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ABSTRACT

Approximately 6000 drill core samples from
Phanerozoic carbonates and shales were analyzed for
Cu, Zn, Pb, Mn, Fe and Ni in order to determine the
source of a galena pebble found near Balmoral and to
assess the potential for Mississippi Valley-type (MVT)
deposits to occur in southern Manitoba. Selected sam-
ples were analyzed for fluorine. Background values vary
from formation to formation, but Pb and Zn values that
exceed two standard deviations of the entire data set
occur in drill cores over a wide area. 

The Ordovician rocks of southeastern Manitoba con-
tain carbonate breccia and altered basal sandstones that
are affected by Precambrian basement highs; these fea-
tures suggest an environment similar to that of the
Viburnum Trend. Trace amounts of galena reportedly
occur in Winnipeg Formation rocks — a potential source
rock — in the Grindstone Point area. Some of the breccia
in the High Rock Lake area, previously attributed
to impactite activity, may represent solution collapse
breccia — a ubiquitous feature of MVT deposits. 

Devonian rocks in the Dawson Bay–Winnipegosis
area that are equivalent to the host rocks to the Pine
Point deposits are notably lacking the ubiquitous coarse
grained white sparry dolomite crystals that are wide-
spread in the Pine Point district. The 'prairie-type' miner-
alization discovered in the Mafeking area has gangue
minerals and a mode of occurrence that resembles Upper
Mississippi Valley-type deposits. This mineralization
occurs above the Precambrian Churchill–Superior
Boundary Zone and faults in this basement probably pro-
vided channelways for fluid and metal migration into the
overlying carbonate rocks.

INTRODUCTION

The recovery of a small egg-sized galena pebble
from the Doan family garden in the vicinity of Balmoral,
Manitoba (Fig. 1; McCabe, 1969) prompted searches for
additional pebbles by several exploration companies
(H. R. McCabe, pers. comm., 1980). These investigations
included examining fields and rock piles for mineralized
boulders, analyses of oil well cuttings by XRF, and geo-
chemical soil sampling programs. These programs did
not reveal any new occurrences and interest waned in
finding the source of the Balmoral pebble. Till and drill
core studies were initiated in 1980 to search for addition-
al galena pebbles, heavy minerals associated with
Mississippi Valley-type (MVT) mineralization and dia-
monds (Gale et al., 1981; Nielsen, 1982).

Results from the initial till investigations determined
that the Balmoral pebble had been found in a thick unit of
uncompacted till with clay interbeds that had been
deposited on top of the basal till in this area. It was con-
cluded that the Balmoral galena pebble was found in
waterlain till deposited by icebergs in glacial Lake
Agassiz; it was probably deposited as a 'drop stone' from
floating ice (Gale et al., 1981; Nielsen, 1989).

A galena pebble was reportedly found by a Mr. Jones

of Cominco on July 11, 1968 at Kindersly, in southwest-
ern Saskatchewan (Bill Coombes, Saskatchewan
Geological Survey, pers. comm., 1982). Sphalerite and
galena were intersected in drill cores of Middle Devonian
carbonate rocks of the Lower and Upper Elk Point
Subgroups in Saskatchewan (Campeau and Kissen,
1988). Trace amounts of mineralization were intersected
in drill cores obtained by Occidental Petroleum in 1976.
The mineralization occurs in the Meadow Lake
Formation, which occurs above the Basal Red Bed that
has been correlated with the Ashern Formation of
Manitoba; the Meadow Lake Formation occurs below the
Winnipegosis Formation (Kent, 1999). The host rocks are
'quartzose arenaceous' and 'grey argillaceous' beds that
consist of dolomitic mudstone and minor wackestone
lenses (Campeau and Kissen, 1988). The Basal Red Bed
sits unconformably on the Winnipeg Formation quartz
sandstones in this area.

Galena was reported from two outcrops of Winnipeg
Formation sandstones near Grindstone Point by Genik
(1952). His description of the heavy minerals in the
Winnipeg Formation includes "Galena – A steel blue
cubic fragment may be tarnished pyrite grain. Galena
from Grindstone Point reported by F.D. Shepard (person-
al communication.) Outcrop at Grindstone Point has
some steely blue cubic crystal aggregates, may be gale-
na." (Genik, 1952, p. 88).

An occurrence of 'lead-zinc' in a trench on an island
on the west side at the Paleozoic/Precambrian contact in
the northern half of Lake Winnipeg was examined during
the 1960s by a staff geologist for D.S. Robertson
Consulting Co. The occurrence was reportedly under
claim at that time (J. Brummer, written comm., 1989). It is
surmised that the mineralization mentioned by J.
Brummer is probably the same as that noted by Mr.
Shepard who was employed at that time by the Mines
Branch of the Province of Manitoba. 

H. Keats (pers. comm., 1982) reported obtaining
galena in heavy mineral concentrates of beach sands
from the Balmoral area in 1967, but was unable to identi-
fy the sites during a field trip to the area in 1980. Nielsen
(1990) did not encounter significant trace amounts of lead
in Quaternary materials of southern Manitoba.

Several 1 mm long acicular grains of honey-coloured
sphalerite were identified in drill core (M-6-80) from the
Winnipegosis Formation by the first author in 1980. 

A pebble of pure galena, reportedly from the Birch
River area (Nielsen and Gale, 1982), was analyzed and
found to be isotopically identical to the Pine Point galena.
The isotopic data indicate that the sample was definitely
derived from Pine Point (G. Cumming, pers. comm.,
1983) and was unlikely to have been found in the Birch
River area. This is consistent with the absence of any
degree of rounding, the absence of a lead carbonate rind
and the Quaternary environment where the sample was
reportedly found. 

Following the discovery of the Balmoral pebble
(McCabe, 1969), exploration for MVT Pb-Zn mineraliza-
tion was undertaken by Cominco, Gulf Minerals and the
Exploration and Operations Branch of the Manitoba
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Figure 1: Location of drill cores of Phanerozoic rocks sampled. Shale deposits occur south of the Icebox paleoshoreline (Kessler, 1991).
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Mineral Resources Division.
Cominco undertook a reconnaissance study that

included analyzing oil well cuttings for Pb and Zn as well
as heavy mineral studies of beach sands and tills (W.
Wolf, Cominco, pers. comm., 1982). Gulf Minerals sam-
pled oil well cuttings and several drill cores. Their XRF
analytical data are included in Manitoba Industry, Trade
and Mines assessment files (A.F. 92192). The systemat-
ic increase and decrease in reported elemental values
suggest that considerable instrument drift occurred dur-
ing the analysis and elemental data spikes were not
obtained. In addition, Gulf Minerals conducted a regional
soil survey by collecting a shallow soil sample every ¼
mile along all accessible roads in the area west of Lake
Winnipeg and north of the City of Winnipeg. Anomalous
values were followed up, but no high values could be
repeated. Basal till was not sampled in this study (P.
Fisher, Gulf Minerals, pers. comm., 1984). Gulf Minerals
drilled four holes in the Minnitonas area before abandon-
ing the project.

Both Cominco and Gulf Minerals used chemical solu-
tions known as "zinc zap" and 'lead zap" to test boulder
piles in farmers fields. No mineralized boulders appear to
have been identified.

The Exploration and Operations Branch of the
Province of Manitoba sampled twigs and soils in the
Dawson Bay and Winnipegosis areas. A seismic survey
was conducted and four holes were drilled in the Dawson
Bay area of Lake Winnipegosis (Stephenson, 1973).

Brine pools, muds and springs in western Manitoba
were investigated for base and precious metal contents
(Stephenson, 1973; Evans, 1976; Wadien, 1984; Bezys
et al., 1997). Unpublished results of analyses of brines
performed by the Exploration and Operations Branch are
on file in the Manitoba Mines Branch nonconfidential
assessment files; anomalous base metal values were
obtained from a number of brine pool sediments situated
in Devonian rocks. Bezys et al., (1997) found anomalous
Au, Pd and Pt; anomalous Zn and Ni were also found at
the same brine sites (M. Fedikow, pers. comm., 1999).
Brines from springs west of Lake Winnipeg were ana-
lyzed by McRitchie and Kaszycki (1997) and Thorleifson
et al. (1998).

CURRENT STUDY

The Phanerozoic of Manitoba is extensively covered
by variable thicknesses of Quaternary clays and tills.
Outcrops are sparse and widely separated. A program of
till investigations was undertaken to assess the potential
for MVT mineralization in the Phanerozoic of southern
Manitoba. The results of the till investigations are sum-
marized in a report by Neilsen (1990). Concurrent stud-
ies were conducted on the heavy mineral contents of the
tills and the metal contents of selected drill cores. The
results of these two investigations are presented here.

Heavy mineral investigation
Portions of the till samples collected were sieved and

heavy minerals concentrated on a Wifley shaker table

(Nielsen, 1989). Visual examination of the concentrates
indicated that the most abundant minerals were magne-
tite, intergrowths of magnetite and ilmenite and garnet.
The heavy separates from the Wifley table were separat-
ed with heavy liquids. The heavy mineral portions were
separated into strongly- , weakly- , and non-magnetic
fractions using a hand magnet and a Franz Isodynamic
magnetic separator. The nonmagnetic fractions were
mounted on thin section glass and examined under the
binocular and polarizing microscopes. Sphalerite and
galena were not positively identified in any of these sam-
ples. 

A portion of the sample concentrates were examined
for diamond indicator minerals by Monopros in their lab-
oratories in Canada and South Africa. None of the sam-
ples was found to contain kimberlite indicator minerals
(Fowler, 1987).

A portion of the heavy mineral separates were
leached in acid and analyzed for Pb and Zn. No system-
atic geochemical anomalies were identified.

Drill core investigation
The Geological Services Branch undertook a sys-

tematic diamond drill program throughout southwestern
Manitoba to obtain samples for stratigraphic and map-
ping purposes (e.g. McCabe and Bannatyne, 1969a;
Bezys and Conley, 1999). This program resulted in a
large repository of well documented drill cores from all
Phanerozoic formations in the province. In addition to the
examination of available outcrops, drill core from this
repository were sampled and analyzed for selected base
metals (Gale et al., 1981; Nielsen and Gale, 1982, 1983,
1985) and major elements (Gale, 1991; Bamburak and
Gale, 1993).

The objective of the drill core investigation was to
determine if one or more of the formations contained evi-
dence that metalliferous fluids percolated through them,
and to direct follow-up investigations to those parts of the
formations that contain anomalous metal values.
Although brief accounts of MVT potential have been pre-
sented earlier (Gale et al., 1984, 1987, 1988), this paper
presents the analytical data for this project.

Methodology
Drill cores were selected from the repository to pro-

vide a composite stratigraphic fence that extends from
southeast of Balmoral to the Dawson Bay region (Fig. 1).
The cores sampled from this section provide data for
most of the formations that are exposed at surface, 'up
ice' from the Balmoral pebble site; this presumes that the
ice dropped galena pebble was derived from tills deposit-
ed in Manitoba.

Approximately 6300 drill core samples were collect-
ed. The drill cores sampled are indicated on Figure 1.
The number of samples analyzed from each formation
are tabulated in Table 1. Drill core logs are presented in
Table 2.

Sample preparation
Samples were obtained by cutting an approximately
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1 cm slice along the length of each core to provide a con-
tinuous sample for each interval sampled. The cut sam-
ples were combined over 1 m intervals and bagged in
plastic. Samples were crushed in a jaw crusher and pul-
verized in a tungsten-carbide swing mill. Both jaw crush-
er and swing mill were thoroughly cleaned between each
sample. Pulverized samples were stored in glass bottles.

Analytical procedures
A 0.200 g portion of powder was weighed into a test

tube and dissolved in a mixture of 0.5 ml HNO3 and 1.5
ml HCL (aqua regia). The samples were heated on a
steam bath for two hours then diluted to a final volume of
10 ml with distilled/deionized water. The samples were
mixed on a vortex mixer and allowed to settle for two
hours. 

Solutions were analyzed for Cu, Ni, Zn, Pb, Mn and
Fe by flame atomic absorption spectrometry (FAAS)
using either a Perkin Elmer AA6 or a Varian AA975 with
PSC 55 auto sample changer. Background correction
was used for all elements and Fe was run on a 10X dilu-
tion of the original solution. Standard deviations for the
analytical method at various concentrations are present-
ed in Table 3.

As part of the Quality Assurance process, every
batch of 64 samples was run with a BLANK, a duplicate
sample and a Certified Reference Material. Statistical
analysis of the data for the standard is presented in Table
4. The data are presented in Appendix 1.

Results
Analytical data are presented in Appendix 2.

Statistical information is presented for each element for
both the entire dataset and each formation in Table 4.
Sample concentrations that are ≥ 99 percentile of the
entire data set are tabulated and plotted by formation on
the figures in Appendix 3. The data are not discussed
individually in this report.

DISCUSSION

Significance of the Balmoral pebble
The 'Balmoral pebble' was found in a garden at

NE1/4 Sec. 26, Twp. 14, Rge 1 EPM near the town of
Balmoral, approximately 35 km north of Winnipeg. The
pebble measured approximately 2 x 3 x 1 cm, was well
rounded and has an outer thin shell of tan coloured mate-
rial that resembles Pb carbonate. It consists of almost

pure galena and trace carbonate. An assay of a portion
of the pebble gave 78% Pb and 8.46 oz./ton Ag.

Pb-isotope determinations were made on a portion of
the sample by the Geological Survey of Canada (GSC) in
1969 and are presented below with analyses of galena
from Flin Flon (R.M. Farquhar, Supply and Services
Canada, written comm., 1979). The obtained values are:

Ratios reported for the Balmoral pebble indicate a
non-Precambrian age. The ratios are distinctly different
than those obtained for the Pine Point galena (G.
Cumming, Univ. Alberta, pers. comm., 1984). The
Balmoral pebble appears to have ratios that are different
to those of known galena deposits in Manitoba and the
Upper Mississippi Valley district of the central United
States (Fig. 2). This suggests that it represents an
unknown mineralization.

Although it is possible that the source of the Balmoral
pebble may represent a unique type of mineralization
(e.g. a vein of mobilized Precambrian galena), in the
absence of any data to confirm its source this discussion
is focused on an evaluation of the potential for the
Phanerozoic of Manitoba to contain deposits similar to
those of known MVT mineralization such as that present
in the Pine Point, Viburnum and Upper Mississippi Valley
districts.

