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SUMMARY

This investigation of geology along Highway 16 between the Borden bridge

and Langham (C.S. 16-23), with particular emphasis on the gully area, was
conducted to check reports on possible groundwater problems. A]thoﬁgh high
groundwater levels were encountered, only locally occurring, thin sands

and gravels were found during the drilling program. The Dalmeny aquifer

was traced to within 2.5 km of Highway 16. The proximity of the Dalmeny
aquifer to Highway 16 and its high head is thought to be the cause of the high
groundwater levels in the study area. The low water Tevel encountered in

a deep sand and gravel aquifer in the gully area suggests a continuity of

the aquifer to the North Saskatchewan River valley.



Figures

1. Stratigraphic chart

Tables

1. Index of logs
2. Carbonate content of tills

3. Piezometric data

Drawings

0161-002-01. Map showing location of cross sections

TABLE OF CONTENTS

Text

INTRODUCTION =-mmmmm e mmmmee oo
1.1 Objective ==emecommm e
1.2 Location ==--mmcmmmmmcm e
1.3 Previous WOrk --==eceemommcm e
1.4 Present study ==-===mmemcmcmmamaoaoo
STRATIGRAPHY == mmmmmmmm e e e
2.1 Bedrock sediments ------cmmccmmmaann
2.2 Glacial sediments --=-c--ccmmomamanaao

2.2.1 Sutherland Group -------------

2.2.2 Saskatoon Group -----===e-=-w-
STRUCTURE === == mmmm o mmcmmc e
3.1 Bedrock structure ----e-cecmmeaaaaan
3.2 Glacial structure ----e--mmemmemcma-
GROUNDWATER ===-memmmmmccmcmccmm e
LITERATURE CITED =--s-ommmcmmmmmcceeeeeen

- - —————— -

- -

in back



0161-002-02. Cross section A-A' ceem oo e in back

0161-002-03. Cross section B-B' ------mommmmom e in back
0161-002-04. Cross section C-C' =---ommmmmm e in back
Page

Appendices
A. Geologic logs compiled in this report —-------—--——mcmmmmmm 9

B. Carbonate content of tills, particle size analysis of bedrock,
and X-ray diffraction analysis of bentonite 17



1.1

1.2

1.3

1.4

INTRODUCTION

Objective

The objective is to determine the stratigraphy along Highway 16 (C.S.
16-23) between the Borden bridge and Langham with particular emphasis
on the gully where a groundwater problem was believed to exist.
Location

The locations of cross sections A-A', B-B', and C-C' is shown in
Drawing 0161-002-01.

Previous work

Previous work includes: (a) geological maps and cross sections of the
Saskatoon area (73-B) (Christiansen 1967), (b) geological maps, cross
sections, and aquifer maps (Christiansen 1970, Meneley 1970), and (3)
a cross section from Saskatoon to the Langham area (Sauer and Christ-
iansen 1996). The soils of the area under study were investigated by

Acton and E11is (1978).

Present study

The present study includes the examination of cutting samples from
SHT Langham 117 (site 5), 118 (site 2), 119 (site 10), 120 (site 4),
121 (site 3), 122 (site 14), and 123 (site 13)Y(Tab1e 1, Appendix A).
Samples were selected from these boreholes for carbonate analysis
(Table 2, Appendix B). Geological logs were compiled for these
boreholes (Appendix 1). The present study includes also the drawing
of three cross sections (Drawing 0161-002-02-04), all of which inter-
sect at the gully, central between Langham and the Borden bridge.
Cross section A-A' (Drawing 0161-002-02) extends along Highway 16

from south of the Borden bridge to the Lookout.and from there along

the North Saskatchewan River valley to a point 3 km northwest of



Table 1.

Index of logs in cross sections A-A', B-B', and C-C'.

HOLE NO. NAME DLS UmM

1 UofS Eagle 14 (Langham) NE-03-19-39-08-W3  5803500N/354000E
2 (118) SHT Langham 118 NE-14-15-39-08-W3  5803105N/358958E
3 (121) SHT Langham 121 SE-02-22-39-08-W3  5803151N/359198E
4 (120) SHT Langham 120 NW-13-14-39-08-W3  5802964N/359902E
5 (117) SHT Langham 117 SE-03-23-39-08-W3  5803094N/360411E
6 UofS Eagle 15 (Langham)  SE-03-23-39-08-W3  5803000N/360600E
7 (110) SHT Langham 110 SW-01-23-39-08-W3  5083150N/361150E
8 SDH Langham NW-10-19-39-07-W3  5804100N/363950E
9 NRC Langham SE-15-33-38-07-W3  5797650N/367850E
10 (119) SHT Langham 119 SE-01-10-39-08-W3  5799896N/359681E
11 FFIB Nemanishen, N. SE-08-10-39-08-W3  5800350N/359600E
12 SOHIO Petroleum 1 01-12-39-08-W3  5803450N/359700E
13 (123) SHT Langhan 123 NE-16-15-39-08-W3  5802922N/359591E
14 (122) SHT Langham 122 SW-13-14-39-08-W3  5802281N/359784E

Table 2. Carbonate content of tills in cross sections A-A', B-B', and C-C'.

STRATIGRAPHIC UNIT N X SD
Floral and Battleford Fms. 49 29 6
Warman Formation 14 15 6
Dundurn Formation,upper till 67 26 4
Dundurn Formation,Tower till 69 24 4

Table 3. Piezometric data, September 18, 1996 provided by E.K. Sauer.

Well Ground Depth to Total head Depth of | Conductivit
elevation water (m) (m) well (m) y
(m). of water
ms/cm
119A 501.72 5.00 496.7 49.4 2250
119B 501.59 5.00 496.6 36.6 2600
120A 496.42 6.90 489.5 14.5 2100
120B 496.36 25.69 470.7 45.1 5500
121 496.77 0.80 496.0 12.5 3290
123 500.23 5.00 495.2 7.6 5550
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A

Langham (Drawing 0161-002-01). Cross section B-B' (Drawing 0161-002-
03) extends from the Dalmeny aquifer as defined by Meneley (1970) and
Sauer and Christiansen (1996) to the North Saskatchewan River . Cross
section C-C' (Drawing 0161-002-04) represents an expanded version of
part of cross section A-A' to accommodate the six boreholes in the
gully area.

STRATIGRAPHY

Bedrock sediments

The bedrock sediments are composed of gray, noncalcareous, marine
clay of the Lea Park Formation and Upper Colorado Group (Fig. 1).
These sediments are combined because they cannot be separated in

electric Togs. Presumably, most of these sediments belong to the
Lea Park Formation. Within these clays is a structure marker bed
composed of 15 m of silt and sand (Drawings 0161-002-02-04).

Glacial sediments

Sutherland Group

The Sutherland Group is composed of extensive, thick Tower and upper
t71Ts of the Dundurn Formation and discoﬁtinuous, thin deposits of the
Warman Formation.

The lower till unit of the Dundurn Formation is composed of 17 to

30 m of till, the lower part of which is gray and unoxidized and

the upper part of which olive and oxidized. The lower till has a
mean carbonate content of 24%f4 mL C02/g. The Tower till unit contains
an eight-m thick sand and gravel bed (Drawing 0161-002-03, site 4)
which presumably extends to the North Saskatchewan River valley as
suggested by the low head in the aquifer (Table 3). The areal

distribution of this sand and gravel unit is not known. The contact



STRATIGRAPHIC UNIT

COLORADO GROUPS

TIME UNLT GROUP FORMATION DEPOSIT
HOLOCENE Alluvium Sand and silt
Glaciodeltaic
Sand + SILT
SILT AND CLAY
Glaciolacustrine
SASKATOON Floral and i
Battleford fms. *
=
<
= 5
é Dalmeny aquifer
= PLEISTOCENE Floral Formationf=
o i
% Clay
Warman Formation Till
SUTHERLAND Upper till
Dundurn Fm.
Lower till
Clay
CRETACIOUS MONTANA AND UPPER Lea Park Fm. and Silt and sand

U. Colorado Grou

Clay

Figure 1.

