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SUMMARY

The base of exploration for geclogical framework investigations
is the Lea Park Formation, whereas the base of eiploration for
canal seepage studies ranges from 20 to 60 feet below the
present surface. This shallower base of exploration is in silt
and clay beneath the upper sand of the Judith River Formation,
in the Bearpaw Formation under the Saskatoon Group, and in the

Sutherland Group.

Seepage from canals may occur through bedrock sands, deltaic
sands, intertill and intratill sands and gravels, and through
Jjoints. Comminution of Jjointed till or bedrock by glacial

thrusting may provide permeability barriers to canal seepage.

In studying canal seepage, it is recommended to drill at least
one testhole to the base of exploration as defined above and in
the cross sections. This information may permit the
investigator to raise the base of exploration for the remainder

of the study.
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INTRODUCTION

Terms of Reference and Objective

E. A. Christiansen Consulting Ltd. was commissioned by the
Saskatchewan Water Corporation (SWC) to provide geologiecal
information along WMI, MI, and SSEWS canals which would
serve as a stratigraphic framework for detailed
investigations of the seepage areas along the canals.
During the test drilling program, two additional testholes
were requested north of Outlook to provide the geological

framework for salinity problems.

More specifically E. A. Christiansen Consulting Ltd. was

commissioned to:

1. approve the location of all testholes and
supervise the drilling, sampling, sample descriptions,
electrical logging, and abandonment of each testhole;

2. compile geological and other relevant information on
the original electric logs;

3. compile longitudinal and cross sections for each canal
studied;

4. supervise auger test drilling;

5. train SWC staff to carry out rotary drilling and
augering programs.
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1.3

Location

The locations of the WMI, MI, and SSEWS canals are shown
in Drawing 0101-001-01 which is herein called the Outlook
area. Longitudinal sections A-A'" B-B' and D-D' and cross
sections C-C' and E-E' are also shown in this drawing.

The location of this drawing is shown in Figure 1.

Previous Work

The geology and hydrogeology of the proposed Conguest
reservoir site was evaluated by Meneley and Christiansen
(1970), and the geology and groundwater resources of the
Outlook area were investigated regionally by Christiansen
and Meneley (1971). The surficial geology of the

study-area was investigated by Scott (1971).

In addition to these more regional studies, a "Canal
leakage investigation"™ along the SSEWS canal between the
Broderick and Brightwater reservoirs was conducted by

Clifton Associates Ltd. (1983).




Figure 1. Location of Outlook area.
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1.4

Papers on collapse structures (Christiansen, 1967, 1971;
Gendzwill and Hajnal, 1971), Pleistocene stratigraphy
(Christiansen 1968 a,b), and the history of deglaciation
(Christiansen, 1979) are the bases for discussions on

these subjects.

Present Study

This study is based on information from the Saskatchewan
Research Counc¢il, Family Farm Improvement Branch, and on
17 rotary testholes and 4 augerholes which were drilled,
sampled, and electric logged for the purpose of this

investigation.

Samples from the 17 testholes and 4 augerholes were
described and interpreted (Appendices 1,2). The samples
were described with the aid of hydrochleoric acid to test
for carbonates, a Munsell Color Chart, and a hand lens.
Tills were submitted for total carbonate and mechanical
analyses to characterize and differentiate them

(Appendices 3,4).
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GEOLOGY

Introduction

The bedrock and glacial deposits in ascending order
include the Lea Park Formation and Upper Co¢lorado Group,

Judith River and Bearpaw Formations, and Empress,

Sutherland, and Saskatoon Groups (Fig. 2).

Lea Park Formaticn and Upper Coloradoe Group

Because the Lea Park Formation cannot be differentiated
from the Upper Coclorado Group 1in electric logs, they were
combined into one unit. The Lea Park Formation and Upper
Colorado Group 1s about 1,000 feet thick 1in the
study-area, and the upper one half is composed of gray,

noncalcareous, nonmarine silt and e¢lay which becomes
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2.3

slightly sandy as the overlying Judith River Formation is
approached. The top of the Lea Park Formation and Upper
Colorado Group was the base of exploration for the

geclogical investigation in the study-area.

Judith River Formation

The Judith River Formation 1s composed of 150-180 feet of
gray, noncalcecareous, carbonaceous sand, silt, and clay
with thin coal seams (Drawings 0101-001-02-06). In
Testhole 17 (Drawings 0101-001-01,05), the Judith River
Formation was penetrated by the ecanal. In testhole 8
(Drawings 0101-001-01,03), on the other hand, the top of
the Judith River Formation is 950 feet below the present

surface.

Testholes 16, 17 and 21 in the vicinity of Section 18,
Township 30, Range 5 (Drawing 0101-001-01) show that the
Judith River Formation dips about 150 feet per mile to the
SSW or about 2 degrees. This explains the presence of
Bearpaw "shale" beneath drift at testhole 16 and the
disappearance of the Judith River "sandstone" north of

testhole 17.

The Judith River Formation is a nonmarine, deltaic deposit

which extends eastward into marine sediments (Fig.3).
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Figure 3. Schematic cross section of intertonging nonmarine
sand and silt and marine silt and <lay in the
Canadian Great Plains. From McLean (19771).
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2.4

2.5

2.6

Bearpaw Formation

The Bearpaw Formation 1s composed of gray, noncalcareous,
marine silt and clay with a 50-foot marine sand bed
believed to be the Ardkenneth Member (Drawings 0101-001-02
03,05). The Bearpaw Formation 1is preserved only in
down-faulted blocks where 1t escaped both fluvial and

glacial erosion.

. Empress Group

The Empress Group, which was named by Whitaker and
Christiansen (1972), is composed of gravel, sand, silt,
and till 1lying Dbetween Dbedrock and till (Drawings
0101-001-02,03,04,06). Chert and quartzite gravel in
testhole 9 (Drawing 0101-001-03) suggests a preglacial
valley, whereas the abundance of granite gravel in
testhole 19 (Drawing 0101-001-06) suggests a glacial

valley.

Sutherland Group

The Sutherland Group, which was named by Christiansen
(1968a), has a lower electrical resistance and a lower

carbonate and higher c¢clay content than the Saskatoon
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Group. The mean carbonate content of tills in the
Sutherland Group is 15.5 + 3.8 mL CO» per gram, whereas
the overlying tills of the Saskatoon Greoup have a mean
carbonate content of 20.6 =+ 5.2 mL CO2 per gram
(Appendix 3). The more clayey Sutherland Group tills have
a mean sand, silt, and eclay content of 37 + 2%, 32 + 3%,
and 31 iAZ%, whereas the Saskatoon Group has a mean sand,
silt, and clay content of 53 + 5%, 26 + 2%, and 21 + 5% on
an untreated basis (Appendix 4). The contact between the
Sutherland and Saskatoon Group is distinct where the upper
part of the Sutherland Group 1s weathered. This
weathering zone is commonly olive in coleor and contains

joints with yvellowish~brown staining and gypsum veinlets.

The Sutherland Group 1is composed of Lower, Middle, and
Upper tills (Drawing 0101-001-02,03). The mean carbonate
contents of the Lower, Middle, and Upper tills are 14.6 +
4.1, 17.5 + 2.6, and 11.8 + 2.9 mL CO02 per gram
(Appendix 3). Sample descriptions suggest that the Middle
till is more sandy than the Lower and Upper tills.
Recent, unpublished work has shown that the Upper till is
a separate stratigraphic unit rather than a 'partly

leached" zone as described by Christiansen (1968a).
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2.7

Saskatoon Group

The Saskatoon Group, which was named by Christiansen
{(1968a), 1is composed in ascending order at Floral,
(Christiansen, 1968a) and Battleford formations
(Christiansen, 1968b) and Surficial Stratified Drift. The
scale of the cross sections (Drawings 0101-001-02-06), for

the most part, does not permit separation of these units.

The Floral Formation is composed mainly of till, sand, and
silt. The upper part of the formation is commonly
weathered to grayish-brown color with yellowish-brown iron
oxide and black manganese oxide stainings on

well-developed Jjoint surfaces.

