘,

4 L RSNV Y
w,m‘u“w‘\
e 1'\'*""
i .‘1'«‘1‘\.3« e
HEb

i b

|

'r/v'/‘ﬁ.“u rl‘v\'/ﬂ"«: .m i mv“\'m

i\ acaeggog ‘“0 9
\uiv J,“.‘mw
:‘\vll‘\‘lrr/‘ 1
il "'«*:y,“h
r!l
"
ot
(ki
T

i
N kel i

'
PR
e iy \u;" 4 RR e

Y ) Hn
‘4‘\ .f.' -« 4.4. o it 5
o (PYEA

4? ,\ 2t w\.

1u\.;‘:q4..
.

St el
‘, o i sy
O RN
\~‘; Regilhs,
- S + ‘
Jwv'/ ')'\'!' ,a R
v (\n \r‘m S “)h.u

¥y BRI
) % A
\II o

l‘"

v , 1 ¢

o u; K
”'./ n\""‘, bl
L

Y v,, ‘w; o)

‘.ﬁ\‘,’ ,_‘\q X "l

" i )
T I ol
H,‘,‘v s

i ¢|,:,‘I”

i (W
Vb el i A\ «u M,\’\ .‘.n\‘ W
) ¥ 4 me. ik

(i

AT
Wi ¥l e Dol |u w(h“
S

S D Vel

,'ﬂgﬂ An\h q.un‘m...r‘,““ s ) (m “,
3 (WY i\
it el J W1t

o

fehiica ,.ﬂ,\ ;'\'.” «‘\”4'«'«,\'
0! W
e il

mv
s R

(wly B
RO vt m‘ AR "’.\'4‘.'uh:'m".u'mm..t'ul."
s

b

A UA"!"»‘ 4.\.\ TR

‘u( 44

R .«AA«,“M,‘” e
"/n Wi e

{
A
¥ lyl‘va

T i e
i o ST R (RO
4
b g e

e

W o u“: R

ey
‘/’\'\ ”U\ -*m, o
\mY“I £3) "l"‘

e
il :f' R
fy )

A
e

b

iyl
e ) h.um‘ M \!

¥
AR
ululv i

o i
(A

\Illwr r\

”;‘lr il l‘\ 4%

! W i |\ iy
\\. p ) e NI t 4 ".w i ’\‘m (M'ﬂ VT2
B b "'\\Hi'{‘“r“{“ g "‘ ARV ,":f.. il ""

| %"’\‘&' '«A‘A‘J. RN
P SN il
s 5 i

\‘y‘.,n“" e

Y
Ay

v y
e N s

ik
AT m ket
mu,.. M‘.'\.,“ b i i
2l kb il
AN TN, T

Ll
(i e

u\f‘\lﬂ"\i“ﬂ‘\\

g b
’ Wy i, o e

W,
LRI

-\\r\w,\;;,“ P B et

R RS e
4z ,“:
: WA ORI &gy
UL e MmO

LT g e ,_munn”,

(TS

10

du ql

:-mar GG U R (6 m

L] .\\n“.\nm,\\‘, LD

= n‘um ‘mm, e e .v-u, o o

s Al e e \u,,u:,\,‘,.h ‘,“,,‘\,“

hw % A ;i Lol
1:4. " " W W) ol

\'||'

SRR
Wy i

) o’ e
Jw, Ry y\,p'u ‘nnw-\'x‘\’\
B < e :\. 0 i

o « u.uw S“"v'

(I
e

A ! \v\.“'t.‘ il

i
e

.uu/w“

e i e
e
s

e
i
T

X J e
(G

u‘u'h’“mv'o“\
oy el L

ool o
’lu]‘/.u‘u,t\ \,\,u.‘,,u N \.u i

«'\.\u M i

g i td m w’m

A
oL
T
)
‘ruu. iz
ol el ik !
e v e it
W U.u.w” W i
OB Ul

u { \' 'V\'!’
w 'a“.’m ?.‘ | e
uJ\ el ,u,lu.“ ‘!w r

AL s

A
f

-n
bR
i '.'\.w
B
o e xi,,u

’v o0
I SR
{ ‘ i m.’,‘ “"’
i )