Characteristics of Mississippi Valley-type deposits
These deposits have the following characteristics

(Brown, 1970):
1. The ores all occur in dolomite.
2. The dominant ore minerals are zinc and lead

sulphides.
3. Lead is anomalous J-type; (note: B-type lead occurs  

at Pine Point and Cornwallis; Kerr, 1977).
4. The ores have low precious metals.
5. Barite and fluorite are associated with some deposits,

but absent in others.
6.   Sphalerite is low in iron content.
7.   Sphalerite, galena and fluorite are characteristically  

coarse grained.
8. Host rocks are not metamorphosed.
9. The ores are mainly stratabound.
10. Igneous activity is generally absent.
11. Ores formed from low temperature aqueous

solutions.
Anderson and McQueen (1982) emphasize that the

main characteristic features of MVT deposits are dolomi-
tization, karst development, lithologic and stratigraphic
controls and structure. Other notable features of these
deposits include: (a) zones of breccia collapse and solu-
tion cavities that predate mineralization; and, (b) coarse
grained sparry dolomite (e.g. Pine Point) or both dolomite
and calcite crystals (Viburnum) occur as gangue miner-
als. In order to evaluate the MVT potential in Manitoba,
brief descriptions of MVT deposits at Viburnum

Sample 206Pb/204Pb 207Pb/204Pb 208Pb/204Pb

Balmoral pebble       18.48                     15.68  39.03
NREP 1 Flin Flon     15.404   15.217                 34.983
NREP 2 Flin Flon  15.417   15.210   34.983

Element

Cu
Zn
Pb
Mn
Fe 
Ni

Std. Dev.
0-100 ppm

3
4
2

**
3

Std. Dev.
101-500 ppm

7
9
5

23

10

Std. Dev.
501-1000 ppm

21
56
45
85

12

Table 3: Standard deviations for aqua regia leach
analytical method and elements analyzed

** 0.31% for concentrations of 1.0–10.0% Fe



21

Table 4:  Mean, minimum, maximum and standard deviation for entire data set and for each formation

Entire Data Set
Cu (ppm) Zn (ppm) Pb (ppm) Mn (ppm) Fe (ppm) F (ppm)Ni (ppm)

No. Samples:
Mean:
Minimum:
Maximum:
StnDev:

6301
5.75
0.00

710.00
11.33

6301
14.49

0.00
740.00

15.59

6301
1.09
0.00

200.00
4.66

6301
142.71

1.00
2230.00

95.75

6301
2750.56

0.00
57000.00

3108.37

6301
4.09
0.00

120.00
7.19

1283
220.27

20.00
1100.00
120.46

Overburden
Cu (ppm) Zn (ppm) Pb (ppm) Mn (ppm) Fe (ppm) F (ppm)Ni (ppm)

No. Samples:
Mean:
Minimum:
Maximum:
StnDev:

27
4.67
0.00
9.00
2.50

27
18.41

7.00
27.00

5.60

27
0.37
0.00
6.00
1.24

27
122.67

36.00
342.00

65.58

27
2985.19

450.00
6900.00
2280.81

27
7.30
0.00

33.00
6.94

-
-
-
-
-

Amaranth Formation
Cu (ppm) Zn (ppm) Pb (ppm) Mn (ppm) Fe (ppm) F (ppm)Ni (ppm)

No. Samples:
Mean:
Minimum:
Maximum:
StnDev:

27
8.19
1.00

30.00
6.20

27
38.52

9.00
96.00
20.44

27
1.67
0.00
6.00
1.98

27
603.22
101.00

2230.00
439.62

27
4694.44
1450.00

12150.00
2149.66

27
5.96
1.00

18.00
3.26

-
-
-
-
-

St. Martin Complex
Cu (ppm) Zn (ppm) Pb (ppm) Mn (ppm) Fe (ppm) F (ppm)Ni (ppm)

No. Samples:
Mean:
Minimum:
Maximum:
StnDev:

97
20.65

0.00
710.00

73.42

97
27.65

3.00
99.00
27.06

97
2.84
0.00

47.00
6.35

97
154.42

24.00
418.00

93.91

97
7070.10

300.00
27500.00

6957.97

97
8.67
1.00

47.00
7.78

-
-
-
-
-

Souris River Formation
Cu (ppm) Zn (ppm) Pb (ppm) Mn (ppm) Fe (ppm) F (ppm)Ni (ppm)

No. Samples:
Mean:
Minimum:
Maximum:
StnDev:

538
7.89
3.00

25.00
2.96

538
14.78

6.00
147.00

11.17

538
1.03
0.00

25.00
2.39

538
185.13

54.00
790.00
104.58

538
3400.93

300.00
16200.00

2862.43

538
5.28
0.00

58.00
8.88

1
176.00
176.00
176.00

0.00

Dawson Bay Formation
Cu (ppm) Zn (ppm) Pb (ppm) Mn (ppm) Fe (ppm) F (ppm)Ni (ppm)

No. Samples:
Mean:
Minimum:
Maximum:
StnDev:

640
10.39

1.00
157.00

8.31

640
25.46

2.00
259.00

19.94

640
1.60
0.00

64.00
4.58

640
236.34

59.00
750.00

78.69

640
5691.33

250.00
57000.00

4251.96

640
11.68
0.00

71.00
11.46

7
338.71
226.00
398.00

57.96

Elm Point Formation
Cu (ppm) Zn (ppm) Pb (ppm) Mn (ppm) Fe (ppm) F (ppm)Ni (ppm)

No. Samples:
Mean:
Minimum:
Maximum:
StnDev:

135
9.84
1.00

53.00
6.26

135
18.09

5.00
105.00

9.66

135
2.08
0.00

12.00
2.52

135
142.49

75.00
266.00

33.19

135
1561.48

100.00
9500.00
1456.98

135
5.61
0.00

35.00
4.39

82
149.43

82.00
301.00

42.48

Winnipegosis Formation
Cu (ppm) Zn (ppm) Pb (ppm) Mn (ppm) Fe (ppm) F (ppm)Ni (ppm)

No. Samples:
Mean:
Minimum:
Maximum:
StnDev:

1258
5.58

187.00
0.00
9.24

1258
12.78

225.00
0.00

12.71

1258
0.98

200.00
0.00
8.07

1258
101.53
831.00

25.00
52.10

1258
1384.22

30000.00
200.00

1521.02

1258
3.04

108.00
0.00
5.40

1171
215.07
903.00

20.00
96.49
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Table 4:  Mean, minimum, maximum and standard deviation for entire data set
and for each formation (continued)

Note:  - indicates that F was not analyzed for this formation.

Interlake Group
Cu (ppm) Zn (ppm) Pb (ppm) Mn (ppm) Fe (ppm) F (ppm)Ni (ppm)

No. Samples:
Mean:
Minimum:
Maximum:
StnDev:

979
2.76
0.00

39.00
2.77

979
10.75

0.00
44.00

7.47

979
0.27
0.00

48.00
1.77

979
69.95

1.00
448.00

44.41

979
1209.86

0.00
15250.00

1490.58

979
2.29
0.00

41.00
3.65

-
-
-
-
-

Stonewall Formation
Cu (ppm) Zn (ppm) Pb (ppm) Mn (ppm) Fe (ppm) F (ppm)Ni (ppm)

No. Samples:
Mean:
Minimum:
Maximum:
StnDev:

216
3.75
0.00

64.00
5.12

216
11.32
1.00

35.00
6.88

216
0.58
0.00

18.00
2.06

216
79.95
29.00

311.00
39.60

216
1372.22

200.00
7950.00
1291.60

216
1.50
0.00

17.00
2.63

-
-
-
-
-

Stony Mountain Formation
Cu (ppm) Zn (ppm) Pb (ppm) Mn (ppm) Fe (ppm) F (ppm)Ni (ppm)

No. Samples:
Mean:
Minimum:
Maximum:
StnDev:

475
5.42
0.00

45.00
5.05

475
14.85

1.00
81.00

8.96

475
1.01
0.00

17.00
1.99

475
150.39

54.00
345.00

59.47

475
4151.05

600.00
11150.00
2765.01

475
2.08
0.00

12.00
2.87

-
-
-
-
-

Red River Formation
Cu (ppm) Zn (ppm) Pb (ppm) Mn (ppm) Fe (ppm) F (ppm)Ni (ppm)

No. Samples:
Mean:
Minimum:
Maximum:
StnDev:

1783
4.13
0.00

143.00
4.54

1783
11.74
0.00

740.00
18.62

1783
1.34
0.00

69.00
3.67

1783
157.46

5.00
633.00

77.32

1783
2443.49

200.00
26850.00

1686.27

1783
2.10
0.00

120.00
4.15

-
-
-
-
-

Winnipeg Formation
Cu (ppm) Zn (ppm) Pb (ppm) Mn (ppm) Fe (ppm) F (ppm)Ni (ppm)

No. Samples:
Mean:
Minimum:
Maximum:
StnDev:

12
19.58

4.00
70.00
20.27

12
40.00
14.00
89.00
23.12

12
6.75
0.00

33.00
9.87

12
376.25

62.00
1100.00
330.15

12
21762.50
11350.00
36450.00

9900.00

12
28.42

9.00
55.00
12.99

-
-
-
-
-

Ashern Formation
Cu (ppm) Zn (ppm) Pb (ppm) Mn (ppm) Fe (ppm) F (ppm)Ni (ppm)

No. Samples:
Mean:
Minimum:
Maximum:
StnDev:

114
8.65
0.00

27.00
5.93

114
25.50

0.00
72.00
13.47

114
0.95
0.00

18.00
2.44

114
213.72

78.00
385.00

63.32

114
8274.56
1150.00

33000.00
4848.48

114
17.68

0.00
44.00
12.81

22
725.45
315.00

1100.00
257.03

(Missouri), Pine Point (NWT) and Upper Mississippi
Valley (Wisconsin and Illinois) are presented here.

Viburnum Trend deposits
Several papers that describe the geological setting of

the galena-rich ores of the Viburnum Trend, southeast
Missouri, emphasize the close spatial relationship
between the ores in the host Bonneterre Formation and
underlying Precambrian basement highs (Paarlberg and

Evans, 1977; Mouat and Clendenin, 1977). In most
instances the ores occur where the Lamotte sandstones
pinch out against the Precambrian basement highs
(Evans, 1977). It should be noted (Fig. 3) that the miner-
alization occurs both on the flanks of, and immediately
above, the basement highs (Mouat and Clendenin,
1977). Gerdemann and Myers (1972) emphasize the
spatial relationship of the Viburnum ores to algal reefs
and a back reef 'white rock' — a light coloured, coarsely
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Figure 2: Lead isotope determinations for the Balmoral pebble, Pine Point, Upper Mississippi Valley and Flin Flon galenas (D. Sangster, written
comm., 2000).

crystalline, porous dolostone.
The ores are structurally and stratigraphically con-

trolled and occur as bedded and disseminated ore, brec-
cia ore, marginal break ore and as stockwork ore. The
breccia appear to be solution collapse features related to
dolomitization of the original limestones. Galena and
sphalerite are the dominant ore minerals. Chalcopyrite is
generally a minor constituent but occurs as discrete bod-
ies of up to several thousand tonnes. Calcite is a com-
mon gangue mineral. Dolomite occurs as a gangue min-
eral and as both brown dolostone and a white crystalline
and sugary matrix to breccia and some ores. At the
Ozark Lead Company Mine calcite is one of the most
common minerals (Mouat and Clendenin, 1977). 

Davis (1977) proposed that metals derived during
dolomitization of limestones mixed with sulphur ions (H2S
or HS-) derived from the underlying Lamotte sandstones.
The two fluids came into contact with each other along
vertical fractures and breccia zones marginal to the
Precambrian basement highs.

Pine Point deposits
The zinc-lead deposits of the Pine Point District (Fig.

4) occur in Devonian carbonate rocks that have been
extensively dolomitized. The Presqu'ile dolomite is
coarse grained and the alteration that produced it gener-
ally destroyed the original textures in the rock. Karsting
occurred during several cycles of uplift and solution-col-
lapse channels produced in the porous barrier reef
served as both conduits for fluids, as well as sites of dep-
osition for mineralization. Coarse grained 'white sparry'
dolomite or 'saddle dolomite' (Gibbins, 1988) occurs as
cavity fills and is associated with the main mineralization.
Faults in the carbonate rocks at Pine Point are subtle rep-
resentations of regional structures in the Precambrian
basement rocks. Middle Devonian aged faults initiated
uplift and controlled karsting, dolomitization and mineral-
ization (Gibbins, 1988; Skall, 1975). A detailed analysis of
the ore-host rock relationships emphasizes the impor-
tance of karstification in controlling ore deposition
(Rhodes et al., 1984). The disseminated to massive ores



24

are classified as 'solution channelway', 'bedding replace-
ment' and 'peripheral' and vary from fine- to coarse-
grained (Rhodes et al., 1984).

Upper Mississippi Valley deposits of Wisconsin
and Illinois

In this district, folded Cambrian, Ordovician and
Silurian dolomite, shale and limestone contain lead, zinc
and copper mineralization of Late Paleozoic to Mesozoic
age. The ores occur mostly in Middle Ordovician
dolomites that are underlain by the St. Peter sandstone,

which disconformably overlies Lower Ordovician
dolomite that is in turn underlain by Cambrian sand-
stones and siltstones. Some mineralization occurs in
both Lower Ordovician and Cambrian rocks. Typically,
the mineralization in this district occurs in steeply dipping
veins (pitches) and horizontal lenses (flats) that are con-
trolled in general by small faults with displacements of
0.3 to 3 m, although displacements of up to 300 m occur
on some strike-slip shear faults. Some of the ore control-
ling faults are coincident with and probably related to
Precambrian basement features. The ores have been

Figure 3a: East-west cross-section of the Bonneterre Formation at the Fletcher Mine, Viburnum Trend (from Paarlberg and Evans, 1977).

Figure 3b: East-west cross-section at the Brushy Creek Mine, Viburnum Trend (after Evans , 1977).
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deposited in: (1) fracture controlled veins; (2) as cavity
fillings in tectonic and solution breccia; and, (3) as dis-
seminations in shale strata. Although many of the ore
bodies are linear some are arcuate and represent depo-
sition around synclinal axes. Alteration in this district
includes limestone solution, silicification, dolomitization,
alteration of clay minerals, pyritization and formation of
dolomite sands. Thinning of some beds by dissolution
has resulted in the formation of residual shales from
some beds; this extensive dissolution of the carbonate
beds resulted in the formation of collapse breccia (Heyl et
al., 1978).

These deposits differ from other MVT deposits in that
quartz is a common gangue mineral, chalcopyrite is a
common ore mineral, silver contents of galena, chalcopy-
rite and some sphalerite exceed 2 oz./ton; minor fluorite
is present in some deposits (Heyl et al., 1978). The
Northern Arkansas Zinc District also contains quartz and
calcite gangue minerals; both Upper Mississippi Valley
and northern Arkansas deposits appear, on the basis of
fluid inclusion studies, to have formed at higher tempera-
tures than the Viburnum and Pine Point mineralization
(Leach et al., 1975; Heyl et al., 1978; Rhodes et al., 1984;
Gerdemann and Myers, 1972).

SUMMARY OF GENETIC MODELS FOR MVT
DEPOSITS

A succinct summary of genetic ideas on MVT
deposits is provided in the following excerpt: "…there is
still no single universally accepted model for the genesis
of Mississippi Valley-type lead-zinc orebodies … Perhaps
the most widely accepted combination of the various the-

ories on genesis is the following: (1) both the metals and
the chloride-rich brines thought to transport them derive
from basinal rocks, etiher shales or argillaceous carbon-
ates (Jackson and Beales, 1967); (2) the metals and
brines are expelled from basinal rocks due to overburden
pressures in the basins; (3) metal-bearing brines subse-
quently migrate toward the edges of the basin; (4) the
metallic sulfides precipitate in carbonate basin-margin
areas where suitable open spaces exist, through mixing
of reduced sulfur species and metallic chloride complex-
es; and (5) the sulfur is derived either from bacterial
reduction of sulfate or from sulfate-H2S-organic matter
interactions close to the site of ore deposition — the lat-
ter appears to be the case at Pine Point, …"(Rhodes et
al., 1984; p.1053).

Most deposits of MVT mineralization occur at or near
the edges of sedimentary basins (Fig. 5; Anderson and
McQueen, 1982; Cathles and Smith, 1983). It is general-
ly acknowledged that fluids derived from the adjacent
basins dissolved pre-existing limestones to form breccia
and cavities, dolomitized the limestones and deposited
the metals. A generalized model arising from studies of
known districts and individual deposits invokes mixing flu-
ids derived from the basin with sulphur derived from the
adjacent evaporites or reefoid facies rocks to permit pre-
cipitation of the metals as sulphides (Jackson and
Beales, 1967; Gerdemann and Myers, 1972). Other
authors envisage the mixing of two fluids derived from dif-
ferent sources (e.g. Brown, 1970; Kerr, 1977; Davis,
1977; Evans, 1977) or the initial entrapment of a single
metal- and sulphur-bearing solution against an aquatard
and its subsequent release along structural and/or facies
breaks into the overlying carbonate rocks; in this model

Figure 4: Schematic cross-section through the Pine Point district, NWT. Ore bodies shown in black. Note the district is situated at the junction
between an evaporite basin to the south and a shale basin to the north (from Anderson and McQueen, 1982).
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deposition appears to be favoured by decrease in tem-
perature and change in chemistry (e.g. Cathles and
Smith, 1983).

Basins that are potential sources of metals must be
deep enough (3-5 km) to increase the temperature of the
dewatering brines, dewater in pulses, and contain abun-
dant shale and/or flysch as source materials for the met-
als (Cathles and Smith, 1983).

MVT DEPOSIT POTENTIAL IN MANITOBA

Williston Basin and Severn Arch
The Phanerozoic rocks of Manitoba lie along the

eastern flanks of the Williston depositional basin (Fig. 6)
that attained a maximum thickness of 5 km. At 3 to 5 km
depths, the strata attain temperatures that are within the
range of fluid inclusions in MVT mineralization and are
capable of providing ore fluids (Cathles and Smith,
1983). Although dewatering of this basin could have pro-

duced metal-bearing brines capable of producing ore
deposits, to date there are no known features that could
have acted as obvious channelways to focus the fluids
into central Manitoba. However, the Devonian reefs of
central Manitoba are analogous to the mineralized reefs
of the Pine Point District.

