LAKE SEDIMENT EXPLORATION GEOCHEMICAL SURVEY
OF PORTIONS OF LAKE AND ST. LOUIS COUNTIES, MINNESOTA

By: M. K. Vadis and D. G. Meineke

Minnesota Department of Natural Resources
Division of Minerals

Report 171

Hibbing, Minnesota
1982



This report is on deposit at various
major libraries in Minnesota

For sale by State Register and Public Documents Division
117 University Avenue
St. Paul, Minnesota 55155
Phone: 612/297-3000




TABLE OF CONTENTS

Page

AB ST RACT .. 01
INTRODU CTION ..o e e e e e 02
GEOLOGY AND PHYSIOGRAPHY .. 02
Precambrian Geology . ... ..o o 02
Glacial GeologY ... 02
PRy SIOgrapnY . .o e 04
SEDIMENT SAMPLING TECHNIQUE ... ... . e e e e 04
SAMPLE PREPARATION AND CHEMICAL ANALYSIS ... . .. e 09
STATISTICAL ANALY SIS .. e 10
Analysis of Data Distribution ... e 10
Relation of Bedrock to Lake Sediment Chemistry ............................. e 10
Correlation and Inter-Parameter Relations ........... ... i 10
Normalization of the Effects of Fe, Mn, and LOI ... ... i 10
SURVEY RESULTS AND DISCUSSION ... e e 16
SUMMARY AND CONCLUSIONS ... i e e e e e 17
REFEREN CES .. e 17
APPENDIX: Element, Water Depth, and LOI Data ........... ... . . . . e 21

iii



Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:

Table 1:
Table 2:
Table 3:
Table 4:
Table 5:
Table 6:
Table 7:
Table 8:
Table 9:

Plate
Plate

Plate
Plate
Plate
Plate
Plate
Plate

Plate

Plate 10:

Plate 11:

a O AW N=

8:
9:

LIST OF FIGURES

Page
Location map of Minnesota, Lake County, and lake sediment survey area ....................... 03
Composite map showing main phases of Wisconsin glaciation in Minnesota ...................... 05
Quaternary geology of Lake CouNnty . ... 06
Physiographic areas of northeastern Minnesota ............ .. .. ... ... 07
Histogram and cumulative frequency distribution of loss-on-ignition (LON ............. ... ... .. ... 12
Interval scatter diagrams of Zn and Mn . ... ... 14
Cu/Fe ratios along regression lNe ... ... ...ttt e e e 15

LIST OF TABLES

Page
Analytical results from freeze-dried and oven-dried samples ............ ... . L. 08
Statistical analysis comparing freeze-dried and oven-dried samples .............. ... ... ... ... 08
Correlation coefficients for freeze-dried and oven-dried samples ........... ... .. ... 09
Analytical precision for lake sediment samples ......... ... .. 09
Analytical detection limits . ... . . e e 09
SUMMaAry StaliStiCS ... .. o e 11
Summary statistics of lake sediments by bedrock type ......... .. ... 11
Correlation coefficient matrix ......... e e e e 13
Percent ranges of percentiles for element concentration symbol maps ................ ... ... ..., 16

LIST OF PLATES

: Preliminary Precambrian Geology of Portions of Lake and St. Louis Counties, Minnesota
. Lake Sediment Exploration Geochemical Survey of Portions of Lake and St. Louis Counties, Minnesota—

Upper 10% of Elements and Silver

: Lake Sediment Exploration Geochemical Survey of Portions of Lake and St. Louis Counties, Minnesota—

Arsenic

. Lake Sediment Exploration Geochemical Survey of Portions of Lake and St. Louis Counties, Minnesota—

Cobalt

: Lake Sediment Exploration Geochemical Survey of Portions of Lake and St. Louis Counties, Minnesota—

Copper

: Lake Sediment Exploration Geochemical Survey of Portions of Lake and St. Louis Counties, Minnesota—

Nickel

. Lake Sediment Exploration Geochemical Survey of Portions of Lake and St. Louis Counties, Minnesota—

Lead

Lake Sediment Exploration Geochemical Survey of Portions of Lake and St. Louis Counties, Minnesota—
Zinc :

Lake Sediment Exploration Geochemical Survey of Portions of Lake and St. Louis Counties, Minnesota—
Iron

Lake Sediment Exploration Geochemical Survey of Portions of Lake and St. Louis Counties, Minnesota—
Manganese

Sample Location Map for Lake Sediment Exploration Geochemical Survey, Portions of Lake and St. Louis
Counties, Minnesota



LAKE SEDIMENT EXPLORATION GEOCHEMICAL SURVEY
OF PORTIONS OF LAKE AND ST. LOUIS COUNTIES, MINNESOTA

By
M. K. Vadis and D. G. Meineke

ABSTRACT

An organic-rich lake sediment exploration geochemical survey was conducted over a
major portion of Lake County and a small portion of southeastern St. Louis County,
Minnesota, as part of a program to evaluate mineral potential for land management
pUrposes.

In the course of the survey, 1096 samples from a 2770 mi? (7175 km?) area were
collected from lakes underlain by bedrock of the Duluth Complex, North Shore Volcanic
Group, and Virginia Formation rocks. Unashed samples were analyzed by atomic
absorption for Ag, Co, Cu, Ni, Pb, Zn, Fe, and Mn by using a 4M HNQO3/1M HCI leach,
and for As by using a concentrated HNO3/30% hydrogen peroxide leach. Organic
content was estimated by loss-on-ignition (LOI). Resuits of the survey indicate that the
chemistry of the bedrock geology.is reflected in the element concentrations of the lake
sediment, which suggests that the lake sediment should reflect economic mineralization
under favorable chemical, geologic, and hydrologic conditions.

Statistical analysis of the data indicates that Fe and Mn demonstrate a positive relation
to all trace elements and that As, Co, Cu, Ni, Pb, Fe, and Mn show a negative relation to
LOI. Element ratios were not justified because of non-proportional parameter relations,
and neither univariate regression residuals nor inorganic concentration conversions
based on LOI/ significantly normalized the data for the effects or relations of Fe, Mn, or
LOI.

No positive relations were observed between the trace elements and LO/, suggesting
that organic complexing does not play a major role in the concentration of the trace
elements in the lake sediment. Furthermore, the negative relation of some elements to
LO! indicates that these elements are predominantly concentrated in the inorganic
fraction of the sediment.

A non-proportional, approximately exponential relation was found between the trace
elements and Fe, Mn, and LOI, while a proportional, approximately exponential relation
was demonstrated between Fe and Mn. It is suggested that these relations are not
related to chemical processes, which tend to enhance the trace element concentrations.
Results from other lake sediment surveys from Minnesota performed by the Division of
Minerals are similar to those reported above. The observations and suggestions
described are based only on the analytical methods used and may differ with other
chemical techniques.

Several anomalous regional trends and significant multi-element anomalies were
revealed by this survey; the most striking of which may be the reflection of known Cu-Ni
mineralization along the northwestern basal contact of the Duluth Complex.

Factors such as glacial dispersion and variation of trace element background with
bedrock lithology should be considered in the interpretation of this survey.




INTRODUCTION

The area covered by this survey lies in portions of Lake
and St. Louis counties in northeastern Minnesota (Fig. 1).
Portions of these counties within the survey area have
been explored for several decades, revealing numerous
occurrences that include Cu, Ni, Co, Ti, V, and other
minerals. None, however, have been developed to date.
Intensive mineral exploration, both currently and in the
past, has been concentrated in the Duluth Complex near
its northwestern basal contact. Taconite from the Mesabi
Range is mined several miles northwest of the survey
area.

The Division of Minerals of the Minnesota Department of
Natural Resources manages and administers approxi-
mately 25 percent of the mineral lands in Lake and St.
Louis counties, which are scattered throughout most of the
survey area. A regiona!l lake sediment exploration geo-
chemical reconnaissance survey was undertaken by the
Division of Minerals in a portion of Lake and St. Louis
counties as part of a program to evaluate the mineral
potential of state lands for land management purposes.
Lake sediment geochemistry has been researched and
applied to a number of areas in northern and central
Minnesota by the Division of Minerals since 1974 (Meineke,
Vadis, and Klaysmat, 1976, 1977a, 1977b, 1977¢, 1977d,
and 1979; Meineke, Butz, and Vadis, 1977; Vadis and
Meineke, 1982), and the Geological Survey of Canada has
recently completed lake sediment surveys in Ontario adja-
cent to Minnesota (Hornbrook and Coker, 1977; Coker and
Shilts, 1979).

The lake sediment sampling was conducted in 1978-
1979 over an area of approximately 2770 mi? (7175 km?)
(Fig. 1). All lakes within this area containing acceptable
sample material were sampled. This area is bounded by
the Boundary Waters Canoe Area Wilderness to the north,
Cook County to the east, Lake Superior to the south, and a
line approximately two miles west of the Duluth Complex
contact to the west. A large portion of the survey area lies
within the Superior National Forest. The Boundary Waters
Canoe Area (BWCA) is a U.S. government wilderness
area that was expanded, effective January, 1979.
Samples collected from the expanded area prior to inclu-
sion in the BWCA are included in this report. The various
additions to the BWCA are illustrated on the plates which
accompany this report.

The samples were chemically analyzed at the Division of
Minerals under the direction and supervision of A. W.
Klaysmat, Research Scientist. Subsequent to chemical
analysis, a computer-assisted statistical analysis of the
data was performed to identify relationships and charac-
teristics of the element data and other survey parameters
that would assist in the interpretation of the survey for
mineral potential purposes.

GEOLOGY AND PHYSIOGRAPHY

The geology and physiography of the survey area have
been shaped by events occurring from the Archean to the
Pleistotene. The bedrock geology includes Archean, Mid-

dle and Late Precambrian (Keweenawan) rocks, while the
Pleistocene is represented by glacial deposits covering
approximately 95 percent of the bedrock. The lithologic
and structural character of the Precambrian bedrock and
the Pleistocene glaciation have, to a large degree, deter-
mined the physiography of the survey area.

Precambrian Geology

The bedrock geology, as adapted from several authors,
is dominated by Late Precambrian (Keweenawan) rocks,
the only Archean units present being the granitic and
metasedimentary rocks in the extreme northwestern part
of the area (Plate 1). These are unconformably overlain by
the Middle Precambrian Pokegama Quartzite (not shown
because of scale), the Biwabik Iron-formation (bif), and the
Virginia Formation (vag) of the Animikie Group.

The remainder of the survey area is divided between the
Keweenawan North Shore Volcanic Group, the Duluth and
Beaver Bay complexes, and other Keweenawan intru-
sives. The North Shore Volcanic Group and Middle Pre-
cambrian Animikie Group in the survey area have been |
extensively intruded by Keweenawan rocks ranging from
troctolite to granophyre in composition. The North Shore
Volcanic Group consists of mostly mafic flows with lesser
intermediate and felsic flows and minor interflow sedi-
ments. Numerous mineral showings, occurrences, and
deposits in the survey area have been described in
the literature, and a compilation of this data and data
from additional field surveys is in preparation by Gladen,
Meineke, and McKenna. The most significant mineraliza-
tion occurs along the northwestern basal contact of the
Duluth Complex and is illustrated by the stippled areas on
Plate 1 (in pocket). These stippled areas, according to
Listerud and Meineke (1977), contain 4.4 billion tons of
=.50% Cu averaging .66% Cu and .20% Ni.