The Battleford Formation, which is commonly less than 10
feet thick, 1is composed mainly of soft, unjointed, and
unstained till. In some localities, the formation is
composed also of a harder, lower till which commonly
contains comminuted weathered till from the underlying
Floral Formation. Commonly only the upper softer till,
which 1is generally 5 to 10 feet thick, represents the
Battleford Formation. The  harder, lower till 1is
interpretated as a "lodgment till"™, whereas the softer,
upper till is considered to be an "ablation till" released

during the melting of the glacier.
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2.8

The upper contact with the overlying Surfiecial Stratified
Drift is commonly gradational with a mixed zone of till

and stratified drift separating the two units.

Surficial Stratified Drift

Most of the Surficial Stratified Drift in the study-area
is glacio-lacustrine, eoclian, and alluvial in origin. The
glacial lake sediments grade from a lower lacustrine silt
and c¢lay unit to an upper deltaic sand and silt (Drawing
0101-001-06). The fining downward in texture suggests
these sediments are inwash derived from the extraglacial

South Saskatchewan River.

Eolian sand covers a buried soil developed on glacial lake

deposits in testhole 20 (Drawing 0101-001-06, Appendix 2).

These sands have encroached from the dune area to the
east. A& few feet of silty, very-fine sand covers the
deltaic deposits in the vicinity of testhole 19 (Drawing
0101-001-06). These deposits are believed to be loess
derived mainly from the Scuth Saskatchewan River valley.
Cliff-top eolian deposits along the top of the valley

attest to the presence of eolian activity in the area.
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3.2

Alluvial sand and silt have been deposited in the South
Saskatchewan River valley during and since the 1last
deglaciation. At the Outlook Bridge (Drawing 0101-001-01,
testhole 24), the alluvium is composed of 118 feet of sand
and silt (testhole 24, Appendices 1,2). This testhole is

the basis for showing alluvium in Drawing 0101-001-06.

GEOLOGICAL PROCESSES

Introduction

Collapse, glacial thrusting, regressive offlap and
transgressive onlap are the most Important geoclogical

prccesses that were'operative in the study-area.

Collapse

Christiansen (1967) showed that the bedrock deposits south
of Saskatoon were collapsed to form the "Saskatoon Low".
Christiansen (71971) demonstrated that Crater Lake lies in
a collapse structure, and Gendzwill and Hajnal (1971)
showed that the collapse was the result of dissolution of

salt (Fig. 4). The effect of this dissolution of
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Figure 4.
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3.3

Devonian, Prairie Evaporite sslt is shown in Figure 5.
From this thickness map, it appears that the entire
Devonian salt section is present at testholes 17 and 18
(Drawing 0101-001-05), for example, and appears to be
entirely absent at testhole 9 (Drawing 0101-001-03).
Whether the beds in the structure have continuity as shown
or have been offset by gravity faulting is uncertain.
Recent, unpublished work by Gendzwill (personal
communication) suggests that some beds have not been

offset.

Glacial Thrusting

Glacial thrusting occurred near the margin of the glacier
where drift and/or bedrock were eroded from the ice-thrust
depression and carried upward along diverging flowlines
(Fig. 6). This glacial thrusting model explains the
upward-facing, concave surfaces shown in (Drawings
0101-001-02,03,06). The brecciated bedrock in testhole 16
(Drawing 0101-001-05) and the fractured and slickensided
bedrock in testhole 20 (Drawing 0101-001-06) are

attributed to glacial thrusting.
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3.4

During the augering program, comminuted Floral Formation
was observed in the lodgement t111 of the Battleford
Formation, and comminuted, oxidized bedrock was observed
over jointed and stained Bearpaw Formation (testhole 16,
Drawing 0101-001-05). In the latter example, this
comminuted bedrock may act as a permeability barrier to
seepage. These comminuted sediments are interpreted as
ice~thrust deposits formed at the base of ice by glacier

shearing.

Regressive Offlap and Transgressive Onlap

Where the South Saskatchewan River entered Lake
Saskatchewan near Outlook, deltaic sands were deposited
with finer-grained silts and clays being deposited farther
north into the lake. As the glacier retreated, the lake
level fell and the shoreline receded causing the delta to
prograde with the receding shoreline. As the delta
prograded, deltaic sands were deposifted on lacustrine
silts and eclays forming an upward coarsening sequence by

the process of regressive offlap.

If the 1lake 1level should rise in response to a glacial
re-advance, and this is known to have occurred further

north, the shoreline would transgress shoreward, and newly
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deposited deltaic sand would be laid down on previocusly
deposited deltaic sediments. This process 1s called
transgressive onlap which results in sediments becoming

coarser grained with depth.

GEOLOGICAL HISTORY

Cretaceous Period

During late Cretaceous (Upper Cretaceous, Fig..24), the
OQutlook area was covered by shallow seas into which rivers
from the Cordilleran emptied forming retrograding and
prograding deltas as the sea levels rose and fell. The
Judith River Formation represents such nonmarine, deltaic
deposits, whereas the c¢layier Lea Park and Bearpaw
Formations were deposited in shallow seas eastward beyond
the deltas (Fig. 3). The marine Ardkenneth Member was
formed by a prograding delta during the deposition of the
Bearpaw Formation. According to Obradovieh and Cobban
(1975), late Cretaceous extended from 94 to 64 million

years ago.
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Tertiary Period

During the Tertiary Period from 69 to 3 million years ago,
the Outlook area presumably received nonmarine gravel,
sand, silt, and clay from streams originating in the
rapidly rising Cordillera to the west. These streans
formed alluvial plains of chert and quartzite gravel and
brown sand, silt, and c¢lay, the remnants of which are
called Swift Current Creek, Cypress Hills, and Wood
Mountain formations (Fig. 2A4). Most of these sediments
were removed from the Outlook area by fluvial and glacial
erosion. The chert and quartzite gravels in testhole 9
(Drawing 0101-001-03) were derived presumably from one of

these formation by fluvial erosion.

Quaternary Period

The Quaternary Period covers the last two to three miliion
years of the earth's history and is composed of the
Pleistocene and Recent Epochs. In late Tertiary or early
Quaternary, the previously mentioned alluvial plains in
the OQOutlook area were dissected by the Tyner Valley
(Drawing 0101-001-01). The valley containing the chert
and quartzite gravels at testhole 9 (Drawings 0101-001-03)

is believed to be a tributary of the Tyner Valley.
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As the continental glaciers advanced southwestward through
the Qutlook area, they eroded the Upper Cretaceous and
Tertiary deposits leaving only remnants of the latter and
diverted the drainage from the northeast to the southwest.
Weathered zones in the upper parts of the Lower, Middle,
and Upper tills suggest that the Sutherland Group was
deposited during three separate, distinet glaciations.
Although only one till appears to be present in the Floral
Formation of the study-~area, two and possibly three are

present in the Saskatoon area.

The Floral and Battleford formations are separated by
another interglacial interval that commenced more than
38,000 years ago and ended about 20,000 years ago when the

last glacier advance across the study-area.

During the last deglaciation, the ice retreat across the
Qutlook area between about 14,000 and 1209 years ago
(Figs. 7,8,9). About 14,000 years ago (Fig. 7), the
Qutlook area started to appear from beneath the glacier.
Lake Saskatchewan drained through the Whitebear, South

Saskatchewan, and Thunder spillways intc Lake Regina.

Between 14,000 and 12,500 years ago the Anerley Spillway
drained water from Lake Saskatchewan into the South

Saskatchewan Spillway which in turn drained into the
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Qu'Appelle Spillway. The gravel depdsits south of Coteau
Bay, which were used during the construction of the

Gardiner Dam, are believed to have formed at this time.

About 12,500 years ago (Fig. 8), Lake Saskatchewan drained
through the South Saskatchewan Spilliway into the
Qu'Appelle Spillway and through the Blackstrap Spillway,
glacial Last Mountain Lake, and the Last Mountain Spillway

into the Qu'lAppelle Spillway.