WO
uu“
{

4l 1

v y G P
MR .’1’,“ i ‘4‘.m
el

J'.‘ HA'\ il \r
,u\ U‘,u.‘,vyv‘,\.‘v“r‘;’. il

WV i i

ot it o

(i |'.‘v|'v- Al u“c ,‘ \" i

S S
A ‘.'mn,'rm
g
il

Wl ,«
4,‘”

..u, i
R

Vi v’ IOV
) .,.‘4,, ,'., ‘,‘w,‘,
AR

i bl

sl e 0 LY

e St

s

iolnih

i
g
VAL

' ."l“ ,,,“,4,«:‘
LW s
W
i e ‘,“ 4" ’/"
T Wt

i

Wl un\ i (/.\f.u

X it
wor)

e
\“\.J"uﬂ " iy M‘

w.r‘v- e

wmu 14 ’41 H,‘

i

mi
e

T

Akl A0

- .4\};:(

i

ik

i
ot
WA

N g O

1"
1,@@“ ,~‘| {»S« 1".*.:" ,‘:‘
) i

s

i R
i A ..r 1

N ol ok i)t B
gy b ‘y.«‘. Wiy

e

rr,.‘:

4, h,, m

S oraregan

T e o

e
‘M\Il

r.'u.,..,...

o
i
N atell e
il -‘n, du ol md

) L
.m u«“'h

e
et
e Wi s
o B

AR u.,m..

i
i {
\

|

A T S

O R e ; I R
u»& oo w:x S ,w«.' R

ATy

iy
MO B
TR
_u;; J‘N .w‘uu,l

e «-‘w rn-\\». n.’ .u

o
'1,»",.‘,‘»«'!‘,: i

PRRUAH N Bl

o ‘!(«"uw«u.n‘."

s

w\\"t,«"m et

R RN A

,h\ i uucm‘l DA

T

0 2 54 kol

”‘ e 'u“ u.':m, "‘“"'”‘ u&lw\\\\, ‘\ ‘\‘m’,‘,”lyj
.My mw.v o

"‘\‘u. “ m.n P
ek o

e
) o
¢ et ‘.n'

M J

A A I e 2 ":v‘ 3
AL o mp" % m""«‘*'\ " PN R A)
.

v ‘(fw.d e ke

o

| enl Wi "u,Au."“v aﬂ )

‘M‘a.e:..'.x ey ."' i ol
e x-'\*‘ i i
7 B ﬂ,,m*,:;,::::“‘.
‘(w ‘,,‘u ,.m«.w. k) o

il
A

e
.)‘\"w l‘
o )‘

b al

' n L "

" " 4 o m:nu
i ~m it s

4

0 \.4\;\'”\ o0

Wi o R
| e e O i
s il S

o R
.

: ~"~r-vm,a;,.;
Sria .,,,wm:«“»’*"‘ i

et ?.‘/..4. "

AL
S el

A Vol
/ 1 n e
.u ,...m A.W

. ,“m

..1-’A",“v\n i

.,,,‘

‘J :“;‘u i
[

pomy m”-
LAt s
il
AU [
v
s

e l\ ‘,““

S
it ,.v,;ﬂ,ﬂ,,w

iyl
H frdt )

oy ey

wa, o A

u-lwr: (A

"‘ MO b
Wit g o

i i
i

n

o T

/‘4
M‘ jo '*»‘

ooy
w‘«‘ i
U

Ui A i‘i»";'(;r:iw'i;l"
il el

Bl

W
) 0
‘,k i (.\ it )

sl
it

i
R
v‘,u’\l‘n. i

ki ol

‘W(

|
ol
M ‘vmu.‘f"