Glacial Geology

Minnesota was subject to multiple events of continental
glaciation during Pleistocene time. The survey area (Fig.
1) was in the path of glaciers which moved out of the
Hudson Bay lowland and the Winnipeg area. The survey
area has probably undergone numerous ice invasions, but
evidence of only the latest Wisconsin glaciers, the Supe-
rior lobe, the Rainy lobe, and the St. Louis sublobe of the
Des Moines lobe, is indicated in the present-day glacial
deposits. The Rainy lobe moved into the area from the
north-northeast, the Superior lobe from the east-northeast
along the Lake Superior basin, and the St. Louis sublobe
from the west-northwest. Figure 2 is a composite map
illustrating the major phases of these glaciers (after Wright
1972). Figure 3 illustrates the distribution of the Rainy lobe,
Superior lobe, and St. Louis sublobe drifts in the survey
area (adapted from Goebel, 1979). The following simpli-
fied discussion of the phases of Wisconsin glaciation in the
survey area and northeastern Minnesota is based on
Wright (1972) and Wright et al., (1969).

St. Croix Phase— During the St. Croix Phase, the Rainy

lobe advanced from the north-northeast and followed
a southwest course roughly parallel to the present-
day Lake Superior shoreline while the Superior lobe
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moved from the.northeast and followed the Lake
Superior trough. Both of these glaciers terminated
southwest of the survey area. The Toimi drumiin fieid,
produced by the Rainy lobe, contains about 1400
drumlins trending 345° west and averaging about one
mile in length and 50 feet in height. The drumlin field is
truncated on the north by the Vermilion moraine,
which is from a later advance of the Rainy [obe, to the
east and south by the Highland moraine of the Supe-
rior lobe, and to the west by the Culver moraine of the
St. Louis sublobe. The Toimi drumlins consist of grey,
sandy, stoney till containing little clay or silt, with the
predominant rock type being gabbro. The end of this
phase was marked by a general deglaciation and the
retreat of the Rainy and Superior lobes, the Superior
lobe just into the Lake Superior basin and the Rainy
lobe to near the Canadian border.

Automba Phase— This phase began with the read-

vance of the Superior and Rainy lobes, the Rainy lobe -

advancing as far as the Vermilion moraine while the
Superior lobe advanced out of the head of the Lake
Superior basin producing the Highland moraine. The
Vermilion moraine is joined on the east by the High-
land moraine (Fig. 2), which follows the North Shore
Highland for 100 miles as a belt of hummocky topog-
raphy 5 to 10 miles wide. The area between the
Highland moraine and the north shore of Lake Supe-
rior is marked by a pattern of linear ridges and scarps
in bedrock, referred to as the Highland flutes (Wright
and Watts, 1969). They are perpendicular to the
direction of ice movement of the Superior lobe and
suggest that the Highland moraine resembles a lateral
moraine. The Superior lobe retreated far enough into
the Lake Superior basin to produce sizeable progla-
cial lakes at its margins, which deposited clayey and
silty sediments.

Split Rock Phase— The Split Rock phase, distinguished
by an accumulation of red clayey drift, was produced
by the readvance of the Superior lobe out of the Lake
Superior basin. The till is generally only a few feet
thick, and in the survey area the tili extends only a
short distance northward from the present Lake Supe-
rior shoreline. The till derives its clayey nature from
incorporation of proglacial lake sediments formed
during wastage of previous phases of the Superior
lobe. The retreat of the Superior lobe into the Lake
Superior basin marked the conclusion of the Split
Rock phase.

Nickerson-Alborn Phase— The Nickerson and Alborn

phases correspond to advances of the Superior lobe
and St. Louis sublobe of the Des Moines lobe respec-
tively, which were contemporaneous lobes of the late
stage Wisconsin glaciation. The readvance of the
Superior lobe during the Nickerson phase produced a
glacial lobe narrower than the Split Rock phase
advance. In the survey area, this till extends only a
short distance north of the present shoreline of Lake
Superior. The St. Louis sublobe advanced from the
west terminating in this area at the Culver moraine,
which buried the western edge of the Toimi drumilin
field and parts of the Highland moraine. This material

appears at the western edge of the survey area and
consists of pebbly clay (Fig. 3).

The tills from the Rainy lobe and the non-clayey phases
of the Superior lobe are sandy to bouldery, the character of
stone content being commonly dominated by the local
bedrock type. The glacial drift of the survey area shows
compositional variations reflecting the underlying or
nearby bedrock, forms a relatively thin cover, and has
apparent high permeability due to its sandy nature. Nearly
alt of the lakes sampled in this survey occur over these till
types. This suggests that the area should be a good
environment to reflect bedrock trace element chemistry
and economic mineralization through geochemical explo-
ration techniques.

Physiography

The physiographic divisions of northeastern Minnesota
are illustrated in Figure 4, adapted from Wright (1972b).
Portions of four of these physiographic areas, described by
Wright (1972b), fall within the survey area: The Border
Lakes area, the North Shore Highland, the Toimi drumlin
field, and the Aurora-Alborn clay till.

The northern portion of the survey area lies within the
southern part of the Border Lakes area. Here, the lake
distribution and form are determined by structures and
weak zones parallel to the layering in the Duluth Complex
as well as depositional features of the glacial till.

The North Shore Highland area (Fig. 4), mostly under-
lain by southeastward dipping Keweenawan volcanics
(Ptate 1), is characterized by short streams (10-15 miles
long) which lead directly to Lake Superior. The North
Shore Highland overlooks Lake Superior from a height of
900 to 1500 feet. Few lakes are located adjacent to the
Lake Superior shoreline. The toe of the Highland moraine
forms the boundary between the North Shore Highland
and the Border Lakes area (Figs. 2 and 4).

The Toimi drumlin field is located in approximately the
center of the survey area and is distinguished by south-
westward trending drumlins and linear stream patterns.
The drumlins are about one to two miles long, one-quarter
mile wide, and 30 to 50 feet high (Wright and Watts, 1969).
Outwash from the Highland and Vermilion moraines pro-
duced long, gravelly plains winding among the drumlins. A
few of the interdrumlin areas were not affected by this
outwash; these areas often contain bogs but have some
lakes.

A narrow strip of the western portion of the survey area
falls within the Aurora-Alborn clay till area (Fig. 2). In this
area, clayey drift from the St. Louis sublobe of the Des
Moines lobe truncated and buried the western edge of the
Toimi drumlin field. Few lakes from the survey area fall in -
this clayey till.

SEDIMENT SAMPLING TECHNIQUE

Sampling was accomplished with a specially designed
core sampler, designed in such a way that samples could
be obtained at a desired depth within the sediment, that
mixing or disturbance of the sediment would be minimized,
and that the nature of the sample could be easily deter-
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mined by visual examination. The sampler consists of a
two-inch (5 cm) diameter, thin walled, transparent plastic
tube 18 inches (47 cm) long, which is retained in an outer
steel pipe by a threaded plastic cutting tip. A water well
foot-valve is located at the top of the outer steel pipe to
retard sample loss during retrieval of the sampler. Approxi-
mately 15 pounds (6.8 kg) of weight is focated near the
bottom of the sampler to increase penetration into the lake
sediment. Three fins near the top of the sampler assist in
maintaining a vertical attitude while the sampler is lowered.
The sampler is lowered and retrieved by hand rope. The
sampler yields, except for compaction, a relatively undis-
turbed vertical section of the lake sediment. Metallic
contamination is completely avoided as the sample is in
contact with only the plastic portions of the sampler.
When the sampler is retrieved after a sample run, the
plastic cutting tip is removed and the plastic liner tube
containing the sample is removed. The nature and color of
the sample is readily discerned by examining the sample in
the transparent plastic tube. The top two inches (5 cm) of
the sample is discarded to avoid the effects of any redox
reactions near the sediment-water interface (Coker and
Nichol, 1975). This results in a generally reduced sample
(Timperley and Allen, 1974), which should not have been
greatly affected by seasonal variations in lake water

chemistry and should also avoid any recent poliution if it
has occurred. Approximately one pound (500 gm) of
sample is collected from each sample site, which generally
requires three to five sampling runs. Typically, 10to 20 cm
of sample is retained in the plastic sample tube per sample
run. As a result, a composite sample is collected, and each
sample site represents a sample area due to boat drift.

For each sample site the water color, water depth,
shoreline vegetation, topography, glacial deposit type(s),
slope, boulder type(s), and rock type(s) in outcrop were
recorded when available. For each sample, the degree of
H,S scent, sediment quality, color, and texture were
recorded. At some sample sites, the surface water and
sediment pH and temperature were measured.

Sampling was conducted from a boat, canoe, rubber
raft, or helicopter, depending upon access to the lake. The
number of samples taken from each lake depended on the
size of the lake, care being taken to include major bays or
basins within a lake, generally sampling the greatest depth
within the area. An electronic depth finder was used to
determine water depth and to locate the deeper areas.

A total of 1096 samples were collected, resulting in a
sample density of one sample per 2.5 mi? (6.47 km?).
Sample locations with sample numbers are shown on
Plate 11.



TABLE 1: Analytical Results From Freeze-Dried and Oven-Dried Samples

FREEZE-DRIED OVEN-DRIED

Sample # Lo Cu N Zn Fe Mn Lo Cu N Zn Fe Mn
7335 10 33 13 97 1.05 86 10 39 22 104 1.30 104
7342 16 42 28 140 2.45 410 20 47 30 138 3.10 410
7354 16 48 29 56 1.93 361 16 52 28 54 2.14 336
7358 13 40 19 79 1.08 297 11 39 22 73 1.05 285
7365 14 71 33 69 .92 92 11 71 30 70 1.00 94
7371 18 62 32 110 1.54 285 12 59 26 106 1.66 270
7372 23 65 38 153 2.04 370 19 62 33 120 1.86 333
7373 14 48 20 101 2.38 491 16 48 29 101 3.07 500
7374 23 63 23 130 4.24 770 27 67 33 135 5.46 767
7376 18 35 20 107 7.48 930 15 35 23 104 4.79 744
7377 9 48 18 72 .81 48 9 79 29 78 1.47 109
7378 11 44 15 69 1.07 133 7 43 16 70 1.56 149
7383 6 19 17 41 .25 61 5 19 15 40 13 68
7388 11 22 25 92 .76 160 9 26 26 99 1.08 130
7410 17 74 37 72 1.26 610 13 57 31 62 1.58 457
7416 14 19 24 92 1.01 305 12 20 23 92 1.16 330
7418 13 40 20 106 .78 249 13 27 21 103 1.14 314
7420 8 98 15 69 .23 40 7 98 18 72 42 43
7422 6 50 23 73 44 66 11 51 27 74 .57 69
7426 8 60 18 62 .26 43 10 40 25 55 40 49
7430 7 41 12 79 48 111 12 31 23 74 61 111
7440 7 73 17 47 .36 17 7 56 20 39 51 23
7444 7 37 11 56 49 87 9 35 18 59 95 111
7481 6 26 11 76 43 109 6 22 16 71 52 107
7488 6 25 11 73 .23 74 4 21 19 63 42 73
7490 16 42 19 127 3.20 599 17 34 28 121 3.38 602
7495 12 47 24 92 3.43 303 16 50 36 92 2.99 317
7497 8 42 14 79 1.19 156 7 37 29 65 1.05 144
7544 13 64 33 71 1.71 214 17 67 43 79 1.84 218
7547 6 11 12 48 .04 76 5 12 18 58 35 80
7548 5 7 14 57 .14 97 5 8 17 64 28 101

TABLE 2: Statistical Analysis Comparing Freeze-Dried and Oven-Dried Samples

Metal X S, S, Ny X, S, S,2 Ng. F* F Test' t** “t” Test!
Co 11.64 4.96 24.68 31 11.54 5.16 26.63 31 .93 + A1 +
Cu 45.03 20.00 400.28 31 43.61 20.20 408.17 31 .98 + .39 +
Ni 20.80 7.75 60.15 31 24.96 6.50 42.28 31 1.42 + 3.23 -
Zn 83.70 27.24 742.14 31 81.77 25.45 648.11 31 1.15 + 41 +
Fe 1.40 1.50 2.27 31 1.54 1.28 1.65 31 1.38 + .56 +
Mn 246.77 226.42 51270.36 31 240.25 199.89 39958.38 31 1.28 + A7 +

*For F Test: F (¢ + 2) = 482, F[1 — ) + 2] = 2.07, where ¢« = 5%
T + indicates pass, — indicates fail
** For “t” Test: A = = =2.000, where a = 5%



SAMPLE PREPARATION AND CHEMICAL
ANALYSIS

The majority of the lake sediment samples taken for this
survey were prepared for chemical analysis by oven-
drying, the remainder being prepared by freeze-drying.