Between 12,500 and 12,000 years ago, the flow in the South
Saskatchewan River valley was reversed. Instead of
flowing southeastward as in Figure 8, it flowed
northwestward into Lake Saskatchewan at Outlook (Fig. 9).
It was at this time that the deltaic sands and silts were
deposited in the vicinity of Outlook (Drawing 0101-001-06)
Between 12,000 and 11,500 years ago, Lake Saskatchewan
receded from the Outlook area. Except for continued
downecutting by the South Saskatchewan River in respoase to
a lower base level of erosion as a result of glacier
retreat, the effect of glaciation in the Outlook area was

over,
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The North Saskatchewan River and presumably the South
Saskatchewan River began the process of aggradation about
11,000 years ago (Christiansen, 1983). Since that time
the South and North Saskatchewan River wvalleys have

received up to 120' of alluvial sands and silts.

After the drainage of Lake Saskatchewan, deltaic sands
were reworked into parabolie dunes, which for the most
part, are now stabilized. Such eolian activity placed a
cover~-sand over a solil developed on clays laid down in
Lake Saskatchewan at testhole 20 (Drawing 0101-001-06).
In addition to dunes, c¢liff-top loess was deposited

adjacent to the South Saskatchewan River valley.

During the formation of the Scuth Saskatchewan River
valley, retrogressive landslides started to form when the
bedrock clays were penetrated. Work on the Denholm
landslide (Christiansen, 1983) would suggest that the
landslides in the Outlook area may be still moving.
Except for gullying, spring sapping, mass wastage,
loessial activity, and some sedimentation in depressions,
few changes have taken place in the landscape during the

Recent Epoch.

8 S Gpuistamson Gonsalling S, |
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SEEPAGE MODELS

Introduction

Seepage from canals may occur through bedrock sands,
deltaic sands, intertill and intratill sands and gravel,

and through joints.

Bedrock Sands

In the northern part of the Qutlook area, sands of the
Judith River Formation occur in the upper 20 feet. At
testhole 17 (Drawing 0101-001-05), these sands were
penetrated during the excavation of the canal. It 1is
conceivable that sands of the Ardkenneth Member may be
present near enough to the surface to also become a

seepage path.

Deltaic Sands

Soils north of Outlook in the vieinity of testhole 19
(Drawing 0101-001-06) are developed 1in less than three
feet of eolian silty sand overlying medium to very coarse

grained deltaic sand. Recause local relief 1is 1low,

8 A Christinson Gonsalling S, |
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infiltration of irrigation water causes the water table to
rise sufficiently close to the surface in places to form

saline soils.

Intertill and Intratill Sands and Gravels

Sands and gravels are known to occur between the Floral
and Battleford tills and within the Floral Formation.
Where such deposits of sands and gravels occur, continuity
over extensive areas should be contemplated. Locally,
within the Floral and Battleford formations, icewthrusﬁ
lenses of sands and gravels are also known to occur.
Where such deposits of sands and gravels form seepage

paths from the canal, leakage can be anticipated.

Joints

Joints ocecur in weathered tills of the Floral Formation
and Sutherland Group and in the upper part of the Bearpaw
Formation in testholes 16 and 21 (Drawing 0101-001-01).
Whether these joints extend through the unoxidized tills
and Bearpaw Formation is not known. It is known, however,
that joints in the weathered zone are sufficiently open to
receive precipitates of iron and manganese oxides and

velnlets of gypsum. It 1is generally conceded that

8 . Ghuitianion Consaling Lot |
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vertical permeability is enhanced by Jjoints, but there is
less certainty about the effect of joints on horizontal
permeabllity. If joints enhance horizontal permeability,
they could be the most important conductor of seepage
because of their almost continuous occurrence. Detailed
geotechnical of hydrogeological studies, however, will be

required to resolve this problem.
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Appendix 1. Index of Geologic Logs.
No. Name Location
1 FFrIB J. D. Forsberg NE-16~32-26-07-W3
2 FFIB Roy Lee SE-04-07-27-07-W3
3 SWC Conquest WM1~84-RH-02 NW-06-04-28-08-W3
4 SWC Conquest WM1-84-RH-01 SW-10-17-28-08-W3
5 SWC Conquest WM1-84-RH-03 SE-12-20-28-08-W3
6 SWC Conquest WM1-84-RH-05 NE-01-02-29-09-W3
7 SSRIP Conquest No. 2 SW~03-18-30-09-W3
8 SRC Cutbank SE~01~06-27-06-W3
9 SWC Outlook M1-84-RH-04 NW-14-13-27-07-W3
10 SWC Outlook M1-84-RH-03 NW-04-02-28-07-W3
11 SWC Outlook M1-84-RH-02 SE-15-28-28-07-W3
12 SWC OQutlook M1-84-~-RH-01 SE-04~16-29-07~W3
13 SWC Outlook M1-84-RH-05 SE-09-29-28-07-W3
14 SWC Outlook M1-84-RH-06 NW-13-26-28-~07-W3
15 Rankin Glenside NW-10-17-29-06-W3
16 SWC Broderick SSEWS-84-RH-03 NW-13-07-30-05-W3
17 SWC Broderick SSEWS-84-RH-01 SW~01=-19=-30-05-W3
18 SWC Broderick SSEWS-84-RH-04 SE-02-31-30-04~W3
19 SWC Outlook SSRID-84-RH-02 NE-14-03-30-08-W3
20 SWC Outlook SSRID-84-RH-01 NW-13~-06~30-07~W3
21 SWC Broderick SSEWS-84~RH-02 SW-04~17-30-05-W3
22 SWC Conquest WM1-84-RH-04 NE-12-16-28-08-W3
23 SSRIP Conquest No. 49 NW-15-12-30-09-W3
24 SDH Outlook SW-03-16-29~08-W3
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Appendix 2. Geological Logs.
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sSWC 720/6 1984
- CONQUEST WM1-84-RH-02
NW-06-04-28-08-W3
13:355600E/5692200N
_ TESTHCLE
625 . A% 8’ 5. o E/AC-5-28-843
: surrace ELEv, 1894 FT
- SURVEY
SP COND MUD £25 MICROSEIMENS/CH aT 258 C
SP COND WATER 475 michoseincnsrom ar 25°
- SP 10 MV R 10O OKMS =
z
CUTTING SAVBLE DESCRIPTION =
—_ 5 5 : 0Zc—T T390 -
1 _ N nra
TILL, SWY, ST, CALE... LT8R, GR—w s "—'-T;!H% 7
TILL. CALC.. BR,, UNSTATNEDE S0FT —— A . = s SASKATOON GROUP
TILL. SANDY. CALC. G6R. BR.ZYEL. BR. STAINS, HARD] 7+ v i - o B U
— TILL. SL. CALC.. DK. GR, B PR  a— = =
SAND AMD GRAVEL (E-L0B) L i - :
: N ==t o UPPER TILL
T ATA o =
NS = =2
- > AVAN ${ Cﬁ S
TILL. SL. CALG.. GR.- DK. GR.F = AN, i3 )
L ik N =" = MIDDLE TILL
t N 3 &=
—_ ¥ e o
S MoNE= == =
Y [ 50 = -
-= A= =
""" TILL, CALC.. OL. G ¥’ ETE DA = o
— NN i
. -l = LOWER TILL
TILL, SL, CALC,. GR,- DK. GR ~N ¥
3 LR .
- X NN 4
14 / N/ o
SAHD (E-LDG) - e -
SILT, bV CALL., CARB.6 T, 6R¥ IR, GR.—] . . X
- CLAY, STLTY, CALbe, CARG., ~ph T, GRe* DKo BR] S
bttt 2 EMPRESS GROUP
SILT, ST, CALC., CARB., o R+ OK. GR. LT =
— v - 1700 25
2009, . . -;
f = L =
SAND AID SILT, ST, CALC i 6R.+ OL. GA L ==
— BEITONITE, MOWCALC., LT, GRJDK, GR., * OL, GR,Jomemem e N
CLAY, HONGALL. , GR 3 — = -
= e = BEARPAW FORMATION
00, F7E
= CONTRACTOR B SHRIZTANIEN st =
= HAYTER DRILLING LTD. O TSl LT D e |
= DRILLER WML -B3-RH-0Z i —
—_ — MARTY HAYTER DrawnDy __C:A: CHRISTLANSEN —
= SEPTEMBER 6, 1981 et SEPTEMBER 8, 1984 =
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SWC 720/6 1984
CONQUEST WM 1-84-RH-01
SW-10-17-28-08-w3
13:354500E /5695600N
TESTHOLE
t T 1 o o <
2437 W, aNp 39° K. oF EL/UC-17-28-8-5
SURFACE ELEV. 1892 FT
SURVEY
: SP COND MUD 725 MIcRosEMENs/cm ar 255 (
SP COND WATER 475 MICROSE.[MEI:SI'CHJAT 2_"'°C
SP IO MV R 10 OHMS y
3
4 2
= 3
CUTTING SARPLE DESCRIPTION
TILL, SANDY, CALC., &Y., LT, BR. GR. = vawa kL % SASKATOON CROUP
SAND, FINE-CO., SILTY, LT, BR, ORI o =
TILL, CAL.. GR. BR., YEL, BR, STAINEE——1—=2 ("\/ —— s
et A = e UPPER TTLL
Mugf and) i
-~ HEN AN S s o
TILE. CALC.. GR.+SAND BEDS S g P . o 5
- - = i o
kg i RSN gy
e P R &
£ SN P
) 7 = .
Pty N/ < = MIDDLE TILL
P = NN ] =
TILL, CALC.. GR, ~ &
i ¥ I A L
e v ™ /N [Eeean T ! i:l—:
- |
TILL, CLAYEY, CALL., GR. = o E1s00 =5
SAHD AND_GRAVEL (E-L0G) ftes $ A
= % =
TILL, CLAYEY, CALC., GR. = ==
5: - — LOWER TTLL
CLAY (E-L06)
— S = i
SAD (E-LOB) = < EMPRESS GROUP
SILT, CLAYEY, KOWCALE.. LT, OL, 6R, = =
CLAY, TONCRLL., R —
‘ T _ BEARPAW FORMATION
= G I =
20903
200° 10 20 30 49
to; HL/G
= CONTRACTOR o
— HAYTER DRILLING LTD, O EASHRRTANGEY wnnicy
= DRILLER Hrt1-84-RH-01
— TARTY HAYTER m,,m £.A, CHRISTIANSEN o
o SEPTEIBER 6. 1934 B SEPTEMIER §, 1984 —