Stratigraphic chart.
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between the Lea Park Formation and the lower till of the Dundurn
Formation is nonconformable.

The upper till of the Dundurn Formation is composed of less than 1 m
to 30 m of brown and olive, gypsiferous till which undoubtedly has a
pronounced effect on the quality of groundwater of the area (Table 3).
The upper till has a mean carbonate content of 264 mL COz/g which is
similar to that of the lower till of thé Dundurn Formation (Table 2).
The contact between the lower and upper tills of the Dundurn Formation
is nonconformable and is marked commonly by a noticeable increase in
oxidation in the upper part of the Tower till.

The Warman Formation is composed of less thanlm to 8 m of clayey,
gypsiferous, olive and gray, mottled till which has a mean carbonate
content of 15%6 mL C02/g. The contact between the Dundurn and Warman
formations is nonconformable.

Saskatoon Group

The Saskatoon Group is composed of a basal clay bed; Dalmeny aquifer;
Floral and Battleford formations, undifferentiated; glaciolacustrine
and glaciodeltaic sediments; and alluvium in the North Saskatchewan
River valley.

A basal gray, unoxidized clay is between the oxidized Warman Formation
and unoxidized sand in the Dalmeny aquifer (Drawing 0161-002-03, sité‘9).
The clay unit ranges in thickness from less than 1 m to 3 m. The

contact between the Warman Formation and the clay unit is nonconformable.

The Dalmeny aquifer , named by Meneley (1970), is a major aquifer in
Saskatoon-Langham area. The sandin the aquifer ranges in thickness

from less than 1 m to 35 m in the study area.

The Floral and Battleford formations are composed of less than 1 m to
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18 m of sandy, gypsiferous, brown till which has a mean carbonate
content of 29%6 mL COZ/q. These formations can be separated where
hard, jointed, and stained till of the Floral Forhation underlies
soft, massive, and unstained till of the Battleford Formation. The
Jower and upper contacts of the Dalmeny aquifer and the contact

between the Floral and Battleford formations are all nonconformable.

Glaciolacustrine sediments, composed of less than 1 m to 13 m of

silt and clay blanket most of the study area. Locally, glaciodeltaic
sands up to 3 m thick cover the surface (Drawing 0161-002-02,04; site 2).
The lower and upper contacts of the glaciolacustrine sediments are
conformable.

STRUCTURE

Bedrock structure

In cross sections A-A' and C-C', the structure marker bed is essentially
flat lying. In cross section B-B', the marker bed shows a broad, Tow
anticline with an apparent closure of 20 m and a maximum apparent dip

of 2 m/km.

Glacial structure

Glacial deposits exposed in the gully immediately north of Highway 16
are glacially deformed featuring joints, faults, and folds. The Dalmeny
aquifer lies on a glacially eroded surface similar in the Fielding-
Radisson area (Christiansen 1995, Drawing 0155-002-02). In Drawing
0161-002-03, the glacially eroded depression cut into the Tower till
of the Dundurn Formation is filled with sand of the Dalmeny aquifer
indicating that the depression is pre-Floral or Floral in age.
Presumably, the depression was eroded by the glacier that deposited

the upper till of the Floral Formation. It is possible that the

deformation in the gully also happened at this time.



GROUNDWATER

Saline patches of ground in lower areas which occur along Highway 16
between the Borden bridge and Langham are indicative of high ground-
water Tevels. This relationship was verified by installing a piez-
ometer at site 3 (Drawing 0161-002-02,03) where the the water rose
in the pipe to 0.8 m below the ground surface (Table 3) indicating

that the saline areas are the result of high groundwater levels.

The Dalmeny aquifer is the only known aquifer in the Langham area

that could cause these high grounwater levels (Drawing 0161-002-03).
The Dalmeny aquifer was traced from site 9 to sites 10 and 11. The
northern pinchout of the aquifer is between sites 11 and 14 (Drawing
0161-002-03), the exact location of which is not known. Consequently,
another borehole is proposed. The Dalmeny aquifer was not encountered
in the six boreholes drilled along Highway 16 in the vicinity of the
gully ( Drawing 0161-002-01).

The high gypsum content of tills inthe Floral and Battleford.formations,
Warman Formation, and the upper till of the Dundurn Formation probably
is the reason for the high electrical conductivity of the groundwater
(Table 3). The lowest groundwater levels (Table 3) occur in a sand

and gravel unit in the Tower till of the Dundurn Formation.(Drawings
0161-002-02,03,04). This Tow water level suggests that the aquifer

has continuity to the North Saskatchewan River valley.
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SHT 73B/06 1996
LANGHAM NO.117
SE-03-23-39-08-W3
13:360411E/5803094N

BOREHOLE

COMD. WATER 450 MICROSIEMEMS/CM AT 25*C
COND, MUD __1000 ___ MICROSIEMEMS/CM AT 25° C
SPECIFIC GRAVITY MUD

SUPERVISOR |. SIHCLAIR
ASST SUPERVISOR

LOGGED BY L. SINCLAIR
INSTRUMENT WIDCO 1500

PROBE ELECTRIC

PROBE GAMMA

PROBE CALIPER

DATE LOGGED A 22 1936

TIME OF LOGSING 1630 HRS 70 _1800 nRs
DRML OPERATOR M. MILIER
COMTRACTOR

REMARKS _ASS'T OPERATOR: M. MINCHUK

PROJECT

CONTROL SECTION 16-23

STATION 3401546 OFFSET_185.BUm N
CUTTING SAMPLE INTERVAL ____ 1,51

CORE SAMPLE INTERYAL

FROM

CASING DEPTH

CASING WALL THICKNESS

WATER OR MUD LEVEL

ABANDONMENT GROUTED

BIT SUE 4 3/4% WALMAC  INTERVAL 0-83.85 M
8IT SIZE INTERVAL

oY SIE INTERVAL
TYPE OF DRILL RIG 1250 FAILING

DEPTH SCALE SPEED
120wy |
| S0ouss |

| 0-100 cps |
82m | 11/4-18"