'\

St
e Wi N 4
a8 ) 'v.-u.wv'.,‘,: uw«‘" wn’-\’ w.«\l.\m
LA Y

! u
..“‘.,.u,

l\‘ L

""«'\‘N e g

o RS

o i it : w,fn.f.\a'w,

i h"'\‘ i lmf,“m‘

.,‘r‘n,
A %

"‘ ol
by .du_umu;::.:a’m

TRTE

AT

'i,q “"t %

o
iy Uv.;[,' ‘IWW‘. [»:. n(m
A ‘l

':."',s\

N

et bl
il

. '\Mn")(m' A
”,;.;\ﬂ.m wvw

Colorado

dhilh oy
DA b Wkas

I

i
(e ‘le“ gl
(W1 'u‘“l Lo \v“"«Wu

— Second Specks

{ — Viking

— Mannville

— Mississippian
= Wabamun
— near-top salt

5 ;
_\ near-base salt
Ireton

! {
‘:.//.
S

AT

R AR LTS

bl il 14

-w"' ) .':,1.* r'v'

T

= Elk Point marker

‘A

i ’\‘J “» i
il

w".‘\

"

T P
T S
Lk u,.v
o it !

1 km

A
i Jw-m



time (sec)

Line 1

03

shotpoint number

181 161 141 121 101

& 6

00 - ;
b TR ‘,’ i y W CH 0 TR e e
«».em' m N ;:3»‘«*@_?\.@‘&@.
?‘: ‘“”ml
‘.l\mu.»{‘

m A

ml
Ha,‘

\
"\"‘I“\‘l A » '.lﬁ

) do I i .u'
9‘:”‘", LT R0 A .|‘13'“‘I«;’

s e A1
L Jw‘mtnw ok

s i‘

i //u

\l
N B U il
'r‘;’n;'\r ,,‘,j:u,“ﬁ et ‘wu“ Rl
W b o ,M‘. M,\
(i I.J;

“‘\‘(\*'\n\n\ il e YIM [ u‘p.lrw

“4 o WM’ i [ il
h WM L w‘ul.' "‘.l\’*'r.l 1 “‘

ol w“;’\"ﬂ,“l ol
il H\\u“\,.,,u i "lm‘“.y,‘” v
I iy
§9 W ‘ni»’v‘m */"";
"i-'h‘l 'Hd,'..“ﬂ\"« i R «uw.t\,v.w «.\

s&x(ud '

Al
\.’ﬂ ‘n.’ g

‘«("\‘h “?0“."«"4)\ X

'“ lr
B S

el
i

t' o A T('
W

N

,.‘.~ ("' f

\luv (2
W \vﬂ "‘
'

i t’m
) "v' ,|

N

ol "'.“’u AR w.’( hw\w"v ‘(/('rv u’t )\ J\‘;l“

i el ek f, "n"' ..| m‘

i

th S’ ‘”r"v 0 T u”. r."h’.v 3. (. V‘
) AN A
ADHIDN AN M' (i

WG TN Y Vit

“\'“’4/“
¢ "\" A -x\.\",v‘,m
Toord s e 1

P
i e .q‘l‘n .)‘.‘3. U F

-
o

c'nm U ANt At Sl e G
\ i,

A AR "‘\M POAPPR.

il Vr(m( u,"vy'l‘

A \",‘
A

‘“w 0‘4’(1 "«"{ﬂ“’} '
He

A.H,u "
e

i
')

0 g
R (R
o el

W o ”w”
B i 0

T A
W ,M,,m LR

’:,‘::‘.m N

g e ',,m,.,.
w‘v 1‘.”4‘, ‘,,n“,,
’ A AL S

i . w'l,m, W
?\:‘f'tA""‘\'\“\‘\ W it o LR

{ i el
! n.”um\ L

1 et G, .‘4‘
o, ,m.- il 1,44
i

AR
W
i

n,-,
N

‘.“, e
it i

0
.(.,m.'.‘.\ 0l ‘, ,t e
5

r.\.“....u
Vol o B ”W,"”

L
W

'v‘

,.u

N v ‘g

it 3‘} ""3(1 i
) .\m‘?n PRI
'('H V\ l w

‘.w

W

i

b
0 ﬂ“ 1‘
i n.o‘:

o b R
&l
I \.«.i‘u;‘\‘ ﬂ;M Mm.w“»‘.‘ byl ,mh

g e
!

