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APPENDIX A

BOTTOM SEDIMENT SAMPLING

A total of 165 lake-bottom sediment samples were taken to

rt

ement HSSR data in areas devoid of streams and water wells.

lJot study in Minnesota had shown that bedrock uranium

ntrations may be reflected in lake sediments (Meineke et al,

Sample. were analysed under EBFEC specification for fluorometric
lose on 1gnition, Cu, Mo = Ni; Ph and Zn and, in areas
lain by Lake Superior Sandstones, for As, Se and vzos. The

ijation of specific elements with anomalous 0308 is potentially

gnostic of certain classes of uranium deposits.

Lake bottom sediment samples were collected with a Hornbrook
er One sJ4mple was taken near the center of small lakes

aken at several locations in large lakes. Sediment in the

r of lakes was sampled because the distribution of uranium

is generally homogeneous, in contrast %0 near shore locations

adll

local surface and ground-water influx may cause

ogneity of sediment and U308 content.

Cernter lake-sediments are typically organic=-rich fine silts

0llected samples weighed approximately 0.5 to l kg

l1bs). All =amples were air-dried prior to shipment to

Mountain Tcochemical Cor;oration in Sparks, Nevada.
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Description of the sample, local surficial and bedrock geology
was recorded at the time of sampling. Where check sampling was

subsequently carried out to confirm high U3O analyses, Eh, pH,

8
conductivity and alkalinity measurements of lake water were
obtained. Results are summarized on Table 2. Sample locations,
analyses, frequency histograms and ~umulative probability graphs
for the nine elements analysed are presented on Plates 8 ta 17,
0f the 165 lake-sediment samples collected, four were check
samples usad to verify higher results and one duplicate sample
was taken to confirm the relation of high organic content with
increased U,04 values. These samples are not included in the
statistical analysis.
In general, absolute concentrations of the nine elements
re low and approximate lognormal distributior. No apparent

association between elements is manifest in the liuear regression

lation matrix of Table 3. The highest U308 value (28 ppm

FI-369) was found in Iron Lake located in the center of
angle approximately 5 miles south of Iron River,
Loss on ignition for this sample was 70 percent (a
the high organic content) and the lake waters were
ized by very high conductivity (80 umhos) with Eh of
2 3 and an ulkalinity of 88.9 mg/litre. These
factors contrast significantly with many of
in the region where organic content avera:es
1., conductivity is 29 R0 40 umhos, Eh is

40 to 80 umhos and pH is generally
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slightly acidic. Alkalinity at Iron Lake is higher than at
most other lakes in the quadrangle. Iron Lake is a man-made
lake and the anomalous U3O8 is interpreted as reflecting
contamination rather than a natural source.

Although there is no linear relationship between uranium
content of lake sediments and loss-on-ignition (L0, 1) nany
of the higher uranium analyses have correspondingly high L.O.TI.
suggesting that the generally low uranium content is being
collected in the organics.

Statistical treatment of analyses according to bedrock
lithology underlying the lakes was undertaken to ascertain if
any bedrock units had a unique geochemical signature. The

highest values, greatest range and variability of data for U308’

Mo, Ae, V.G and 8e 18 foung 3in pitced outwash deposits overlying

&

the Oronto Group sediments in the west-central area of the
quadrangle. The variability is in part a function of the greater
numker of samples and the sample densitv in this area. Oronto
bedrock here is penetrated by a considerable number of drill
holes which were inspected during subsurface data acquisition
Lack of anomalous radioactivity in the drill core
that the underlying Oronto sediments have not contributed

the anomalies at surface.




Table 2.

Summary of Lake Sediment Geochemical

APPENDIX A

Sampling

Element/
Parameter

Arithmetic
Mean

(ppm)

Median
(ppm)

No. of
Analyses

Range
(ppm)

Std.
Dev

Ashland Quad. U308
As
Cu
Mo

Ni

Pb

159 <1=23 3.10 3. 37

129 <10-40 1080 11.8

158 10-495 34.80

<1-54 2.88

<5=580 27.60

<o=385  20.80

<1-28 2.50 5.9

60-860 255 278

<5-540 117 134

4-867% 44.0%

3.15

8.48

42.1

6.33

68.8

40.5

Cambrian Sandstone

Bayfield/Jacobsville
Sandstone

Oronto Group

PreG X and Y volcanics
and intrusives

PreC X Granites
Marquette Range Supergroup
PreC W

Volcanics

:fer Granites & Gneisses
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Table 3. Linear Regression Correiation Matrix - Lake Sediments