mnus CONSTANT@C) 5
BY L&_Cﬂm__ﬁ_lulw
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SHT 73B/06 1996
LANGHAM NO.118
NE-14-15-39-08-W3
13:358958E/5803105N
BOREHOLE
BOREHOLE NO. 118 NIS__73-B/06  PROJECT LANGHAM
LAND 10CATION _HE-]H4-15-39-08- CONTROL SECTION 16-23
UTM COORD. 13: .5557 STATION _35+473,88 4 OFFSET_32.01M N
GRD. ELEY. _499.511m DEPTH 67.05M CUTTING SAMPLE INTERVAL 1.5H
DATE DRILLEOJLLY 29 70 MY 30 1996 CORE SAMPLE INTERVAL
COND. WATER _G00. MICROSIEMENS/CMAT25'C  FROM
COND. MUD __2800 ___ MICROSIEMENS/CM AT 25' C CASING DEPTH
SPECIFIC GRAVITY MUD CASING WALL THICKNESS
SUPERVISOR L. SINCLA WATER OR MUD LEVEL
ASST SUPERVISOR ABANOONMENT
10GGED BY L. _SICLAIR BIT SIZE 43/4 " WALMAC _ INTERVAL VARIOUS _
INSTRUMENT WIDCO 1500 BIT SIZE 4374 * TRICONE INTERVAL VARIQUS
PROBE ELECTRIC BIT SIZE INTERVAL
:mg &Al'm TYPE OF DRALL RIG 1250 FAILING
DATE LOGGED __JLY %0 1996 _‘g‘: ZS;'L‘EI 155:§ED
TIME OF LOGGING 10,1400 wRs i n HIN
DRILL OPERATOR M., MILIER ES. | GGm |  ows | 15 wnim
CONTRACTOR MAL EEH 0-100 cps 7 winy
REMARKS M. AIKCHUK £6M 114~ 18" 15 wmuin
GAMMA TIME CONSTANT (T.C)
GEQLOGY BY E.A. gnmsnmssn 18/08/96
CUTTING SAMPLE DESCRIPTION
GAA-RAY P R CALIPER
0 T cps 106 20 uy OHMS 2 1174 INCHES 18
(5 e e P e ;
— : -
[L, SANDY, [2{ CALC., LT, BR. GR./OL., OL, YEL, STAINS - — !
TILL, SANDY,{— CALC., 6R.- DK, 6R. ; —t :
T!‘LL‘, SL. ClﬁL:. Dl GR. X, GR. T ?-:-‘!gscuwm :
I " ' . |
b 4 A gy {1}
TILL, CALC., GEIN e RWPXS , S BOULDER L
[SAND, FINE-MED 4| PALE OL, . ‘ T T
- X NS - o i
! N o e P ; —
i e e a—
[TTLL, CALC., 6P,y OL.+0OL, YEL./OL. GRI., Y : N : | a 0"§R?STA_“‘\‘T;;
1‘ ) < ./,\A/' : lJ i ; /
: 2 WA i
% o PANZE e 5 A o
TILL, CALC., OL. GR.+ SAND, FINE-CO., F——¢— INV2N S £L— LT, OL. GR. e
L T | [ ER TR TS S (IS 4_5“ I
b — i VAYA = e '
TILL, CALC., Y1 0L. 6R. = NN - r
/l T : T /N7 - R
~ S '~ b x : 2
TILL, CALC., GR.—&] ] VAYZ Ly i
< f NN ; N s
; /N = [
TILL, SANDY, - (ALC., GR. 2 . AWAY ¢
< : SN/ 11—
< - 504> /N 450 Pd - et ¢
< ¥ J I N L
- > N Z S —— {
TILL, SL, CALC., K. GR. Al NN ! ja— f >
A Y O [ X /\/ 1
CLAY, NOWCALC., DK. GR.- GR. = < BEDROCK SURFACE
O I A | 5 I S O D | T ,(..,
1 U T S Y S O 4 : !
SILT + (LAY, NOWCALC., L1, GR.+6R,, LANINATED - S
CLAY, SILTY, TWORCALC., GR, 141 === ! —
LAY + SILT, WONCALC., 6R.+ LT, GR. 11— D - —t — ;
66m 10 20 ) 40 50
_§\\ Saskatchewan @, W/
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SHT 73B/06 1996
LANGHAM NO.119
SE-01-10-39-08-W3
13:359681E/5799896N
BOREHOLE
BOREHOLE NO. 113 w1s_73-B/06 m;tcr
LAND LOCATION _SE-01-10-39-08-W3 %f 15-23
UTM COORD. L3: 359680.5918E/5799895. 7077H STATION _34+376.88 M %% 88M oFFsEr_J067.8LRS
GRD. ELEV. 501,911 M DEPTH _79.25M. . .. CUTTING SAMPLE INTERVAL 1.5m
DATE DRILLED JULY 30 10 _JULY 30, 19% CORE SAMPLE INTERVAL
COMD. WATER 600 WICROSIEMENS/CMATZS'C  FROM
COND. MUD __2700  MICROSIEMENS/CM AT 25 C  CASING DEPTH
SPECIFIC GRAVITY MUD CASING WALL THICKNESS
SUPERVISOR L. STRCTAIR WATER OR MUD LEVEL
ASST SUPERVISOR ABANDONMENT POST TN HOLE
LOGGED BY L. SINCLAIR BIT SIZE 43/4~ WALMAC ~ INTERVAL 0-70.25M
INSTRUMENT WIDCO 1500 BIT SIZE INTERVAL
PROBE ELECTRIC BIT SIZE HEFERYAL
PROBE ;‘mﬁ TYPE OF DRILL RIG 1250 FAILING
DATE LOGGED WY30__1s% DEPTH SCALE SPEED
TIME OF LOGGING __1200 HRs_T0 3 _E7g M 20 mY 15 u/Min
DRILL OPERATOR TR L} 20 _omms 15 u/muin
CONTRACTOR o) 0-85 cps 8 u/imin
REMARKS _ ASS'T OPERATOR: M. RILLER 79m 1l/4-18*% 15 MIMIN
GAMMA TIME conswnac) SECONDS
ceoLogy By E.A. CHRI
CUTTING SAMPLE DESCRIPTION
GAIA-RAY R CALIPER
0 cPs 8 20 0 OHMS 20 14 1MCHES 18
I = N | il 1 :02 il H ] i
e 500 e ! 3
S LT, SL, CALC., : <1 LT. YEL. BR, 6. CLAY LAMINAE g
e o i—— e
SILT, CLAYEY, SL. uu.c., 3 LT BR. GR. e L S mﬁmms -
1 - I LA N T P
CcLaY, sxm, SL. CALC. 3 - ; WH, ST, CALC., SILT unw& 2
I f——T— — ; ' . .
1"""'L.." NI i —— T re
TILL. sm cm.c., GR., SOFT (FIELD L : ; : Y’
R N i i T L
"‘ ‘5.,;'§!I g
SAKD, FINE-V. FINE, F— LT. GR.1- — T I r——
[ O T A 1 LU ¥ I 3 i
T et T Ty T [ |
SAND, FINE-V, Fne, ——#LT, GR,+GRALT. ; LAMINATED SILT I TH PLART REVATHS g
SR EESEa S s :
i I S . INF 4 1 1 t ] : T T T
T N T & T . T ¥ T T T rd
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1 i I T ; H | ) : { i T > T T T
. i [
| ST AR GR. S~ GR.+ BK.SILT —— L P < - >
CLAY, NONCALC., ORGANIC, K. GR. — b -
TILL, CALC,, 0L, et AN — : — {
I1|||Ii!§' : ; e e RV +
TILL, SAMDY, CALC., GR. 5 D A M e T e e s ',
EEnEm== e S ——
SAND, FIME-CD., oo — LT, 6R, Bl ,,‘0_‘.'.3. ] ; : ! _g,g i
TILL, SAMDY, CALC.,{—+— % LT. GR.——f— : - A4 - s {
GRAVEL, FINE, GR, || g VA — : . 3
TILL, SAHDY, CALC., GR.-—i : NS - T . 4
TILL, CALC., DK, GR.— - : L | —— - 1
TILL, SANDY, SL. CALC.,——#—+— LT, BR. GR.~|— [ttt LT, YEL. BR. :
SAND, FINE-CO., LT. GR. - - = -
I : 1
SAND, FINE-MED.+BK+GR. SILT 3 z
NN O T T C
{1 il F: ol i X T LY
TILL, CALC., GR. b I i = Yot 2
T S T T m
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08-43-49=82 SAND, 43% SILT, 45% CLAY