The oven-dried samples were dried at less than 80° C
for 48 hours. Since oven drying of the samples resulted in
the samples becoming extremely hard, the dried samples
were disaggregated with a stainless steel rolling pin and
then ground to —80 mesh (177 micron) with a Braun
pulverizer equipped with ceramic plates. The entire dried
sample was processed so that it all passed the 80 mesh
screen.

The freeze-dried samples were first air-dried for approxi-
mately 72 hours, resulting in a loss of approximately 30
percent of the water contained in the sample. Next, the
samples were frozen in a freezer and then placed in a
freeze-drying unit. The freeze-drying process took ap-
proximately 72 hours, after which the samples were in a
fine powdery state. The freeze-drying method did not
produce the disaggregation problems encountered with
oven-drying, so pulverization of the samples was not
required. The samples were sieved to —80 mesh, and
any fibric organic material retained on the screen was
discarded.

A comparison of the analytic results indicated that
samples prepared by oven-drying and those prepared by
freeze-drying were statistically comparable. The analytical
results of 31 samples prepared by both methods are listed
in Table 1. Table 2 lists the results of a statistical compari-
son made by using the “F” test and the “t” test. Table 3
contains the correlation coefficients of the two sets of data.

The —80 mesh sample was leached for analysis of Ag,
Co, Cu, Ni, Pb, Zn, Fe, and Mn by placing 1000 mg of
sample in a solution of 10 mls of 4M HNO3; and 10 mils of
1M HCI for two hours at 90° C. This solution was then
diluted to 100 mis with deionized water filtered through
#40 Whatman filter paper and analyzed with a Perkin-
Elmer 603 atomic absorption spectrophotometer. This
method has been shown to provide the greatest and most
consistent contrast of anomaly over background of several
techniques researched (Meineke, Vadis, and Klaysmat,
1976).

Arsenic was analyzed by leaching 500 mgs of sample in
1 m! of concentrated nitric acid and 2 mis of 30 percent
hydrogen peroxide and digesting overnight at ambient
temperatures for six hours at 70° C. Next, 50 mls of 6N HCI
was added, and the solution was brought to 100 mis with
deionized water. Arsenic was then analyzed by the use of
an arsine generator and atomic absorption. Loss-on-
ignition (LOI) was determined by igniting a 1000 mg
sample at 500° C.

The determination of analytical variability was accom-
plished by two methods. The first method was to analyze a
cut from a precision lake sediment sample with each batch
of 20 samples. The precision sample was a large, homoge-
neous sample prepared by the same method used for lake
sediments and is the same sample type so that a similar
sample-acid matrix was obtained. From these precision

samples, the analytical precision was calculated at the 95
percent confidence level for the “t” distribution. The sec-
ond method used for determination of analytical variability
was by reanalysis of one sample from each batch of 20
samples, resulting in 45 reanalyzed samples. The analyti-
cal precision was calculated by a method adapted from
Garrett (1969 and 1973). The resulits of the calculations of
analytical precision for these samples by both methods are
shown on Table 4. Most Ag values were below detection
limits for the sample weight used; therefore, analytical
precision was not calculated for Ag.

The analytical detection limits are given in Table 5. The
number in parenthesis is the value used in reporting an
analysis below the detection limit.

The complete analytical data for all 1096 samples is
given in Appendix A.

TABLE 3: Correlation Coefficients for Freeze-Dried and
Oven-Dried Samples

_Element R®
Co vs. Co .84
Cu vs. Cu .90
Ni vs. Ni 72
Zn vs. Zn .95
Fe vs. Fe .92
Mn vs. Mn .98

TABLE 4: Analytical Precision for Lake Sediment
Samples

Analytical Precision From Analytical Precision From

Element Precision Samples Reanalyzed Samples
As *15% £13%
Co +17% +23%
Cu +6% =11%
Ni +13% +12%
Pb +21% *21%
Zn *8% *5%
Fe *5% *10%
Mn +4% +4%
LOI - =2%

TABLE 5: Analytical Detection Limits

Element _Detection Limit_
Ag 1 ppm (0)
As 1 ppm (<.1)
Co 1 ppm (0)
Cu 1 ppm (<1)
Ni 1 ppm (<1)
Pb 5 ppm (0)
Zn 1 ppm (<1)
Mn 1 ppm (<1)
Fe .0% (0)




STATISTICAL ANALYSIS

A statistical analysis of the elements, LOI, and other
parameters was undertaken to identify various relation-
ships and characteristics that may assist in the interpreta-
tion of the survey for mineral potential purposes. The
parameter distributions were examined for normality com-
pared to lognormality to determine whether log-transfor-
mation was necessary in order to linearize the relationship
of lognormal data prior to scatter diagram, correlation,
regression, and residual analysis. Various statistical pa-
rameters of the elements were compared for the three
major bedrock geologic subdivisions of the survey area to
determine if the bedrock chemistry was reflected in the
lake sediments. Inter-element and other parameter rela-
tions were examined by correlation coefficients, scatter
diagrams, and interval scatter diagrams to determine if
there were relationships present that would aid in interpret-
ing the data.

Analysis of Data Distribution

An analysis of the total data set was performed to
determine if the elements and certain other parameters,
such as LOI, approximate a normal or lognormal distribu-
tion. For the analysis of lognormality versus normality, a
combination of statistics such as the mean, variance,
skewness, and coefficient of variation along with visual
examination of histograms and cumulative frequency dis-
tributions was used. This analysis was performed to
determine if log-transformation of the element data was
necessary prior to correlation, regression, residual, and
scatter diagram analysis. The total survey data consisting
of elementconcentrations and LOlare givenin Appendix A.

The range, arithmetic mean, log,o mean, standard
deviation, median, and coefficient of variation for the
elements, LOI, and water depth are given in Table 6. The
histograms and cumulative frequency distributions for
the elements are given on Plates 3 to 10, and for LOf on
Figure 5.

Through this analysis it was concluded that the elements
As, Co, Cu, Ni, Pb, Zn, Fe, Mn, and water depth at the
sample site approximate a lognormal distribution and were
log+o transformed for subsequent statistical analysis. LOI
more closely approximates a normal distribution and was
not transformed.

These results are comparable to results from a lake
sediment survey in Cook County, adjacent to this survey
area (Vadis and Meineke, 1980).

Relation of Bedrock to Lake Sediment Chemistry

Lake sediments should refiect variations in bedrock
chemistry to be useful indicators of economic mineraliza-
tion and favorable geologic units. Therefore, the relation of
the metal concentrations in the lake sediments overlying
the three major geologic subdivisions in the survey area
were investigated and compared.

The three major geologic subdivisions are the North
Shore Volcanic Group, the Duluth Complex, and the
Virginia Formation. These geologic subdivisions within the
survey area are based on Plate 1, adapted from Green
(1972, rev. 1978), Sims et al. (1970), Morey (1975), and
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Morey et al. (1976), and are shown on Plates 3to 10. The
general lithologies of the geologic subdivisions are de-
scribed on Plates 3 to 10 with a more detailed lithologic
description on Plate 1.

Table 7 presents the range, arithmetic mean, logqg
mean, standard deviation, and coefficient of variation for
all samples within each of the three major geologic subdivi-
sions. Table 7 shows a general difference in element
concentrations in lake sediments over the three major
geologic subdivisions. The relative differences are gener-
ally comparable to those expected of the rock types
present in their respective areas (Hawkes and Webb,
1962; Levinson, 1974). Similar relations have been de-
scribed by Meineke et al. (1976), Vadis et al. (1980),
Hornbrook and Garrett (1976), and others. This suggests
that lake sediments within the survey area should reflect
economic mineralization and economically favorable geo-
logic units because the variation in bedrock chemistry is
generally reflected in the lake sediments.

Correlation and Inter-Parameter Relations

Correlation coefficients were calculated for the total data
set (N =1096) using a univariate linear mode! (Table 8) to
determine if any inter-parameter relations exist. The ele-
ments which approximate a lognormal distribution were
log,o transformed prior to correlation and to constructing
scatter diagrams. LOI and water depth at the sample site
were also correlated with the elements. The correlation of
certain other quantitative parameters, such as lake acre-
age, sediment and water pH, and sediment and water
temperature for Cook County, which is adjacent to the
survey, covered herein are discussed by Vadis and
Meineke (1980).

The LOI correlation shows a relatively weak negative
relationship with As, Co, Cu, Ni, Fe, and Mn. The scatter
diagrams for these elements and LOI (not included in this
report) show a very weak and often erratic relationship.
The negative relation between these elements and LOI
indicates a preferential accumulation of elements in the
inorganic fraction of the sample. This relation has been
found elsewhere in Minnesota (Meineke, Vadis, and
Klaysmat, 1976; Vadis and Meineke, 1980).

The correlation of the total data set for Fe and Mn to the
other elements shows a weak to moderate positive corre-
lation for depth of water at sample sites, As, Co, Ni, and Zn
(see Table 8). The correlation of Fe to Mnis strong at 0.79.
The scatter diagram for Fe and Mn to these parameters
shows a somewhat diffuse but distinctive relationship. The
scavenging effect of Fe and Mn can create falsely anoma-
lous trace metal concentrations which must be recognized
when interpreting the data. The normalization of the effect
of Fe and Mn scavenging will be covered in the following
section.

Elements which are commonly associated in bedrock
sources show a moderate to strong correlation (Table 8),
especially Ni and Co (.61) and Ni and Cu (.32); Zn and Co,
Zn and Ni, and Co and As also show some correlation.

Normalization of the Effects of Fe, Mn, and LOI

False anomalies can be created by chemical processes
that may concentrate the elements, thereby falsely en-



TABLE 6: Summary Statistics

_"Range Arith. X LogioX Std. Dev. Median C.v.9%"

Depth (ft) 1-95 11.6 8.83 9.63 8 83

(ppm) 1-20.2 2.9 2.02 2.73 2.0 94
o (ppm) 0**-48 9.01 7.22 6.87 7.0 76
u (ppm) 5-219 31.78 28.03 18.57 28.5 58
(ppm) 2-121 21.42 18.71 12.47 19.0 58
b (ppm) 0**-70 8.48 8.37 5.34 9.0 63
n (ppm) 5-552 86.39 76.96 44 .54 78 52
e (%) .03-26.89 1.48 .89 2.26 .88 153
n (ppm) 6-9500 325.11 174.55 635.88 158 196

LOI (%) 4.28-90.49 45.51 15.98 43.52 .

