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STUDIES RELATED TO CUSMAP

This report presents part of the results of a geochemical survey of the Roseau 1° x 2° quadrangle,
Minnesota. Geochemical samples were collected as one of several multidisciplinary studies associated
with the Conterminous United States Mineral Appraisal Program (CUSMAP).

INTRODUCTION

From 1985 to 1987, the U.S. Geological Survey conducted a reconnaissance geochemical survey of
the Roseau 1°x 2° quadrangle, Minnesota. Glacially derived overburden covers all of the bedrock in
this area of northwestern Minnesota. Basal till, saprolite, and bedrock in the Roseau 1°x 2° quadrangle
could only be directly sampled in drill cuttings stored at the Minnesota Geological Survey in St. Paul,
Minnesota. Cuttings were available from eleven wells that had been drilled in the western part of the
Roseau 1°x 2° quadrangle and the eastern half of the Thief River Falls 1°x 2° quadrangle. Drill-cutting
samples were collected from all 11 wells.

Metavolcanic rocks, metasediments, and granitic plutons of the Archean Wabigoon belt underlie the
area in which these wells were drilled (Day and others, in review). Proterozoic mafic dikes cut the
Archean basement (Southwick and Day, 1983). Ordovician sedimentary rocks were deposited over the
Precambrian basement in western Kittson County (Webers, 1972). Saprolite as much as 50 meters
thick formed on the Precambrian and Paleozoic rocks in this area during the Cretaceous (D.L.
Southwick, Minnesota Geological Survey, personal commun.). Cretaceous sedimentary rocks overly
this regolith in western Marshall and southern Kittson Counties (Austin, 1972). Extensive glacial and
glaciolacustrine deposits cover northwestern Minnesota to depths sometimes in excess of 100 meters
Robert J. Horton, U.S. Geological Survey, personal commun.). This corner of Minnesota is part of a
largely featureless, poorly dissected, lake bed resulting from Glacial Lake Agassiz (Wright, 1972).

METHODS OF STUDY
Sample Medla
Well cuttings are coarsely pulverized rock material produced as the result of drilling a well. As the
drill penetrates rock, cuttings are flushed from the hole in the drilling mud or circulating water that is
pumped down the drill stem. The cuttings are collected over intervals in depth, and they are largely
representative of the rock through which the drill penetrated in the specified drilling interval. As the
drilling fluid circulates up the hole, there is some mixing of cuttings between intervals and contamination
with material sloughing off the sides of the hole. In spite of this contamination, well cuttings are
representative of a particular rock interval.
Sample Collection

Splits of cuttings were collected at the Minnesota Geological Survey. The locations of wells from
which the splits were collected are shown in figure 1. Information about each well is listed in Table 1.

Sample Preparation

Well-cutting samples were crushed and then pulverized to minus-0.15 mm with ceramic plates.



MANITOBA

\-.\018 Humboldt S66 | Lake of the Woods
‘ 401 \l 0 Roseau

\ «888 i

KITTSON |

ROSEAU

the North

!

!

!

!

l BELTRAMI
’;_ ............ y———— e e -‘--l Lower

g

|

Red River of

SREPPIINPLT A
)
o
—
P
_pe——

—~

0 10 20 MILES F“ -~

p——

0 10 20KILOMETERS i K
MINNESOTA

Figure 1. Localities of sampled wells in northwestern Minnesota.

2



Table 1. Description of sampled wells in northwestem Minnesota.

MGS no. Well County Total depth Bottom unit
(in ft)
01 Humboldt City Kittson 610 schist

121 Florence #1 Kittson 625 granitic gneiss

887 Thibidaux #1 Marshall 3225 Red River fm.

888 Hallock "A" Kittson 520 Winnipeg fm.
1489 DOE RRVD-29 Roseau 320 mylonitic schist
1490 DOE RRVD-30 Marshall 367 schist
1760 USGS B-PL-1D2 Beltrami 355 saprolite on