SHT 73B/06 1996
LANGHAM NO.120
NW-13-14-39-08-W3
13:359902E/5802964N
BOREHOLE
BOREHOLE NO. ___m__ms_lu_oﬁ_. PROJECT LANGHAN
LAND LOCATION MW-13-14-309-08-W3 . COMTROL SECTION 16-23
UTM COORD. 13:3 59901,6 'Wmm STATION _344520,12 n_ OFFSET 5105_H'!. —
GRD. ELEY. 406065 M CUTTING SAMPLE INTERVAL
DATE DRILLED JULY 30 70 AUG. 1™ 1996 CORE SAMPLE INTERYAL
COND.WATER 600 MICROSIEMENS/CMAT25°C  FROM
COND. MUD __ 2600 MICROSIEMENS/CM AT 25°C  CASING DEPTH
SPECIFIC GRAVITY MUD CASING WALL THICKNESS
SUPERVISOR L. SINCLAIR WATER OR MUD LEVEL
ASST SUPERVISOR ABANDONMENT POST IN HOLE _
LOGGED BY L. STRCLATR BIT SIZE 4374 ° WALMAC _ INTERVAL !ARIQ@
INSTRUMENT _ WIDCO 1500 an smqm TRICONE  INTERVAL
PROBE ELECTRIC m
smé &m‘ me or DRHL RIS 150 FAILING
DATELOGGED ____AWGIST 1T 1s% DEFTH SCALE SPEED
TIHE OF LOGEING 1330 hxs To_I500 oRs Pt 1 208 L w/min
DRILL GPERATOR MA Iy 0-8 cps 8 MHIN
REMARKS .5 a1 1l/4- 13- 15 w/miy |
GAMMA TIME CONSTANT (T.5.) SECONDS
GEOLOGY BY
CUTTING SAMPLE DESCRIPTION
GAMMA-RAY P R CALIPER
0 cPs 8 20 w ] 0 OHMS 2 14 INCHES 18
' g 496 —
[TILL, SANDY, CALL,. ||| 6%P., GR, R, =S AV EEEESLEE
SAND, MED,-CO., ST. 6YP., 2] LT. BR. GR. e —— =
TILL, SAMDY, CALC., 6YP., 4 6R. BR. i AL
T I T T T 1 T T §7 ] \./‘\.
TILL, SL, CALC., SYP., 6R, BR.*+LT, YEL, BR.~| \4):
-‘K Sy —Sllm (E-LOG) —
M
R A\VAN 13 R
13 737 - X
= 3 AV \’ n
/\‘/ T 4
TILL, SL. CALC., 6YP.,[¢6R, BR., LT, YEL. BR., : D) =+ 6R., OL. m.—%ﬁ’?m [3
! —— ‘. i - ,A\. *
o p—— s
—— e NN
) SR &' i <
: e MO = 5
T it s YA !
: : Y = ?
TILL, SL. CALC., GR. : : N s ? ;,-
> : SN/ k 2
T NN 3
SILT, SANDY, CALC., GR. et - = , 5L, CALC., B GR ¢
ISAND, MED.- (0., PEBBLY, -3 6R. : Tt
R ey : i ! S
GRAVEL, PEEBLES + FRAGS —§— 10-50 mt < : S =
i : I 24 /\/ : 1 C $—)
I C4 AR AVAN t - d
TILL, SL. CALC., 6R. 1% o sy I =3
I i | L i :
B ‘s‘ AWAN : ‘{ : - )
: VY4 H PO [ /]
— . = e ‘ngwcx SURFACE £
TLAY, SILTY, NOWCALL,, —-4/ LT. GR. i T T S S i s
+ T+ —_— T T
e o o e o e I ; Y — - P i
SILT+ CLAY, MORCALC., 131 LT, 6R.* BR.— S Mt 1 T
o :
£ Il B I LY 1
T 1 s e P
< T M —
CLAY, SILTY, NOMCALC., R, i — 3
EEH |
LAY, NORCALL., GR.~ DK, GR. . - 4
Y, A S T T b=
p 1 . o Ay L]
SILT, smr!m_ G‘R.{ : i r;SW T, mncm., GR.
i et G“::L : s 25— SAWD, SILTY, WOACALC.., GR
_.L._!._L_‘._]_I_L i L. [ == —
CLAY, SILTY, WOWCALC., 7] GR. K] = - CEMENTED SWADSTONE (FIELD L06) ]
OV S N N 00 O O O | i __,'»‘U(— P2 T SN A ,,-. | SN0 N DR I
T IR I l | [ 2 O T S ML | S T
| S SO A S R N T | i LA . PO —— - bl L
M 10 2 k] 40 50
\ Saskatchewan 0, /s
/ Highways and
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SHT 73B/06 1996
LANGHAM NO.121
SE-02-22-39-08-W3
13:359198E/ 5_803151N
BOREHOLE
BOREHOLE NO. __12_1____ens 73-B/06 PROJECT LANGHAM
A Y Ties S IO e S B o T
SET_l06.72mH
GRD, ELEV. _496.771M DEPTH _12.8M __  CUTIING SAMPLE INTERVAL . 1.5M
DATE DRLED AUG, 12 T0 AUE,.A_ 199%___ CORE SAMPLE INTERVAL
COND.WATER 600 MICROSIEMENS/CMATZC  FROM
COND MUD _ 5200 MICROSIEMENS/CM AT 25°C  CASING DEPTH
SPECIFIC GRAVITY MUD CASING WALL THICKNESS
SUPERVISOR L. SINCLAIR WATER OR MUD LEVEL
ASST SUPERVISOR AANOONMENT _ STANDPTPETRSTACTED™
LOGGED BY L. SIRCEAIR BT Szt b 374 WALPAC ITERVAL 0-12.8
INSTRUMENT NIDCO 1500 BT ST INTERVAL
PROBE ELECTRIC BT SuE INTERVAL
PROBE GAMMA TYPE OF DRILL RIG 1250 FAILING
LOGGED AUGUST 13 1956 DEPTH SCALE SPEED
#'.“ﬁ OF L06GING _ 0970 nrs 70 1030 WRS _JZul 2 sal 20 mV ]
DRILL OPERATOR M. MILLER 14 : 0%22!45 15 w/min
CONTRACTOR — 2 82 cps 8wy
REMARKS _ ASS'T OPERATOR; M, MINCHUK

)

GAMMA TIME CONSTANT (1.C)____> SECONDS
GEOLOGY BY A
CUTTING SAMPLE DESCRIPTION
GAMA- RAY R
0 cps 100 20 0 onms 2
T4 m—— s e s
nmsum _;.w.c’..tsfv T, YEL'. IBR’/GIR. nfz., Y= : } — . 04,. BR. STATNS -}
i T ) ! 1 it H + DN +
TILL, CATEY, SL. CALC., GYP., GR. BR./IK. 6R. BR. O] - i : ——
Y, S, CALC., K. BB 1 : o9y = i cum, s wc., GR. K. 6R.—]
GMVEL, SNDY, —F— nlm. GR.] - ; : ; : - CFFA
TILL, CLAYEY, CALC., GYP., OL. TS ;
12.80 10
= Saskatchewan
/r Highways and
Transportation

14



SHT

73B/06

1996

LANGHAM NO.122
SW-13-14-39-08-w3

13:359784E/5802814N
"~ BOREHOLE
BOREHOLE O, 122 G - B 73-B/06  pRoJECT LANGHAN
LAND 10CATIO CONTROL SECTION ___16-23
STATION OFFSET

UTM COORD. 13 359783 7Q8E/5&12813 893K
67,008

GRD. ELEY. __S01,135m DEPTH

DATE DRILLED AUG. 27 10 AUG. 27, 1996

COND.WATER _600 ____ MICROSIEMENS/CM AT 25°C
COND. MuD _3500_____ MICROSIEMENS/CM AT 25° C
SPECIFIC GRAVITY MUD

SUPERVISOR 1, SINCLATR

ASST SUPERVISOR

LOGGED BY [ SINCLAIR
INSTRUMENT WIDCO 1500

PROBE ELECTRIC

PROBE GAMMA

PROBE CALIPER

DATELOGGED __ AUGUST 27 .19

TIME OF LOGGING __1700 nas_ Yo 1830 n §
DRILL OPERATOR ___M. MILLER

CONTRACTOR

REMARKS ASS'1 OPERATOR: T. GELECH

CUTTING SAMPLE INTERVAL 1.5n

CORE SAMPLE INTERVAL __.__

FROM
CASING DEPTH
CASING WALL THICKNESS

WATERORMUDLEVEL _________ =~~~

ABANDONMENT

BIT SIZE 43/4% HALHAC IMERVN. 0-67.05 8

8IT SIZE INTERVAL
BIT SizE INTERYAL
TYPE OF DRILL RIG __1250 FAILING
DEPTH SCALE SPEED
P. (YA 20 Wy 15 m/min
RES, 67 M 20 OHMS 15 m/min
MMA| 67m | 0-100 ces 8 M/MIN
67M | ]1/4-18" 15 m/min
GAMMA TIME CONSTANT(TC)