*Coefficient of Variation, % = Std. Dev. x 100 /Arith. X

**Below detection limit

TABLE 7: Summary Statistics of Lake Sediments by Bedrock Type

Element Range Arith X Logio X * Std. Dev. C.V.%**

DULUTH COMPLEX (N = 818)

As (ppm) .1-20 2.81 1.92 2.76 98
o (ppm) 0-48 8.70 7.06 6.32 73
u (ppm) 5-150 31.08 27.67 16.80 54

Ni (ppm) 4-119 21.12 18.53 12.13 57
b (ppm) 0-70 8.41 8.60 5.55 66
n (ppm) 15-552 84.79 75.81 44.18 52
e (%) .03-26.89 1.35 .85 1.87 139

Mn (ppm) 6-9500 284.22 161.59 525.21 185

SEDIMENTS (VIRGINIA FM) (N = 110)

As (ppm) 2-20.2 3.62 2.63 3.25 90
o (ppm) 3-43 13.83 10.85 10.45 76
u (ppm) 5-53 29.58 27.54 10.08 34
Ni ( pm) 2-121 26.85 23.42 14.93 56

b (ppm) 2-34 9.49 8.17 5.41 57

n (ppm) 5-305 98.22 84.26 51.94 53

Fe (%) 15-21 3.17 1.67 4.34 137

n (ppm) 43-7600 801.35 434.97 1267.82 158
NORTH SHORE VOLCANICS (N = 155)

As (ppm) 2-10.4 2.82 2.20 2.06 73

Co (ppm) 0-20 6.72 5.80 3.74 56

Cu (ppm) 7-219 37.30 30.50 28.89 77

Ni (ppm) 5-84 18.23 16.33 9.73 53

Pb (ppm) 0-20 '8.43 7.86 4.01 48

Zn (ppm) 23-219 86.71 78.01 44.33 51

Fe (%) .06-12.74 .92 .65 1.12 122

Mn (ppm) 11-770 168.63 126.27 140.89 84

* Logyo X Analysis log-transformed prior to calculation and anti-log taken after calculation
** Coefficient of Variation, % = Std. Dev. x 100 /Arith. X
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hancing the reflection of the bedrock chemistry in the lake
sediment. The weak {o moderate positive relationship
demonstrated by Fe and Mn to the trace elements noted
earlier may be the result of scavenging and coprecipitation
by Mn and/or Fe hydroxides. Scavenging and coprecipita-
tion by Fe and Mn hydroxides has been discussed by
Hawkes and Webb (1962), Levinson (1974, 1980), and
others, and for lake sediment in particular by Coker et al.
(1979). However, for take sediment surveys conducted in
Saskatchewan (Hornbrook and Garrett, 1976) and in
areas of Minnesota (Vadis and Meineke, 1980, and
Meineke et al., 1976) it has been found that Fe and Mn
hydroxides do not play a dominant role in the scavenging
of trace elements.

In order to suppress these effects, an attempt was made
to normaliize the influence of Fe, Mn, and LOI on trace
element concentrations. Two major statistical techniques
used in the past to normalize lake sediment data are
ratioing, e.g. Cu/Mn (Coker and Nichol, 1975, 1976; Jack-
son and Nichol, 1975) and regression residuals (Spilsbury,
1974; Davenport et al., 1975; and Hornbrook and Garrett,
1976). Ratios and univariate residuals were examined and
evaluated for this survey, but multiparameter residuals
were not attempted although they may deserve considera-
tion because of the multiparameter relations observed.

Scatter and interval scatter diagrams™ of Fe, Mn, and
LOI were plotted against trace elements and evaluated.
The use of interval scatter diagrams for geochemical data
was demonstrated by Coker and Nichol (1976). The trend
of the points on an interval scatter diagram is often very
similar to a least squares regression line fit to the total data.
An anlaysis of scatter diagrams is necessary because the
correlation coefficients (Table 8) in themselves may indi-
cate false relations which result from spurious values, data
clustering, or the effect of more than one variable (Chap-
man, 1976). All elements were log;, transformed for the
scatter and interval scatter diagrams to linearize the
relationships for ease of evaluation.

*An interval scatter diagram, as defined here, is a scatter diagram in
which each point represents a number of data points and, in effect, more
clearly depicts the trend of a two-parameter relationship. Fe, Mn, LOI, and
other parameters (on the X-axis) are divided into intervals, and the
arithmetic mean of the corresponding trace elements for each data point
within the interval are calculated and plotted as the ordinate value.

TABLE 8: Correlation Coefficient Matrix

The relationship between two lognormal parameters or
a lognormal and a normal parameter is exponential. If
lognormal data are not log-transformed, the data plots as
an exponential curve (see Fig. 6). As a result, the scatter in
the data which has not been log+ transformed may lead to
false interpretation of changes in the mathematical rela-
tionships over the range of the parameter values. Figure
B6a demonstrates that the relationship between these
parameters, which are logy, transformed, is approxi-
mately exponential. If the relation is both exponential and
directly proportional, the untransformed data will plot as an
approximate straight line.

For ratioing of geochemical data to be usefulin removing
bias from the data, the parameters must demonstrate a
consistent mathematical relationship. This is demon-
strated on Figure 7 where line “A” has been fit to data for
the interval scatter diagram for Cu and Fe from a lake
sediment survey in Cook County (Vadis and Meineke,
1980). This line shows a non-proportional relationship for
the two elements over the range of the data, as indicated
by a ratio of 109 at lower concentration ranges and a ratio
of 16 at upper concentration ranges. In order for ratios to
normalize the geochemical data for the elements and Mn,
Fe, and LOI, there must be a proportional relationship
between the two parameters plotted similar to the situation
depicted in hypothetical line “B” of Figure 7. Here we see a
proportional ratio across the entire range of data.

The analysis of the ratioing of the trace elements to Fe,
Mn, and LOI indicated no proportional refationships or
ratios that would significantly improve upon the raw data.
Therefore, ratios were not used to normalize the effect of
Fe, Mn, or LOIL.

In an attempt to normalize the negative relationship of
Co, As, and Ni to LOI, the Co, As, and Ni concentrations
were converted to the inorganic weight of each sample
using the LOI value (i.e. 100(Co)/(100-LOI)). As the
samples were not ashed prior to analysis, this conversion
would be similar to chemically analyzing the ashed sample
without regard to possible element loss during ignition
(Peachey, 1976). This procedure is similar to ratioing but is
not directly influenced by the proportionality problems
previously outlined. The results of this procedure indicated
no significant normalization of the effect of LOl on the trace
elements by the conversion to metal concentration based

Lol Mn Fe zn
depth .0 41 .37 .33
As -.36 42 .50 .20
Co -.40 .68 .69 .48
Cu -.24 10 32 14
Ni -.36 .40 .51 .36
Pb -14 14 14 14
Zn .0 52 .45
Fe —.42 79
Mn -.30

LOf

Po Ni ou Co As
.0 .20 .24 33 14
.0 A7 .22 .39

14 .61 .28

.0 .32

A7

NOTE: All data log, transtormed prior to calculation of correlation coefficient, except LOI.
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on inorganic fractions. This is probably due to the relatively
weak correlation of LO| to the elements.

Finally, univariate residuals were examined for the
relationships of the trace elements (As, Co, Cu, Ni, and Zn)
to Fe, Mn, and LOI. The residuals did not normalize the
data to the extent that there was a significant improvement
over the raw element data. As a result, residuals were not
used to represent or interpret the element data.

SURVEY RESULTS AND DISCUSSION

The statistical analysis performed on the survey data
was done to identify relationships and characteristics of
the element data and other parameters that would assistin
the interpretation of this survey for mineral potential pur-
poses. It was found that the bedrock chemistry of the
survey area is reflected in the organic-rich lake sediments,
a necessary condition for application of this geochemical
method. Relationships exist between the trace elements
and Fe, Mn, and LOI. This suggests that chemical proc-
esses may be enhancing the trace element concentrations
and thereby producing variable backgrounds and creating
false anomalies. However, ratios, inorganic concentration
conversions, and univariate regression residuals were
unable to normalize the element data for the effects of Fe,
Mn, or LOl to adegree which significantly improved the use
of raw element data for interpretation. Some of the relation-
ships and characteristics of the data identified by the
statistical analysis should assist in interpretation; however,
it was concluded that the data in the raw element form
should be used for interpretation of this survey. Some of
the factors which may be responsible for the relationships
of Mn, Fe, and LOI to the trace elements are reviewed by
Vadis and Meineke (1982) for Cook County, which is
adjacent to this survey area and for which similar results
were obtained.

Symbol maps, using symbols designed and used by the
Geological Survey of Canada, were constructed to depict
the concentrations of As, Co, Cu, Ni, Pb, Zn, Fe, and Mn
(Plates 3-10 in pocket). The symbols were selected to
represent ranges of concentrations that were determined
by ranges of percentiles of the cumulative frequency
distribution for each element. The range of values se-
lected, represented by each symbol, were as small as
possible in order to reflect variations in the bedrock
chemistry and regional trends but were constrained by
analytical precision (Table 4). The range of concentration
for each symbol was selected so that the analytical varia-
bility when applied to the median of the ranges did not

-cause drastic overlap into adjacent ranges (Table 9). Ten
percent ranges were used for As, Cu, Zn, Fe, and Mn while
20 percent ranges were used for Pb, Ni, and Co. Only a
small percentage of the 1096 total samples were above the
analytical detection limit for Ag (Plate 2). At the highest
concentrations, the ranges were reduced to illustrate the
relation and distribution of the anomalous samples. Plate
2, in addition to displaying all Ag values which are above
the analytical detection limit, also shows where two or
more elements exceed 90 percent cumulative frequency.
This may be useful for identifying multi-element anomalies
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TABLE 9: Percent Ranges of Percentiles for Element
Concentration Symbol Maps

Percent of Map Percent Confidence

Element Symbol Range' of Range?
Ag ppm concentration e
As 10% 95%
Co 20% 95%
Cu 10% 95%
Ni 20% 95%
Pb 20% 95%
Zn 10% 80%
Fe 10% 95%
Mn 10% 95%

"The percentage of the total data represented by each element concen-
tration range (Plates 3-10)

?Percent confidence that the median of range is within the range
boundary, based on the “t” distribution, and calculated for the 40-60%
interval for 20% ranges, and the 40-50% or 50-60% interval for 10%
ranges.

and element associations.

The element concentrations for any sample can be
determined by first locating the sample site and sample
number on Plate 11 and referring to Appendix A where
concentrations are listed.

A number of relationships and characteristics of the data
identified by the statistical analysis should be considered
during interpretation of this survey. The effects of Fe and
Mn scavenging and coprecipitation or the effect of organic
complexing appears to be relatively insignificant com-
pared to the effect of the bedrock and related glacial
deposits in the area for lake sediments. As indicated in
Table 7, a distinct difference of element concentrations in
the lake sediments is noted between samples taken from
the three generalized bedrock types in the survey area. ltis
entirely possible that lower concentration anomalies over a
lower background may be as or more significant than high
concentration anomalies over a high background. Anom-
aly to background contrast must, therefore, be considered.
Also, the lake sediment element analysis is a reflection of
the glacial drift of the area in addition to the bedrock
chemistry. The glacial drift is derived from predominantly
local bedrock, but the proportion of chemical influence of
the glacial drift versus the bedrock on trace element
concentrations in lake sediment is dependent upon the
geologic, hydrologic, and chemical conditions of the envi-
ronment. The influence of glacial erosion and dispersionin
lake sediment geochemistry has been reported by Coker
and Nichol (1975), Meineke, Vadis, and Klaysmat (1976),
and must be considered, at least locally, for the interpreta-
tion of this survey.