8 A, Gluistiarson Gonsaling Sl —|
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SWC 720/6 1984
CONQUEST WM1-84-RH-03
SE-12-20-28-08-W3
13:353900E /5697200N
TESTHOLE
CTRE W, 5 25° N oF (-20-20-3-43"
SURFACE ELEv. 1897 FT
SURVEY
SP COND MUD 750 nrcrosemens/cn ot 259¢C
SP COND WATER u80 MItROSEIHEIlS/CH !A‘I' Zbl° =
SP 10 MV R 10 OHMS 3 .
CUTTLRG SYPLE JESCRIPTIGH | =a-= SASKATOQN GROUP
TILL, SANDY, CALC.,—2# St Py Sk = 7
=GR, BR. . SOFT = v 7~ [ ELECTROGE =
—— < 4 N §§___i§ { Sl —
TILL. SL. CALC,. GYP,, =S DK, GR, BR.. YEL. BR. D /:\ :!E T i v UPPER TILL
) STAINS ‘. VAVA L ] s A
{ B 1\ . .
1 N /'\ - T e |
s ER L o
P ) X e
X AVAN = L4
3 N o
2 =
—t NS ¥
‘r, 2041 /\\/ S
2 — &=
] T LN L
2. g
NN 17
o /N 21890 -
TILL, SL. CALC.-CALC (58, K. 6 N E= MIDDLE TILL
1 Ny ¥ :
": AN
f ’
: = N >
\ NN g
£5 Ny S
‘; NN »
y SNy (=
5 VSN g-___q___,
; Y S — 7
TILL, SANDY, ST, CALC., GR.—b—% N %
1 . FAYS = !
Y AFAN - BEIROCK SURFACE
& g . =1700 B
=y~ —£00 =
CLAY, ONCALE, , GR. = — 3 —
= = - BEARPAW FORMATION
20° 30 2 3 ]
T, FL7G
|
= CONTRACTOR e
— HAYTER DRILLING LTD. O BASHRIIANEY w2l | —
= DRILLER el el =
— MERTY HAYTER R, 1]
= SR e ——
T I T t + T t | | | ( t 1 | fr
T ) I I T I T. 1. 1 1 1 I T 1 I
1. I 1 1. 1 1 1. I I 1 1. 1. Il i) T
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SWC  720/6 1984
CONQUEST WM 1-84-RH-05
NE-01-02-29.09-W3
13:3504008/5701600N
TESTHOLE
1951' N, anp 217 W, oF NEC-35-28-6-NZ7
SURFACE ELEv. 1885 FT
SURVEY :
SP COND MUD 1250 wicrostenens/cu AT 250¢
SP COND WATER 500 microszuens/cy a7 25° (
SP 10 MV R 10 OHMS =
s :
CUTTING SAFPLE DESCRIPTION #
E : = —1885—3— - -
TILL, CALC, . BR. 3R, = M T 2 o |
= INSTAINED. SOFT —% = BVAN == = SASKATOON GROUP
e e == PN ¥ “
TILL, CAC., LT, BR. GRamcot oLl VEL. Bhommd N /20 =04 ez
T s L P 14 AN "
SAND, TED 00 =TT VL W 3
— e it LA H—
—_— S rRY N i
TILL, CALC., L1. 3R, GRE—CE-LT, VEL, BR.E2 N 7N 5
: T 1 { " :) rava p* r &=
AND. FED., LT, YEL, BR. > TS = % MIDDLE TILL
TILL, SL. CALC.. GR. BRI s A ;o :
D, €., YEL, BR. STAINS T s fan)
¥ NN =t =
3 AN/ sson £ <
5 s [F1800 £ =
: NS ¥ %
TILL. SL, CALC,-CALC,, zs.wsa LTS N ?’ S
X Ny = R
= AVAN =t - LOWER TILL
: S Y.
SAND, SILTY. WOUEALC., G — §——{BEDROCK SURFACE
STLT, HGHGALE . GR - =
o - - 2 BEARPAW FORMATION
CLAY, WEHCALC., DK, GR 5 - s
160° 10 20 30 50
CGy HL/G
CONTRACTOR
HAYTER DRILLING LTD. (@1 S
DRILLER ] BE-RH-05
PARTY HAYTER — =
SEPTEIBER 7. 1934 ol o 19 —

8 5 Gpristanson Consaling Gl |




¥ ’1

%WM s
.
. %




-

i o | *ﬁ&
e
T 2

§§ e
T
e

o
e

K @ A T
TR dome G

s
RS

PR REVIRG !St'«i%\

b i

e

'."(
.&m &= o

a2
i ?mé

mEme i
B A W

= e o |
e
P R el Rt

oo g

"
: i e i
==
T L o o P
= T

v L s
o

E S Gpristimion Gonsalling S, |




106 3

| Bxcommnis ey
}!

-

[

e

e i e .
A S
e

s Eeanats Lo |
R
.
bt

L
.

ol

ok 2 e
il

kit iy PSR etens o il e el S e e
P iy e e a0 27 e e o e ) e oms s

Frpe D - = i TR aursisng bR sl .
e e e —_— : ek s - ST B antiohs, AR i
e 4 PN AL UM S0 Lt oo oo 4 BBASASES M SRS SR LEEEsens S8t et é N :. G:.