GEOLOGY BY E.A. CHRISTIANSEN 11/09/96

CUTTING SAMPLE DESCRIPTION

il

GAMMA-RAY sp ©R CALIPER

0 cPs 100 20 My . 0 0 OHNS 20 114 INCHES 18
T T I A 0 — T T s 5 ) 1 - .
SILT, ST, CALC./SL. 1 CALC., PALE VEL., e - LT. OL. BR. STAINS I :
SAND, V.FIRE, ———= u YEL BR.‘H i - E—— i
T N N N T NN A I | N ./l\./ 7 8 B y_i *

TILL, SARDY, CALC ;X VP - [T BR. R, I Y NSTATHED & ;

I t NIN - S B :

o : 5! AYZ i
11 1 1T A 1 ‘\/\. [ F A
TILL, CLAYEY, SL. CALC.,4%] GIP., GR.*GR, ER., 5 LN hY ;0L. BR. STAINS
| SR OO 00 TR O N A A | SO0 DN S | < AWA A

P T 1T TP T T 1% | U S VO | \‘/\‘ T T j
TILL, CALC., GVP., OL., L] LT. GL. BR. STAINS NN ; ¢ o

L 0 <.\/‘ N A— i
TILL AS ABOVE + FINE 4ot GRAVEL Az ; i
T T KAVA - 4
TILL, CALC., 6YP., OL. g ‘ NN 3 W —

EEECET o

I 0 NN ‘ ‘\! :
TILL, CLAYEY, SL. CALC.——-CALC., GYP., OL.¥ GR, /NS — »

e ra————

I - | AVE : i

TILL, SANDY, SL. CALC.|—EIGYP., LT, BR. GR, L. N - I

A e - N } \‘?: i
TILL, CLAYEY, CALC./SL.-#* CALC., GYP., OL, 6R.——7 NN - {

B S N SN S N N S | F IS S T N | i " 7
0 A O 11 AN ! €
TILL, CLAVEY, SL. CALC.|-CALC., GR. & NN N ]

| N O O A | | H P
1 ! ¥} NS % « ¢
TILL, SL. CALC.-CALC., GR, 7 >/\ N\ 1
d 504/ N > ‘, ' /
2 —\ £N450 - /i : {
E : e /N ¥ ! ——
1 i i H : 1
TILL, CLAVEY, SL. CALC.—>b— GR.- DK GR.—j— i T——— () ——"
'I; SN/ 3 f
o —nn - =t~ CIBEDROCK_SURFACE —
- f bt —L -
JCLAY, BENTONITIC, RORCALC., GRN. GR, X Pl i j
N A AN G I | T+ T g T )
CLAY, SILTY, honcale. 13 sk -1 == o e
67n 10 20 30 40 50
\ Saskatchewan €0, /e
f Highways and
Transportation
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SHT

73B/06

1996

LANGHAM NO.123
NE-16-15-39-08-W3

13:359591E/5802922N
BOREHOLE
BOREHOLE NO. N1s. 73-B/06  pRoject LANGHAM
LAKD LOCATION E’-IB-B 39-08-W3 CONTROL SECTION 16-23
UTM COORD. _13:358501 170E/5802922 1850 STATION_34*823 .20 1 OFFSET 75,340 mSOU
GRD, ELEV. 500.226M  DEPTH CUTTING SAMPLE INTERVAL ____1.5W
DATE DRILLED AUG. 28 1o _AUG. 28 1995 CORE SAMPLE INTERVAL
COND. WATER _zﬁnn__mcaosmazusxcu AT25'C  FROM
COND. MUD MICROSIEMENS/CM AT 25'C  CASING DEPTH
SPECIFIC GRAVITY MUD CASING WALL THICKNESS
SUPERVISOR L. SINCLAIR WATER OR MUD LEVEL I
ASST SUPERVISOR ABANDONMENT GROUTED -
LOGGED BY L. SINCLAIR BIT SiZE 43/4* WALMAC  INTERVAL 0-/3.108
INSTRUMENT WIDCO 1500 BIT SIZE INTERVAL
PROBE ELECTRIC BIT SZE INTERVAL
:;g:g &ALmA TYPE OF DRIL RIG 1250 FAILING
DATE LOGGED _____AUGUST 28 19! DEPTH SNE SPEED
TIME OF LOGGING 1530 w5 _T0 _l§.39.14_ks_ A Iim ny 1o H/MIN
DRIL OPERATR K. MILLE L T oMy 1 1o M/MIN
CONTRACT MMAT 73 m 0-100 cps 8 M/MIN
ngmxs AS 7T OPERATOR: 1. GELECH 3w | 11/4-18* 15 m/min
GAMMA TIME CONSTANT g %
ceology BY ELA, CHRIS IAHSEN

CUTTING SAMPLE DESCRIPTION

NH\\

GAMMA-RAY P R CALIPER
0 =43 100 20 M 0 0 OHMS 2 14 INCHES 18
I O U O 000 T I U O T I B T o) 0§ wprsesesrmy= 5 (0 0 y
CLAY, SILTY, SL. CALC.,; GYP., OL. GR. Aoap ! 4
A B B 2 b
TILL, SANDY, CALC.,-p—— GYP,, UNSTAINED N 1
| N I — g RAVEL, } BR.
TILL, SL. CALC. - 6YP., GR. BR., LT. OL. BR. STAINS
. ] S amm -
TILL, ST, CALC | T—b—-CALC., 67P., GR. BR.— 0L, BR. STATS
I I P N 0 A A N A 5
TILL, SANDY , {1 —twg SL. CALC., DK, GR. BR..} B
I | A ; ] = TILL, SL. CALC., GYP.]H IK. GR., BR.-]
TILL, CLAYEY, & SCChLC,, G, 4 IO 6R, BR./0L. GR.: ]
v Ny T f
= i WA 3 i
TITL, SL, CALC.-CALC.—5-|61P., GR, BR.+OL, BR. 1} INg {
P _\ N g :1
3 oL ]
TILL, SMOY, CALC., & 6vP., PALE 0L, O A T, 0L bR, STATS
. e P .
e e A M e <\°/
TILL, SL. CALC.-CALC,, = GYP., OL. GR. 4 NN
R O A A W O O I T N/ J
Ty LI AN
PRV TN RS AR A WO I M 3 A A S T hYAY e 4
TILL, SL. CALC.-CALC.,} = GYP,,LT. BR. GR. PR \ 1T. YEL. BR. =4
N Emmmmman S Ees
T llll!;;_ A 4
o 2y - (X ) . wat . A H v
TILL, SL. CALC.-CAL ? GYP,, GR., OL. GR oL NAE ¢
X EVAYY Z N
5 50 A 450 &
i i 7 -
TiLL, SL. CALC.-CALC.,{=t» GR. ‘{ ] /(/ K ?
N ! AWAN : Q\ J
/Ny )
TILL, SL. CALC., GR. —1¢ N o N AL
™ [1
= N ¥
{ - : \N/NED P
BENTONTTE, MONCALC,, 11| GRA. GR. s I BRI SURFACE
0 S TN U SN N N | G N i 1] L — T
CLAY, SILTY, 1P~ NONCALC., GR, — e iy
73n 10 20 30 I 50
Saskatchewan 0, WJs
Highways and ‘
Trangportation
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Appendix B. Carbonate content of tills, particle size analysis of bedrock,
and X-ray diffraction analysis of bentonite.
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BR2
LS6
LS6
LS6
LS6
LS6
LS6
LS6
LS6
LS6
LS6
LS6
LS6
LS6
LS6
LS6
LS6
LS6
LS6
LS6
BR2
LS6
LS6
LS6
LS6
LS6
LS6
| LS6