G B B OB s U

411 J045 .042 ~«116 .086 =,152 245 =.l27 .152
(128) (157) (LS7) (135) (158) (83) CB3) (A7) (15%)

1 062 .124 -.036 .180 .093 -.109 .102 .120
(129) (129) (127) (127) (83) (84) (129) (129)

1 082 187 160 188 (257 (RlS .266
(158) (156) (136) (84) (84) (138) (158)

1 «a¥3 230 ~275 253 010 321
(156) (156) (95) (84) (158) (158)

1 086 .387 .022 .287 .032
(156) (84) (84) (156) (156)

1 -.041 .145 .043 .343
(84) (84) (156) (156)

1 =337 .658 .134
(82) (84) (84)

1 =.207 .290

(84) (84)

1 .323
(158)

L.0.1. 1
Note:

(128) - no. of samples.
Analyses below detection limit (d.l.) raised to d.l.
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APPENDIX B

RADON SURVEY

A total of 35 line km (21.7 line mi) of radon soll gas

surveying were undertaken in four areas to provide additional

subsurface information in the vicinity of ARR and BFEC-HSSR
anomalies and where geochemical data had not been acquired.

The surveys utilized an EDA Instruments Inc. model RD-200
emanometer and 1 m soil probe. The static-volume measurement
design of this instrument permits differentiation of radon
(222 Rn) and thoron (220 Rn) components of soil gas by
mathematical treatment of succassive readings recorded at timed
intervals. Radon and thoron are daughter radionuclides of the
238 U and 232 Th decay series respectively. The presence of
radon and much shorter-lived thoron gas in soils and their
migration rates and distance is a function of a relative abundance
of their immediate parent isotopes of radium, and soil permeability,
rate of ground water movement, as well as atmospheric conditions
such as barometric pressure and wind velocity. The relative
decay rates of radon and thoron, in addition to that of precursor
radioelements and their variable geochemical mobility, must be
considered during interpretation of survey results.

Twe single line profiles totalling 6.5 line km (4 line mi)
were conducted across the Douglas Fault near Maple and Wentworth,
Wisconsin in the viciuity of BFEC-HSSR and ARR areas of interest
No. 2 (Figures 3 and 4). The thrust fault is not exposed and,

is assumed to coincide with a break in terrain slope.

Ak

Higher radon and thoron gas values occur slightly south and

8-
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up-drainage of the surface trace of the thrust fault. The

relatively low absolute values do not suggest the presence of
significant amounts cf radium or uranium either at the fault
or to the south. The fault plane may represent a permeability
barrier for ground waters carrying small amounts of radon and
thoron gas.

Two closely-spaced single-line radon traverses totalling
15 line km (9.25 line mi) were conducted across the inferred
position of the Keweenawan Thrust Fault and Jacobsville Sandstone
north of Bessemer, Michigan (Figure 5). Stream sediment
sampling 3-8 km (2 to 5 mi) south of the fault indicates a
slightly higher uranium background in the area (ARR and BFEC-HSSR
Anomaly No. 5). Relatively low radon and thoron gas values were
very erratic and no pronounced relationship to the geology or
the topography is apparent. A radomn value of 67 cpm, and thoron
of 150 cpm, was obtained at the northern end of the traverse.
This reading occurred . ver what is thought to be land fill and
therefore is probably not representative of bedrock. A value of
161 cpm radon, and 84 cpm thoron at the south end of the profile
may be related to impeded ground-water and radon gas movements
at the contact between Jacobsville sandstones and Powder Mill
series volcanics or to trace radium precipitated at the water
table level where it intersects a break in terrain slope.

A single 8 km (5 mi) radon traverse was conducted over
the Precambrian W Puritan Quartz-Monzonite Batholith south of

Ironwood, Michigan (Figure 6a, 6b). Stream-sediment sampling
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(HSSR and DMB) in the area indicate relatively higher background
uranium values which coincide with the Bendix Data Integration
Group's HSSR and ARR area of interest No. 5. Low radon aad
thoron values reflect the higzh soil-moisture content and lack
of ground-water mcovement in the low-lying swampy area in the
vicinity of this radon survey traverse. Slightly higher erratic
values of radon and thoron were recorded over topographically
higher areas, a reflection of increased soil permeability.