The percentile maps (Plates 3-10) illustrate the relative
element concentrations in the lake sediments over the
three major bedrock geologic subdivisions. Certain trace
elements, especially Fe and Mn, show the variation of
concentrations over the various bedrock types on the
percentile maps. For these elements, the Virginia Forma-
tion appears highest in trace element concentration, the
Duluth Complex being intermediate, and the North Shore
Volcanics being the lowest. Some effects of glacial smear-
ing may be present as indicated by the anomalous concen-



trations of sediments in all of Birch Lake, part of which is
over known Cu-Ni mineralization and part of which is over
Virginia Formation.

Plate 2 illustrates all sample sites where two or more
elements are in the upper 10th percentile of the data. The
Duluth Complex contains some of the most interesting
anomalies with generally the highest contrast above back-
ground of all the geologic subdivisions considered. The
most prominent anomalies for multiple element anomalies
with more than one anomalous sample per lake are in the
areas of the following lakes: Birch, Pequaywan, Boulder,
Isabella, Grouse, Mitawan, McDougal, Slate, August, Big,
Pine, Thomas, and Shafer.

Some of the more anomalous lakes are reservoirs,
which may suggest that they may be subject to metal
accumulation processes which vary from naturally oc-
curring lakes. However, most of these reservoirs fail along
the western contact of the Duluth Complex, and the
anomalous concentrations in these reservoirs may also be
reflecting the known mineralization along the western
contact of the complex.

SUMMARY AND CONCLUSIONS

An exploration lake sediment geochemical survey was
conducted in parts of Lake and St. Louis counties in
Minnesota as part of a program to evaluate the mineral
potential of the bedrock geology of the region. During the
program, 1096 sa fles were collected from an area of
2770 mi? (7175 km?). After collection the samples were
dried, elther by oven- or freeze-drying methods, then
sieved to —80 mesh (177 microns). The samples were
leached for analysis of Ag, Co, Cu, Ni, Pb, Zn, Fe, and Mn
in a solution of 4M HNOg and 1M HCI. Arsenic was
leached in a solution of concentrated nitric acid and 30%
hydrogen peroxide with a later addition of 6N HCI. After
digestion the solutions were analyzed using an atomic
absorption spectrophotometer.

Statistical analysis including ratioing and univariate re-
gression residuals was performed on the lake sediment
datain an attempt to identify relationships and characteris-
tics of the element data and other parameters that could
assist in the interpretation of the survey for mineral poten-
tial purposes. Some of the resulting observations and
suggestions could vary with chemical and analytical meth-
ods differing from those used in this survey.

The statistical analysis indicated that Fe and Mn display
a positive relation with all elements, and LOI a negative
relation with most elements. Ratios, inorganic element
concentration conversions based on LOI, and univariate
regression residuals were attempted in order to normalize
the trace element data for the effects of Fe, Mn, and LOI,
but it was found that these normalization techniques did
not provide any significant improvement over the raw
element data. These results are comparable with results
obtained by Vadis and Meineke (1982) in Cook County,
which is east of the survey area.

The trace elements displayed a nonproportional, ap-
proximately exponential relation to Fe, Mn, and LOI, which
results in a decrease of the ratio (trace element/Fe, Mn, or
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LOl) with an increase in Fe, Mn, or LOI. This nonpropor-
tional relation precluded the use of ratios for normalization
of data. Fe-Mn hydroxides and organic complexing do
have the potential of creating false trace element anoma-
lies in lake sediments, but this phenomenon is not indi-
cated by this survey.

The statistical analysis also indicated the bedrock chem-
istry is reftected in the element concentrations of the lake
sediments. This suggests that economic mineralization
should also be reflected in lake sediments under favorable
geologic, hydrologic, and chemical conditions. The reflec-
tion of bedrock chemistry results in a variable element
background for the survey area, which should be consid-
ered in the interpretation of the data for mineral potential
purposes.

Several multi-element anomalies were indicated by this
survey, the most interesting of which fall over the Duluth
Complex, and deserve further consideration in relation to
possible mineralization.

REFERENCES

Cameron, E. M., 1977, Geochemical Dispersion in Lake
Waters and Sediments From Massive Suiphide Mineral-
ization, Agricola Lake Area, Northwest Territories:
Journal of Geochemical Exploration, Vol. 7, No. 3, pp.
327-348.

Chapman, R. P., 1976, Limitations of Correlation and
Regression Analysis in Geochemical Exploration:
The Institution of Mining and Metallurgy, Vol. 85, pp.
B279-B283.

Coker, W. B., Hornbrook, E. H. W., and Cameron E. M.,
1979, Lake Sediment Geochemistry Applied to Mineral
Exploration: in Geophysics and Geochemistry in the
Search for Metallic Ores, edited by P. J. Hood, Geologi-
cal Survey of Canada, Economic Geology Report 31,
pp. 435-478.

Coker, W. B. and Nichol, I., 1975, The Relation of Lake
Sediment Geochemistry to Mineralization in the North-
western Ontario Region of the Canadian Shield: Eco-
nomic Geology, Vol. 70, No. 1, pp. 202-218.

1976, The Relation of Lake Sediment Geo-
chemistry to Mineralization in the Northwest Ontario
Region of the Canadian Shield— A Reply: Economic
Geology, Vol. 7, No. 5, pp. 955-963.

Coker, W. B. and Shilts, W. W., 1979, Lacustrine Geo-
chemistry Around the North Shore of Lake Superior:
Implications for Evaluation of the Effects of Acid Precipi-
tation: in Current Research, Part C, Geological Survey
of Canada, Paper 79-1C, pp. 1-15.

Davenport, P. H., Hornbrook, E. H. W., and Butler, A. J.,
1975, Regional Lake Sediment Geochemical Survey for
Zinc Mineralization in Western Newfoundland: in Geo-
chemical Exploration, 1974, edited by |. L. Elliottand W.
K. Fletcher, Association of Exploration Geochemists,
Special Publication #2, Elsevier Scientific, pp. 555-578.

Garrett, R. G., 1969, The Determination of Sampling and
Analytical Errors in Exploration Geochemistry: Eco-
nomic Geology, Vol. 64, pp. 568-569.

1973, The Determination of Sampling and



Analytical Errors in Exploration Geochemistry— A Re-
ply: Economic Geology, Vol. 68, No. 2, pp. 282-283.

Garrett, R. G. and Hornbrook, E. H. W., 1976, The
Relationship Between Zinc and Organic Content in
Centre-Lake Bottom Sediments: Journal of Geochemi-
cal Exploration, Vol. 5, No. 1, pp. 31-38.

Gladen, L. W., McKenna, M. P., and Meineke, D. G.,
Mineral Compilation and Mineral Potential of Cook
County, Minnesota: Minnesota Department of Natural
Resources, Division of Minerals, Report 132-2, in
preparation.

Mineral Compilation and Mineral Potential of
Lake County, Minnesota: Minnesota Department of
Natural Resources, Division of Minerals, Report 132-3,
in preparation.

______ Mineral Compilation and Mineral Potential of
Northeastern St. Louis County, Minnesota: Minnesota
Department of Natural Resources, Division of Minerals,
Report 198, in preparation.

______ Mineral Compilation and Mineral Potential of
Southeastern St. Louis County, Minnesota: Minnesota
Department of Natural Resources, Division of Minerals,
Report 132-4, in preparation.

Goebel, J. E. and Walton, M., 1979, Geologic Map of
Minnesota, Quaternary Geology: Minnesota Geological
Survey, Map S-4, Scale 1:3,168,000.

Green, J. C., 1972, Rev. 1978, Preliminary Geologic Map
of Two Harbors Sheet: Minnesota Geological Survey,
Unpublished Document, Scale 1:250,000.

Hawkes, H. E. and Webb, J. S., 1962, Geochemistry in
Mineral Exploration: Harper & Row, 415 pages.

Hornbrook, E. H. W. and Coker, W. B., 1977, Regional
Lake Sediment and Water Geochemical Reconnais-
sance Data, Thunder Bay Area, Ontario: Geological
Survey of Canada, Open Files 506 and 507, data with
maps.

Hornbrook, E. H. W. and Garrett, R. G., 1976, Regional
Geochemical Lake Sediment Survey, East-Central Sas-
katchewan: Geological Survey of Canada, Paper 75-41,
20 pages.

Jackson, R. G. and Nichol, I., 1975, Factors Affecting
Trace Element Dispersion in Lake Sediments in the
Yellowknife Area, N.W.T., Canada: Assoc. Int. Limnol.,
Proc. Vol. 19, No. 1, pp. 308-316.

Levinson, A. A., 1974, Introduction to Exploration Geo-
chemistry: Applied Publishing Ltd., 612 pages.

1980, Introduction to Exploration Geochem-
istry, The 1980 Supplement: Applied Publishing Ltd., pp.
615-924.

Listerud, W. H. and Meineke, D. G., 1977, Mineral Re-
sources of a Portion of the Duluth Complex and Adjacent
Rocks in St. Louis and Lake Counties, Northeastern
Minnesota: Minnesota Department of Natural Re-
sources, Division of Minerals, Report 93, 74 pages.

Meineke, D. G., Butz, T. R., and Vadis, M. K., 1977, Pilot
Survey of Uranium in Organic-Rich Lake Sediment, Ely
Region, Northeastern Minnesota: Minnesota Depart-
ment of Natural Resources, Division of Minerals, Map
Set 148, one map and one data sheet.

Meineke, D. G., Vadis, M. K., and Klaysmat, A. W., 1976,
Gyttja Lake Sediment Exploration Geochemical Survey

18

of Eastern Lake Vermilion-Ely Area, St. Louis and Lake
Counties, Minnesota: Minnesota Department of Natural
Resources, Division of Minerals, Report 73-3-1, 53
pages.

1977a, Gyttja Lake Sediment Exploration
Geochemical Survey of Lake Vermilion-Burntside Lake-
Ely Area, St. Louis and Lake Counties: Minnesota
Department of Natural Resources, Division of Minerals,
Map Set 73-3, 134, and 135, 11 map sheets.

1977b, Organic-Rich Lake Sediment Explo-
ration Geochemical Pilot Survey, Aitkin County: Minne-
sota Department of Natural Resources, Division of
Minerals, Map Set 117-1, one map and one data sheet.

1977c, Organic-Rich Lake Sediment Explo-
ration Geochemical Pilot Survey, Cook County: Minne-
sota Department of Natural Resources, Division of
Minerals, Map Set 138, one map and one data sheet.

1977d, Organic-Rich Lake Sediment Explo-
ration Geochemical Pilot Survey, ltasca County: Minne-
sota Department of Natural Resources, Division of
Minerals, Map Set 71-3, one map and one data sheet.

1977e, Pilot Study on Stream Sediment Ex-
ploration Geochemistry, Filson Creek, Lake County,
Minnesota: Minnesota Department of Natural Re-
sources, Division of Minerals, Report 109, 32 pages.

1979, Organic-Rich Lake Sediment Explora-
tion Geochemical Pilot Survey of Southern Crow Wing
and Morrison Counties, Central Minnesota: Minnesota
Department of Natural Resources, Division of Minerals,
Map 152, one map sheet.