N'l,uv“**:&m
ol e w.u e
v ...r »\«ﬂv‘m« e

r%"“ AT i G g ‘:ﬁ,nt“' e
sl Gt BN G
K w" ity
SR ‘A“
A L'!
]

L
e V|!I«’\'

M n'

g;e\‘rw‘ e
4 \\‘.‘ni‘-“'ﬂ’
a4

.'-. gy
“"“'}m.'. ¢

A
) ud‘.ujﬁ-‘.\l
] ) e
o bt M’-“w
A PRSOR KT
ik xu‘ i\
Wy "{“’n’“" K ‘.’l,,,‘,\‘
S

A
) w,;:-.v, A.‘

T e y Al
0 Ll s
i L ; A‘fww
u_mu'u‘.* tw Y Ml

V'

WS A e it A ‘, 1

T

u
/i /W. 5 ol 14

v, OSSO
g W IO v w
oo KOO WGl

ST u««ﬁ\ \,ﬂ\

«‘.m"‘w.‘
T 1"(‘.,,
(4N “’l‘ "W'

i ”4:2,‘".,, i \,‘

LA

b

fa e

i ‘“‘“‘»?Jh'tl“"w'».‘ i

1 W

m" dy n;."ﬁ M’ { :; Ko

b
L’ r,‘ \.,”,', ‘;‘,u‘{

T o

i ,,r;\,r./,, ,M,

\ ,‘.'m"

s M

f
P

T

(N
O

6 o
bt

l'\””“‘
N

Ik.

il )

” \u\

b a4 e
)

b
o

A

Loty

e

e

’d""u:,"’ il I \“‘ it}

Wy “’a’ \' .t\"

b
o

S o Al g

Wi
ool

oK
i

‘| \\ '4»\
i

,.wu,m S Gl

08
u..‘ m

(o \‘:
“Nr\-lr‘u
‘w

a

‘v“ ul ,m.mr{.u. i

Colorado

{i — Second Specks
— Viking

Mannville

— Mississippian
— Wabamun

— Near-top salt
— hear-base salt



2 c o
@ « c
o 8' 2_8358
s F FEEEE o
s & 28838 ¢
® &8 o 6 |8 é ® '
0 -i N m Ly \D
. s s &
24009. °°huﬂ|m|n|rhln||m|1nr]mdmr{ymlnn m]h[uhn
29399-99:‘"-: .................... -
VELOCITY 16000. 99;” """ b A ‘ T
LOG SRR jm =  EEEE T SR I
120800.080- - - i .- - e
% ''''' / : : :
DEPTH 4] LTI LIHJI DYy -
! 8 3! 8 3 3 3 $3858%88%
! 3; 2 0« q S &5 ¥ e/ BSYR
B I 1 | t ] [} l I I -
[nn]mllmr[nnlmlpmllmln|r|nn|nn!1m|1m!m |T!ﬂ|p|Tllnllmr!nnlnupmln
REFLECTION 6.0 ‘ b bl
COEFFICIENTS Ik ki f

NORMAL RICKER O deg
39.09 H=z 28.0 ms

NORMAL

REVERSE

_1jk;qlqulquupllPl”lU%UIqHUIUHPHlpquI IU|UHF(UPUW1H4HMIUHP;NH

WHwHwHWHwHWHWHWHWHWHPHWHWHWHWHWHWHNHWHWHWHW

o o o ) o o ) o ] o o)
S - N [y} o n 0 [l =] 4] o
o o o o ) -} o ) o) o -



	img20231121_13185042
	img20231121_13221226
	img20231121_13185042