3.9 km (2.4 mi) survey line was run over the Bayfieid
Group sandstones on the Bayfield Peninsula, near Cornucopia,
Wisconsin in an area where sparce geochemical data is availabie
(Figure 7). Comparatively high radon readings of 178 and 147
cpm were recorded over the inferred location of the unexposed
contact between the Chequamegon Sandstone and Devil's Island
Sandstone. Thoron values were correspondingly high. A soil

~

sample taken on site of the highest radon reading (MFI-262)

returned fluorometric UBGS of 1 ppm. The depth of lacustrine

area is 30 to 60 m (100 to 200 ft) (Trotta and
1973) and the relatively high values of thoron along
with their characteristically short migration distances suggest
that these values are not related to mineralization along the buried
sontact., The sources of these higher values is likely to be
more permeable soils related to bank materials of the Siskiwit

River located immediately west of the radon survey traverse at
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‘ A traverse 1.1 km (0.71 mi) in length was carried out near

a geoMetrics airborne radiometric anomaly No. l14 in an area
underlain by Chequamegon Sandstone (Figure 8). This area is
deeply mantled by pitted outwash sands. Low background radon
and thoron values were encountered. The high permeability of
sandy glacial soils would not be expected to mask any uranium
minerals present in the vicinity of Anomaly No. lé&.

Radon surveys disclosed only low absolute amounts of radon
and thoron in the areas tested. Comparatively higher radon
values within given profiles were accompanied by correspondingly
high thoron suggestive of short migration distances These
m‘ght be related to small near-surface sources in surficial
materials but are more likely to be caused by increased permeability
of soils or natural radon content accumulated in ground water
either impeded at impermeability barriers or where the water

table broaches surface levels.




APPENDIX B
EXPLANATION

{ tigures 31%08)

Location of radon soil gas reacing
2 x'/;// Net thoron content in counts per minute
L Net radon content in counts per minute

Geometrics ARR anomaly and number
Lithologic code - see Plate 9
Geologic contact

Thrust fault location

Stream

Contour elevation

Road

Section number

Swamp
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APPENDIX C.
Table of chemical analyses: rock sample analyses (in ppm)

Sample : Sample
Number Geol. Number Geol.
(MFI) Code F (MFI)

082
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085
086
087
088
089
090
091
092
093
094
095
096
097
098
099
100
101
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103
104
105
106
107
108
109
110
111
1l g
113
114
115
116
1 1
118
119
120
121
122
123
124

001 Yu
002 Xbt
003 Wg
004 Xmi/Xbt
005 Vg i
006 Wg
007 Ygp
QL3 Xmp
014 Xmp
015 Xmp
016 Xmp
) 2 U Xmp
018 Xmp
019 Yo
020 Yn
021 Vi
022 YE
023 Wgn
024 Xmi
025 Ybq
026 Yur
027 Ymr
028 Ygp
029 il
030 Vil
031 Y
032 Ybq
033 Xmp
034 Xml
035 Xmp
036 Xmp
037 Yu
03§86 Zos
039 Zos
040 Wg
041 Wg
0642 Ybq
043 Zds
044 Zds
076 Nl
i 7 Xbt
078
079
080
081
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Sample T Sample
Number . Number
(MFI) (MFI)

L 27
178
179
180
181
182
183
184
185
186
187
188
189
191
192

129
130
L3l
L 3d
133
134
135
136
137
138
139
140
141
176

PO DS M e s = = DD BN

N
wn
— P N O
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APPENDIX C.
Table of chemical analyses: stream-sediment analyses (in ppm)

Sample U0 U0
Number Geol. 3-8 LOI Number Geol. a:: 8 LOIL
(MFI) Code (F1) % (MFI) Code o %

058 b7
059 b 3
201 Ye
wgn
Xbm
Xbm
Xbis
6
TR
Wgn
Wgn
Wgn
Wgn
Wgn
Wgn
Wgn
Wgn
Y1lb
Y1lb
Y1b
Y1lb
Y1
Xbt
Xbt
Y1lb
Y1ib
Xbt
¥1b
Y1lb
¥ib
¥ LD
YLb
T1lb
¥1lb
Y1b
b o)
Yu
Zcs
Zcs
Zcs
Zcs
Zcs
Zcs
Y1lb
Ybq
Xmp

304 Wg
305 Wg
306 Wxv
307 Wg
308 Wegn
309 Xbt
310 Xbt
311 Ygp
312 Ygp
313 Yuv
314 Yuv
3135 Yuv
316 bt
317

318

319

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509
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313
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1
Geol. L308 LOI
Code (1) 2

A
P

Wg <1
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Sample
Number
(MFI)
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Sample i U
Number Geol. k. L Geol. 3 LOI
(MFI1) Cod 1) % Code (¥1) 4
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APPENDIX C.
‘ Table of chemical analyses: ground and spring-water samples