- 44 -

f | == === ~‘
SWC  720/7 1984
OUTLOOK  M1-84-RH-04
NW-14-13-27-07-W3
13:370200E /5686200N
TESTHOLE
187 5, am B ¥, o /T2 7
Tt T - . —t f
SURFACE ELEv, 1865 FT
SURVEY t
SP COND MUD 7m0 MICROSIEHENS/ Ch AT 25°C
SP COND WATER 425 microsremens/em AT 250C
SP 1JO MV R 10 OHMS
CUTTING SAPPLE DESCRIPTION = i :
; 1 ! I t
SILY, ST, O, O, GRq LT i T — s ‘
TILL, CALC.. LT, B, GR., UNSTAINED S JORE = = t | SASKATOON GROUP
TILL. CALL., GR.ER.. YEL, BR. STAINSTTS Zarks o
- - 8 - .
% AEAY 3
=\ EE UPPER TILL
TILk. Sk, CALC.. GYP., OL. GR = NAY T — —v
s ‘NS = AKE DIEFENBAKER— (o
2 AP e : 2
LA E:- % o
: v /W E 1800 \ <
S ! = ]
i ’ AUAN - g MIDDLE TILL
[TILL, §L. CALC,, GR = e =
' : = T w
5 E -
2 e =
S e >
= i v
[ ' i - ‘
TILL, St. CALC.. OL. Gk = LOWER TTLL
] = "
SAND, FINE-FED, . GR, o —
SAND. MED,-V, (02— PEEBLY, !
TILL, SL. CALC.. o 0L, GR. —
SILT, SANDY, ST, CALC.. DTSl GR, 94 —
SAD, DV, [0..0—==t GL, 6. j—— T — =
: =] eI+ - GRAVEL, CHERT+QUARTZITE PEBBLES —f—
! e .
] £ — e BEDROCK SURFAGES
SILTCLAY, HONCALL. . GR. —. e
—¢ = 3
== % = BEARPAW FORMATION
200 10 0= 40
=1L
: ~F——SCUTH SASKATCHEWAN RIVER !
re— : : ¥ = : : =
— CCRTRACTOR |
E= KAYTER DRILLING LTD. C AT v |
== DRILLER e _BAA e | 3
— MARTY HAYTER 3]
= SEPTEMBER 10, 1934 oty —C A BT E
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SWC 720/7 1984
QUTLOCK MI1-84-RH-03
NW-04-02-28-07-W3
13:368200E /5691 400N
TESTHOLE
078 K. ap 157" E. or G-t/ 700
1 vy | r T L] T
SURFACE ELEv. 1861 FT
SURVEY .
SP QOND MUD 800 M:CRos:sn:ausfcxiq AT gS°C
SP COND V/ATER 450 microsiemens/em ar 259C
I T
SPIQ MY R 10 OHMS ==
CUTTING SAWPLE DESCRIPTICH
» e = Uy 1861 ——
e o S— Y we— et R
TILL, CALC., GR. BR.., UNSTAINED, SOFT—F = S E =
‘ P e 2r B Z
i e e s NN EE P
TILL, CALC..LT. B8 8R.. OL. BR. SR —t—] 7/ E= e
] : ] N woNEH 4
:37 s ES = SASKATOON GROUP
= A ==
:g -~ 2 E= = F
THL, S, AT, GR 4 AP S T
t t t 1 = = 55om X —
e e e e i 7N/ 1300 2
SILT, “TLAYEY. SL. CALC.. GR. z == S
SAND, CO.=V. C0.. PEBBLY, GR.E=ZE S
e i = SN —~ =
TIL, 5L CUL., &, = N 2 52
T + ! I SN
S, M3, 00, B8, = L = =
T t + > - NS 2 "= [~}
TILL, SL. CALC., BR % LEOS : s > UPPER TILL
7 o~ —+ 3 =2
7 A = = o
TILE, SL. CALL. . GR. =3 v T o
P :: =
f AVAN *:\ 2 =T
= RS G é
aL 17 . .
TILL, SL, CALC.. GYP., = .‘/"Q ) e
1 ’ N/ &
: = K =% 5 MIDDLE TILL
: 5 NN ET70g —5 o
SILT, CLAYEY, CALC.. = i e T Y
TILL, CALC.. OL. GF. = EMPRESS GROUP
: t e v v
SAND, —— == — +
CLAY, SILTY, RONCALC., @ : PERBLY. L2 BEARPAW FORMATION
e e e = = i g —
SAD, SILTY, NOWCALC. 3= LT. GR. AN
CLAY, SILTY. RONCALC.. GR.—F% — - JUDITH RIVER FORMATION
; 290 10 20 30 40 .
B, NG
CONTRACTOR 3
HAYTER DRILLING LTD. (O}W "'"“'5:"3 3
DRILLER == ;?r;i«.ﬂ;:::;ﬂ.mm Phavecaraarso | =
MARTY HAYTER R ypms— 3
SEPTEMBER 10, 1984 e SEPTEMRFR 24,1384 g
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SWC 720/7 1984
OUTLOOK  M1-84-RH-02
SE-15-28-28-07-W3
13:366300E /5699000N
TESTHOLE

1 T 1 ] — 1
12407 E. anp 1008' S. o NL/4C<28-28-7-W3

SURFACE ELey. 1858 FT

SURVEY
SP COND MUD 825 MICROSIEMENS/cn AT 259C

SP COND WATER 450 mcnosxenens/clm AT :'EEGC
SP 1o MV R 1( OHMS :

CUTTING SAFPLE DESCRIPTION

SAD, FED. . PEEBLY. LT, GF.— 2 g =
SILT, ST, CALC.. PALE VEL—] —he =
— e A SASKATOON GROUP
TILL, TALC., PALE VELGR, =P N/NE
SAND, MED,-C0,, SR, bt LM F ==

o o - = ~ ] "
SILT, SINDY, CLAYEY, ST, CALC.— k& RE NONCALC . LT, GR, Wi, =] EMPRESS GROUP
e —di T L P— - T ') T
SILT, CLAYEY, WOWGALL., LT. Gh ~ e 3=+, LT, 0L, ER. STATHS

t ! : f ; ot T T 2 BEARPAW FORMATION
CLAY, NOMCALL.. LT, OL, BR. STAINGR— — —ETe00

! oN = =
SAND., SILTY. FINE, NONCALC,, -r,;
S0, SILT, L, WL O e = JUDITH RIVER FORMATION
E e Al
: FLLE e i 70 35 ig
0, FLE

— CONTRACTOR o
— HAYTER DRILLING LTD. O FASHBRTANEY oz |
—— DRILLER CONILLTING GECLOGIBT masmstesrn |
= FARTY HAYTER e E
= SEPTEMBER 10. 1984 PR 3

+ 1. 1 1 1 1 L =

L E— A E—" e -

8 S Gpriianson Gonselling S, |
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SwWC  720/7 1984

OUTLOOK M1-84-RH-01
SE-04-16-29-07-W3
13:365600E/5704200N

TESTHOLE

131?" E. AND Zj.ll' N oF NEC-8-29-7-W3

SURFACE ELEv. 1826 FT

SURVEY

SP COND MUD 1000 microsismens/em ay 259C
SP COND WATER 525 microsiemens/em at 25°C
R 10 OHMS

SP 10 MV

T

CUTTING SAMPLE DESCRIFT]

T i

o

1 | T

;

FINE-Y, FINE. ’?_._ SILTY. 8T. CALL..

0

SAND, LT. BR. GR
CLAY. $ILTY. CALC..J——T—=* L7. GR.-PALE YEL.
TILL, SANDY, CALC.. ot LT, BR, GR = SASKATOON GROUP
1
! 2 50 CEVET LG _

TILL, 5L CALE.. 0L, R g-" SUTHERLAND GROUP
SILT, SARLY. WORCALC.., BR.,—0L. &R, STATR—] -

e e S : = =
SILT, SANDY, NONGALL., Gh—ry % : : ‘
T _ = JUDITH RIVER FORMATION

—— = L i 3
SILT, SANEY, CLAVEY AT BASE. 2 - _f.v._.:: T T
TLAY. SILTV, WORCALL.. &R = - S

x 1004 100" 0 jil D%
00, Hi76

e CONTRACTOR 3
= KAYTER LRILLING LT, C) B EBTANEN ot |
= TRILLER NGOG LIs. o | =
_ MARTY HAYTER e
— SEPTENBER 10, 13%% orewnty LA _CHRISTIAEN 3
= ‘ Y 3

T
| )
!
:

T
)
I
1

8 5 Christision Consaling S |
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SWC  720/7 1984
OUTLCOK  M1-84-RH-05
SE-09-29-28-07-W3
13:365000E /5698500N
TESTHOLE
287 N0 3 W, or SR TE TS
sunFack ELcv. 1827 FT
SURVEY ’ :
P COND MUD 1000 mrcRos tErERalcn AT 2500
SP COND WATER 425 wicrostevens/cn AT 25°C =
SP 10 MV R 10 OHMS :
CUTTING SWFLE BESCRIPTION
; = ! = =5
SIT, ST, CALC,. LT, GR. BR. st L i o =
FILL, CALC., GR. BR. =——feeF NSTAINED — N s
TILL. CALL.. LT, YEL. BR, =g =E AT AY T -
et < ik PAVS n ! SASKATOON GROUP
SILT, CLAYEY. NONCALC., S == F—#-0L. GR., SAHD FLOAT
= HSSE 1800 e e e
TIIL. CALC,. UL, G, S EL : e
= % ! === BEDROCK, SURFACE
SILT, CLAVEY. NONCALL., DK, R, i o Mo = '
———— - — F BEARPAW FORMATION
CLAY, SILTY, ROMCALL., DK, GR,———% =
s 23 == S
SILT, SANDY. NONCALC.. &R T s 5 :
SILT, RONCALE,, R, — 3 — = 2 : '
TLAY, SILIY. WONCALC, , K. GF. o = : JUDITH RIVER FORMATION
; ] T — 100 10 20 30 40 ’ .
— 0, AL
— CONTRACTOR 3
— HAYTER DRILLING LTD. ( }W rosaneninn. | 3
= DRILLER O NG
o HARTY HAYTER oemngtio, MBI | 3
— SEPTEMBER 11, 1934 by Lo LTSS 3
T ! L ! L y L — o - B
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= = ——
T I 1 i T 1 T 4
SWC 720/7 1984
QUTLCOK M1-84-RH-06
NW-13-26-28-07-W3
13:368300E/5699200N
TESTHOLE
T T 1 B T T
] 56 I, aan 18" §, oF NEC-27-28-7-43
T ¥ T 1 T T, T
surFAce ELEv. 1873 FT
SURVEY
SP COND MUD 750 microsieMens/cw ar 250C
SP COND WATER 425 microsigmens/ch AT 25°C
SP 10 MV R () OHMS
CUTTINE SAFPLE DESCRIFTION
T, ST, tALE., LT, R 6. i PRV Sk e——
SAND, FINEPED. , LT. BR. BR. N NEBES ;s : =z TILL AND SAND
TILL, GALC.. LT, BR, 6R..——€ YEL. R > Ol
STLT, NOMCALL. , BR. e g 22
SILT, SANDY. NOWCALC.. 68 b g 20
STLT, NOWCALC., GR E Q o DISTURBED BEDROCK?
e s *= F W
SARD. FIRE. SILTY. GR -
SILT, CLAYEY. HONGALC.. GR C -
SILT. SAMNDY, HDHEAL(IZ.. b \; —' i
e 5 = \
SILT. TLAYEY, NOWCALL., GR F = BEARPAW FORMATION
STCT, CLAVEY, NOWCALL. . GR. I e
T 1 T hl L - - e
SANDJ. SILTY. NOMCALC.. GR e .'LDUEE . CONCRETION—]
SI[T. SAADY, WOHCALC., GR Q i =
SILT, NONCALC, ; G = P
1 1 L A S .
SILT, SAMDY, NONCALC,, GR. L T i
BENTONITE, NONCALL.. GR. GR. = = '%3'
SILT, NONCALC., ER. ) _ 3
=t _ =< JUDITH RIVER FORMATION
ST, CLAYEY, NONGALL.. SR, e — i AR .
e s e 1707 5
SILT, CLAYEY, HONCALC.. GR .- =
— 1 — ——
STLT, SANDY, HONGALC.. GR. > = %
A " 1T
200 e % CONCRETION
SILT, SANDY+CLEYEY. GR. > T 3z
220 10 W—F—=% M
T, ML/
= CONTRACTOR o |
— HAYTER DRILLING LTD. O EEOER LD it | 3
E . DRILLER iy M“i:’&:‘ﬂm'“ Phans Klaatio E
— HARTY HAYTER —— 2 STIAISEN 3
— SEPTEMRER 11, 1984 - FIT— E
1 ) Il 1 1 1 i juan
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SWC 720/10 1984
BRODERICK
NW-13-07-30-05-W3
13:381700E/5713500N
SSEWS-84-RH-03
1387 E. anp 28" 8. oF :VEC—J.I2—3D-‘6-5|‘3 L
. SURFAcE ELev. 1809 FT
SURVEY :
8P COND MUD 1000 ﬂ:cnosramgus/u:‘t AT 25%
SP COND WATER 425 mrcrosiemens/cu aT 259C
SP IO MY R 10 OHMS
{ -
CUTTING SAYPLE DESCRIPTION
TIiL, = CALC., R, BR. = 22 €= 1 809 - (FRTATHED
CLAY, HONCALC, . 52~ GYP., BR.—% == =t g0 ——t
I T T I I NN L T "
TILL, CALC, GYP., -Emcm- ot GR, BR., /2 FREeas 1T, 0L, BR. STAINS SASKATOON GROUP
et = : s — = e :
CLAY, NONCALT., 6¥F,, GR., ] L= Tl
E— (1. DL, BR. STATRS, f¥r BRECCIATED I~ paiop e e
cunri NONCALC GYP% GR‘:- . $iE=:
; ., BYP.. GR.. Pall =1
E=1T. fL. K. smns?%_ —— j’
e e e - =
BENTONTTE, NORCALC.. WAXY. LT, SR.—J P e
: 2% — =
M 3 BEARPAW FORMATION
io0y —
CLAY, WONCALE., GA. — 170
\.I_‘ "J
—— 50M "
SAND, FINE, Gt~ GR,, FALABLESND
SILT, SANAY, WORCALC., ER, —HF =
—=F 7009 ;- % JUDITH RIVER FORMATION
= e
SAND, SILTY, NONCALC, >t CARE.. GR. :
i > e
SILT, SAiDY, NOWCALC.. SR — £
240° 10 W—=30 [
Toy LG
— CONTRACTOR e
= HAYTER DRILLING LTD. © 3G LB, e | o
% MA}?#UH:QE%ER SSENS-8-RH-03 3
— R, CHRTSTIANSEN b
= SEPTENBER 12. 1984 e EPTEMER 26, 1952 3
e e e e e e e e e e e T

;§
}
%
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SWC 720/10 1984
BRODERICK
SW-01-19-30-05-W3
13:383100E/5715100N
SSEWS-84-RH-01
i T b =TT T T T
==k 7727 W o 8% M. or NEC-18-306-43
SURFACE ELEv. 1814 FT
SURVEY
SP COND MUD 675 wicrostemens/cn ar 25°C
SP COND WATER 409 M[CROSIEMEINSID'}. ar 255
SP 10 MV R 10 OHMS !
CUTTING SAYPLE TESCRIPTION SASKATOON GROUP
: — = : - ~
=SILT. §T, CALC., LT. ER. GR., PEBBLY AT BASE-C J—- e — ’
i Y=o BEDRACK. SURFACE .
___ﬁi"""""‘ = —
1 }
SAND, FINE-V. FINE.FSSE 1T, 0L, BR.. FAIABLE 2
P 3 T, 0L BR-, =] E
SILT, SARDY. NOMCALE,, GR.
SHRD. SILTY. RORGALE,, GR.—tc i =
ST, SO, RONGRLE., 6%y i ::_ JUDITH RIVER FORMATION
. - r
SILT, CLAYEY, NOWCALC-, GR 4 By 5%
T i } T t — P
"SAND, SILTY. NORCALC.,, GR. .
11t -
SILT, SANDY. NONCALL.. G, 2
SAD, STCTY, WONCELL.. BR. —b—t =
e e e ;
STCT, SARDY, NOWCALC.. GR = P
TLY, SARY, RGHCAL ‘ T =
CLAY, SILTY. MONCALC.. GR. ! - A
e LEA PARK FORMATION
i ! —__Esoox E '
o0
COHTRACTOR wrnr | 3
HAYTER DRILLTHG LTD. C BaSBETANgEN vt 3
= DRILLER i ——
= MARTY HAYTER 3
— SEPTEMBER 11, 1984 premty £ ST 3
" l ) Il | 1 | b
T 1 I T T ) I | i 1 Il "
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SWC  720/10 1934
BRODERICK
SE-02-31-30-04-W3
13:392500E/5718200N
SSEWS-84-RH-04

538° N, anp 821 E. OF'Nl/n’-IIC—BO-[BU-ll-;B

SURFACE ELEy. 1798 FT
SURVEY
SP COND MUD 650 Mzcaoszsfaus‘./cn at 259

SP COND WATER 425 mrcrostemens/cu at 25°¢
SP 10 MV R 1Q OHMS

TUTTING SAWPLE DESCRIPTION

TILL, "CALC., LTTBR, 6R. , S umsmmizﬁ‘s—o? PN

IR s —— POS: > SASKATOON GROUP

DIAMICTON, SILTY, = ~ NORCALC, . PALE YEL.