Upper Mississippi Valley-type deposits in Wisconsin
and Illinois occur on the flank of the Wisconsin Arch. The
Severn Arch in northeastern Manitoba may have provid-
ed a similar geological environment in post Silurian time
for deposition of metals from fluids derived from the
Williston Basin. Any deposits that may have formed on
the flanks of and near the crest of the Severn Arch would
have been lost during the erosions that stripped off the
Phanerozoic rocks. However, analogous geological envi-
ronments and mineralization cannot be ruled out
because the location of the apex of the Severn Arch dur-
ing Devonian time is not known.

Figure 5: Distribution of Mississippi Valley-type lead-zinc deposits and occurrences around some basins (after Cathles and Smith,
1983).
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Figure 6: Approximate position of the Williston Basin, extent of the Winnipeg Formation and extent of the Elk Point
Basin edge (after Kessler, 1991; Chow, 1991).
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Metal sources
Shales and sandstones of the Winnipeg Formation

and its stratigraphic equivalents extend into the middle of
the Williston Basin (Kessler, 1991) and could have pro-
vided metals for MVT mineralizing activity. The Winnipeg
Formation sandstone is virtually indistinguishable from
the Lamotte sandstone. It is similar in age and occupies
a similar position in relationship to the Red River carbon-
ate sequence as the Lamotte does to the Bonneterre
carbonate sequence (cf. Table 5, 6). Consequently, the
Winnipeg Formation is both a potential aquifer and a
source of metals. In addition, studies of the Winnipeg
Formation indicate that its mineral content varies region-
ally from south to north (Last and Shum, 1991). An
east-west trending zone referred to as region C (Last and
Shum, 1991; see Fig. 1), which extends from just north of
Winnipeg to north of Gypsumville, has considerably more
quartz and less feldspar components than the other
regional subdivisions. In addition, anhydrite is absent in
the matrix of this zone. The authigenic clay minerals con-
tent of the matrix is considerably higher than the regions
to the south, but less than that of the poorly known region
to the north. "Although the assemblage is relatively sim-
ple, detailed petrographic examination of the Black Island
Member in this region reveals a complex sequence of
precipitation and dissolution." (Last and Shum, 1991).
This can be interpreted as diagenesis or alteration due to
fluid movement related to potential mineralizing process-
es. It is speculated here that the differences in region C
of Last and Shum (1991) relative to the other regions,
namely, less than 1% feldspar, absence of anhydrite,
increased opaque mineral contents (2%) and the wide
variety of pyrite crystal morphologies, all support an inter-
pretation of their region C as resulting from regional alter-
ation; albeit by fluids of unsubstantiated origin.

Lead isotope studies of galena ores in the Viburnum
deposits indicate that all of the lead could have been
derived from the Lamotte sandstone that underlies the
host dolomitic limestones of the Bonneterre Formation
(Doe and Delevaux, 1972). Trace amounts of galena and
sphalerite occur almost everywhere within 30 cm of the
Lamotte–Bonneterre contact (Davis, 1977). Locally, adja-
cent to the ore bodies there is a depletion of lead in the
Lamotte sandstone (Gerdemann and Myers, 1972). This
suggests that the Lamotte sandstone was probably
important as both an aquifer and a source of metals.
Davis (1977) envisaged the metals to have been derived
from the limestones during dolomitization and mixed with
sulphide derived from fluids that passed through the
Lamotte sandstones. Gerdemann and Myers (1972) con-
sidered the sulphur to have been derived from reef facies
rocks. 

Ordovician rocks of southeastern Manitoba
In southern Manitoba the Winnipeg Formation

unconformably overlies Precambrian rocks and is in turn
overlain by carbonates and shales of the Red River
Formation (Table 5, Fig. 7). If the reports of galena in the
Winnipeg Formation (Genik, 1952) and the authors’ inter-
pretation of the galena reported by Shepard from the

Grindstone Point area is the same as the trench(es)
visited by the D.S. Robertson staff member, then metal-
bearing fluids capable of depositing galena and forming
ore deposits did circulate through the Winnipeg
Formation at some time in its history.

Shale beds that could have acted as suitable
aquitards to basin-derived brines are common in both the
Winnipeg and Red River formations. In addition, a paleo-
shoreline (Fig. 1, 6) for the muddy shale shelf deposits at
the top of the Icebox Formation (Kessler, 1991) could
have focused fluids upwards into overlying carbonate
units of the Red River Formation.

The Ordovician carbonate rocks north and east of
Balmoral contain anomalous lead and zinc (Appendix 3).
Although the values obtained during this study are low, it
is noted here that maximum Zn contents on either side of
an ore body at the base of the Davis shale are < 50 ppm
Zn and background values of < 20 ppm are attained with-
in 150 m on one side of the deposit and 500 m on the
other side (Panno et al., 1988). Although minor subeco-
nomic mineralization can be found outside orebodies in
some MVT districts, geochemical dispersion of metals
into the dolomitic rocks at the margins of a MVT orebody
is notoriously restricted (D. Sangster, pers. comm.,
1982). For example, in the Pine Point district the bound-
ary between massive ore and wall rock is typically very
sharp even when the host rock is porous (Jackson and
Follinsbee, 1969). Consequently, the low values attained
do not detract from, but provide additional positive evi-
dence of the MVT potential in this area.

Precambrian basement highs that are an important
part of the Viburnum Trend model (Fig. 3) are present in
the general vicinity of Gypsumville and High Rock Lake.
Pinch-out of the Winnipeg Formation near the northern-
most edge of the Paleozoic outcrop belt south of
Wekusko Lake is indicated by McCabe (1967) and
McCabe and Barchyn (1992). Local pinch-out of the
Winnipeg Formation sandstones against the precambri-
an highs in the Gypsumville and High Rock Lake areas
(Fig. 8, 9, 10) have not been recorded, e.g. the Winnipeg
Formation at Lake St. Martin appears to have been tilted
into place together with the underlying basement by an
event that is post Ordovician in age (McCabe and
Bannatyne, 1969b; 1970; 1971). The High Rock Lake
Precambrian high is also interpreted as a crater structure
of Silurian age (McCabe, 1981, 1982), but the Ordovician
strata do not appear to be draped over the Precambrian
rocks. The presence of 23 m of Winnipeg sandstone in
drill core M-5-82 (Fig. 8) at a structurally higher position
than seen in drill core M-7-82 does not support a pinch-
out interpretation. 

Discordancies in depth to the Precambrian surface
inferred from drill core data from the William Lake area
suggests basement highs and possible faults may be
common (Bezys, 1996).

Carbonate breccia, a prerequisite for any of the MVT
deposit models, are present in this area. They have been
noted in drill cores associated with the High Rock Lake
Precambrian high, but have been interpreted as part of,
and related to, an impact structure (McCabe, 1981,
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Table 5: Stratigraphic column for Phanerozoic rocks in south-central Manitoba
(after Bezys and McCabe, 1996).
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Table 6: Generalized stratigraphic section of the Bonneterre Formation
at the Ozark Lead Company Mine (after Heyl et al., 1978).
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Figure 9: Detailed cross-section of the northern granite outcrop at High Rock Lake (after McCabe, 1981). Note scale different from Figure 8.

1982). These megabreccia and microbreccia appear to
be, in part, brecciated Stony Mountain Formation rocks
that normally overlie the Red River Formation (Table 5).
These megabreccia immediately overlie undisturbed (?)
Winnipeg sandstone (Fig. 8) that probably consisted of
unconsolidated water-saturated sands in Late Ordovician
to Silurian time — the time of the postulated impact. In
addition, the sandy dolomite breccia directly on top of
Precambrian rocks and beneath undisturbed massive
dolomite of unknown age (Fig. 9) may also represent
solution breccia material.

An interpretation of the megabreccia (Fig. 8) and the
sandy dolomite breccia (Fig. 9) as possible solution col-
lapse features provides an alternative and possibly better
(?) explanation of the other observed features in this
area. Namely, (1) the presence of intact Lower Stony
Mountain Formation shaly marker beds on top of, and
separated from, intact Winnipeg Formation sandstones
by a thin unit of megabreccia that does not contain frag-
ments of Stony Mountain (drill core M-5-82, Fig. 8; are
these megabreccia fragments of Red River ?); (2) undis-
turbed mottled dolomite overlies sandy dolomite breccia
(Fig. 9; McCabe, 1981); (3) the presence of in situ brec-
cia in drill core M-2-82; and, (4) the presence of in
situ/undisturbed Stony Mountain Formation shaly marker
beds overlying megabreccia. Interpretation of these brec-
cia as solution derived features further enhances the

potential for MVT deposits to occur in this area, however,
this interpretation does not adequately explain the pres-
ence of granite within the breccia in drill cores M-3-82
and M-4-82.

Faults and/or fractures are a common feature in most
of the MVT deposit descriptions, as indicated above, and
are certainly present in the Viburnum Trend deposits
(Mouat and Clendenin 1977; Evans, 1977; Cathles and
Smith, 1983). The geology of the Interlake region of
southeastern Manitoba is insufficiently known to deter-
mine if fracture systems and faults with small vertical dis-
placements occur in the Phanerozoic rocks. For exam-
ple, the difference in elevation of the Winnipeg sandstone
indicated on Figure 8 by drill cores M-5-82 and M-6-82
can be explained by vertical uplift related to faults instead
of uplift related to an impactite. It is suggested here that
the High Rock Lake feature can be interpreted as a fault
controlled uplift.

The postulated fault(s) could be the westward exten-
sion of the Wanipigow and Manigotagan faults that are
present in Precambrian rocks exposed along the eastern
shore of Lake Winnipeg. If movement occurred on these
Precambrian basement faults in post Ordovician time,
they could have provided pathways for fluid migration  from
the Winnipeg Formation into the overlying carbonates.

Magnetic shadow maps (Fig. 11) show a magnetic
high at the High Rock Lake Precambrian exposures.
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Other pinnacle-like magnetic features occur in the vicini-
ty. The shadow maps also show 'straight-line'-type base-
ment features that could represent Phanerozoic faults.
Movement on basement structures during Phanerozoic
time may have created basement highs that focused flu-
ids during dewatering of the Williston Basin and may
have produced MVT deposits in an environment analo-
gous to that of the Viburnum Trend. Apatite fission-track
ages from basement rocks at High Rock Lake of approx-
imately 435 +/- 10 Ma indicate that the apatites in the
granites were completely annealed during Late
Ordovician to Mid-Silurian time (Kohn et al., 1995).

Devonian rocks of central Manitoba
The Devonian reefs present in the Winnipegosis

Formation of south-central Manitoba are underlain by the
Elm Point Formation. These reefs occur close to the mar-
gins of the Elk Point Basin and were probably associated
with evaporite deposits that have since been dissolved
(McCabe, 1987b). The presence of active base metal-
rich brine pools along the western shore of Lake
Winnipegosis has focused some attention on this area of
the province during the search for Pine Point-type base
metal deposits (Stephenson, 1973; Bezys et al., 1997).

Anomalous lead and/or zinc values occur in
Winnipegosis Formation rocks in this general area
(Appendix 3). Despite a careful search of available core,
there is no evidence of white sparry dolomite, which is
ubiquitous around and in the Pine Point deposits. The
absence of sparry dolomite in or around the reefs of
this area does not bode well for the discovery of a Pine
Point-type deposit in this area.

Genetic models of the Pine Point mineralization
emphasize the importance of Devonian reefs in focusing
mineralized fluids (Campbell, 1967; Jackson and
Folinsbee, 1969). Skall (1975) presents evidence that the
ores are situated in a barrier complex and the vuggy
Presqu'ile dolomite is not a formation, but an alteration of
several different rock types; most of the altered rocks
were deposited in a back reef environment. 

Vuggy Devonian reefs, fore reef and back reef envi-
ronments (Fig. 12, 13) are present in the Winnipegosis
Formation in Manitoba and Saskatchewan (McCabe,
1981). The Pine Point barrier complex occurs adjacent to
a thick sequence of anhydrite and gypsum (Skall, 1975).
Similarly, the Manitoba and Saskatchewan Devonian
reefs are adjacent to or covered by thick evaporite
sequences that consist mainly of halite, sylvite and minor
anhydrite (McCabe, 1981). Drill core of vuggy Devonian
dolomite in the Winnipegosis Formation contains crystals
of honey-coloured sphalerite and grey pyrite; the clear
carbonate crystals lining the vugs have not been identi-
fied.

The base- and precious-metal mineralization discov-
ered in the Souris River Formation (Table 5) in western
Manitoba and classified as 'prairie-type' by Fedikow et al.
(1996) exhibits some similarities to the Upper Mississippi
Valley-type deposits. Namely, the mineralization is frac-
ture controlled, contains abundant base metals, quartz
and an iron carbonate (siderite/?ferrodolomite) are pres-

ent as gangue minerals. In addition, the mineralization
occurs above basement fractures related to the
Churchill–Superior Boundary Zone (Fedikow et al.,
1996); it is envisaged that the tectonics are similar to
those proposed for the Birdtail–Waskada oilfields to the
south (Fig. 14). A comparison of Figures 13 and 14 sug-
gests that some of the stratigraphic relationships in the
Devonian rocks may be reinterpreted in light of the
Birdtail–Waskada model to provide 'horst and graben
structures' in the Dawson Bay area. Confirmation of the
presence of vertical fault and fracture systems in the
Dawson Bay–The Narrows area or along the western
shore of Lake Winnipegosis is needed to further evaluate
the base metal potential of the area.

It is possible that the anomalous metal contents
obtained from the Winnipegosis and Dawson Bay
Formation drill cores in this area (Appendix 3) intersect-
ed 'prairie-type'/Upper Mississippi Valley-type mineraliza-
tion. A correlation with the Carlin-type mineralization can-
not be ruled out because gold was not analyzed during
this project.

The Upper Mississippi Valley-type deposits appear to
be related to basement fractures and faults that focused
fluids from a lower statigraphic aquifer upwards into
carbonate rocks (Heyl et al., 1978). A similar model
is proposed for the 'prairie-type' mineralization in
Manitoba (Fedikow et al., 1996). Interpretation of the
Birdtail–Waskada oilfield geology (Dietrich et al., 1998)
indicates that it is controlled by horst and graben struc-
tures and occurs above the subsurface expression of the
suture between the Proterozoic rocks on the west
and the Archean rocks on the east along the
Churchill–Superior Boundary Zone. Although similar
detailed seismic studies have not been done in the
Dawson Bay–Winnipegosis area, the area sits above the
Churchill–Superior Boundary Zone and the emplacement
of the base and precious metals is considered to have
taken place along basement-related faults and fractures
similar to those reported for the Birdtail–Waskada area
(Martniuk, 1992; Fedikow et al., 1996). In the absence of
drill information on the underlying Ashern Formation, 
it is possible that some of the relief differential on
Devonian rocks in the Dawson Bay area is due to
Birdtail–Waskada-type faults (cf. Fig. 13, 14).

Other evidence of Precambrian discontinuities
include the east-west trends of Ordovician strata and
the approximately northeastward trends of Devonian
reefs. Anomalous Paleozoic isopachs along the
Churchill–Superior Boundary Zone suggest distortion
along this Precambrian suture (McCabe and Barchyn,
1982). These regional features could have provided
channelways for fluid migration.

Consequently, the 'prairie-type' mineralization dis-
covered by Fedikow et al. (1996) cannot be discounted
as representative of Upper Mississippi Valley-type
deposits. Leakage along faults and fractures of material
related to deposits of that type formed in stratigraphic
and structural traps in carbonate rocks at lower strati-
graphic levels (Ordovician?) could account for the miner-
alization observed in the Mafeking quarry.
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Anomalous values in cores from the Winnipegosis
Formation are significant. The values are low, but are
derived from vuggy dolomitic rocks that in core M-6-80
contains microscopic grains of honey-coloured spha-
lerite. In comparison to the other formations sampled, the
Winnipegosis Formation exhibits evidence that fluids
capable of depositing MVT mineralization have percolat-
ed through and altered the formation.

The anomalous metal values obtained from cores in
the Lake Winnipegosis area must also be evaluated in
light of the recognition of the "prairie-type' mineralization
in Manitoba (Fedikow et al., 1996). The cores containing
anomalous metal values were obtained from an area that
is underlain by the extension of the Thompson Nickel Belt
— along the suture zone between the Churchill and
Superior provinces. It is possible that the anomalous
metal values observed in the Devonian and younger
rocks are derived by the same mechanism as that pro-
ducing the 'prairie-type' mineralization, i.e. by fluids
derived from the Precambrian basement. Alternatively,
the presence of the Churchill–Superior Boundary Zone
may have provided the structural disturbance that result-
ed in fracturing of the Phanerozoic rocks and the path-
ways for migration of metal-rich fluids through the
Winnipegosis Formation during dewatering of the
Williston Basin. Fluids that deposited the mineralization
in the Devonian Souris River Formation limestones at
Mafeking probably transected the Winnipegosis
Formation at depth.