Sample
Number
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} O Samp e U0
Number Geol. bt | Cond. Eh MiAlk, Temp.
(MFI) Code (ppb) umhos (mv) pH mg/1l (%e )
847 Zos 7.665 240 -36.0 7.8 pag.t 16.9
248 Zos 11,711 850 ~18.0 7.4 127.8 13,0
849 Wg 2.824 22 .0 8. 143.6 17.3
850 Xbt 0.287 190 9.0 2.0 138.3 19.0
851 Yu 0.263 i34 28.0 6.9 126.5 -
852 Yu <0.263 123 -42.0 §.1 88.9 1§.0
853 Zcs <0.263 173 -31.0 7.8 143.6 -
854 Zcs 4.213 215 15,0 6.9 157.1 12.3
¢45 bt <0.287 270 13.0 4.8 184.,7 13,8
856 Wg <0.287 248 50.0 4.8 150.5 17,0
857 Wg 5.012 230 6.0 4.8 160.7 13,4
858 Wg 857711 221 28,0 ) J) 174.4 12.1
859 Wg 0.940 140 i8.0 6.8 109.4 11,2
860 Xmp 0.940 72 £0.0 4,8 4.2 20.5
861 Wg <0,313 251 -70,0 8.4 116.3 18.0
362 Wg 0,313 210 -50.0 8.0 106.0 13.4
863 Wg 0.940 182 15.0 6.8 150.5 13,3
864 Wg 1.880 195 25.0 s 140.2 13.0
865 Wg 2 102 282 «10.0 28 174.4 16.0
866 Wg 1,566 210 ~18.0- 4.8 164.2 144
867 Wg 0,313 210 29.0 1.1 1331 13.7
' 868 We 8040 TS 85 6.1 123.1 11.0
869 Wg 1.880 100 60.0 6.2 80.4 18,5
870 Wg 6.625 235 10.0 1.3 171.0 14.0
871 Wg 2.464 65 3.0 8.0 47.9 16.0
872 Wg n.224 70 31.4 5.8 61.6 16.5
3 Wg 1,120 78 70.0 6.0 Bl 2 16.0
74 Y1b 1.120 312 0.0 8.8 208.6 18,0
275 '1b 0.6722 234 0.0 &.% 192,13 1%.0
871 Y£p 4.032 173 «35.0 2.0 116,38 14,2
877 Y1 7.392 690 “63.0 i) 102.6 18.0
878 Y1b 1.568 245 «3.0 B L 1.k 13,0
879 W 0.515 118 130.0 8§ 0 41.0 12.0
880 Wg 1,545 140 60.0 8,2 95,8 13.0
831 We 1.545 120 -5.0 ] 88.9 5.0
882 Y1b 0.515 115 k2.0 8.8 88.9 14.0
883 Zj 1.803 240 =10,0 .8 167.6 16.0
884 Z3 1. 140 195 8.0 6.6 171.0 4.0
885 v1b 1.084 190 85.0 5.6 118,7 16.0
886 b 1, 184 110 4.0 6.2 102.6 110
887 Z 3 5,202 260 0 6.8 198.4 18.5
888 Y1b 1,300 100 40,0 6.2 843 13.8
809 Y1b | 851 205 -7.0 ) 130.0 18.0
890 Yf 1.951 113 ~18.0 7.3 88.9 15.0
891 Yvs 3.035 235 7,0 9.9 187 .13 16.0
892 Yvs 3.002 680 8.0 7.0 389.9 17.40
893 Yvs 2.168 148 =31,0 7,8 109.4 15,0
‘ 894 Yvs 5.884 244 10,0 7.4 1434 0 14,0
895 Y f 8.387 880 8.0 2] 383.0 14,5
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Number Cond. Eh
(MFI) umhos (mv)
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Number
(MF1)
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‘ APPENDIX C.
of chemical analyses: stream-water samples

Sample

Number L308

Cond. Eh M.Alk.

(MFI) (pp*) umhos (mv) mg/ 2

206 y ‘ 140 89 . 88.
98 13
70 50
59 60
60 73

65
60
60
50
35
35

39

* Lake Superior water sample.
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APPENDIX C.
Table of chemical analyses: lake-sediment analyses (in ppm)

Sample
Number Geol. [
(MFI) Code (F ; CU MO NI PB SE

40
75
30
29
40
30
39
29
13
25
33
20
30
i
10
45
25
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35 15
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29 15
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23 10
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25 19
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15 10
10 10
30 20
30 5
&3 15
39 20
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35 25
65 15
60 20
59 65
50 40
20 5
a5 10
3D 5
20 15
39 75
10 10
4 80
10

/.
(€%

40
15

5
2
3
4
2
2
3
2
2
4
3
5
3
2
5
1
3

(@]
~
(N}
DW=~ NS WWHE WD~ WW e

-
~
o

B0 O
=W, wm

~N O &

)N NN

,.
DO NF~ NN NN P~WUm

N PO =~ P~ N O &

—

o




ASHLAND

Sample
Number
(MFI)
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Sesi. "1'8 1ap
Code (F1) y 1
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