SASKATCHEWAN RESEARCH COUNCIL GEOCHEMICAL LAB

SHT LANGHAM 117 BOREHOLE

3 E.A. CHRISTIANSEN AUG. 1/96 (28) PG.

>Ca BY AA

$Mg BY AA

Wt% DOLOMITE=COL.2%7.5852
Wt% CALCITE=(COL.1-(COL.2%1.6486))%2.4973
TOTAL Wt% CO3 (COL.3+COL.4)
WT$DOLOMITE/Wt% CALCITE (COL.3/COL.4)

CO2 FROM CALCITE=COL.4%2.238

CO2 FROM DOLOMITE=COL.3*%2.429

TOTAL CO2=COL.7+COL.8

0T96 .71

DEPTH m %Ca sMg WT%DO WT%CAL

5.02 1.46 11.07 6.53

670 4.3 3.56 1.31 9.5%4 3.50
671 5.3 3.53 1.26 9.56 3.63
672 6.9 3.52 1.27 9.63 3.56
673 8.4 2.88 0.95 7.21 3.28
674 9.9 2.63 1.08 8.19 2.12
675 11.4 3.13 1.10 8.34 3.29
676 13.0 3.46 0.99 7.51 4.56
677 14.5 3.75 1.04 7.89 5.08
678 16.0 3.15 0.86 6.52 4.33
679 17.5 3.10 0.88 6.67 4.12
680 19.1 3.16 0.90 6.83 4.19
681 20.6 2.98 0.89 6.75 3.78
682 22.1 3.51 0.96 7.28 4.81
684 25.2 3.38 0.95 7.21 4 .53
686 28.2 2.83 0.88 6.67 3.44
688 31.3 2.73 0.83 6.30 3.40
690 34.3 3.13 1.01 7.66 3.66
692 37.4 3.39 1.06 8.04 4.10
694 40.4 3.11 0.91 6.90 4.02
5.09 1.55 11.76 6.33

696 43.5 2.74 0.82 6.22 3.47
698 46 .5 3.26 0.88 6.67 4.52
700 49.6 3.33 0.98 7.43 4.28
702 52.6 3.09 0.93 7.05 3.89
704 55.6 3.02 0.80 6.07 4.25
706 58.7 2.90 0.73 5.54 4.24
707 60.2 2.98 0.73 5.54 4.44

2373

[0.5 GM BR DIG.]

CO3TOT DO/CAL CO2CAL

17.
.43
.19
.20
.49
10.
11.
12.
.97
.85
.79
11.
.53
.09
11.
10.
.70
11.
.14
.92
.09

9.
11.
11.
10.
.32
.77
9.

13
13
13
10

12
10
10

10
12

S
12

10
18

10
9

60

31
63
07

01

74

12

32

69
19
71
94

97

HHERRPHEHEBERRROHRRERRPEHERERERREDWODNNDNDE

.70
.84
.63
.70
.20
.86
.54
.65
.55
.51
.62
.63
.79
.51
.59
.94
.85
.09
.96
.72
.86
.79
.48
.74
.81
.43
.31
.25

1

= B

’—l

=
WWOWOWOWOIHRWVWOWOINOONWOWUOUHONE JIJ0Ik

.60
.83
.12
.97
.34
.75
.36
.22
.38
.68
.22
.37
.45
.77
.14
.71
.61
.19
.18
.00
.17
.76
.11
.58
.70
.51
.48
.93

18

CO2DOL CO2TOT

26.
.14
.21
.40
17.
.90
20.
.24
.16
.85
.21
.58
.40

24
23
23

19

18
19
15
16
16
16

17.
.50

17

16.
15.
.61
.53
16.
.56
.11
.21

18
19

28
15
16

18.
17.
14.
.45
.45

13
13

90

50

27

69
21
29

77

06
13
74

41.
31.
31.
31.
24.
24.
27.
.46
30.
25.
25.
25.
.85
28.
.64
23.
22.
.80
28.
25.
.72
.87
.33

28

24

27

26

42
22
26

27.
25.
.25

24

22.
.38

23

50
96
33
37
85
65
62

54
53
43
95
46

92
80

71
76

64
84

93
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BR2
- LS6
LS6
LS6
' LS6
LS6
LS6
LS6
LS6
LS6
LS6
LS6
LS6
LS6
LS6
LS6
LS6
LS6
- LS6
LS6
BR2
LS6
LS6
LS6
LS6
LS6
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$Ca BY AA

$Mg BY AA

Wt% DOLOMITE=COL.2*7.5852
Wt% CALCITE=(COL.1-{(COL.2*1.6486))%*2.4973
TOTAL Wt% CO3 (COL.3+COL.4)
WT%DOLOMITE/Wt% CALCITE (COL.3/COL.4)

CO2 FROM CALCITE=COQOL.4%*2.238

CO2 FROM DOLOMITE=COL.3%*2.429

TOTAL CO2=COL.7+COL. 8

OT96.75

%Ca Mg WT$DO WT%CAL

5.00 1.55 11.76 6.11
1005-3.8m 2.95 1.19 9.03 2.47
1006-5.0m 3.03 1.30 9.86 2.21
1006-5.8m 2.24 0.89 6.75 1.93
1007-6.9m 1.27 0.48 3.64 1.20
1008-8.4m 3.26 1.14 8.65 3.45
1009-9.9m 3.24 1.07 8.12 3.69
1010-11.0m 3.85 1.53 11.61 3.32
1011-14.5m 3.47 0.94 7.13 4.80
1013-16.0m 3.63 1.04 7.89 4.78
1015-19.1m 3.71 1.01 7.66 5.11
1017-22.1m 4.39 0.94 7.13 7.09
1019-25.2m 3.42 0.92 6.98 4.75
1022-29.7m 2.99 0.89 6.75 3.80
1024-32.8m 2.90 0.85 6.45 3.74
1026-35.5m 2.86 0.87 6.60 3.56
1028-38.9m 3.07 0.85 6.45 4.17
1030-41.9m 3.54 0.93 7.05 5.01
1032-45.0m 3.25 0.95 7.21 4.21
1034-48.0m 3.33 0.95 7.21 4.40

5.18 1.53 11.61 6.64
1036-51.1m 2.93 0.78 5.92 4.11
1037-52.6m 3.03 0.72 5.46 4.60
1038-54.1m 3.04 0.68 5.16 4.79
1039-55.6m 3.04 0.76 5.76 4.46
1040-57.2m 3.00 0.70 5.31 4.61

E.A. CHRISTIANSEN AUG. 13/96 (26) PG.

2422

[0.5 GM BR DIG.]

19

CO03TOT DO/CAL CO2CAL CO2DOL CO2TOT

17.
11.
12.

8.
.84
12.
11.
.92
.93
.67

4

14
11
12

12.
.22

14

11.
.55
.19
.16
10.
12.
11.
11.
.24
.02
.06
9.
.23
.92

10
10
10

18
10
10

10
)

86
49
08
68

09
80

77

73

61
07
41
61

95

PHRRPRPPHEHHEREPRPRHEERREHEMEPRHEODODNDWWES W

.93
.66
.45
.50
.05
.51
.20
.50
.49
.65
.50
.01
.47
.78
.72
.85
.55
.41
.71
.64
.75
.44
.19
.08
.29
.15

1

.66
.52
.96
.32
.68
.72
.25
.42
.73
.71
.43
.87
.64
.51
.38
.97
.33
.22
.41
.86
.85
.19
.30
.72
.99
.32

28

23
16
8

19

17
19
18

16
16
15
16

28
14

12
14
12

.56
21.

93

.95
.40
.84
21.