Post Devonian breccia
Angular polylithic breccia cemented with calcite out-

crops in quarries at several places in the Winnipegosis
area and were intersected in cores drilled in and adjacent
to quarries. These breccia have been attributed to col-
lapse of overlying formations following solution of salt
deposits in the Prairie Evaporite (McCabe and Barchyn,
1982; Bezys and McCabe, 1996). A thick zone of col-
lapse breccia at the top of the Winnipegosis Formation
was also intersected in drill hole D-47-76-2 (McCabe,
1976). Samples of this breccia type did not contain
anomalous metal values. The formation of the breccia
was probably too late to have provided a conduit for any
mineralizing activity affecting the area.

FURTHER INVESTIGATIONS

Follow-up studies that should be undertaken during
phase II of this project include:
1.  Field studies and sampling of Winnipeg Formation  

sandstones to verify the reported occurrences of 
galena.

2.    Isotopic studies of any galena found in the Winnipeg  
Formation to permit comparison with the Balmoral   
pebble.

3.  Examination of cores of all Red River Formation
rocks that report breccia to determine nature
and  timing of brecciation relative to dolomitization.  
Are the breccia a result of impactites or solution
collapse?

4.  Analyze all cores of breccia in the Ordovician rocks   
to determine base metal contents.

5.  Systematic analysis of shales in the Red River and
Winnipeg formations for base metal contents.

6.  Obtain drill cores from magnetic highs in the High
Rock Lake area to determine if they represent
Precambrian basement features that could have
focused fluids into overlying carbonate strata.

7. Obtain additional drill cores in the High Rock Lake
area to provide a controlled geochemical transect
across anomalous basement and breccia features.

8.   Drill inclined holes in the vicinity of known base metal
anomalies and 'prairie type' mineralization in the
Dawson Bay–Winnipegosis area.

9.  Re-examine the geology of the Dawson Bay area
reefs by drilling a fence of inclined holes to locate
possible fault systems and mineralized feeder sys-
tems in the vicinity of Devonian reefs or closely
spaced vertical holes to establish the position of the
Ashern Formation.

10. Analysis of the altered dolomitic limestones in the
Mafeking quarry.

SUMMARY

The first phase of the investigation into the source of
the Balmoral pebble has established that two areas of the
province have the potential to contain MVT deposits.
Namely, the Ordovician dolomites between Lake

Figure 12: Diagrammatic cross-section of Winnipegosis Formation reefs in the Narrows area (after McCabe, 1987a, b).
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Figure 14: Approximate position of the Churchill –Superior Boundary Zone and cross-section of the Birdtail–Waskada area (after Martniuk, 1992;
Dietrich et al., 1998).
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Winnipeg and Lake Winnipegosis and the Ordovician to
Devonian rocks that overlie the Churchill–Superior
Boundary Zone in western Manitoba. 

Many of the features associated with Viburnum
Trend MVT deposits are present in the Interlake region of
southeastern Manitoba, especially in the Ashern–High
Rock Lake area. The possible existence of solution-col-
lapse breccia in the High Rock Lake area and the exis-
tence of galena in the Grindstone Point area should be
investigated. 

Solution chimneys that cut Upper Devonian lime-
stones in the Mafeking area have been shown to host
'prairie-type' gold and base metal mineralization
(Fedikow et al., 1996). Anomalous base metal values
obtained during this geochemical study suggest that
'prairie-type' or Upper Mississippi Valley-type mineraliza-
tion may be widespread in the area west of Lake
Winnipegosis, especially along the Churchill–Superior
Boundary Zone.
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Appendix 1: Replicate analytical data for Certified Reference Material GXR-6. 
Recommended values (ppm) indicated by *.

Seq.
No.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

Samp.
No.

GRX-6*
10-7-82
10-7-82
10-8-82
10-8-82
10-13-82
10-13-82
10-14-82
10-14-82
10-26-82
10-26-82
10-28-82
10-28-82
11-2-82
11-2-82
11-3-82
11-3-82
1-4-83
1-4-83
1-13-83
1-13-83
1-13-83
1-13-83
1-13-83
2-8-83
2-8-83
2-10-83
2-10-83
2-14-83
2-14-83
2-14-83
2-14-83
3-1-83
3-1-83
3-2-83
3-2-83
3-3-83
3-3-83
3-3-83
5-8-84
5-18-84
7-18-84
7-12-84
7-13-84
7-16-84
7-17-84
7-19-84
6-19-84
6-20-84
6-20-84
11-7-84
11-8-84
11-21-84
11-21-84
11-22-84
11-22-84
11-27-84
11-27-84
11-27-84
12-4-84
12-4-84
12-6-84
12-6-84
12-10-84
12-11-84
1-30-85
1-31-85

Cu

66*
73
73
75
74
75
82
73
73
74
72
73
75
75
76
76
76
74
72
75
76
77
73
75
74
79
80
82
74
74
79
77
75
75
76
74
75
74
73
75
75
72
80
74
82
84
87
87
79
89
74
79
75
76
73
75
78
79
80
72
76
80
78
84
78
79
78

Ni

27*
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
·
22
22
21
25
19
24
27
29
25
21
20
20
23
22
22
24
24
23
23
23
23
25
24
23
24
24
23
24

Pb

101*
102
104
100
102
100
106
99
98
102
102
100
103
102
104
104
102
99
99
101
103
102
102
101
100
110
110
112
106
101
100
100
101
105
102
99
100
100
100
97
100
108
94
94
103
107
116
95
90
90
99
94
97
98
97
99
99
100
107
97
98
102
94
108
105
105
109

Zn

118*
129
137
135
135
135
135
130
130
130
131
130
135
130
130
142
134
131
129
133
133
133
133
134
133
140
120
137
130
130
131
125
132
132
134
133
132
132
130
134
135
152
139
130
151
151
156
139
126
148
133
138
133
134
128
133
143
133
141
131
137
141
139
148
152
139
143

Mn

1007*
750
800
815
790
750
750
810
800
760
750
770
785
845
815
810
850
850
835
825
860
810
785
795
780
750
1000
900
790
760
820
890
825
815
750
745
780
785
780
814
1120
990
1010
930
771
910
1020
752
757
733
670
661
900
950
970
1010
990
950
950
950
950
800
850
910
890
910
960

Fe

55850*
47000
47000
51000
52000
50000
50000
51500
52000
51000
51000
49500
50000
51500
51500
51500
54000
50000
50000
50000
49000
50000
51000
50500
52000
48500
48500
52000
52500
53500
52500
52500
50500
50500
52500
52500
51000
52000
51500
42850
60000
53500
53500
51500
56500
54500
60500
53900
46600
49700
40000
42000
49000
48000
50500
53000
52500
53500
52500
49000
48000
43000
47000
48500
47000
52000
54500

Seq.
No.

67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131

Samp.
No.

2-21-85
2-21-85
2-22-85
2-26-85
3-5-85
3-8-85
3-12-85
3-13-85
3-14-85
3-14-85
5-17-85
5-28-85
5-29-85
5-30-85
5-31-85
6-3-85
6-10-85
6-11-85
6-12-85
6-13-85
6-14-85
8-21-85
8-22-85
8-22-85
8-23-85
8-26-85
11-6-85
11-7-85
12-11-85
12-16-85
12-18-85
12-19-85
1-7-86
1-8-86
1-8-86
1-9-86
1-10-86
1-13-86
1-14-86
1-15-86
1-20-86
1-22-86
1-29-86
1-30-86
1-31-86
3-3-86
3-5-86
3-5-86
3-7-86
3-7-86
3-7-86
3-11-86
3-11-86
3-12-86
3-12-86
3-12-86
3-12-86
3-20-86
3-26-86
3-26-86
4-9-86
4-9-86
4-10-86
4-16-86
4-16-86

Cu

73
76
73
71
77
74
73
73
79
75
80
71
72
70
76
74
69
68
72
71
69
72
70
73
74
75
70
67
72
73
71
72
73
65
70
73
74
70
72
73
74
75
72
73
71
69
·
·
·
·
·
·
·
·
·
·
·
73
75
74
76
74
69
73
72

Ni

21
21
·
20
24
24
23
23
24
25
26
24
22
23
22
25
23
21
22
23
23
25
24
28
25
23
23
23
22
23
21
22
22
21
23
22
21
21
23
22
24
22
24
23
23
22
28
21
24
24
24
23
22
23
23
24
23
23
22
22
23
24
23
21
24

Pb

98
99
95
92
101
97
100
102
96
99
98
97
98
101
110
100
95
87
94
98
90
94
99
93
98
97
91
84
95
·
91
94
97
89
89
99
97
92
97
97
103
100
92
96
95
·
·
·
·
·
·
·
·
·
·
·
·
99
113
99
96
96
101
98
95

Zn

139
134
134
128
152
133
134
133
132
140
129
126
128
126
136
131
124
128
125
126
121
130
128
125
127
123
117
115
122
129
128
126
118
126
128
121
131
120
122
121
138
124
116
121
120
·
·
·
·
·
·
·
·
·
·
·
·
129
132
122
127
128
128
132
128

Mn

643
659
661
840
1110
890
860
860
810
920
890
920
980
1010
990
1030
810
860
860
840
800
950
690
900
673
653
870
850
790
·
790
830
840
950
820
870
810
790
810
800
900
820
870
850
850
726
·
·
·
·
·
·
·
·
·
·
·
940
1050
1000
1010
1020
940
1010
705

Fe

46500
46500
43000
48500
49500
49500
44100
47500
48000
48500
51000
53500
57500
55000
55000
54000
48000
51500
48000
47500
45000
50500
53000
49500
51000
38400
50500
50500
44000
47000
46000
45500
45000
49500
45500
48500
47500
44000
42500
44000
47000
45000
44000
46500
46000
51000
51000
50500
51000
53000
52500
48500
48000
46150
52500
50000
49000
50000
51500
51000
52500
51500
50000
55000
51500
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Appendix 2: Geochemical data for drill cores sampled (see diskette in back pocket).
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Appendix 3:  Tables and maps of data at concentrations ≥≥ 99 percentile.

Amaranth Formation

Well Name Easting Depth Cu Zn
Cu >= 20 ppm  (99th percentile)

Uwi
LSM-03
LSM-03

525475
525475

Northing
5735850
5735850

50.0
57.3

21
30

69
96

Pb
0
6

Mn
519
821

Fe
5400
12150

Ni
8
18

F
-
-

Formation
AMARANTH
AMARANTH

Subunit
AMARANTHL
AMARANTHL

Well Name Easting Depth Cu Zn
Zn >= 45 ppm (99th percentile)

Uwi
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03

525475
525475
525475
525475
525475
525475
525475
525475
525475
525475
525475
525475

Northing
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850

49.4
50.0
50.6
50.8
51.6
51.9
53.1
53.7
54.3
55.5
56.1
57.3

14
21
13
11
13
8
6
3
5
2
1
30

52
69
48
51
61
51
48
45
58
45
52
96

Pb
0
0
0
3
0
0
4
0
4
5
5
6

Mn
483
519
445
435
639
532
628
759
554
870
895
821

Fe
5900
5400
5300
4950
5350
6150
6550
5900
7200
4850
6700
12150

Ni
7
8
10
5
6
5
6
5
7
9
7
18

F
-
-
-
-
-
-
-
-
-
-
-
-

Formation
AMARANTH
AMARANTH
AMARANTH
AMARANTH
AMARANTH
AMARANTH
AMARANTH
AMARANTH
AMARANTH
AMARANTH
AMARANTH
AMARANTH

Subunit
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL

100/06-26-032-09W1/00
100/06-26-032-09W1/00

100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00

Well Name Easting Depth Cu Zn
Mn >= 363 ppm (99th percentile)

Uwi
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03

525475
525475
525475
525475
525475
525475
525475
525475
525475
525475
525475
525475
525475
525475
525475
525475
525475
525475
525475
525475
525475
525475
525475

Northing
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850

44.5
45.1
45.7
46.3
46.9
47.5
48.2
48.8
49.4
50.0
50.6
50.8
51.6
51.9
52.5
53.1
53.7
54.3
54.9
55.5
56.1
56.7
57.3

7
7
8
8
7
6
9
11
14
21
13
11
13
8
5
6
3
5
3
2
1
7
30

22
24
20
18
15
16
28
37
52
69
48
51
61
51
44
48
45
58
44
45
52
36
96

Pb
2
2
3
0
0
2
0
0
0
0
0
3
0
0
2
4
0
4
3
5
5
4
6

Mn
392
411
398
376
407
437
438
582
483
519
445
435
639
532
591
628
759
554
1660
870
895
2230
821

Fe
3150
3200
3050
2800
2550
3000
4000
4500
5900
5400
5300
4950
5350
6150
5550
6550
5900
7200
4850
4850
6700
4600
12150

Ni
4
6
5
5
3
6
8
6
7
8
10
5
6
5
5
6
5
7
8
9
7
4
18

F
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Formation
AMARANTH
AMARANTH
AMARANTH
AMARANTH
AMARANTH
AMARANTH
AMARANTH
AMARANTH
AMARANTH
AMARANTH
AMARANTH
AMARANTH
AMARANTH
AMARANTH
AMARANTH
AMARANTH
AMARANTH
AMARANTH
AMARANTH
AMARANTH
AMARANTH
AMARANTH
AMARANTH

Subunit
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL
AMARANTHL

100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00











Appendix 3:  Tables and maps of data at concentrations ≥≥ 99 percentile. (continued)

St. Martin Complex

Well Name Easting Depth Cu Zn
Cu >= 20  ppm (99th percentile)

Uwi
LSM-01
LSM-01
LSM-01
LSM-01
LSM-01
LSM-01
LSM-01
LSM-01
LSM-01
LSM-01
LSM-01
LSM-01
LSM-01
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03

542250
542250
542250
542250
542250
542250
542250
542250
542250
542250
542250
542250
542250
525475
525475
525475
525475
525475
525475

Northing
5732500
5732500
5732500
5732500
5732500
5732500
5732500
5732500
5732500
5732500
5732500
5732500
5732500
5735850
5735850
5735850
5735850
5735850
5735850

65.2
65.5
65.8
66.8
67.4
68.0
69.2
69.5
71.3
82.3
82.6
83.5
83.8
57.9
63.2
63.8
68.3
68.6
69.2

57
70
25
38
29
48
150
710
68
27
35
48
35
21
25
26
20
24
24

73
59
58
54
55
51
70
34
17
71
43
14
26
99
76
56
94
84
75

Pb
0
3
0
0
0
0
0
47
0
10
4
0
6
8
10
14
17
8
11

Mn
105
107
126
150
177
151
294
159
133
148
148
203
146
390
283
235
359
418
404

Fe
17000
17500
16000
14500
15500
9700
16500
2500
1750
12100
8900
1900
5500
17900
17400
17100
20000
27500
25500

Ni
11
11
11
15
12
9
9
12
4
28
20
6
47
16
16
14
12
23
10

F
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Formation
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN

Subunit
GRANBRECCIA
GRANBRECCIA
GRANBRECCIA
GRANBRECCIA
GRANBRECCIA
GRANBRECCIA
CARBBRECCIA
CARBBRECCIA
CARBBRECCIA
CARBBRECCIA
CARBBRECCIA
CARBBRECCIA
CARBBRECCIA
POLYBRECCIA
POLYBRECCIA
POLYBRECCIA
POLYBRECCIA
POLYBRECCIA
POLYBRECCIA

100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00

Well Name Easting Depth Cu Zn
Zn >= 45 ppm (99th percentile)

Uwi
LSM-01
LSM-01
LSM-01
LSM-01
LSM-01
LSM-01
LSM-01
LSM-01
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03

542250
542250
542250
542250
542250
542250
542250
542250
525475
525475
525475
525475
525475
525475
525475
525475
525475
525475
525475
525475
525475
525475
525475
525475
525475

Northing
5732500
5732500
5732500
5732500
5732500
5732500
5732500
5732500
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850
5735850

65.2
65.5
65.8
66.8
67.4
68.0
69.2
82.3
57.9
59.9
60.5
62.8
63.2
63.8
66.3
67.0
68.3
68.6
69.2
69.8
70.4
72.8
74.9
77.1
80.8