Morey, G. B., 1975, Geology of Duluth Sheet, Minnesota:
Minnesota Geological Survey, Open File Map, Scale
1:250,000.

Morey, G. B. and Cooper, R. W., 1976, Bedrock Geologic
Map of Hoyt Lakes-Kawishiwi Area, St. Louis and Lake
Counties, Northeastern Minnesota: Minnesota Geologi-
cal Survey, Map No. 1, Scale 1:48,000.

Nichol, I., Coker, W. B., Jackson, R. G., and Klassen, R. A.,
1975, Relation of Lake-Sediment Composition to Miner-
alization in Different Limnological Environments in Can-
ada: in Prospecting in Areas of Glaciated Terrain 1975,
edited by M. J. Jones, The Institution of Mining and
Metallurgy, pp. 112-125.

Peachey, D., 1976, Extraction of Copper From Ignited Soil
Samples: Journal of Geochemical Exploration, Vol. 5,
No. 2, pp. 129-134.

Sims, P. K., Morey, G. B., Ojakangas, R. W., and Viswana-
than, S., 1970, Geologic Map of Hibbing Sheet: Minne-
sota Geological Survey, Scale 1:250,000.

Spilsbury, W. and Fletcher, W. K., 1974, Application of
Regression Analysis to Interpretation of Geochemical
Data From Lake Sediments in Central British Columbia:
Canadian Journal of Earth Science, Vol. 11, pp.
345-348.

Timperley, M. H. and Allan, R. J., 1974, The Formation and
Detection of Metal Dispersion Halos in Organic Lake
Sediments: Journal of Geochemical Exploration, Vol. 3,
No. 2, pp. 167-190.

Vadis, M. K. and Meineke, D. G., 1982, Lake Sediment
Exploration Geochemical Survey of Cook County, Min-
nesota: Minnesota Department of Natural Resources,



Division of Minerals, Report 138-2.

Wright, H. E., Jr., 1972b, Physiography of Minnesota: in
Geology of Minnesdta: A Centennial Volume, edited by
P. K. Sims and G. B. Morey, Minnesota Geological
Survey, pp. 561-566.

. 1972a, Quaternary History of Minnesota: in
Geology of Minnesota: A Centennial Volume, edited by
P. K. Sims and G. B. Morey, Minnesota Geological
Survey, pp. 513-547.

Wright, H. E., Jr. and Watts, W. A., 1969, Glacial and
Vegetational History of Northeastern Minnesota: Minne-
sota Geological Survey, SP-11, 59 pages.

19



20



APPENDIX

21



44

SAMPLE SAMPLE
NUMBER DEPTH Ag

Cu
ppm

LOI
%

SAMPLE SAMPLE
NUMBER DEPTH Ag

Zn

ppm

Mn
ppm

ft ppm
7072 21 0
7073 15 0
7074 12 0
7075 13 0
7094 3 0
7095 6 0
7096 7 0
7097 5 0
7098 22 0
7099 10 0
7100 30 0
7101 31 0
7102 30 0
7103 50 0
7131 3 0
7132 14 0
7133 5 0
7134 2 0
7135 5 0
7136 10 0
7137 10 0
7138 3 0
7139 6 0
7140 5 0
7141 6 0
7142 5 0
7143 3 0
7144 20 0
7145 12 0
7146 6 0
7162 32 0
7163 48 0
7164 40 0
7165 3 0
7166 3 0
7188 3 0
7189 5 0
71890 4 0
7191 6 0
7192 5 0
7193 5 ]
7208 7 0
7209 8 0
7210 28 0
7211 10 0
7212 10 0
7213 10 0
7214 10 0
7215 20 0
7216 5 0
7217 6 0
7218 5 0
7219 4 0
7220 7 0

NOTE: ND = No Data
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12.65
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55.97
38.59
39.35
43.25
54.08
45.43
44.07
61.63
54.26
57.74
66.21
59.17
50.51
60.58
40.11
41.37
27.69
33.58
30.17
34.30
33.64
38.02
35.98
40.47
36.34
38.05
48.90
51.40
58.99
54.04
64.72
65.65
65.02
63.19
56.52
58.15
47.55
54.40
50.30
21.26

ft ppm
7221 8 0
7222 8 0
7223 5 0
7224 5 0
7225 27 0
7226 27 0
7227 25 0
7228 8 0
7229 25 0
7237 8 0
7238 10 0
7239 10 0
7240 6 0
7241 4 0
7242 21 0
7243 15 0
7245 4 0
7248 4 0
7247 4 0
7248 5 0
7249 5 0
7253 5 0
7254 5 0
7255 5 0
7257 1 0
7267 9 0
7268 7 0
7269 6 0
7270 6 0
7271 6 0
7287 15 0
7288 15 0
7289 40 0
7290 28 0
7296 17 0
7297 13 0
7298 12 0
7301 4 0
7302 3 0
7303 6 0
7304 6 0
7325 4 0
7326 8 0
7327 7 0
7328 50 0
7329 12 0
7332 3 0
7337 3 0
7338 3 0
7339 3 0
7340 10 0
7341 10 0
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7343 12 0
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7401

NOTE: ND = No Data
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SAMPLE SAMPLE SAMPLE SAMPLE

NUMBER DEPTH Ag As Co Cu Ni Pb Zn Fe Mn LOI NUMBER DEPTH Ag As Co Cu Ni Pb Zn Fe Mn LOI
ft ppm ppm ppm ppm ppm ppm ppm % ppm % ft PPM ppm ppm ppm ppm ppm ppm % ppm %

7460 13 ¢ 10 12 33 15 13 73 .38 148 4511 7522 6 0 57 8 26 33 11 77 94 385 3824
7461 5 0 16 3 18 8 8 40 8 200 2920 7523 7 0O 68 16 35 40 13 130 3.10 366 31.12
7462 5 0 24 4 26 12 7 63 165 256 3543 7524 7 0 40 7 20 21 6 100 122 252 3757
7463 8 0 22 2 29 14 4 52 93 111 3952 7525 7 0 74 10 25 28 6 140 199 321 4278
7464 7 0 22 3 27 14 6 49 .78 100 3972 7526 5 0 42 9 40 21 9 94 143 199 47.04
7465 7 0 18 1 24 13 8 34 .76 79 3456 7527 5 0 28 8 49 22 8 73 104 160 36.83
7466 8 0 286 8 46 3t 11 68 225 143 33.21 7528 6 0 48 13 20 19 10 152 132 887 36.83
7467 5 0 34 8 43 26 10 72 149 125 4453 7529 7 0 40 14 20 21 12 133 156 673 37.73
7468 14 0 1.6 5 26 13 15 68 48 80 32.23 7530 7 0 66 19 19 23 8 168 201 1355 36.80
7469 23 0 24 4 21 11 11 104 .25 67 73.51 7531 8 0 58 13 33 17 13 82 144 620 36.13
7470 20 0 1.2 5 19 9 10 91 .24 70 73.05 7532 4 0 6 4 33 9 11 108 24 95 4215
7471 15 0 1.2 4 25 8 9 89 64 144 69.84 7533 4 0 1.8 4 32 8 11 58 .80 87
7472 14 0 1.4 6 25 11 1 87 44 112 6484 7534 3 0 18 5 38 12 9 60 .54 92 33.39
7473 ND o0 1.2 7 20 1 11 74 .44 9500 50.50 7535 3 0 1.2 4 20 11 1 64 .29 78  60.51
7474 4 0 116 13 14 12 8 69 67 242 1200 7536 4 0 1.4 3 22 11 12 81 .30 63 60.78
7475 10 0 62 40 30 23 9 105 575 816 2033 7537 13 0 .8 6 40 17 6 50 150 149 46.51
7476 20 0 42 16 40 18 11 115 250 565 38.01 7538 14 0 1.0 5 40 16 6 45 148 138 4658
7477 15 0 32 20 36 19 10 108 232 654 3295 7539 3 0 22 6 22 15 7 61 1890 79 4528
7478 7 0 48 22 36 19 10 115 3.06 826 34.19 7540 7 0 76 18 18 21 11 173 195 1155 36.95
7479 9 0 42 13 25 12 9 70 1.15 443 2343 7541 7 0 72 17 18 22 10 163 199 1175 36.91
7480 20 0 86 7 34 12 7 47 88 108 37.76 7542 20 0 1.2 5 32 18 8 69 87 240 5024
7481 15 0 48 5 25 9 7 75 56 102 5420 7543 50 0 32 11 79 30 18 82 159 135 3864
7482 20 0 386 5 24 8 8 73 .45 112 5385 7544 35 0 20 11 69 30 17 76 192 211 3948
7483 8 0 4 7 25 8 8 90 .18 52  59.24 7545 15 0 40 4 42 17 14 63 65 66 43.08
7484 8 0 1.0 3 30 5 8 61 .24 36 48.37 7546 5 0 8 3 14 11 8 57 .36 74 5473
7485 2 0 20 5 15 10 13 88 133 152 62.59 7547 6 0 5 4 14 11 8 56 .38 76 53.06
7486 2 0 18 4 17 9 12 90 1.60 152 60.31 7548 5 0 6 4 10 13 10 71 27 92 58.66
7487 2 0 24 6 15 8 14 101 147 116 62.82 7549 5 0 22 3 11 11 10 63 .18 81 55.19
7488 5 0 4 4 24 11 8 64 .46 71 63.78 7550 5 0 .3 5 22 16 6 35 .28 50 62.81
7489 5 0 2 3 21 10 9 71 .33 76  66.72 7551 5 0 6 4 24 16 8 36 .28 64 65.71
7490 12 0 6.0 8 34 17 9 122 326 608 37.17 7552 3 0 5 3 16 13 8 75 51 104 49.05
7491 15 0 30 10 31 19 8 121 3.13 509 3597 7553 3 0 1.4 3 16 10 9 68 50 100 47.89
7492 9 0 56 11 33 20 7 122 226 703 38.09 7554 35 0 36 10 59 20 8 78 169 361 3838
7493 4 0 58 13 24 18 4 107 200 522 2174 7555 35 0 38 16 56 20 12 86 3.10 512 41.32
7494 3 0 86 11 57 26 6 104 142 508 3848 7556 15 0 14 3 40 10 8 52 23 40 4240
7495 6 0 6.0 7 52 22 6 94 299 310 43.40 7557 8 0o 18 2 # 10 10 44 28 32 47.88
7496 7 0 60 13 60 27 6 112 398 320 4585 7558 5 o 1.8 5 27 13 g 50 4 75 46.74
7497 8 0 32 3 40 21 5 69 117 142 61.50 7559 8 0 20 4 3 14 12 54 35 68  44.07
7498 5 0 22 4 27 14 3 50 64 127 4566 7560 5 0 14 5 29 16 8 59 27 65 67.56
7499 8 0 1.6 5 24 14 7 47 78 80 57.16 7561 5 4] 14 6 31 17 9 67 37 75 65.74
7500 8 0 2.0 5 22 14 e} 43 66 72 57.79 7562 8 0 1.0 5 29 18 8 74 31 72 64.30
7509 5 0 54 9 21 22 5 123 75 236 4072 7563 8 0 .8 4 20 9 6 65 .15 64 53.26
7510 6 0 60 13 26 37 6 133 98 237 35.51 7564 8 0 .8 4 23 10 5 56 .36 61  66.11
7511 8 0 72 11 23 26 5 120 .88 240 34.70 7565 10 0 8 4 23 9 5 58 .28 50 72.93
7512 7 0 42 10 24 25 6 130 95 249 3266 7566 10 0 8 4 23 9 6 54 27 58 66.52
7513 8 0 4.4 9 22 25 5 130 94 211 41.03 7567 10 0 18 5 18 11 4 41 42 119 53.85
7514 6 0 76 15 29 36 9 123 102 297 31.15 7568 15 0 24 6 24 15 9 96 66 113 3293
7515 9 0 34 Q 30 20 8 100 93 216 38.90 7569 3 0 2.6 4 42 10 5 55 .81 58 44 .01
7516 6 0 70 13 19 31 8 118 1.09 246 3856 7570 ND 0 24 6 4 12 4 72 119 98 46.29
7517 7 0 16 12 28 38 9 122 104 269 3284 7571 5 0 44 16 42 21 36 27 .49 43 12,60
7518 6 0 58 10 30 24 10 137 91 242 40.99 7572 6 0 56 4 27 1 3 44 46 40 4244
7519 6 0 56 12 27 25 11 112 86 282 40.07 7573 10 0 2 6 35 18 9 8 .25 63 62.69
7520 6 0 52 13 29 34 9 118 1.04 313 49.19 7574 5 0 6 3 29 13 9 38 .14 81 36.21
7521 6 0 52 14 49 50 8 96 174 186 7548 7575 5 0 4 3 28 13 7 32 14 64  38.31