Precambrian rock

1766 USGS K-PL-1B2 Kittson 395 granodiorite
1772 USGS M-PL-1B2 Marshall 4545 granofels
1778 USGS M-PL-2B2 Marshall 248.5 metabasalt
1784 USGS M-PL-3B2 Marshall 171.5 granite




Sample Analysls
Activation analysls method

The stream-sediment, heavy-mineral-concentrate, and rock samples were analyzed for 23-28
elements using a slight modification of the instrumental activation analysis (INAA) method from
Baedecker and McKown, 1987. The samples were irradiated in the USGS TRIGA reactor for 8 hours
at a flux of approximately 2 X 10", The gamma-ray spectra of the samples were obtained in the USGS
Denver facilities at approximately 9 and 23 days after irradiation on both a high resolution coaxial Ge
and a low-energy photon (LEPD) detector. Results were obtained by computer comparison of spectra
derived from the sample against spectra obtained from standards made from a combined quartz
standard (CQS) that has been standardized against Geological Survey reference samples. Data
analysis in the Denver laboratory was carried out using slightly modified software for the iterative least-
squares analysis of complex peaks (SAMPO written by J.T. Routti, Lawrence Radiation Laboratory,
Berkeley, California) and software for data management and report form generation written by USGS.
The elements analyzed and their lower limits of determination vary with the matrix of the sample.
Estimates of the concentration levels that have a 10 percent error due to counting statistics are listed in
table 2. The estimates were determined under idealized conditions and will improve or degrade with
differences in matrix.

ROCK ANALYSIS STORAGE SYSTEM

Upon completion of all analytical work, the analytical results were entered into a computer-based file
called Rock Analysis Storage System (RASS). This data base contains both descriptive geological
information and analytical data. Any or all of this information may be retrieved and converted to a
binary form (STATPAC) for computerized statistical analysis or publication (VanTrump and Miesch,
1977).

DESCRIPTION OF DATA TABLES

Analytical data for well-cutting samples from northwestern Minnesota are listed in table 3. The
Minnesota Geological Survey (MGS) number contains three numbers separated by dashes ( - ). The
first number is the well number. The second and third numbers indicate the depth interval in feet over
which the cuttings in that sample were collected. Latitude and longitude are given in degrees, minutes,
and seconds. In general, the within-run precision of each element is given by the percent-coefficient of
variation (cv%) determined by comparing the abundances obtained from each gamma-ray line
determined for the specific sample. The exceptions are Sr, Zr, and Ni, for which there is only one
determination, and a counting statistic error is reported. Values determined for the major elements
(iron, sodium ) are given in weight percent; gold is given in parts per billion (nanograms/gram); all
others are given in parts per million (micrograms/gram). Ilf there was a significant interference on the
determination of an element (>30%), the value obtained by the interference calculation is reported and
is given a cv = 60%, and a "less than" symbol (<) is entered in front of the value. If an element was
not detected because of spectral interferences of low abundance in a sample, a dash ( - ) is entered in
table 3 in place of an analytical value. In the three cases where detectable gold was found in a
sample, the cv is less than 10 percent.



Table 2. Instrumental neutron-activation analysis detection limits: approximate concentrates at 10%
error (matrix dependent).

Element Concentration
Fe .0402 %
Na 0.0125
Cs 0.26 ppm
Ba 73.0
Rb 12.0
Sr 98.

Th 0.11
U 0.58
La 0.43
Ce 3.9
Nd 10.0
Sm 0.07
Eu 0.1
Tb 0.25
Yb 0.15
Lu 0.03
Ta 0.30
Zr 126.
Hf 0.18
Sb 0.21
Sc 0.07
Cr 2.7
Co 0.13
Ni 22.
Zn 2.20
As 1.12
w 1.12
Au 5.0 ppb




™MD

MMM T N

™M ™

Mmoo Vel s e Mo e )

[2e]