T T
I T T e T T 1 T
T

SAND, FINE, HO

1
SILT, SANDY. HONGALC, — GR

t

" I ) - —_

SILT, NOWCALC.. GR.

(ISILT, SARDY, HONCALC.. 6R.=e™

% JUDITH RIVER FORMATION

STIT, NOHCALT. . GR, Z

SARD, SILTY, ORCALC, , 6% —cb el

STLT, NONCALC,, B,

SAND,” SILTY. NONCALC.. GR.

1 1 T

FSTLT. SARIY, AORCALC.. 6F

SILT. CLAYEY., SANDY, NONCALEL., GRX

SO00H

LEA PARK FORMATION

CLAY, SILTY, NONCALC.. GR

— g

1600

-CONTRACTOR
HAYTER DRILLING LTD.
DRILLER
HARTY HAYTER
SEPTEMBER 12, 1984

‘CONBLALTING GEOLOGIST hon STATSD
SSENS-84-RH-~04

E.A, CHRISTIANSEN
SEPTEMAER 24, 1984

JITTITTTTI00CE))

{INT g g @
s
&

;i
i
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e T 16 SAPLE TESCRIPTION :
SILT, SANDY (EXPOSURD) : 3 '
: : o
: : =
A, WD, v, (3., PALE BR. e e~ = S DELTATC SAND
e =
: 7 2
: &.. — = =
CLAY, SILTY, SL. CALL.. &R, - P < LACUSTRINE CLAY
SAND, SILIY. FIRE. 6R. P N ) — % SAND
L AL 6 A= e @ TILL
= N L
TILL, SL. CALC.. oR. Vo =
N AN 1
s ="
P—=1809 /S =
! 5 Ei=
TILL, SL. CALC.. GR, 7 /’ N
X N f SUTHERLAND GROUP
S AWAN »
= N ; ¥
: AWAN o 2
< /N ETES0 : 5
P N ; =
SHT, 1B, & = =R ] 2
TILL, 3L CALC.. G, 3 z
o . = g
SILT + AND. CALC.. GA. i =
e 7809 £
%\TE .. . 13 :§
: i ™ _'_“ s
= = KXY - E
SILT, CLAY. + SAD, CALC., CARB. .= 6 i S 2
T = :
s EMPRESS GROUP
o } :
= i .
S={GRAVEL, PED.- v, (0, SANDY, CARBORATE +s = ¢ + ===t GRARITE, MINGR CHERT + GUARTZITE 3
e == 300 il
"f e Sl BEDROCK SURFACE
ST, SARDY, WONCALC. == TRE-. ok —r
: 2= oo 7 §
e CONCRE T 10N —]
; : : JUDITH RIVER FORMATION
S, S STLTY, Nova:cALc.', o, TORCRETT oA =]
STLT, SRADY, NONCALL.. GF. . =
S = TONGALE. . G
cmi SILETY T e -~ =z
ST, . GR. 5 — = & LEA PARK FORMATION
Egrey ] 7 30 59 > ,
2 = =
: : 2 = SWC 720/11 1984
— CRBE;'I'RF}AETDR @ el 1 = QUTLOOK
= HAYTER DRILLTHG LD, I =
— DRILLER Lo gmurﬁth n’i‘n’: E p— NE'14'03‘30'08‘W3
e No, - — by
— MARTY HAYTER — ::N,,, E.A, DHRTSTIANGEN 1 = 13358000E/5712400N
= SEPTEVBER 14, 1984 - - 3 =
e eI — = SSRID-84-RH-02

A, Chistansen, Consaling Sl |
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SWC 720/10 1984
OUTLOOK
NW-13-06-30-07-W3
13:362100E/5712300N
SSRID-84-RH-01

{305 S Ao B8 £, or NEC-1-30-803 —

susFace eLev. 1762 FT
SURVEY

§P COND MUD 650 mrcrosTEMENS /gy aT 25%C
SP COND WATER 400 microsiemens/em ar 25°C
SP 10 MV R 10 OHMS

CUTTING SAMPLE DESCRIPTION
SAD. FINE. GR. BR.. WELL SORTED o = YA — .
e A e ; EOLIAN SAND
} " PRI B » 1 ] o !
CLAY, CALC.. LT, BR,-GR,,—% "'__; z T WITH BLACK CARB. MATERIAL— Cﬁ) BURIED SOIL
. L L YA 1 r t
TILL, CALC., GYP..3 G, BR., onsrariene <o O F e &= 4
! ;f , 33 e ot LACUSTRINE CLAY
= E - L —
= AN :E‘ %
/\/ [ o : 1 E
P TN = 7 < TILL
TILL, CALC.. BR,mpf—aar s 4
/N7 ET706 t : &3
< ~ N - %
= g 4
e AT
—
100 — = DISTURBED BEDROCK
CLAY, NONCALC., GR.. -
= FRACTURED+SLICKENSIDED —— i
e EMPRESS GROUP, INFERRED
e — 7
¢ e BEDROCK SURFACE
SILT, SANIY. NONCALC., GR. E - =
£ phi = T BEARPAW FORMATION
e 1600
SILT, NOWCALL.. GR. il =
: : } m— — Ty
SILT. SANDY, NOWCALC.. GR. L e
= CORCRETION
y re— z .
T ; JUDITH RIVER FORMATION
SAND, SILTY. NONCALC.. GR. = - —
poe & % }concgumou =
} 00y AL/BE=
— GONTRACTOR e
= HAYTER DRILLING LTD. O s |
— DRILLER CoNBuLTIvG GHcLoaET rhomeiriaros | ]
— BARTY HAYTER SSRID-AA-RH-01 g
= SEPTEMBER 13, 198% crawntsy —.Ehe CHRISTIANSEN E
ey + + r r — Cata SEPTCMBER 24, 1032 =

8 A Guuistanson Gonsaling S |




SWC™ 720/10 1984
BRODERICK LO(‘ -')1
SW-04-17-30-05-W3 5l
13:383300E/5713500N
SSEWS-84-RH-02
= A7 E. o 108" N. of HEC-T-30535
1§ bl o | i T % 1
SURFACE ELEv. 1824 FT
SURVEY
SP COND MUD 21000 HICROSIEMENS/EN AT 2§°C
SP COND WATER 450 microsiemens/cw aT 25°C
SP 10 MV R 10 OHMS
CUTTING SAPLE DESCRIPTION
I GLE ST 5, 6 == REAN ] uns*r:\msn: SASKATOON GROUP
TILL, = CALC.. BYP.. GR. B,y gy T
= 1088, STAINS —_— =
CLAY. WONCALC., BYP, .
E—"ER., OL. BR, STAIS == - ¥
A il =
— 3 BEARPAW FORMATION )
1003 — :
CLAY, NONCALC., 6R T
— ET700
= — CONCRETION=—
O o
A, FINE, — = GR,, FRIADLE B =
---‘_:-b- .-'
T i i o
SILT, SANDY, NOWCALC.. ER—r—=2 iy :
l* : = e
SAND. SILTY, RONCALC.. GR =2 =
— ﬁ...:n— -
7003 - — - =
S ) - = JUDITH RIVER FORMATION
— -ET630 =
SILT. CLAYEY. NOWCALC.. GR. bulden =
S, SILIV, NONCALC., GR 4 = S
e e e e ~ A =
SILT, CLAYEY. NONCALC.. GR ¥ T F
SRR, SILTY, RORCALC.. R LT e
SITT, CLAYEY, NONCALL., GF. \E i &
CLAY, SILTY, NONCALC., GR ] - —
3003 = = % % LEA PARK FORMATION
&, A &
— CONTRACTOR |
= WAYTER DRILLING LD, (@ =4
= IRILLER el
= EP%RH;{TEITQQH onmn by __Eoh CHRISTIANSEN 3
= SI : - i e SEPTEMACR 24, 1084 3

A, Ghristiansen Consuthing S, —
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SWC 720/06 1984
CONQUEST
NE-12-16-28-08-W3
"13:355500E /5695700N

Wim1-84-RH-04

T
gy

10707 €. awp 720° N, oF ETR-D/728-6%5

CUTTING SAMPLE BESCRIPTIC;N

ST, CALC.