NOTE: ND = No Data
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SAMPLE SAMPLE SAMPLE SAMPLE

NUMBER DEPTH Ag As Co Cu N Pb Zn Fe Mn LOI NUMBER DEPTH Ag As Co Cu N Pb Zn Fe Mn LOI
ft ppm ppm ppm ppm ppm ppm ppm % ppm % ft ppm ppm ppm ppm ppm ppm ppm % ppm %

7692 20 0 10 7 36 8 10 267 797 349 60.62 7746 7 0 12 4 3 17 10 64 57 68 3755
7693 5 0 9 3 15 7 10 71 22 64 69.31 7749 22 0 12 3 33 11 10 58 .84 125 3386
7694 5 0 1.0 2 15 8 10 71 22 69 6818 7750 23 0 1.4 4 38 11 10 62 .94 148 3460
7695 5 0 1.2 5 19 14 10 66 52 125 1745 7751 16 0 9 5 56 12 10 77 1.44 139 4747
7696 0 0 15 3 22 13 10 73 .34 117 4599 7752 15 0 1.0 4 51 12 10 68 1.02 108 46.93
7697 6 0 5 4 22 19 3 33 .38 83 4504 7753 15 0t 2 34 46 8 63 .89 99 3643
7698 3 0 13 3 15 11 8 47 37 42 4982 7754 13 0o 8 2 25 11 10 42 50 65 2892
7699 6 0 16 3 19 11 10 71 85 57 5520 7755 3 0 9 2 32 32 5 110 .29 40 3045
7700 3 0 48 3 21 13 10 55 95 79 4820 7756 5 0 20 6 31 16 10 122 .82 138 49.39
7701 5 0 16 2 15 36 3 3 .45 46 37.77 7757 7 0 8 5 27 15 10 94 .72 137 4448
7702 6 0 56 23 22 35 14 212 298 733 3452 7773 5 0 12 4 35 18 10 66 .73 120 5955
7703 4 0 24 19 9 24 10 117 120 395 896 7774 5 0 16 2 19 8 10 59 126 245 37.01
7704 5 0 30 18 20 26 10 142 185 841 31.99 7776 4 0 6 112 7 10 38 24 70 3136
7705 5 0 46 21 21 30 10 164 203 974 3256 7777 9 0o 4 6 48 18 10 57 .82 94 4344
7706 4 0 22 3 28 3 10 73 .88 73 4561 7778 6 0o 8 3 20 13 10 42 55 57 6007
7707 4 0 1.8 2 20 22 10 44 44 54 3661 7779 4 0 1.0 4 36 18 10 48 63 70 3679
7708 3 0 38 2 29 17 10 40 108 26 37.07 7780 9 0 12 16 59 36 10 77 373 200 3025
7709 3 0 58 4 38 10 ND 93 42 53 5770 7781 3 0o 4 4 25 13 10 43 33 64 4363
7710 5 0 14 1 21 10 10 60 35 55 6295 8367 10 0 4 9 23 28 10 40 1.16 128 3500
7711 9 0 14 2 22 11 10 64 29 48 63.41 8368 10 0 6 19 28 8 10 61 191 271 3273
7712 10 0 6.0 1 56 12 10 48 42 19 4784 8369 15 0 18 29 42 100 10 85 3.34 400 36.70
7713 9 0 1.0 4 25 12 10 49 .61 87 75.20 8370 7 0 4 14 22 56 10 62 114 110 53.05
7714 9 0o 8 3 25 12 10 52 .77 81 7560 8371 11 0 4 9 29 24 10 50 1.03 183 43.37
7715 19 0 14 3 19 7 10 180 218 189 69.73 8372 22 0 4 15 36 27 10 58 182 240 46.47
7716 3 0 20 3 14 10 8 46 1.07 118 3192 8382 8 0 B8 19 31 43 10 80 136 155 36.61
7717 3 0 14 3 13 10 10 43 104 109 3249 8383 12 0 4 18 150 49 10 62 154 162 41.00
7718 6 0 10 4 26 14 10 90 62 98 4574 8384 14 0 18 14 28 35 10 63 126 218 3858
7719 3 0 4 4 40 65 8 50 .32 52 5132 8385 13 0 22 10 25 28 10 52 .8 115 3054
7720 3 0 386 i 13 10 10 46 29 37 3753 8386 7 o 7 8 31 28 10 24 .85 100 4884
7721 10 0 2 6 11 30 10 136 25 106 85.12 8387 7 0 1.0 4 22 24 20 40 34 38 3883
7722 12 o 4 7 19 3 10 97 43 68 7552 8388 8 0o 9 6 14 25 10 82 50 127 5273
7723 15 0 2 6 18 45 10 92 .30 65 84.09 8389 25 0 60 32 45 59 10 165 9.73 2060 28.46
7724 5 0 4 6 36 23 10 90 68 87 4135 8390 15 0 64 23 38 44 10 117 560 1600 28.44
7725 5 0 4 3 34 18 10 61 60 74 2033 8401 23 0 42 34 41 49 10 180 895 2180 26.90
7726 18 o 2 6 19 30 10 121 46 98 7635 8409 23 0 42 34 43 50 10 174 1023 2420 27.07
7727 10 0 2 6 19 3t 10 114 .4 98  76.57 8410 23 0 38 39 44 121 10 172 10.33 2260 26.26
7728 10 o 2 3 13 21t 10 121 23 76 7880 8411 20 0 34 38 42 50 10 161 9.58 2300 23.40
7729 5 0 7 5 23 3 10 9 59 63 59.19 8412 23 0 26 34 40 44 10 186 9.46 2000 27.62
7730 5 0 -8 1 13 18 10 48 25 31 64.08 8413 16 0 38 18 32 32 10 91 397 1040 19.58
7731 5 g 341 6 19 20 12 82 8 173 3757 8414 23 0 24 32 42 43 10 198 867 1820 29.39
7732 15 0 2 5 12 3 10 121 30 85 7865 - 8415 7 0 16 4 23 20 10 22 25 13 3575
7733 5 0 28 6 18 21 10 107 97 218 77.00 8416 ND 0 8 12 45 3 10 66 1.07 208 46.24
7734 5 0 16 5 29 15 11 38 25 45 6803 8417 10 0 6 11 45 32 10 57 .89 200 46.61
7735 25 0 6 5 3 15 10 73 105 296 57.10 8419 15 0 23 14 24 38 10 59 101 148 3476
7736 8 0o 8 6 22 2 6 129 33 82 6169 8420 12 0 22 10 20 49 10 67 52 101 73.14
7737 6 0 12 3 16 13 8 53 14 32 7301 8421 10 0 8 7 15 17 10 79 .44 95 77.38
7738 19 0 .6 6 38 13 10 130 165 325 53.22 8422 7 0 7 6 14 19 10 73 51 87 76.67
7739 19 Q0 6 6 41 13 10 154 140 326 55.13 8423 10 0 9 8 14 20 10 68 59 93  74.14
7740 17 0 20 21 55 34 10 116 460 574 2212 8424 10 0 9 11 15 57 10 36 73 131 4327
7741 17 o 18 20 56 34 10 103 4.16 544 1922 8425 20 0 7 8 28 20 10 90 37 85 71.61
7742 14 o 18 24 57 37 10 109 480 648 1864 8426 12 0 1.0 8 18 20 10 141 44 215 7386
7743 10 0 20 219 58 37 10 92 425 584 1785 8427 15 0 11 10 16 38 10 99 82 101 6891
7744 9 0 2 1 15 9 10 38 29 8 7620 8428 21 0 30 41 46 49 10 202 1050 2060 29.28
7745 4 0 19 6 38 26 8 66 50 72 3857 8429 20 0 30 43 43 49 10 210 9.29 2000 28.67

NOTE: ND = No Data
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8488
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NOTE: ND = No Data
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SAMPLE SAMPLE