00

.71
28.
.32
.16
.61
17.
.95
.40
.66
.03
15.
17.
17.
17.
.19
.37
13.
.53
.00
.90

19

32

66
13
50
50

27

42

20

11.
.72
27.
35.
28.
29.
.04
33.
27.
.91

28

30

24

24.
24,
24.
.35
26.
27.
43.
.56
23.
23.
23.
.21

28

23

23

.22
27.
28.
.72

45
91

52

96
61
05
87

19
59

04
00
99

91
36
04

57
25
99
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334 E.A. CHRISTIANSEN AUG. 13/96 (17) PG.
1 %Ca BY AA 0T96.76
2 $Mg BY AA
3 Wt% DOLOMITE=COL.2%7.5852
4 Wt% CALCITE=(COL.1- (COL.2*1.6486))*2.4973
5 TOTAL Wt$% CO3 (COL.3+COL.4)
6 WT%DOLOMITE/Wt% CALCITE (COL.3/COL.4)
7 CO2 FROM CALCITE=COL.4%2.238
8 CO2 FROM DOLOMITE=COL.3%2.429
9 TOTAL CO2=COL.7+COL.8
%Ca $Mg WT%DO WT%CAL
BR2 5.15 1.54 11.68  6.52
LS6 1056-14.5m 3.79 1.35 10.24 3.91
LS6 1057-16.0m 3.36 1.21 9.18  3.41
LS6 1058-17.5m 3.42 1.24 9.41  3.44
LS6 1059-19.1m 3.33  1.18 8.95 3.46
LS6 1074-41.0m 2.99 0.80 6.07 4.17
LS6 1075-43.5m 2.60 1.02 7.74 2.29
LS6 1076-45.0m 2.91 1.05 7.96 2.94
- LS6 1077-46.5m 2.53 1.01 7.66 2.16
LS6 1078-47.4m 2.41  0.97 7.36  2.02
LS6 1080-51.0m 2.45 0.78 5.92 2.91
LS6 1082-54.1m 1.92 0.83 6.30 1.38
LS6 1083-56.4m 2.05 0.74 5.61 2.07
LS6 1084-57.0m 2.16 0.83 6.30 1.98
LS6 1085-58.7m 1.17 0.48 3.64 0.95
LS6 1090-66.6m 3.18 1.01 7.66 3.78
LS6 1091-67.4m 3.31  1.13 8.57 3.61

2423

[0.5 GM BR DIG.]

20

CO3TOT DO/CAL CO2CAL CO2DOL CO2TOT

18
12
12

10
10

N0 W

o

.20
14.
.59
12.
.41
.24
.03
10.
.82
.38
.82
.67
.69
.27
.59
.44
.19

15

84

91

NNV WWNDNWWNWENDNDNDNDRK

.79
.62
.69
.74
.59
.45
.37
.71
.55
.63
.04
.57
.71
.18
.85
.03
.37

1

OOND P WAL PROAUIWYWIIN] 0D

.59
.74
.63
.69
.74
.34
.13
.59
.83
.53
.51
.08
.64
.42
.12
.47
.09

28
24
22

14
18
19
18

14
15
13
15

8
18
20

.37
.87
.29
22.
21.
.74
.79
.35
.61
17.

85
74

87

.37
.29
.63
.29
.84
.61
.82

42,
.62
29.
30.
29.
24 .
.93
25,
23.
.40
.88
.38
.27
19.
10.
27.
28.

33

23

22
20
18
18

97

92
54
48
08

93
44

72
96
08
91
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5 E.A. CHRISTIANSEN AUG. 13/96 (25) PG. 2424 [0.5 GM REG. DIG.]
%Ca BY AA 0T96.77
$Mg BY AA
Wt% DOLOMITE=COL.2%7.5852
Wt% CALCITE=(COL.1- (COL.2%1.6486))*2.4973
TOTAL Wt% CO3 (COL.3+COL.4)
WT%DOLOMITE/Wt% CALCITE (COL.3/COL.4)
CO2 FROM CALCITE=COL.4%*2.238
CO2 FROM DOLOMITE=COL.3%2.429
TOTAL CO2=COL.7+COL. 8
%Ca $Mg WT%DO WT%CAL CO3TOT DO/CAL CO2CAL CO2DOL CO2TOT
5.03 1.53 11.61 6.26 17.87 1.85 14.02 28.19 42.20
1099-0.8m 3.40 1.34 10.16 2.97 13.14 3.42 6.66 24.69 31.34
1100-2.3m 3.10 1.30 9.86 2.39 12.25 4.13 5.35 23.95 29.30
1101-3.8m 2.78 1.11 8.42 2.37 10.79 3.55 5.31 20.45 25.76
1102-5.3m 2.28 0.95 7.21 1.78 8.99 4.04 3.99 17.50 21.49
1104-8.4m 2.61 0.95 7.21 2.61 9.81 2.76 5.83 17.50 23.34
1106-11.4m 2.29 0.82 6.22 2.34 8.56 2.65 5.24 15.11 20.35
1108-14.5m 3.16 0.94 7.13 4.02 11.15 1.77 9.00 17.32 26.32
1110-17.5m 3.88 1.09 8.27 5.20 13.47 1.59 11.64 20.08 31.72
1112-20.6m 4.01 0.92 6.98 6.23 13.20 1.12 13.93 16.95 30.89
1114-23.6m 3.59 1.04 7.89 4.68 12.57 1.68 10.48 19.16 29.64
1116-26.7m 3.69 0.96 7.28 5.26 12.54 1.38 11.78 17.69 29.47
1118-29.7m 3.28 0.84 6.37 4.73 11.10 1.35 10.59 15.48 26.07
1120-32.8m 2.48 0.75 5.69 3.11 8.79 1.83 6.95 13.82 20.77
1122-35.8m 3.29 0.98 7.43 4.18 11.61 1.78 9.36 18.06 27.41
1124-38.9m 3.49 0.97 7.36 4.72 12.08 1.56 10.57 17.87 28.44
1126-41.9m 3.81 1.01 7.66 5.36 13.02 1.43 11.99 18.61 30.60
1132-51.1m 3.04 0.79 5.99 4.34 10.33 1.38 9.71 14.56 24.27
1133-52.6m 2.66 0.62 4.70 4.09 8.79 1.15 9.15 11.42 20.58
1134-54.1m 2.91 0.65 4.93 4.59 9.52 1.07 10.27 11.98 22.25
5.19 1.53 11.61 6.66 18.27 1.74 14.91 28.19 43.10
1135-55.6m 3.09 0.72 5.46 4.75 10.21 1.15 10.64 13.27 23.90
1136-57.2m 3.01 0.73 5.54 4.51 10.05 1.23 10.10 13.45 23.55
1137-58.7m 2.58 0.68 5.16 3.64 8.80 1.42 8.15 12.53 20.68
1139-61.8m 1.00 0.47 3.57 0.56 4.13 6.34 1.26 8.66 9.92
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7 E.A. CHRISTIANSEN AUG. 20/96 (10) PG. 2495 [0.5 GM BR DIG]

%$Ca BY 1ICP OT96.89

$Mg BY ICP

Wt% DOLOMITE=COL.2%7.5852

Wt% CALCITE=(COL.1-(COL.2%1.6486))*2.4973

TOTAL Wt% CO3 (COL.3+COL.4)

WT%DOLOMITE/Wt% CALCITE (COL.3/COL.4)

CO2 FROM CALCITE=COL.4%*2.238

CO2 FROM DOLOMITE=COL.3%*2.429

TOTAL CO2=COL.7+COL.8

%Ca $Mg WT%DO WT%CAL CO3TOT DO/CAL CO2CAL
5.21 1.57 11.91 6.55 18.46 1.82 14.65 28.

1159-1.1m 3.50 1.39 10.54 3.02 13.56 3.49 6.75 25
1160-2.3m 2.93 1.20 9.10 2.38 11.48 3.83 5.32 22.
1161-3.8m 3.31  1.16 8.80 3.49 12.29 2.52 7.81 21.
1162-5.6m 1.96 0.83 6.30 1.48 7.77 4.26 3.31 15.
1163-6.9m 2.50 0.91 6.90 2.50 9.40 2.76 5.59 16
1164-8.4m 0.45 0.28 2.12 -0.03 2.09 -73.27 -0.06
1165-9.9m 0.50 0.31 2.35 -0.03 2.32 -85.09 -0.06
1166-11.1m 1.79 0.68 5.16 1.67 6.83 3.09 3.74 12.
1167-12.5m 3.04 0.75 5.69 4.50 10.19 1.26 10.08 13.