——
TILL,

. UT. BR. 6R.. UNSTATRER

1832

Vs

| +

T I

SASKATOON GROUP

! N

¢ GP.. GR. BR

eV
A -

TILL. SL. CALC,
1

NN

- .

'y

205N /8

TILL. CLAYEY, S

L. CALC.. 6YP.. OL.

iR, AN YEL. BR. STAINS

NS

T
I 1
T

PR

GRAVEL (DRILLER’S LDG)

R

=760 —— L0ST CIRCULATION

10M ~ .\/‘\'

TILC, BF. ¢ ORI

(RS L00)

/NS

2

SUTHERLAND GROUP

Snte

SEPTEMBER 25, 1884

SEPTEMBER 25, 1984

= CONTRACTOR e
E KAYTER DRILLIG LTD. (O B HASIANGEN vt
= DR[LLER COMBULYING GECLOGIT Phoned DT4-ETOC
E FARTY HAYTER ormongr, =B o0

= ovewn By A CHRISTIANSEN

IEREERENEREENNNNT]
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Appendix 3. Total Carbonate Analyses.
Depth | % inorg.|mL CO, Depth { % inorg.| mL CO»
Testhole feet carbon | /gram Testhole feet carbon | /gram
WM1-84~RH~01 5- 10 0.85 15.7 | WM1-84-RH~03 | 135-140 0.79 1.6
15~ 20 0.64 11.8 145150 0.88 16.3
25- 30 0.80 14.8 155-160 0.70 13.0
35— 40 1.00 18.5 165-170 0.78 4.4
45- 50 0.91 16.8 175-180 1.27 23.5
55~ 60 1.12 20.7 | WM1-84-RH-05 O~ 5 1.43 26.5
65- 70 0.97 17.9 5- 10 1.36 25.1
75— 80 1.10 20.4 10- 15 1.25 23.1
85- 90 0.98 18.1 15- 20 0.96 17.8
95-100 0.90 16.7 20- 25 0.94 17.4
105-110 0.83 15.4 25- 30 0.80 14.8
115-120 0.84 15.5 35- 40 0.77 4.2
125-130 0.89 16.5 50- 55 0.88 16.3
135-140 0.91 16.8 60- 65 0.81 15.0
WM1-80-RH-02 5 10 0.99 18.3 70~ 75 0.70 13.0
10- 15 0.88 16.3 75- 80 0.82 15.2
15~ 20 0.83 15.4 85- 90 1.11 20.
20~ 25 0.71 13.1 95-100 1.00 18.5
25- 30 0.65 12.0 100-105 0.68 12.5
35- 40 0.75 13.9 110-115 0.66 12.2
45- 50 1.05 19.4 120-125 0.14 2.6
55— 60 1.08 20.0 | M1-84~RH-~01 10- 15 1.25 23.1
65— 70 1.04 19.2 15— 20 0.83 15.4
75— 80 1.02 18.9 20- 25 0.29 4.6
85- 90 0.94 17.4 25- 30 0.30 5.6
95-100 1.08 20.0 30- 35 0.40 7.4
105-110 0.97 17.9 | M1-84~RH~02 10- 15 1.01 18.7
115-120 0.90 16.7 15—~ 20 1.20 22.2
125-130 0.85 15.7 20~ 25 1.28 23.7
135-140 0.85 15.7 | M1-84~RH-03 5- 10 1.30 25.1
WM1-84~RH~03 5~ 10 0.57 10.5 15- 20 1.05 19.4
15- 20 0.60 11.1 25~ 30 0.94 17.4
25~ 30 0.63 11.7 35- 40 0.96 17.8
35- 40 0.68 12.6 h5- 50 0.96 17.8
45- 50 0.86 15.9 55- 60 1.00 18.5
55~ 60 0.86 15.9 65— 70 0.73 13.5
65- 70 0.93 17.2 75~ 80 0.67 12.4
75~ 80 0.90 16.7 85- 90 0.62 11.5
85- 90 0.92 17.0 95-100 0.75 13.9
95-100 0.92 17.0 105-110 0.71 13.1
105-110 0.86 15.9 115-120 0.74 13.7
115-120 0.91 16.8 125-130 0.79 14.6
125-130 0.95 17.6 135-140 0.85 15.7
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Depth | % inorg.|[ mL 002 Depth | ¢ inorg.| mL CO2
Testhole feet carbon | /gram Testhole feet carbon | /gram
SSRIP-84-RH~01 20- 281  1.40 25.9
M1-84-~RH-03 145-150 | 0.80 14.8 25~ 300 T.44 26.6
155-160 | 0.94 17.4 30- 35 1.65 30.5
M1-84-RH-0U 5- 101 1.05 19.4 35— 400 1.55 28.7
10- 15| 0.93 17.2 45- 50 1.60 29.6
15- 20| 0.95 17.6 55— 60 1.49 27.6
20=- 25 | 0.57 10.5 65- 70 1.52 28.1
25- 30| 0.68 12.6 75- 80 1.59 29.4
35~ 40| 0.93 17.2 | SSRIP-84-RH-0Z 60~ 659 0.98 18.1
45- 50| 1.04 19.2 65- TOI  0.75 13.9
55- 601 1.12 20.7 70- 79 0.77 14.2
65- 70| 1.42 26.3 75- 80 0.90 16.7
75- 80| 0.87 16.1 80- 85 0.82 15.2
85- 90| 0.90 16.7 85- 99 0.81 15.0
95-100 | 0.90 16.7 95-100] 0.93 17.2
105-110 | 1.17 21.6 105-1100  0.76 4.1
115-120 | 0.79 14.6 115-1200 0.94 17.4
125-130 | 0.67 12.4 125-130f 0.92 17.0
M1-84-RH-05 5- 10| 1.48 27.4 135-140] 0.88 16.3
10- 15 T.01 18.7 145-150 0.87 16.1
15~ 20| 0.90 16.7 155-160] 0.83 15.4
20- 25| 1.08 20.0 170-175  0.76 4.1
25~ 30| 0.30 5.6 175~18Q00  0.83 15.4
30- 35| 0.85 15.7
M1-84-RH-06 10- 151 1.08 20.0
15- 20| 1.13 20.9
SSEWS-84-RH-02f O0- 5[ 0.70 13.7
5“‘ 10 0-97 17-9
10- 15| 0.79 14.6
15- 20| 0.72 13.3
SSEWS-84-RH-03] 0- 5 0.58 10.7
10- 15 ] 0.98 18.1
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Appendix 4. Mechanical Analyses.
Borehole Depthl Carbonate + Organic free Qriginal Sediment

feet % Sand [ Siltl % Clay | % Sand % Silt [ % Clay

WMI-84-AH-01 T 54,3 23.6 22.1 51.3 27.0 21.7
27 33.6 31.1 30.3 37.3 33.3 29.4

WMI-84-AH-02 3 51.0 24.6 24,4 50.1 24.7 25.2
15 38.5 26.5 35.0 38.3 28.6 33.1

WMI-G4-AH-03 | 5-T 52.3 25.3 22.4 53.3 20.3 20.4
15 41.6 27,1 31.3 40.4 30.3 29.3

WMI-84-AH~-0L 9 16.2 26.4 27.4 47.7 28.1 28,2
19 63.5 22.6 13.9 61.7 24.6 13.7

WMI-g4~RH-02 | 40-45 36.3 28.5 35.2 38.2 30.4 31.4
WMI-84~RH-05 | 80-85 32.0 34.0 34.0 34.0 35.7 30.3
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