57
70
25
38
29
48
150
27
21
15
7
17
25
26
12
19
20
24
24
19
15
18
12
9
16

73
59
58
54
55
51
70
71
99
76
78
75
76
56
77
83
94
84
75
85
68
73
63
49
50

Pb
0
3
0
0
0
0
0
10
8
8
7
15
10
14
11
17
17
8
11
12
10
12
7
7
5

Mn
105
107
126
150
177
151
294
148
390
272
255
266
283
235
274
343
359
418
404
353
330
336
311
373
383

Fe
17000
17500
16000
14500
15500
9700
16500
12100
17900
16600
14750
18050
17400
17100
17450
20950
20000
27500
25500
20050
20650
19500
17350
15350
17000

Ni
11
11
11
15
12
9
9
28
16
16
16
17
16
14
13
14
12
23
10
13
13
12
10
11
13

F
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Formation
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN

Subunit
GRANBRECCIA
GRANBRECCIA
GRANBRECCIA
GRANBRECCIA
GRANBRECCIA
GRANBRECCIA
CARBBRECCIA
CARBBRECCIA
POLYBRECCIA
POLYBRECCIA
POLYBRECCIA
POLYBRECCIA
POLYBRECCIA
POLYBRECCIA
POLYBRECCIA
POLYBRECCIA
POLYBRECCIA
POLYBRECCIA
POLYBRECCIA
POLYBRECCIA
POLYBRECCIA
POLYBRECCIA
POLYBRECCIA
POLYBRECCIA
POLYBRECCIA

100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00

Well Name Easting Depth Cu Zn
Pb >= 19 ppm (99th percentile)

Uwi
LSM-01 542250

Northing
5732500 69.5 710 34

Pb
47

Mn
159

Fe
2500

Ni
12

F
-

Formation
STMARTIN

Subunit
CARBBRECCIA

Well Name Easting Depth Cu Zn
Mn >= 363 ppm (99th percentile)

Uwi
LSM-03
LSM-03
LSM-03
LSM-03
LSM-03

525475
525475
525475
525475
525475

Northing
5735850
5735850
5735850
5735850
5735850

57.9
68.6
69.2
77.1
80.8

21
24
24
9
16

99
84
75
49
50

Pb
8
8
11
7
5

Mn
390
418
404
373
383

Fe
17900
27500
25500
15350
17000

Ni
16
23
10
11
13

F
-
-
-
-
-

Formation
STMARTIN
STMARTIN
STMARTIN
STMARTIN
STMARTIN

Subunit
POLYBRECCIA
POLYBRECCIA
POLYBRECCIA
POLYBRECCIA
POLYBRECCIA

100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00
100/06-26-032-09W1/00

Well Name Easting Depth Cu Zn
Ni >= 31 ppm (99th percentile)

Uwi

LSM-01
LSM-14

LSM-01
LSM-14

Northing

5732500
5739275

83.8
14.6

35
3

26
20

Pb

6
0

Mn

146
135

Fe

5500
17300

Ni

47
43

F

-
-

Formation

STMARTIN
STMARTIN

Subunit

CARBBRECCIA
CARBBRECCIA100/06-04-033-09W1/00

54
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Appendix 3:  Tables and maps of data at concentrations ≥≥ 99 percentile. (continued)

Souris River Formation

Well Name Easting Depth Cu Zn
Cu >= 20  ppm (99th percentile)

Uwi
M-06-80
M-06-80
M-08-70
M-08-70
M-08-70
M-14-71
M-14-71
M-14-71

423575
423575
415727
415727
415727
365125
365125
365125

Northing
5739040
5739040
5738924
5738924
5738924
5851625
5851625
5851625

54.8
57.2
19.2
22.3
29.0
29.5
33.0
33.3

20
21
24
20
20
22
25
20

15
12
10
16
14
17
22
25

Pb
20
3
2
2
5
0
0
7

Mn
172
250
170
181
129
125
166
161

Fe
6350
4900
3550
6400
3650
5350
8600
4950

Ni
29
28
20
27
23
17
47
41

F
-
-
-
-
-
-
-
-

Formation
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER

Subunit
REDBED1
REDBED1
REDBED1
REDBED1
REDBED1
REDBED1
REDBED1
REDBED1

102/01-05-033-19W1/00
102/01-05-033-19W1/00
100/13-34-032-20W1/00
100/13-34-032-20W1/00
100/13-34-032-20W1/00
100/04-23-044-25W1/00
100/04-23-044-25W1/00
100/04-23-044-25W1/00

Well Name Easting Depth Cu Zn
Zn >= 45 ppm (99th percentile)

Uwi
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-09-71
M-09-71
M-09-71
M-09-71

423575
423575
423575
423575
423575
423475
423475
423475
423475

Northing
5739040
5739040
5739040
5739040
5739040
5739374
5739374
5739374
5739374

21.0
44.2
45.7
46.2
49.6
28.7
43.2
44.3
45.6

7
4
4
4
10
11
6
6
7

147
45
58
50
48
96
84
79
53

Pb
1
1
1
1
1
0
3
0
0

Mn
201
120
196
202
250
143
140
176
148

Fe
4200
1400
2650
3300
5500
1250
2500
3200
3050

Ni
9
3
2
2
31
2
3
4
4

F
-
-
-
-
-
-
-
-
-

Formation
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER

Subunit
SAGEMACE
SAGEMACE
SAGEMACE
SAGEMACE
REDBED1
PTWILKINS
PTWILKINS
PTWILKINS
PTWILKINS

102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
100/01-05-033-19W1/00
100/01-05-033-19W1/00
100/01-05-033-19W1/00
100/01-05-033-19W1/00

Well Name Easting Depth Cu Zn
Pb >= 19 ppm (99th percentile)

Uwi
M-06-80
M-06-80
M-14-71

423575
423575
365125

Northing
5739040
5739040
5851625

8.6
54.8
5.1

5
20
9

16
15
15

Pb
20
20
25

Mn
440
172
92

Fe
5750
6350
600

Ni
6
29
3

F
-
-
-

Formation
SOURISRIVER
SOURISRIVER
SOURISRIVER

Subunit
SAGEMACE
REDBED1
PTWILKINSM

102/01-05-033-19W1/00
102/01-05-033-19W1/00
100/04-23-044-25W1/00

Well Name Easting Depth Cu Zn
Mn >= 363 ppm (99th percentile)

Uwi
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-07-78
M-07-78
M-09-71
M-09-71
M-09-71
M-17-81
M-17-81
M-17-81
M-17-81

423575
423575
423575
423575
423575
423575
423575
423575
423575
423575
423575
423575
423575
423575
423575
423575
423575
423575
423575
423575
423575
423575
373780
373780
423475
423475
423475
367000
367000
367000
367000

Northing
5739040
5739040
5739040
5739040
5739040
5739040
5739040
5739040
5739040
5739040
5739040
5739040
5739040
5739040
5739040
5739040
5739040
5739040
5739040
5739040
5739040
5739040
5822525
5822525
5739374
5739374
5739374
5850475
5850475
5850475
5850475

2.1
2.4
2.7
3.0
3.3
3.6
3.9
4.2
6.2
7.1
8.6
9.1
9.7
10.3
11.5
12.1
12.7
18.0
19.0
34.4
58.1
59.6
54.6
65.2
0.7
1.6
16.4
4.6
5.1
5.5
6.2

7
6
7
9
9
12
11
9
5
5
5
6
7
6
8
8
7
4
5
5
5
5
7
7
8
8
6
12
11
10
8

17
18
20
19
15
20
16
18
12
13
16
18
16
14
15
15
14
11
12
8
11
15
17
7
37
33
24
21
22
24
19

Pb
1
1
1
1
1
1
1
1
1
2
20
1
1
1
1
1
1
1
1
1
1
1
0
0
0
0
0
0
0
0
0

Mn
440
540
590
500
470
450
530
510
460
470
440
420
680
600
430
450
460
370
450
410
447
382
375
385
494
366
415
790
429
670
760

Fe
5600
6850
7500
6150
6450
6450
7600
7450
4950
5550
5750
4950
7900
6950
4650
4450
4600
6500
6400
5550
7400
6650
6050
1500
10150
7600
8400
11650
8900
12000
10400

Ni
6
6
5
4
5
7
6
8
7
5
6
7
6
7
14
9
9
3
2
3
2
4
0
0
13
11
5
32
38
36
29

F
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Formation Subunit
SAGEMACE
SAGEMACE
SAGEMACE
SAGEMACE
SAGEMACE
SAGEMACE
SAGEMACE
SAGEMACE
SAGEMACE
SAGEMACE
SAGEMACE
SAGEMACE
SAGEMACE
SAGEMACE
SAGEMACE
SAGEMACE
SAGEMACE
SAGEMACE
SAGEMACE
SAGEMACE
REDBED1
REDBED1

SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
REDBED1
REDBED1
REDBED1
REDBED1

102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
100/02-21-041-24W1/00
100/02-21-041-24W1/00
100/01-05-033-19W1/00
100/01-05-033-19W1/00
100/01-05-033-19W1/00
102/08-14-044-25W1/00
102/08-14-044-25W1/00
102/08-14-044-25W1/00
102/08-14-044-25W1/00

SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
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Appendix 3:  Tables and maps of data at concentrations ≥≥ 99 percentile. (continued)

Souris River Formation (continued)

Well Name Easting Depth Cu Zn
Ni >= 31 ppm (99th percentile)

Uwi
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-08-70
M-14-71
M-14-71
M-14-71
M-14-71
M-14-71
M-17-81
M-17-81
M-17-81

423575
423575
423575
423575
423575
423575
423575
423575
415727
365125
365125
365125
365125
365125
367000
367000
367000

Northing
5739040
5739040
5739040
5739040
5739040
5739040
5739040
5739040
5738924
5851625
5851625
5851625
5851625
5851625
5850475
5850475
5850475

24.1
24.8
49.6
49.9
52.0
52.4
53.1
58.4
29.4
31.3
33.0
33.3
36.6
36.9
4.6
5.1
5.5

17
14
10
14
13
11
15
14
18
6
25
20
8
8
12
11
10

13
14
48
40
14
14
12
12
12
26
22
25
23
22
21
22
24

Pb
1
1
1
1
1
1
10
1
6
0
0
7
0
0
0
0
0

Mn
169
184
250
248
184
222
167
293
115
195
166
161
145
185
790
429
670

Fe
4650
5700
5500
6500
2600
4650
4550
5550
3150
13900
8600
4950
12900
11950
11650
8900
12000

Ni
40
44
31
39
35
49
34
38
58
34
47
41
34
32
32
38
36

F
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Formation Subunit
SAGEMACE
SAGEMACE
REDBED1
REDBED1
REDBED1
REDBED1
REDBED1
REDBED1
REDBED1
REDBED1
REDBED1
REDBED1
REDBED1
REDBED1
REDBED1
REDBED1
REDBED1

102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
100/13-34-032-20W1/00
100/04-23-044-25W1/00
100/04-23-044-25W1/00
100/04-23-044-25W1/00
100/04-23-044-25W1/00
100/04-23-044-25W1/00
102/08-14-044-25W1/00
102/08-14-044-25W1/00
102/08-14-044-25W1/00

SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
SOURISRIVER
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Well Name Easting Depth Cu Zn
Cu >= 20  ppm (99th percentile)

Uwi
M-02-73
M-02-73
M-02-73
M-02-73
M-02-76
M-02-76
M-03-73
M-03-73
M-03-85
M-03-85
M-04-71
M-04-71
M-06-70
M-06-70
M-06-78
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-08-71
M-08-71
M-10-72
M-16-81
M-16-81
M-17-81
M-17-81
M-17-81
S-05-75
S-05-75
S-05-75

402800
402800
402800
402800
518660
518660
393539
393539
373325
373325
452500
452500
445339
445339
358950
423575
423575
423575
423575
423575
423575
423575
423575
423575
423575
423575
508450
508450
362250
434285
434285
367000
367000
367000
367600
367600
367600

Northing
5845100
5845100
5845100
5845100
5657900
5657900
5869704
5869704
5846100
5846100
5692400
5692400
5713975
5713975
5888075
5739040
5739040
5739040
5739040
5739040
5739040
5739040
5739040
5739040
5739040
5739040
5641385
5641385
5860300
5722600
5722600
5850475
5850475
5850475
5846630
5846630
5846630

6.7
7.2
8.2
14.9
4.9
6.8
7.6
9.1
6.9
13.2
7.3
9.2
28.0
33.5
7.2
73.2
92.3
97.9
98.2
98.5
101.3
102.2
105.2
106.8
107.1
108.9
20.3
23.0
9.3
85.9
94.2
14.0
17.6
41.1
6.3
9.2
11.0

24
36
29
22
29
23
22
22
22
23
38
157
79
36
36
23
26
20
25
34
20
23
20
23
20
20
24
25
21
23
31
34
35
29
20
26
20

30
22
30
30
35
39
23
27
87
34
22
59
36
26
141
15
17
29
42
24
19
15
21
36
28
25
25
23
36
19
54
11
17
27
193
36
36

Pb
5
22
0
5
3
3
18
8
15
3
0
41
0
0
0
1
1
1
1
1
1
1
1
1
1
1
0
0
2
4
0
0
0
8
11
9
0

Mn
330
305
310
240
274
296
270
230
384
286
178
220
176
198
377
293
317
236
245
255
275
243
253
295
219
250
200
225
285
198
214
302
310
336
710
396
300

Fe
7500
8100
7550
9150
3050
6950
3650
6900
6100
10150
2700
1400
1650
2900
15550
6900
6600
1450
1400
2100
4650
6500
3850
6350
5850
8450
8500
9350
9750
3900
8700
4800
9050
7750
57000
10000
7900

Ni
0
0
0
0
13
8
0
0
10
30
5
36
12
14
26
47
30
11
15
20
10
13
11
11
9
43
0
0
30
16
17
10
17
71
57
33
19

F
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Formation Subunit
REDBED2
REDBED2
REDBED2
REDBED2
DAWSONBL
DAWSONBL
REDBED2
REDBED2
REDBED2
REDBED2
DAWSONBL
DAWSONBL
DAWSONBL
DAWSONBL
REDBED2
DAWSONBM
DAWSONBL
REDBED2
REDBED2
REDBED2
REDBED2
REDBED2
REDBED2
REDBED2
REDBED2
REDBED2
REDBED2
REDBED2
REDBED2
DAWSONBL
REDBED2
DAWSONBU
DAWSONBM
REDBED2
DAWSONBL
REDBED2
REDBED2

100/09-33-043-21W1/00
100/09-33-043-21W1/00
100/09-33-043-21W1/00
100/09-33-043-21W1/00
100/07-13-024-10W1/00
100/07-13-024-10W1/00
100/09-16-046-22W1/00
100/09-16-046-22W1/00
102/09-33-043-24W1/00
102/09-33-043-24W1/00
100/03-17-028-16W1/00
100/03-17-028-16W1/00
100/09-16-030-17W1/00
100/09-16-030-17W1/00
100/05-07-048-25W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
100/06-25-022-11W1/00
100/06-25-022-11W1/00
100/08-17-045-25W1/00
102/15-09-031-18W1/00
102/15-09-031-18W1/00
102/08-14-044-25W1/00
102/08-14-044-25W1/00
102/08-14-044-25W1/00
100/03-01-044-25W1/00
100/03-01-044-25W1/00
100/03-01-044-25W1/00

DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB

Well Name Easting Depth Cu Zn
Zn >= 45 ppm (99th percentile)

Uwi
M-02-73
M-02-76
M-02-76
M-03-73
M-03-73
M-03-85
M-03-85
M-04-71
M-06-70
M-06-70
M-06-70
M-06-70
M-06-70
M-06-70
M-06-70
M-06-70
M-06-78
M-06-78
M-06-80
M-06-80
M-06-80
M-09-79
M-09-79
M-09-79
M-09-79
M-09-79
M-10-72

402800
518660
518660
393539
393539
373325
373325
452500
445339
445339
445339
445339
445339
445339
445339
445339
358950
358950
423575
423575
423575
420799
420799
420799
420799
420799
362250

Northing
5845100
5657900
5657900
5869704
5869704
5846100
5846100
5692400
5713975
5713975
5713975
5713975
5713975
5713975
5713975
5713975
5888075
5888075
5739040
5739040
5739040
5748650
5748650
5748650
5748650
5748650
5860300

14.0
5.6
6.2
14.9
16.2
6.3
6.9
9.2
15.5
16.5
17.1
40.2
41.7
42.4
43.0
43.6
7.2
13.7
109.3
110.4
110.5
11.4
11.7
12.6
16.8
17.7
16.3

17
11
9
15
12
6
22
157
7
6
6
5
9
11
12
10
36
18
10
6
13
13
16
12
13
10
12

47
48
47
94
147
51
87
59
45
47
45
48
50
52
46
47
141
259
45
50
50
55
56
67
53
55
55