22

CO2DOL CO2TOT

93

.61

11
37
29

.77
5.
5.

16
71
53
82

43
32

22

5.
5.
.27
.90

16
23

.58
.36
27.
29.
18.
.35

43
18
60

09
65
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M420 E. A. CHRISTIANSEN SEPT 9/96 (22) PG. 2598 [CA/MG DIG]
1 %$Ca BY ICP 0T96.111
2 $Mg BY ICP
3 Wt% DOLOMITE=COL.2*7.5852
4 Wt% CALCITE=(COL.1-(COL.2*%1.6486))*2.4973
5 TOTAL Wt% CO3 (COL.3+COL.4)
6 WI$DOLOMITE/Wt% CALCITE (COL.3/COL.4)
7 CO2 FROM CALCITE=COL.4%*2.238
8 CO2 FROM DOLOMITE=COL.3%2.429
9 TOTAL CO2=COL.7+COL.8

%Ca $Mg WT%DO WT%CAL CO3TOT DO/CAL CO2CAL CO2DOL CO2TOT

BR2 5.21 1.53 11.61 6.71 18.32 1.73 15.02 28.19 43.21
Ls6 1171-5.3m 4.07 1.44 10.92 4.24 15.16 2.58 9.48 26.53 36.01
LS6 1172-6.9m 3.83 1.34 10.16 4.05 14.21 2.51 9.06 24.69 33.75
Ls6 1173-8.0m 4.27 1.33 10.09 5.19 15.28 1.94 11.61 24.50 36.11
LS6 1174-9.9m 2.43 0.96 7.28 2.12 9.40 3.44 4.74 17.69 22.42
LS6 1175-11.4m 2.52 0.83 6.30 2.88 9.17 2.19 6.44 15.29 21.73
- LS6 1176-13.0m 1.81 0.64 4.85 1.89 6.74 2.58 4.22 11.79 16.01
LS6 1178-16.0m 4.03 0.%4 7.13 6.19 13.32 1.15 13.86 17.32 31.18
' Lse 1180-19.1m 4.23 1.02 7.74 6.36 14.10 1.22 14.24 18.79 33.04
LS6 1182-22.1m 3.53 0.95 7.21 4.90 12.11 1.47 10.98 17.50 28.48
LS6 1184-25.2m 3.43 0.54 7.13 4.70 11.83 1.52 10.51%1 17.32 27.83
- LS6 1186-28.2m 3.95 1.11 8.42 5.29 13.71 1.59 11.85 20.45 32.30
LS6 1188-31.3m 3.15 0.88 6.67 4.24 10.92 1.57 9.50 16.21 25.71
" LS6 1190-34.3m 2.23 0.66 5.01 2.85 7.86 1.76 6.38 12.16 18.54
LS6 1192-37.4m 3.29 0.97 7.36 4.22 11.58 1.74 9.45 17.87 27.32
LS6 1194-40.4m 3.09 0.91 6.90 3.97 10.87 1.74 8.89 16.77 25.65
- LS6 1196-43.5m 3.45 0.90 6.83 4.91 11.74 1.39 10.99 16.58 27.57
L.S6 1198-46.5m 3.38 0.95 7.21 4.53 11.74 1.59 10.14 17.50 27.64
LS6 1200-49.6m 3.68 0.96 7.28 5.24 12.52 1.39 11.72 17.69 29.41
LS6 1202-52.6m 2.81 0.69 5.23 4.18 9.41 1.25 9.35 12.71 22.06
BR2 5.15 1.60 12.14 6.27 18.41 1.93 14.04 29.48 43.52
LS6 1204-55.6m 2.78 0.71 5.39 4.02 9.40 1.34 9.00 13.08 22.08
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1 E.A. CHRISTIANSEN SEPT 9/96 (30) PG.

%Ca BY ICP

$Mg BY ICP

Wt% DOLOMITE=COL.2%*7.5852
Wt% CALCITE=(COL.1- (COL.2%1.6486))*%2.4973
TOTAL Wt% CO3 (COL.3+COL.4)
WT%DOLOMITE/Wt% CALCITE (COL.3/COL.4)

CO2 FROM CALCITE=COL.4%2.238

CO2 FROM DOLOMITE=COL.3%2.429

TOTAL CO2=COL.7+COL.8

0T96.112

%Ca Mg WT%DO WT%CAL

5.07 1.54 11.68 6.32
1214-3.8m 3.57 1.34 10.16 3.40
1215-5.3m 3.63 1.31 9.94 3.67
1216-6.9m 1.78 0.83 6.30 1.03
1217-7.8m 1.12 0.48 3.64 0.82
1217-8.5m 1.27 0.50 3.79 1.11
1218-9.9m 3.17 1.12 8.50 3.31
1219-11.4m 2.98 1.06 8.04 3.08
1220-13.0m 2.68 1.06 8.04 2.33
1221-14.5m 0.71 0.33 2.50 0.41
1223-17.5m 2.95 0.76 5.76 4.24
1224-19.1m 3.10 0.87 6.60 4.16
1225-20.6m 3.84 0.92 6.98 5.80
1227-23.6m 3.81 1.02 7.74 5.32
1229-26.7m 3.37 1.00 7.59 4.30
1231-29.7m 3.88 0.93 7.05 5.86
1232-31.3m 3.39 0.91 6.90 4.72
1233-32.8m 3.61 0.96 7.28 5.06
1235-35.8m 3.23 1.06 8.04 3.70
1237-38.9m 2.97 0.92 6.98 3.63

5.13 1.57 11.91 6.35
1239-41.9m 2.41 0.75 5.69 2.93
1241-45.0m 3.41 0.98 7.43 4.48
1243-48.0m 3.11 0.91 6.90 4.02
1245-51.1m 3.68 1.03 7.81 4.95
1247-54.1m 3.37 1.07 8.12 4.01
1249-57.2m 3.03 0.92 6.98 3.78
1251-60.2m 3.74 0.75 5.69 6.25
1253-63.3m 3.11 0.68 5.16 4.97
1255-66.3m 3.32 0.70 5.31 5.41

2599

(CA/MG DIG]

24

CO3TOT DO/CAL CO2CAL CO2DOL CO2TOT

18
13
13

4
4
11

10
2

10
13
12
11
12

10
18

12
12
10

10

.00
.56
.61
7.

32

.46
.91
.80
11.

12

.37
.92
10.

00

.76
12.

78

.05
11.

88

.91
.62
.34
11.
.61
.26

8.
11.
10.

74

62
91
92

.76
.13
.76
11.
10.

94
12

.72
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.94
.66
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.91
.04
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.49
.40
.89
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.98
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.99
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.25
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ENVIRO-TEST ANALYSIS REPORT

SHT LANGHAM 120

E. A. CHRISTANSEN CONSULTING LTD.
BOX 3087

SASKATOON, SK S7K 259

Lab#  ClientID Sand Silt Clay
S6 (%) (%) (%)
08-04401 LS6-1139 61.8M 7.8 43.1 49.1

METHOD: PSAZ2S - Particle Size Analysis by Pipette Method

Approved by @

o8016/9¢

FILE #56-08044

25

The results of the XRD mineralogical analysis of your sample LS6-1208/61.8 is as follows:

Sample Mineralogy (%) Mineral Ratios
smectite illite | chlorite | kaolinite | quartz | plagioclase | illite: cristobalite: quartz:
smectite smectite cristobalite
LS6-1208/61.8 95 0 0 0 5 0 0.00 0.04 0.25
(minimum) [M?nuw\\\ (maximum)

Sincerely

Jod

o

David Quirt
Research Scientist
Mineral Exploration Branch

‘Borehole SHT Langham 122(61.8m )

Sediment interpreted as bentonite (EAC)
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