SAMPLE SAMPLE

NUMBER DEPTH Ag As Co Cu Ni Pb 2Zn Fe Mn LOI NUMBER DEPTH Ag As Co Cu N Pb 2Zn Fe Mn LOI
ft  ppm ppm ppm ppm ppm ppm ppm % ppm % ft  ppm ppm ppm ppm ppm ppm ppm % ppm %
8548 4 ND 27 10 71 21 7 97 100 212 3360 8602 3 0 51 10 83 30 8 98 184 118 4850
8549 4 0 33 9 53 22 7 92 125 151 3860 8603 3 0 60 8 72 21 17 8 140 104 49.22
8550 3 0 56 10 55 23 13 97 197 342 4208 8604 4 0 24 5 68 22 9 64 117 88 48.35
8551 15 0 10 7 29 15 6 119 .39 131 75.46 8605 3 0 24 4 68 23 10 66 108 88 44.90
8552 10 0 12 10 42 27 10 124 89 144 5537 8606 14 0 28 7 101 22 10 7t .75 145 33.19
8553 8 0 9 9 38 24 8 100 .73 123 63.01 8607 17 0 15 16 87 38 10 73 142 159 1535
8554 2 0 40 11 25 23 7 135 .83 238 39.78 8608 21 0 15 16 132 38 16 95 123 148 27.85
8555 2 0 93 10 30 23 7 160 117 185 37.35 8609 12 0 40 4 52 84 16 46 38 46 50.24
8556 10 0 14 9 26 21 4 107 100 140 4394 8610 4 0 29 7 5 18 10 44 39 63 30.12
8557 8 0 10 8 34 21 10 120 .79 190 57.71 8611 5 0 29 8 6 19 6 49 42 75 2971
8558 5 0 12 10 30 22 12 102 .90 123 4643 8612 20 0 79 11 46 17 16 75 1274 633 53.78
8559 14 0 13 8 27 16 10 230 .87 150 68.79 8613 4 0 24 9 36 20 13 61 .40 99 31.32
8560 35 0 88 13 70 22 15 80 214 1443 39.12 8614 4 0 20 7 27 25 10 62 .78 156 37.91
8561 25 0 101 13 104 32 13 94 237 725 4221 8615 5 0 23 7 16 10 8 28 .63 44 6554
8562 38 0 116 10 60 18 14 58 7.90 3040 3558 8616 10 0 34 12 34 26 10 93 1.10 347 4159
8563 14 0 10 6 16 10 8 273 .79 96 7485 8617 16 0 29 12 35 24 10 89 1.12 299 43.45
8564 6 0 10 11 34 30 13 135 1.09 134 3650 8618 3 0 19 9 20 22 6 67 65 143 3491
8565 6 0 11 12 31 31 10 134 126 168 3869 8619 15 0 12 8 29 16 1 105 56 70 64.74
8566 6 0 12 10 47 22 8 131 .97 118 3620 8620 10 0 56 23 33 29 10 102 280 422 17.50
8567 10 0 40 19 41 37 10 196 250 465 28.25 8621 32 0 14 7 31 17 6 77 92 147 57.66
8568 11 0 30 17 36 34 9 197 219 436 3327 8622 9 0 12 6 26 15 9 61 59 92 7364
8569 16 0 33 20 34 34 10 215 277 511 3085 8623 6 0 26 11 40 23 1 63 107 184 49.63
8570 14 0 51 9 42 22 10 75 210 199 3514 8624 12 0 51 13 48 24 11 98 193 305 4587
8571 11 0 64 9 48 22 7 71 167 142 4613 8625 8 0 44 8 31 21 10 64 124 219 4668
8572 11 0 11 8 3 19 7 122 81 111 6323 8626 9 0 24 6 21 12 16 104 .40 87 7358
8573 22 0 63 12 68 24 9 90 214 505 39.72 8627 7 0 19 5 17 10 20 65 .60 142 7052
8574 15 0 128 17 73 36 10 155 896 1093 36.81 8628 4 0 10 9 17 14 20 45 23 83 59.97
8575 30 0 104 23 60 28 9 102 925 970 2667 8629 3 0 44 9 19 15 8 62 .72 188 3588
8576 25 0 69 13 63 25 14 89 440 519 3357 8630 14 0 31 9 16 16 7 163 .40 149 7270
8577 18 0 66 14 70 29 9 109 293 615 3633 8631 4 0 11 3 14 11 10 42 34 85 5474
8578 33 0 50 12 46 26 17 78 1.82 415 27.40 8632 4 0 31 2 18 12 10 40 .23 65 4189
8579 20 0 78 12 59 26 9 67 167 441 3497 8633 4 0 40 10 21 18 10 81 .85 240 27.93
8580 42 0 130 10 67 21 9 60 1067 3175 39.80 8634 11 0 31 7 27 3 9 92 117 253 3631
8581 25 0 128 12 94 33 10 93 221 725 50.03 8635 19 0 42 11 30 18 2 91 200 479 38.09
8582 8 0 92 8 43 22 7 58 179 568 3685 8636 12 0 34 13 30 20 6 8 139 425 41.10
8583 9 0 10 7 33 19 11 77 86 73 2507 8637 2 0 17 11 48 28 9 99 100 151 49.50
8584 15 0 13 11 35 27 10 113 128 327 3549 8638 3 0 13 10 46 29 5 93 100 133 49.92
8585 19 0 12 12 31 18 10 78 .31 65 66.06 8639 3 0 17 11 44 30 10 94 95 136 47.35
8586 3 0 45 3 190 23 10 23 27 11 2955 8640 3 0 18 10 44 28 10 89 93 126 47.81
8587 9 0 41 5 81 17 5 27 45 41 2896 8641 5 0 13 6 18 15 4 43 .40 78 5299
8588 12 0 49 9 42 20 10 66 .56 125 4485 8642 12 0 17 11 44 26 11 94 57 115 6245
8589 7 0 27 6 48 22 1 68 153 266 57.54 8643 5 0 86 11 33 21 6 100 110 91 5656
8590 14 0 24 7 45 19 2 58 155 230 5538 8644 7 0 72 8 25 11 10 55 .48 57 4203
8591 7 0 26 9 34 18 1 59 1.16 153 46.00 8645 13 0 12 8 46 17 2 116 160 317 64.49
8592 6 0 26 11 45 24 3 8 168 192 4495 8646 18 0 19 6 46 23 5 110 144 342 5063
8593 20 0 22 6 45 22 2 51 67 140 3836 8647 23 0 14 5 35 15 9 122 119 376 50.76
8594 16 0 25 11 5 26 1 62 103 135 39.77 8648 24 0 21 3 63 13 10 149 1.3 164 56.40
8595 4 0 18 4 71 17 15 68 34 67 2231 8649 17 0 15 3 30 14 16 100 .20 66 63.71
8596 5 0 13 7 13 21 3 50 50 147 59.11 8650 14 0 14 4 32 13 18 110 .22 62 64.86
8597 4 0 22 8 14 15 5 77 58 192 3898 8651 3 0 19 9 50 27 2 103 84 116 51.17
8598 8 0 39 4 8 20 1 37 .44 37 2907 8652 3 0 14 11 39 26 10 89 1.08 117 4886
8599 7 0 46 4 77 22 2 38 46 56 3679 8653 2 0 42 10 36 24 20 85 .89 129 4827
8600 2 0 38 6 74 27 6 63 102 70 4412 8654 4 0 36 5 34 7 20 8 40 90 37.81
8601 3 0 49 7 8 29 4 92 164 119 4853 8655 12 0 51 5 105 18 11 63 .31 137 3892

NOTE: ND = No Data
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SAMPLE SAMPLE

SAMPLE SAMPLE

NUMBER DEPTH Ag Zn Fe Mn LOI NUMBER DEPTH Ag As Co Cu Fe Mn LOI
ft  ppm ppm ppm ppm ppm ppm ppm % ppm % ft ppm ppm ppm % ppm %
8772 10 0 6 5 30 23 85 7652 8826 60 0 150 11 17 8 21.0 7200 36.39
8773 19 0 5 3 57 73 131 6862 8827 65 0 150 13 20 9 19.0 7600 37.01
8774 10 0 5 6 42 38 113 60.13 8828 6 0 120 7 6 9 322 575 7284
8775 20 0 6 6 92 38 114 6331 8829 6 0 12 6 10 3 81 145 5304
8776 7 0 6 5 26 24 127 7652 8830 5 0 41 5 14 4 79 372 44.82
8777 18 0 7 7 126 21 162 5652 8831 8 0 51 14 28 7 114 235 3566
8778 25 0 18 13 107 262 602 19.05 8832 7 0 28 11 24 9 1.02 194 3870
8779 30 0 20 23 126 426 741 32.35 8833 3 0 35 10 17 10 103 166 28.46
8780 22 0 7 6 136 .28 171 75.86 8834 4 0 16 6 20 12 94 79 2893
8781 7 0 8 7 109 84 321 5316 8835 35 0 29 13 39 16 210 725 44.47
8782 22 0 13 6 174 .37 258 65.98 8836 20 0 26 14 23 6 1.36 404 26.48
8783 4 0 5 4 47 21 57 7914 8837 40 0 100 6 31 12 213 441 69.32
8784 8 0 5 5 36 .15 55 7870 8838 ND 0 37 25 27 8 3.03 653 32.65
8785 9 0 10 8 97 214 230 43.05 8839 10 0 28 33 12 8 248 482 12.80
8786 8 0 10 4 80 157 264 39.39 8840 20 0 27 30 33 7 280 790 36.71
8787 6 0 3 7 70 23 50 67.40 8841 24 0 25 33 31 6 338 814 37.01
8788 19 0 8 3 3t 116 44 4247 8842 15 0 32 26 33 7 247 924 36.90
8789 9 o 1. 7 6 38 .18 82 73.36 8843 9 0 10 4 33 6 52 67 67.10
8790 25 0 25 7 8 131 62 123 7098 8844 20 0 11 4 30 6 36 64 6299
8791 5 0 10 5 7 43 36 66 6864 8845 10 0 8 4 35 6 48 70 66.05
8792 5 0 15 6 8 23 .86 224 8310 8846 14 0 29 5 35 5 57 88 39.03
8793 8 o 7 6 4 41 33 103 4138 8847 9 0 120 4 144 5 55 11 21.77
8794 20 0 18 5 9 249 89 126 66.49 8848 4 0 17 8 17 5 77 177 7127
8795 6 0 26 9 18 88 127 422 30.11 8849 3 o 7 7 11 4 37 189 77.04
8796 8 0o 13 7 8 141 .15 43 7047 8850 5 0 40 9 23 6 158 257 3204
8797 12 0 94 6 84 90 228 4352 8851 4 0 19 4 23 3 46 26 3501
8798 11 0 5.1 15 116 .90 263 47.26 8852 6 0 9 & 25 10 59 243  66.22
8799 10 0 24 6 113 .97 322 4761 8853 6 0 4 4 17 4 40 458 8520
8800 10 0 19 4 107 111 318 43.01 8854 2 0 19 6 18 8 37 105 5297
8801 15 0 2.1 8 111 134 322 4642 8855 7 0o 9 5 11 5 33 51 64.19
8802 7 0 25 13 93 112 370 5022 8856 22 0 78 6 10 5 140 2700 55.71
8803 9 0 30 8 58 .47 101 4178 8857 3 o 8 3 13 9 24 83 4952
8804 19 0 1.3 11 115 52 75 66.71 8858 13 0 6 4 17 3 20 85 79.94
8805 5 0 83 5 43 .16 41 5802 8859 5 0 21 6 14 14 74 171 17.46
8806 10 0 23 9 82 89 154 2227 8860 7 0 37 5 33 3 51 306 43.25
8807 10 0 37 9 115 113 209 26.66 8861 10 0 10 9 53 4 65 163 38.71
8808 8 0 40 5 117 122 242 31.20 8862 5 0 30 14 29 5 173 307 18.17
8809 10 0 8 123 .68 137 67.08 8863 5 0 39 17 18 19 110 1040 42.48
8810 15 0 8 132 19.11 821 47.29 8864 8 0 19 7 a7 6 1.03 191 50.80
8811 2 0 12 84 147 394 1967 8865 10 0 57 9 43 3 3.05 389 53.39
8812 6 0 6 83 112 320 37.29 8866 6 0 36 8 33 2 163 230 47.13
8813 5 0 11 82 .40 124 3729 8867 15 0 25 11 41 3 170 433 4459
8814 15 0 9 106 221 492 3995 8868 15 0 23 11 32 5 200 626 4134
8815 6 0 6 59 .79 228 3637 8869 15 0 19 10 36 4 144 453  43.02
8816 15 0 8 99 184 390 30.58 8870 20 0 37 11 38 8 124 451 4862
8817 15 0 11 125 2.84 527 4005 8871 5 0 29 6 19 4 60 120 38.92
8818 16 0 9 110 1.83 431 3073 8872 10 0 10 4 24 5 32 127 4781
8819 16 0 10 137 220 480 3273 8873 25 0 1.0 4 17 3 27 96 75.09
8820 15 0 6 133 199 414 30.00 8874 35 0 16 9 20 4 136 492 7264
8821 15 0 14 151 .88 122 56.10 8875 35 o 8 3 11 3 73 79 8375
8822 10 0 9 173 50 121  60.00 8876 25 0 56 12 32 11 141 519 38.02
8823 2 0 6 58 66 143 62.36 8877 25 0 77 13 33 11 173 593 36.93
8824 50 0 9 80 180 1800 38.38 8878 20 0 80 13 34 9 161 667 38.58
8825 70 0 9 96 150 7500 39.21 8879 15 0 75 15 35 11 171 770 4443

NOTE: ND = No Data
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