Pb
0
3
2
4
0
10
15
41
3
0
0
0
0
2
0
0
0
0
1
1
1
7
5
0
0
0
0

Mn
240
246
216
175
100
381
384
220
201
200
207
230
221
219
210
197
377
211
268
59
71
295
270
310
280
260
248

Fe
14250
2900
3150
7800
6100
5000
6100
1400
8100
7700
8150
14200
14950
12550
10050
10000
15550
6600
6400
1600
5600
6250
7650
12250
8800
10600
12550

Ni
0
6
4
0
0
9
10
36
24
23
28
32
33
35
28
32
26
13
22
7
17
0
0
0
0
0
40

F
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
360
-
-
-
-
-
-

Formation Subunit
REDBED2
DAWSONBL
DAWSONBL
REDBED2
REDBED2
REDBED2
REDBED2
DAWSONBL
DAWSONBM
DAWSONBM
DAWSONBM
REDBED2
REDBED2
REDBED2
REDBED2
REDBED2
REDBED2
REDBED2
REDBED2
REDBED2
REDBED2
REDBED2
REDBED2
REDBED2
REDBED2
REDBED2
REDBED2

100/09-33-043-21W1/00
100/07-13-024-10W1/00
100/07-13-024-10W1/00
100/09-16-046-22W1/00
100/09-16-046-22W1/00
102/09-33-043-24W1/00
102/09-33-043-24W1/00
100/03-17-028-16W1/00
100/09-16-030-17W1/00
100/09-16-030-17W1/00
100/09-16-030-17W1/00
100/09-16-030-17W1/00
100/09-16-030-17W1/00
100/09-16-030-17W1/00
100/09-16-030-17W1/00
100/09-16-030-17W1/00
100/05-07-048-25W1/00
100/05-07-048-25W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
100/16-31-033-19W1/00
100/16-31-033-19W1/00
100/16-31-033-19W1/00
100/16-31-033-19W1/00
100/16-31-033-19W1/00
100/08-17-045-25W1/00

DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB

Appendix 3:  Tables and maps of data at concentrations ≥≥ 99 percentile. (continued)

Dawson Bay Formation
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Well Name Easting Depth Cu Zn
Zn >= 45 ppm (99th percentile)

Uwi
M-16-81
M-16-81
M-16-81
M-16-81
M-16-81
M-16-81
M-16-81
M-16-81
M-17-81
M-17-81
S-05-75
S-05-75

434285
434285
434285
434285
434285
434285
434285
434285
367000
367000
367600
367600

Northing
5722600
5722600
5722600
5722600
5722600
5722600
5722600
5722600
5850475
5850475
5846630
5846630

70.1
90.6
91.2
91.9
92.5
94.2
95.1
101.5
47.7
48.3
6.3
7.9

4
8
8
7
7
31
7
9
7
7
20
12

173
140
62
51
116
54
57
48
47
46
193
56

Pb
3
22
3
5
20
0
0
0
0
0
11
4

Mn
191
251
248
193
210
214
212
94
248
215
710
388

Fe
6350
3550
3450
2650
3650
8700
6800
4950
20900
15150
57000
7850

Ni
20
13
12
10
11
17
13
34
40
39
57
45

F
-
-
-
-
-
-
-
398
-
-
-
-

Formation Subunit
DAWSONBM
DAWSONBL
DAWSONBL
DAWSONBL
DAWSONBL
REDBED2
REDBED2
REDBED2
REDBED2
REDBED2
DAWSONBL
DAWSONBL

102/15-09-031-18W1/00
102/15-09-031-18W1/00
102/15-09-031-18W1/00
102/15-09-031-18W1/00
102/15-09-031-18W1/00
102/15-09-031-18W1/00
102/15-09-031-18W1/00
102/15-09-031-18W1/00
102/08-14-044-25W1/00
102/08-14-044-25W1/00
100/03-01-044-25W1/00
100/03-01-044-25W1/00

DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB

Well Name Easting Depth Cu Zn
Pb >= 19 ppm (99th percentile)

Uwi
M-02-73
M-02-73
M-04-71
M-06-80
M-08-71
M-09-79
M-16-81
M-16-81

402800
402800
452500
423575
508450
420799
434285
434285

Northing
5845100
5845100
5692400
5739040
5641385
5748650
5722600
5722600

7.2
9.8
9.2
69.3
19.4
8.3
90.6
92.5

36
13
157
5
7
10
8
7

22
27
59
11
44
15
140
116

Pb
22
64
41
19
46
22
22
20

Mn
305
265
220
227
195
275
251
210

Fe
8100
9400
1400
2550
8900
4600
3550
3650

Ni
0
0
36
4
0
0
13
11

F
-
-
-
-
-
-
-
-

Formation Subunit
REDBED2
REDBED2
DAWSONBL
DAWSONBU
REDBED2
DAWSONBL
DAWSONBL
DAWSONBL

100/09-33-043-21W1/00
100/09-33-043-21W1/00
100/03-17-028-16W1/00
102/01-05-033-19W1/00
100/06-25-022-11W1/00
100/16-31-033-19W1/00
102/15-09-031-18W1/00
102/15-09-031-18W1/00

DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB

Well Name Easting Depth Cu Zn
Mn >= 363 ppm (99th percentile)

Uwi
M-02-73
M-02-73
M-02-73
M-02-73
M-02-73
M-03-85
M-03-85
M-03-85
M-06-78
M-06-78
M-06-80
M-06-80
M-06-80
M-06-80
M-08-71
M-09-69
M-09-69
M-09-79
M-09-79
M-10-72
M-17-81
M-17-81
M-17-81
M-17-81
M-17-81
S-05-75
S-05-75
S-05-75
S-05-75
S-05-75
S-05-75
S-05-75

402800
402800
402800
402800
402800
373325
373325
373325
358950
358950
423575
423575
423575
423575
508450
519050
519050
420799
420799
362250
367000
367000
367000
367000
367000
367600
367600
367600
367600
367600
367600
367600

Northing
5845100
5845100
5845100
5845100
5845100
5846100
5846100
5846100
5888075
5888075
5739040
5739040
5739040
5739040
5641385
5657675
5657675
5748650
5748650
5860300
5850475
5850475
5850475
5850475
5850475
5846630
5846630
5846630
5846630
5846630
5846630
5846630

2.7
3.0
3.7
4.0
6.1
6.3
6.9
7.6
6.6
7.2
89.1
89.4
92.6
92.9
14.4
9.8
10.8
9.0
10.0
8.2
11.4
13.7
40.5
41.7
42.2
6.3
7.0
7.3
7.9
9.2
9.8
10.4

9
6
4
4
8
6
22
10
16
36
7
8
9
9
7
15
10
11
12
10
8
14
15
19
11
20
7
7
12
26
15
15

8
10
7
8
21
51
87
37
30
141
10
10
19
14
25
33
34
31
35
22
7
12
41
24
26
193
26
21
56
36
31
32

Pb
0
0
0
0
0
10
15
0
6
0
1
1
1
1
0
5
8
8
5
7
0
0
16
5
0
11
0
0
4
9
3
4

Mn
420
485
410
460
415
381
384
381
422
377
418
373
380
434
390
374
406
390
375
365
750
425
427
419
397
710
411
374
388
396
700
410

Fe
4950
4850
3050
3450
5100
5000
6100
7450
11300
15550
5850
6050
5900
8950
4150
5800
6850
7000
5500
5400
5400
6350
6100
9150
10600
57000
4750
3350
7850
10000
9750
9900

Ni
0
0
0
0
0
9
10
21
15
26
4
4
7
7
0
10
10
0
0
10
5
10
8
28
22
57
9
11
45
33
12
14

F
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Formation Subunit
DAWSONBL
DAWSONBL
DAWSONBL
DAWSONBL
DAWSONBL
REDBED2
REDBED2
REDBED2
REDBED2
REDBED2
DAWSONBL
DAWSONBL
REDBED2
REDBED2
DAWSONBL
DAWSONBL
DAWSONBL
DAWSONBL
DAWSONBL
DAWSONBL
DAWSONBU
DAWSONBU
REDBED2
REDBED2
REDBED2
DAWSONBL
DAWSONBL
DAWSONBL
DAWSONBL
REDBED2
REDBED2
REDBED2

100/09-33-043-21W1/00
100/09-33-043-21W1/00
100/09-33-043-21W1/00
100/09-33-043-21W1/00
100/09-33-043-21W1/00
102/09-33-043-24W1/00
102/09-33-043-24W1/00
102/09-33-043-24W1/00
100/05-07-048-25W1/00
100/05-07-048-25W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
100/06-25-022-11W1/00
100/08-13-024-10W1/00
100/08-13-024-10W1/00
100/16-31-033-19W1/00
100/16-31-033-19W1/00
100/08-17-045-25W1/00
102/08-14-044-25W1/00
102/08-14-044-25W1/00
102/08-14-044-25W1/00
102/08-14-044-25W1/00
102/08-14-044-25W1/00
100/03-01-044-25W1/00
100/03-01-044-25W1/00
100/03-01-044-25W1/00
100/03-01-044-25W1/00
100/03-01-044-25W1/00
100/03-01-044-25W1/00
100/03-01-044-25W1/00

DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB

Appendix 3:  Tables and maps of data at concentrations ≥≥ 99 percentile. (continued)
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Appendix 3:  Tables and maps of data at concentrations ≥≥ 99 percentile. (continued)

Well Name Easting Depth Cu Zn
Ni >= 31 ppm (99th percentile)

Uwi
M-03-85
M-03-85
M-03-85
M-03-85
M-04-71
M-06-70
M-06-70
M-06-70
M-06-70
M-06-78
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-08-70
M-10-72
M-16-81
M-16-81
M-16-81
M-17-81
M-17-81
M-17-81
M-17-81
M-17-81
M-17-81
M-17-81
M-17-81
M-17-81
S-05-75
S-05-75
S-05-75

373325
373325
373325
373325
452500
445339
445339
445339
445339
358950
423575
423575
423575
423575
423575
423575
423575
415727
362250
434285
434285
434285
367000
367000
367000
367000
367000
367000
367000
367000
367000
367600
367600
367600

Northing
5846100
5846100
5846100
5846100
5692400
5713975
5713975
5713975
5713975
5888075
5739040
5739040
5739040
5739040
5739040
5739040
5739040
5738924
5860300
5722600
5722600
5722600
5850475
5850475
5850475
5850475
5850475
5850475
5850475
5850475
5850475
5846630
5846630
5846630

11.6
12.1
12.7
15.6
9.2
40.2
41.7
42.4
43.6
6.8
73.2
95.7
96.7
97.3
103.1
107.4
108.9
47.2
16.3
64.9
99.9
101.5
16.2
21.4
22.6
24.5
41.1
47.7
48.3
48.9
49.5
6.3
7.9
9.2

8
6
8
18
157
5
9
11
10
12
23
19
8
8
12
11
20
7
12
8
12
9
14
16
16
12
29
7
7
11
15
20
12
26

34
35
37
36
59
48
50
52
47
37
15
15
17
16
21
20
25
12
55
12
30
48
38
36
40
42
27
47
46
42
39
193
56
36

Pb
0
0
0
0
41
0
0
2
0
0
1
3
1
1
1
1
1
3
0
4
11
0
0
0
0
0
8
0
0
0
0
11
4
9

Mn
272
273
278
234
220
230
221
219
197
333
293
238
207
235
308
265
250
224
248
199
195
94
264
237
233
239
336
248
215
177
152
710
388
396

Fe
9900
10150
10350
8000
1400
14200
14950
12550
10000
14600
6900
4300
6100
4950
8950
12950
8450
6500
12550
5650
11000
4950
10700
8800
9950
9350
7750
20900
15150
10750
10200
57000
7850
10000

Ni
39
66
31
37
36
32
33
35
32
46
47
33
33
55
42
41
43
33
40
32
32
34
33
32
32
40
71
40
39
37
36
57
45
33

F
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
398
-
-
-
-
-
-
-
-
-
-
-
-

Formation Subunit
REDBED2
REDBED2
REDBED2
REDBED2
DAWSONBL
REDBED2
REDBED2
REDBED2
REDBED2
REDBED2
DAWSONBM
REDBED2
REDBED2
REDBED2
REDBED2
REDBED2
REDBED2
DAWSONBM
REDBED2
DAWSONBM
REDBED2
REDBED2
DAWSONBM
DAWSONBM
DAWSONBM
DAWSONBM
REDBED2
REDBED2
REDBED2
REDBED2
REDBED2
DAWSONBL
DAWSONBL
REDBED2

102/09-33-043-24W1/00
102/09-33-043-24W1/00
102/09-33-043-24W1/00
102/09-33-043-24W1/00
100/03-17-028-16W1/00
100/09-16-030-17W1/00
100/09-16-030-17W1/00
100/09-16-030-17W1/00
100/09-16-030-17W1/00
100/05-07-048-25W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
100/13-34-032-20W1/00
100/08-17-045-25W1/00
102/15-09-031-18W1/00
102/15-09-031-18W1/00
102/15-09-031-18W1/00
102/08-14-044-25W1/00
102/08-14-044-25W1/00
102/08-14-044-25W1/00
102/08-14-044-25W1/00
102/08-14-044-25W1/00
102/08-14-044-25W1/00
102/08-14-044-25W1/00
102/08-14-044-25W1/00
102/08-14-044-25W1/00
100/03-01-044-25W1/00
100/03-01-044-25W1/00
100/03-01-044-25W1/00

DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
DAWSONB
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Well Name Easting Depth Cu Zn
Cu >= 20  ppm (99th percentile)

Uwi
HM-01-76
M-03-73
M-03-73
M-03-73
M-03-73
M-03-73
M-03-73
M-03-73
M-05-69
M-05-76
M-05-76
M-05-76
M-05-76
M-05-76
M-05-76
M-05-76
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-08-81
M-08-81
M-08-81
M-10-72
M-16-81
M-16-81

427450
393539
393539
393539
393539
393539
393539
393539
513100
456600
456600
456600
456600
456600
456600
456600
423575
423575
423575
423575
423575
539550
539550
539550
362250
434285
434285

Northing
5850250
5869704
5869704
5869704
5869704
5869704
5869704
5869704
5659125
5715375
5715375
5715375
5715375
5715375
5715375
5715375
5739040
5739040
5739040
5739040
5739040
5644450
5644450
5644450
5860300
5722600
5722600

8.7
23.8
24.4
25.0
25.6
26.2
26.8
27.7
7.3
71.3
73.7
74.6
75.2
75.8
76.5
77.1
112.6
115.9
116.6
116.9
118.7
4.4
7.5
9.3
17.1
123.5
124.2

50
20
24
30
24
22
35
22
23
49
72
187
76
51
77
79
21
30
49
160
36
24
40
28
25
20
29

41
7
7
7
7
7
13
10
37
5
9
8
7
7
7
6
55
10
12
13
32
28
39
32
55
4
8

Pb
3
3
4
5
5
4
6
3
0
0
0
0
0
0
0
0
10
4
8
8
8
0
22
45
8
0
0

Mn
304
105
105
105
115
80
90
100
102
80
106
157
134
126
193
126
57
90
94
91
82
229
831
643
155
112
107

Fe
10900
2600
6500
2350
2600
3400
8400
2950
2850
2150
950
850
550
800
700
1700
1050
750
850
800
1000
1500
2850
4150
7200
1250
950

Ni
51
0
0
0
0
0
0
0
5
13
28
22
19
17
28
39
6
13
24
29
13
10
43
23
35
7
8

F
686
480
360
348
348
348
336
420
127
-
-
-
-
-
-
-
-
529
731
529
318
226
291
229

168
166

Formation Subunit
WPGOSIS
WPGOSISU
WPGOSISU
WPGOSISU
WPGOSISU
WPGOSISU
WPGOSISU
WPGOSISU
WPGOSIS
WPGOSISU
WPGOSISU
WPGOSISU
WPGOSISU
WPGOSISU
WPGOSISU
WPGOSISU

TRANSITIONAL
WPGOSISU
WPGOSISU
WPGOSISU
WPGOSISU
WPGOSISL
WPGOSISL
WPGOSISL

TRANSITIONAL
WPGOSISL
WPGOSISL

100/01-24-044-19W1/00
100/09-16-046-22W1/00
100/09-16-046-22W1/00
100/09-16-046-22W1/00
100/09-16-046-22W1/00
100/09-16-046-22W1/00
100/09-16-046-22W1/00
100/09-16-046-22W1/00
100/03-21-024-10W1/00
102/10-22-030-16W1/00
102/10-22-030-16W1/00
102/10-22-030-16W1/00
102/10-22-030-16W1/00
102/10-22-030-16W1/00
102/10-22-030-16W1/00
102/10-22-030-16W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
100/04-06-023-07W1/00
100/04-06-023-07W1/00
100/04-06-023-07W1/00
100/08-17-045-25W1/00
102/15-09-031-18W1/00
102/15-09-031-18W1/00

WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS

Well Name Easting Depth Cu Zn
Pb >= 19 ppm (99th percentile)

Uwi
HM-03-76
M-07-73
M-08-81
M-08-81
M-09-79
M-16-81
M-16-81

419850
361500
539550
539550
420799
434285
434285

Northing
5856250
5890900
5644450
5644450
5748650
5722600
5722600

16.5
13.0
7.5
9.3
30.5
121.0
122.3

8
7
40
28
6
19
10

20
31
39
32
15
64
20

Pb
48
182
22
45
200
21
34

Mn
115
51
831
643
75
97
112

Fe
2100
800
2850
4150
1150
3600
2350

Ni
1
5
43
23
0
22
14

F
223
131
291
229
161
180
140

Formation Subunit
WPGOSIS
WPGOSISU
WPGOSISL
WPGOSISL
WPGOSIS
WPGOSISU
WPGOSISL

100/12-05-044-19W1/00
100/08-20-048-25W1/00
100/04-06-023-07W1/00
100/04-06-023-07W1/00
100/16-31-033-19W1/00
102/15-09-031-18W1/00
102/15-09-031-18W1/00

WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS

Well Name Easting Depth Cu Zn
Zn >= 45 ppm (99th percentile)

Uwi
HM-03-76
HM-03-76
M-05-76
M-05-76
M-06-76
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-06-80
M-08-81
M-10-72
M-16-81
M-16-81
S-05-75
S-05-75
S-05-75
S-05-75
S-05-75
S-05-75

419850
419850
456600
456600
444250
423575
423575
423575
423575
423575
423575
539550
362250
434285
434285
367600
367600
367600
367600
367600
367600

Northing
5856250
5856250
5715375
5715375
5715885
5739040
5739040
5739040
5739040
5739040
5739040
5644450
5860300
5722600
5722600
5846630
5846630
5846630
5846630
5846630
5846630

0.8
15.2
68.3
68.4
32.7
112.5
112.6
112.6
112.8
113.0
113.2
5.7
17.1
102.7
121.0
38.6
39.2
39.7
48.8
53.3
95.4

4
12
1
2
0
9
21
5
12
3
8
13
25
0
19
8
7
6
4
5
12

46
51
79
56
47
54
55
132
59
225
52
45
55
92
64
45
51
46
162
54
68

Pb
7
2
1
0
0
1
10
12
1
1
1
0
8
0
21
0
0
0
0
0
9

Mn
131
102
60
79
91
88
57
67
73
74
87
464
155
103
97
49
42
42
45
43
198

Fe
5200
1800
500
750
900
2300
1050
1050
1000
6750
1200
2000
7200
3700
3600
550
500
450
450
350
5300

Ni
0
4
6
9
1
7
6
6
11
21
8
4
35
0
22
2
1
1
8
2
21

F
257
183

162
227

303
200

230
180
219
242
233
196
192
495

Formation Subunit
WPGOSIS
WPGOSIS
WPGOSISU
WPGOSISU
WPGOSIS

TRANSITIONAL
TRANSITIONAL
TRANSITIONAL
TRANSITIONAL
TRANSITIONAL
WPGOSISU
WPGOSISL

TRANSITIONAL
WPGOSISU
WPGOSISU
WPGOSISU
WPGOSISU
WPGOSISU
WPGOSISU
WPGOSISU
WPGOSISL

100/12-05-044-19W1/00
100/12-05-044-19W1/00
102/10-22-030-16W1/00
102/10-22-030-16W1/00
100/13-21-030-17W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
100/04-06-023-07W1/00
100/08-17-045-25W1/00
102/15-09-031-18W1/00
102/15-09-031-18W1/00
100/03-01-044-25W1/00
100/03-01-044-25W1/00
100/03-01-044-25W1/00
100/03-01-044-25W1/00
100/03-01-044-25W1/00
100/03-01-044-25W1/00

WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS

Appendix 3:  Tables and maps of data at concentrations ≥≥ 99 percentile. (continued)

Winnipegosis Formation
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Appendix 3:  Tables and maps of data at concentrations ≥≥ 99 percentile. (continued)

Well Name Easting Depth Cu Zn
F >= 529 ppm (99th percentile)

Uwi
HM-01-76
HM-03-76
HM-03-76
M-03-70
M-03-70
M-03-70
M-03-73
M-03-85
M-05-69
M-06-80
M-06-80
M-06-80
M-06-80

427450
419850
419850
515600
515600
515600
393539
373325
513100
423575
423575
423575
423575

Northing
5850250
5856250
5856250
5658300
5658300
5658300
5869704
5846100
5659125
5739040
5739040
5739040
5739040

8.7
7.7
8.7
6.6
7.3
7.9
21.6
59.7
21.1
115.3
115.9
116.6
116.9

50
14
8
4
4
5
7
1
4
13
30
49
160

41
19
18
15
15
15
7
2
17
11
10
12
13

Pb
3
8
4
0
0
0
0
0
0
5
4
8
8

Mn
304
72
98
101
99
104
90
43
161
90
90
94
91

Fe
10900
850
1450
850
850
1000
3500
450
2050
500
750
850
800

Ni
51
6
6
0
2
1
0
0
0
7
13
24
29

F
686
601
531
736
669
568
540
532
903
630
529
731
529

Formation Subunit
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSISU
WPGOSISU
WPGOSIS
WPGOSISU
WPGOSISU
WPGOSISU
WPGOSISU

100/01-24-044-19W1/00
100/12-05-044-19W1/00
100/12-05-044-19W1/00

100/09-16-046-22W1/00
102/09-33-043-24W1/00
100/03-21-024-10W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00

WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS

Well Name Easting Depth Cu Zn
Ni >= 31 ppm (99th percentile)

Uwi
HM-01-76
M-05-76
M-05-76
M-06-80
M-08-81
M-10-72

427450
456600
456600
423575
539550
362250

Northing
5850250
5715375
5715375
5739040
5644450
5860300

8.7
69.5
77.1
138.4
7.5
17.1

50
3
79
9
40
25

41
5
6
21
39
55

Pb
3
0
0
1
22
8

Mn
304
72
126
267
831
155

Fe
10900
1950
1700
5800
2850
7200

Ni
51
108
39
40
43
35

F
686
-
-
500
291
-

Formation Subunit
WPGOSIS
WPGOSISU
WPGOSISU
WPGOSISL
WPGOSISL

TRANSITIONAL

100/01-24-044-19W1/00
102/10-22-030-16W1/00
102/10-22-030-16W1/00
102/01-05-033-19W1/00
100/04-06-023-07W1/00
100/08-17-045-25W1/00

WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS

Well Name Easting Depth Cu Zn
Mn >= 363 ppm (99th percentile)

Uwi
M-04-80
M-08-81
M-08-81
M-08-81

514658
539550
539550
539550

Northing
5700545
5644450
5644450
5644450

6.1
5.7
7.5
9.3

6
13
40
28

32
45
39
32

Pb
0
0
22
45

Mn
404
464
831
643

Fe
5550
2000
2850
4150

Ni
24
4
43
23

F
-
200
291
229

Formation Subunit
WPGOSISL
WPGOSISL
WPGOSISL
WPGOSISL

100/10-03-029-10W1/00
100/04-06-023-07W1/00
100/04-06-023-07W1/00
100/04-06-023-07W1/00

WPGOSIS
WPGOSIS
WPGOSIS
WPGOSIS
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Well Name Easting Depth Cu Zn
Cu >= 20  ppm (99th percentile)

Uwi
LSM-06
LSM-06
LSM-06
LSM-06
M-02-70
M-02-70

522400
522400
522400
522400
552613
552613

Northing
5732625
5732625
5732625
5732625
5624792
5624792

21.9
25.6
28.3
33.5
10.9
11.4

53
30
44
20
20
24

12
13
11
11
21
22

Pb
1
8
3
1
0
0

Mn
164
148
158
161
114
105

Fe
1050
1250
1550
1550
800
750

Ni
4
3
3
3
9
6

F
-
-
-
-
127
121

Formation Subunit
ELMPOINT
ELMPOINT
ELMPOINT
ELMPOINT
ELMPOINT
ELMPOINT

100/07-16-032-09W1/00
100/07-16-032-09W1/00
100/07-16-032-09W1/00
100/07-16-032-09W1/00
100/01-05-021-06W1/00
100/01-05-021-06W1/00

ELMPOINT
ELMPOINT
ELMPOINT
ELMPOINT
ELMPOINT
ELMPOINT

Appendix 3:  Tables and maps of data at concentrations ≥≥ 99 percentile. (continued)

Elm Point Formation

Well Name Easting Depth Cu Zn
Zn >= 45 ppm (99th percentile)

Uwi
M-01-72
M-08-74

517337
499480

Northing
5661775
5732377

44.4
0.7

12
9
105
49

Pb
9
0

Mn
128
137

Fe
1250
400

Ni
4
5

F
136
189

Formation Subunit
ELMPOINT
ELMPOINT

100/16-26-024-10W1/00
100/04-18-032-11W1/00

ELMPOINT
ELMPOINT

Well Name Easting Depth Cu Zn
Ni >= 31 ppm (99th percentile)

Uwi
M-04-79 544705

Northing
5685350 1.3 2 14

Pb
0

Mn
234

Fe
4650

Ni
35

F
-

Formation Subunit
ELMPOINT100/02-22-027-07W1/00 ELMPOINT
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Well Name Easting Depth Cu Zn
Cu >= 20  ppm (99th percentile)

Uwi
HM-01-76
HM-01-76
M-03-73
M-03-73
M-04-80
M-07-78
M-07-78

427450
427450
393539
393539
514658
373780
373780

Northing
5850250
5850250
5869704
5869704
5700545
5822525
5822525

10.1
11.0
43.0
43.6
15.8
119.8
120.4

20
27
23
20
20
24
26

54
53
24
37
6
34
39

Pb
0
2
7
6
0
18
2

Mn
241
248
220
235
134
345
310

Fe
9150
8900
9700
8300
4800
17000
15800

Ni
40
40
0
0
7
0
0

F
-
-
784
-
-
367
461

Formation Subunit
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN

100/01-24-044-19W1/00
100/01-24-044-19W1/00
100/09-16-046-22W1/00
100/09-16-046-22W1/00
100/10-03-029-10W1/00
100/02-21-041-24W1/00
100/02-21-041-24W1/00

ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN

Well Name Easting Depth Cu Zn
Zn >= 45 ppm (99th percentile)

Uwi
HM-01-76
HM-01-76
HM-01-76
HM-01-76
HM-01-76
M-03-73
M-03-85
M-03-85

427450
427450
427450
427450
427450
393539
373325
373325

Northing
5850250
5850250
5850250
5850250
5850250
5869704
5846100
5846100

9.5
10.1
11.0
11.7
12.0
44.2
101.3
101.9

18
20
27
11
8
17
17
10

53
54
53
47
72
55
45
48

Pb
2
0
2
0
0
0
6
2

Mn
245
241
248
239
262
230
221
226

Fe
10350
9150
8900
10650
10250
9400
8850
9850

Ni
37
40
40
30
30
0
37
37

F
832
-
-
-
-
-
840
1100

Formation Subunit
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN

100/01-24-044-19W1/00
100/01-24-044-19W1/00
100/01-24-044-19W1/00
100/01-24-044-19W1/00
100/01-24-044-19W1/00
100/09-16-046-22W1/00
102/09-33-043-24W1/00
102/09-33-043-24W1/00

ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN

Well Name Easting Depth Cu Zn
Mn >= 363 ppm (99th percentile)

Uwi
M-07-78 373780

Northing
5822525 123.1 14 38

Pb
0

Mn
385

Fe
25000

Ni
0

F
-

Formation Subunit
ASHERN100/02-21-041-24W1/00 ASHERN

Appendix 3:  Tables and maps of data at concentrations ≥≥ 99 percentile. (continued)
Ashern Formation

Well Name Easting Depth Cu Zn
Ni >= 31 ppm (99th percentile)

Uwi
HM-01-76
HM-01-76
HM-01-76
M-03-85
M-03-85
M-03-85
M-03-85
M-03-85
M-03-85
M-04-70
M-04-79
M-04-79
M-05-76
M-06-80
M-06-80
M-06-80
M-06-80
M-08-74
M-16-81
M-16-81

427450
427450
427450
373325
373325
373325
373325
373325
373325
536103
544705
544705
456600
423575
423575
423575
423575
499480
434285
434285

Northing
5850250
5850250
5850250
5846100
5846100
5846100
5846100
5846100
5846100
5647857
5685350
5685350
5715375
5739040
5739040
5739040
5739040
5732377
5722600
5722600

9.5
10.1
11.0
100.7
101.3
101.9
102.5
103.3
107.5
15.2
7.3
9.1
96.0
138.8
139.2
140.3
141.3
10.3
138.0
139.3

18
20
27
15
17
10
8
13
9
6
4
3
5
14
15
12
15
6
8
4

53
54
53
41
45
48
44
42
32
35
17
13
27
20
21
28
27
36
19
19

Pb
2
0
2
14
6
2
0
0
2
0
0
2
0
1
1
1
1
0
0
0

Mn
245
241
248
242
221
226
216
222
218
162
194
159
237
184
207
180
239
255
216
178

Fe
10350
9150
8900
11150
8850
9850
8600
10000
10650
5700
6950
4350
3300
3900
4800
31000
33000
7200
11550
9050

Ni
37
40
40
35
37
37
32
32
35
31
36
35
35
35
37
44
39
31
34
42

F
832
-
-
840
840
1100
940
1000
-
757
-
-
-
520
-
-
-

1022
-
-

Formation Subunit
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN

100/01-24-044-19W1/00
100/01-24-044-19W1/00
100/01-24-044-19W1/00
102/09-33-043-24W1/00
102/09-33-043-24W1/00
102/09-33-043-24W1/00
102/09-33-043-24W1/00
102/09-33-043-24W1/00
102/09-33-043-24W1/00
100/04-14-023-08W1/00
100/02-22-027-07W1/00
100/02-22-027-07W1/00
102/10-22-030-16W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
102/01-05-033-19W1/00
100/04-18-032-11W1/00
102/15-09-031-18W1/00
102/15-09-031-18W1/00

ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN

Well Name Easting Depth Cu Zn
F >= 529 ppm (99th percentile)

Uwi
HM-01-76
M-02-70
M-03-73
M-03-85
M-03-85
M-03-85
M-03-85
M-03-85
M-03-85
M-03-85
M-04-70
M-04-70
M-08-74
M-08-81
S-05-75

427450
552613
393539
373325
373325
373325
373325
373325
373325
373325
536103
536103
499480
539550
367600

Northing
5850250
5624792
5869704
5846100
5846100
5846100
5846100
5846100
5846100
5846100
5647857
5647857
5732377
5644450
5846630

9.5
13.3
43.0
100.7
101.3
101.9
102.5
103.3
103.9
104.5
15.2
16.1
10.3
21.4
97.9

18
5
23
15
17
10
8
13
12
8
6
6
6
15
13

53
36
24
41
45
48
44
42
41
40
35
33
36
31
42

Pb
2
0
7
14
6
2
0
0
0
3
0
0
0
0
3

Mn
245
163
220
242
221
226
216
222
234
284
162
175
255
163
207

Fe
10350
6850
9700
11150
8850
9850
8600
10000
13500
11800
5700
5250
7200
6800
11050

Ni
37
29
0
35
37
37
32
32
28
27
31
23
31
28
30

F
832
752
784
840
840
1100
940
1000
1060
1060
757
666
1022
591
840

Formation Subunit
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN

100/01-24-044-19W1/00
100/01-05-021-06W1/00
100/09-16-046-22W1/00
102/09-33-043-24W1/00
102/09-33-043-24W1/00
102/09-33-043-24W1/00
102/09-33-043-24W1/00
102/09-33-043-24W1/00
102/09-33-043-24W1/00
102/09-33-043-24W1/00
100/04-14-023-08W1/00
100/04-14-023-08W1/00
100/04-18-032-11W1/00
100/04-06-023-07W1/00
100/03-01-044-25W1/00

ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
ASHERN
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Well Name Easting Depth Cu Zn
Cu >= 20  ppm (99th percentile)

Uwi
M-02-80
M-04-79

570264
544705

Northing
5598817
5685350

17.5
37.0

39
27

36
21

Pb
11
0

Mn
315
90

Fe
1500
7800

Ni
21
41

F
-
-

Formation Subunit
CEDARLAKE
SILURIANUND

102/04-18-018-04W1/00
100/02-22-027-07W1/00

INTERLAKE
SILURIANUND

Well Name Easting Depth Cu Zn
Pb >= 19 ppm (99th percentile)

Uwi
M-03-82 591775

Northing
5702500 49.2 6 27

Pb
48

Mn
151

Fe
50

Ni
7

F
-

Formation Subunit
POST-

CRATERFILL
100/01-09-029-02W1/00 SILURIAN

Appendix 3:  Tables and maps of data at concentrations ≥≥ 99 percentile. (continued)

Interlake Group (including Silurian and Silurian Undifferentiated)

Well Name Easting Depth Cu Zn
Mn >= 363 ppm (99th percentile)

Uwi
M-02-80 570264

Northing
5598817 16.0 6 18

Pb
0

Mn
448

Fe
1600

Ni
2

F
-

Formation Subunit
CEDARLAKE102/04-18-018-04W1/00 INTERLAKE

Well Name Easting Depth Cu Zn
Ni >= 31 ppm (99th percentile)

Uwi
M-04-79 544705

Northing
5685350 37.0 27 21

Pb
0

Mn
90

Fe
7800

Ni
41

F
-

Formation Subunit
SILURIANUND100/02-22-027-07W1/00 SILURIANUND
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Well Name Easting Depth Cu Zn
Cu >= 20  ppm (99th percentile)

Uwi
69-01
M-11-79

570285
616575

Northing
5598850
5585850

112.8
13.6

22
64

18
14

Pb
0
0

Mn
82
65

Fe
3900
650

Ni
4
0

F
-
-

Formation Subunit
WILLIAMS

STONEWALLU
100/04-18-018-04W1/00
100/14-35-016-01E1/00

STONEWALL
STONEWALL

Appendix 3:  Tables and maps of data at concentrations ≥≥ 99 percentile. (continued)

Stonewall Formation
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Well Name Easting Depth Cu Zn
Cu >= 20  ppm (99th percentile)

Uwi
69-02
69-02
69-02
69-02
69-02
M-01-80

607621
607621
607621
607621
607621
622985

Northing
5566250
5566250
5566250
5566250
5566250
5560225

73.2
73.6
75.1
76.3
80.2
28.4

35
44
45
29
42
34

24
20
27
34
27
30

Pb
4
0
3
0
17
5

Mn
205
220
260
225
245
200

Fe
5550
6550
6600
7750
5250
6000

Ni
0
0
0
0
0
0

F
-
-
-
-
-
-

Formation Subunit
100/15-35-014-01W1/00
100/15-35-014-01W1/00
100/15-35-014-01W1/00
100/15-35-014-01W1/00
100/15-35-014-01W1/00
100/01-17-014-02E1/00

STONYMTN
STONYMTN
STONYMTN
STONYMTN
STONYMTN
STONYMTN

Appendix 3:  Tables and maps of data at concentrations ≥≥ 99 percentile. (continued)

Stony Mountain Formation

PENITENTIARY
PENITENTIARY
PENITENTIARY
PENITENTIARY
PENITENTIARY

GUNN

Well Name Easting Depth Cu Zn
Zn >= 45 ppm (99th percentile)

Uwi
LSM-11 544740

Northing
5758240 39.0 5 81

Pb
5

Mn
105

Fe
4500

Ni
6

F
-

Formation Subunit
100/11-02-035-07W1/00 STONYMTN GUNN
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Well Name Easting Depth Cu Zn
Cu >= 20  ppm (99th percentile)

Uwi
69-03
M-01-80
M-03-79
M-03-82
M-03-82
M-04-80
M-11-79

612685
622985
638000
591775
591775
514658
616575

Northing
5592790
5560225
5583600
5702500
5702500
5700545
5585850

109.7
29.0
18.8
151.2
158.2
268.7
74.3

26
21
25
49
34
143
48

8
34
10
17
16
3
31

Pb
1
8
0
2
4
0
11

Mn
80
195
105
182
188
175
290

Fe
1350
4850
1250
4250
6150
2850
3200

Ni
0
0
0
5
16
2
0

F
-
-
-
-
-
-
-

Formation Subunit
SELKIRK

FORTGARRY
SELKIRK

CRATERBRECCIA
CRATERBRECCIA

DOGHEAD
FORTGARRY

100/04-28-017-01E1/00
100/01-17-014-02E1/00
100/03-25-016-03E1/00
100/01-09-029-02W1/00
100/01-09-029-02W1/00
100/10-03-029-10W1/00
100/14-35-016-01E1/00

REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER

Appendix 3:  Tables and maps of data at concentrations ≥≥ 99 percentile. (continued)

Red River Formation

Well Name Easting Depth Cu Zn
Zn >= 45 ppm (99th percentile)

Uwi
69-04
69-04
LSM-10
LSM-11
LSM-11
LSM-11
M-03-82
M-04-80

638800
638800
546900
544740
544740
544740
591775
514658

Northing
5576400
5576400
5750300
5758240
5758240
5758240
5702500
5700545

91.7
92.4
41.8
58.2
69.8
73.2
226.7
183.6

3
4
2
3
1
1
2
1

67
122
45
740
52
45
65
76

Pb
0
0
4
0
6
3
4
2

Mn
345
292
85
126
89
88
263
65

Fe
5200
12800
1450
2350
1900
2950
6200
1200

Ni
8
17
4
4
1
4
5
3

F
-
-
-
-
-
-
-
-

Formation Subunit
DOGHEAD
DOGHEAD
FORTGARRY
FORTGARRY
FORTGARRY
FORTGARRY
REDRIVERL
FORTGARRY

100/16-36-015-03E1/00
100/16-36-015-03E1/00
100/07-12-034-07W1/00
100/11-02-035-07W1/00
100/11-02-035-07W1/00
100/11-02-035-07W1/00
100/01-09-029-02W1/00
100/10-03-029-10W1/00

REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER

Well Name Easting Depth Cu Zn
Pb >= 19 ppm (99th percentile)

Uwi
69-03
LSM-10
LSM-11
M-01-70
M-01-70
M-03-79
M-03-79
M-03-79
M-03-79
M-03-79
M-03-79
M-03-79
M-03-79

612685
546900
544740
635685
635685
638000
638000
638000
638000
638000
638000
638000
638000

Northing
5592790
5750300
5758240
5554825
5554825
5583600
5583600
5583600
5583600
5583600
5583600
5583600
5583600

113.1
34.1
125.0
13.7
31.4
20.1
23.1
23.5
23.8
25.2
25.8
42.3
46.4

6
18
0
2
4
4
5
5
5
5
5
5
5

8
10
8
25
27
10
11
13
10
10
11
15
8

Pb
42
19
23
22
35
32
27
19
69
36
23
22
24

Mn
85
169
82
97
175
130
135
140
130
115
95
115
125

Fe
1050
3150
1000
1900
2500
1650
1900
1750
1500
1350
1150
1050
1300

Ni
0
49
1
7
2
0
0
0
0
0
0
0
0

F
-
-
-
-
-
-
-
-
-
-
-
-
-

Formation Subunit
SELKIRK

FORTGARRY
DOGHEAD
FORTGARRY
FORTGARRY
SELKIRK
SELKIRK
SELKIRK
SELKIRK
SELKIRK
SELKIRK
SELKIRK
SELKIRK

100/04-28-017-01E1/00
100/07-12-034-07W1/00
100/11-02-035-07W1/00
100/10-27-013-03E1/00
100/10-27-013-03E1/00
100/03-25-016-03E1/00
100/03-25-016-03E1/00
100/03-25-016-03E1/00
100/03-25-016-03E1/00
100/03-25-016-03E1/00
100/03-25-016-03E1/00
100/03-25-016-03E1/00
100/03-25-016-03E1/00

REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER

Well Name Easting Depth Cu Zn
Mn >= 363 ppm (99th percentile)

Uwi
69-04
69-04
69-04
69-04
69-04
LSM-11
M-03-82
M-04-80
M-05-79
M-05-79
M-05-79
M-05-79
M-05-79
M-05-79
M-05-79
M-05-79
M-05-79
M-05-79
M-05-79
M-05-79
M-07-80
M-07-80
M-07-80
M-07-80
M-07-80
M-07-80

638800
638800
638800
638800
638800
544740
591775
514658
479050
479050
479050
479050
479050
479050
479050
479050
479050
479050
479050
479050
639168
639168
639168
639168
639168
639168

Northing
5576400
5576400
5576400
5576400
5576400
5758240
5702500
5700545
5954750
5954750
5954750
5954750
5954750
5954750
5954750
5954750
5954750
5954750
5954750
5954750
5597872
5597872
5597872
5597872
5597872
5597872

97.8
98.5
99.1
99.7
100.3
148.4
188.5
277.7
108.9
111.3
111.9
112.5
113.1
113.7
114.3
115.0
115.6
116.2
116.8
117.4
79.6
86.3
86.9
87.5
88.2
88.8

2
4
3
3
3
0
7
1
1
1
1
1
1
2
2
1
2
2
1
3
5
11
9
9
11
13

18
19
18
19
19
6
19
7
3
3
3
3
3
3
3
7
3
3
2
2
15
25
21
29
26
28

Pb
0
0
0
0
0
0
0
0
0
0
0
2
2
0
0
0
0
0
0
0
5
0
0
0
3
4

Mn
389
405
442
477
519
363
381
380
373
374
368
394
390
560
550
580
590
590
580
610
380
376
397
427
551
633

Fe
6750
8650
7450
10400
11100
6350
7100
10450
4000
4100
3650
4150
4300
4250
4300
5000
5050
5500
5100
5550
4950
9000
10050
10550
11150
12550

Ni
9
12
10
13
12
4
5
5
1
1
0
1
1
2
1
1
1
1
1
2
1
8
7
9
6
13

F
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Formation Subunit
DOGHEAD
DOGHEAD
DOGHEAD
DOGHEAD
DOGHEAD
DOGHEAD
FORTGARRY
DOGHEAD
SELKIRK
SELKIRK
SELKIRK
SELKIRK
SELKIRK
SELKIRK
SELKIRK
SELKIRK
SELKIRK
SELKIRK
SELKIRK
SELKIRK
DOGHEAD
DOGHEAD
DOGHEAD
DOGHEAD
DOGHEAD
DOGHEAD

100/16-36-015-03E1/00
100/16-36-015-03E1/00
100/16-36-015-03E1/00
100/16-36-015-03E1/00
100/16-36-015-03E1/00
100/11-02-035-07W1/00
100/01-09-029-02W1/00
100/10-03-029-10W1/00
100/16-10-055-13W1/00
100/16-10-055-13W1/00
100/16-10-055-13W1/00
100/16-10-055-13W1/00
100/16-10-055-13W1/00
100/16-10-055-13W1/00
100/16-10-055-13W1/00
100/16-10-055-13W1/00
100/16-10-055-13W1/00
100/16-10-055-13W1/00
100/16-10-055-13W1/00
100/16-10-055-13W1/00
100/14-06-018-04E1/00
100/14-06-018-04E1/00
100/14-06-018-04E1/00
100/14-06-018-04E1/00
100/14-06-018-04E1/00
100/14-06-018-04E1/00

REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER
REDRIVER



113

Appendix 3:  Tables and maps of data at concentrations ≥≥ 99 percentile. (continued)

Well Name Easting Depth Cu Zn
Ni >= 31 ppm (99th percentile)

Uwi
LSM-10
LSM-10
M-03-80

546900
546900
563348

Northing
5750300
5750300
5756228

34.1
41.1
11.4

18
2
3

10
6
4

Pb
19
0
0

Mn
169
86
256

Fe
3150
1900
4650

Ni
49
31
12
0

F
-
-
-

Formation Subunit
FORTGARRY
FORTGARRY
FORTGARRY

100/07-12-034-07W1/00
100/07-12-034-07W1/00
100/10-27-034-05W1/00

REDRIVER
REDRIVER
REDRIVER
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Appendix 3:  Tables and maps of data at concentrations ≥≥ 99 percentile. (continued)

Winnipeg Formation

Well Name Easting Depth Cu Zn
Cu >= 20  ppm (99th percentile)

Uwi
69-04
69-04
69-04
LSM-11
M-04-80

638800
638800
638800
544740
514658

Northing
5576400
5576400
5576400
5758240
5700545

102.7
103.9
104.5
149.4
278.3

22
28
70
46
20

57
58
89
36
14

Pb
0
3
20
4
0

Mn
220
191
234
62

1100

Fe
31500
30650
36450
25500
12650

Ni
31
32
55
45
9

F
-
-
-
-
-

Formation Subunit
WINNIPEGU
WINNIPEGU
WINNIPEGU
WINNIPEG
WINNIPEGU

100/16-36-015-03E1/00
100/16-36-015-03E1/00
100/16-36-015-03E1/00
100/11-02-035-07W1/00
100/10-03-029-10W1/00

WINNIPEG
WINNIPEG
WINNIPEG
WINNIPEG
WINNIPEG

Well Name Easting Depth Cu Zn
Zn >= 45 ppm (99th percentile)

Uwi
69-04
69-04
69-04
69-04
69-04

638800
638800
638800
638800
638800

Northing
5576400
5576400
5576400
5576400
5576400

102.7
103.3
103.9
104.5
105.2

22
14
28
70
5

57
64
58
89
46

Pb
0
2
3
20
33

Mn
220
242
191
234
129

Fe
31500
36300
30650
36450
22150

Ni
31
35
32
55
32

F
-
-
-
-
-

Formation Subunit
WINNIPEGU
WINNIPEGU
WINNIPEGU
WINNIPEGU
WINNIPEGU

100/16-36-015-03E1/00
100/16-36-015-03E1/00
100/16-36-015-03E1/00
100/16-36-015-03E1/00
100/16-36-015-03E1/00

WINNIPEG
WINNIPEG
WINNIPEG
WINNIPEG
WINNIPEG

Well Name Easting Depth Cu Zn
Pb >= 19 ppm (99th percentile)

Uwi
69-04
69-04

638800
638800

Northing
5576400
5576400

104.5
105.2

70
5

89
46

Pb
20
33

Mn
234
129

Fe
36450
22150

Ni
55
32

F
-
-

Formation Subunit
WINNIPEGU
WINNIPEGU

100/16-36-015-03E1/00
100/16-36-015-03E1/00

WINNIPEG
WINNIPEG

Well Name Easting Depth Cu Zn
Mn >= 363 ppm (99th percentile)

Uwi
69-04
69-04
69-04
M-04-80

638800
638800
638800
514658

Northing
5576400
5576400
5576400
5700545

100.9
101.5
102.1
278.3

4
4
11
20

21
27
32
14

Pb
2
6
0
0

Mn
568
616
849
1100

Fe
12050
12900
13700
12650

Ni
14
20
21
9

F
-
-
-
-

Formation Subunit
WINNIPEGU
WINNIPEGU
WINNIPEGU
WINNIPEGU

100/16-36-015-03E1/00
100/16-36-015-03E1/00
100/16-36-015-03E1/00
100/10-03-029-10W1/00

WINNIPEG
WINNIPEG
WINNIPEG
WINNIPEG

Well Name Easting Depth Cu Zn
Ni >= 31 ppm (99th percentile)

Uwi
69-04
69-04
69-04
69-04
69-04
LSM-11

638800
638800
638800
638800
638800
544740

Northing
5576400
5576400
5576400
5576400
5576400
5758240

102.7
103.3
103.9
104.5
105.2
149.4

22
14
28
70
5
46

57
64
58
89
46
36

Pb
0
2
3
20
33
4

Mn
220
242
191
234
129
62

Fe
31500
36300
30650
36450
22150
25500

Ni
31
35
32
55
32
45

F
-
-
-
-
-
-

Formation Subunit
WINNIPEGU
WINNIPEGU
WINNIPEGU
WINNIPEGU
WINNIPEGU
WINNIPEG

100/16-36-015-03E1/00
100/16-36-015-03E1/00
100/16-36-015-03E1/00
100/16-36-015-03E1/00
100/16-36-015-03E1/00
100/11-02-035-07W1/00

WINNIPEG
WINNIPEG
WINNIPEG
WINNIPEG
WINNIPEG
WINNIPEG
