4 e L 892 2 022 1 v'6l U S0 € [9°¢2 vl 9°8¢ 4 6.1 I 95°¢ 6 8¢t [ 0°09 b ¥65°0 T 90°S 1999960 909¥8F 9609/2-0 025-515-888
14 €°89 1 €22 2 0/l T GS°61 € #8vV°0 2 SL°E 9 221 2 822 [ w'e 8 113 S S 7 2 89€°0 1 19°G 1995960 909v8y +605(2-Q 015-509-888
S 6°9S [ 96l 2 Sb1 [ 6°02 I (8v°0 2 bb°¢t 6 o9t 2 08t L s0°e ¢ vet [ 6799 I 62E°0 [ +S°S 1595960 909v8v €605/2-0  '005-56v-888
L vle [ 95°8 2 v'vs 1 0E°8 [ ¥29°0 1 SL°€ 4 117 G4 292 I (&g ¢ €l U 8749 2 b22°0 T ¢€b°Z 1999960 909v8y 2605.2-0 .06V -S8b-888
¥ I X4 I G9'¢l 2 €°¢8 [ ¢ U 6v8°0 T 8Bt'¢ 14 [11:) G4 toe I 99'v S 802 2 9°t6 9 8e2'0 1 (g7t 1995960 909b8y 1605£2-0 08v-S/b-888
S S'bE I s0t € 'S99 1 (9°6 1 299°0 1 9l°¢ v 6el 1 ra¢x ¢ ey S v61 L b'b6 [ 0SE'0 U 0/°2 1595960 909v8y 0605.2-0 5Sb-0Sb-888
It s'ie T o1t ¢ 2°¢9 1 800 [ 82L°0 € 62°E S stt I 66¢ ¢ v v 88t | 6°S8 [ ¥2S°0 U 00°t [995960 909v8y 6805(2-0 0tv-S2v-868
2 8¢ Z oLt 1 €9°¢ [ ot 1 v€60°0 2 EL£°0 - =- [ 9'9¢ g 250 ¢ €1 £ 6701 b €650°0 1 9vS°0 [v/0L60 0£628y 8809£2-0 $2€-02¢-(88
6 8°L2 [ (£°6 Z 9729 2 828 U 109°0 [ 98°¢2 8 (°68 e 124 T 9t § 0tg 1 €'89 [ 988°0 [ 8v°2 [v/0/60 0£628v (80S:2-C 092-561-(88
4 61 | 8t ¢ 9It ¢ ['9I L e€0e'0 € 69°¢2 6 61 ¢ otot € 96°'l ¢ vEE £ 678§ ¢ 90"l [ EE°S  bE20L60 [£298F 980GL2-G §45-045-121
Z ¢l 1 e'62 2 ottt € 91 € 2es°0 €& (279 ] e ¢ 174} [ 8§t § ot U s [ 945°0 U vb'b $E20L60 [£298y 9B0SLZ-0 0£5-995-121
9 2’86 I tv'9¢ ¢ e U 741 2 8L5°0 2 $6°¢F 4 sr 1 8v8 2 e 9 vt 1 b°v6 2 982°0 U S9°F VYEZ0L60 (€258 ©B0SL2-0 G95-095-121
€ 8° 1L Z 8'0e ¢ pit € 6L € 809°0 S 09°% S g 1 §9S I 80t ¢ 0sT T 8°t8 [ £9¢°0 1 €£1°L bE20L60 (L£298v €805(2-0 099-55¢-121
S 6" Lb T 122 ¢ vOT 2 9°91 T ([IS'0 ([ 89°'¢E 8 st 1 6.S I It ( 99T 2 8°(8 [ 82e0 [ 92'v bE£20L60 [(E298v 280S.2-0 669-099-121
L § 6V I $'92 § 8I1 [ 9°02 1 (6S°0 v El'b 6 s8l 1 S09 1 8°2 09t [ b°v8 I [EE'0 1 €8°v $E20L60 [E298V [80S(2-Q 095-5¥9-121
S 2°65 1 6'v2 ¢ €0l 2 LU 2 SsLLt0 2 Atk -= - 2 L [ e2's ¢ 602 1 0El 2 9£2°0 T SZ2°Fv br20L60 (t298F 0809/2-0 SbS-0vs-121
9 8°0S I g'60l ¢ otr t €St [ 686°0 € 9b°b 8 9%t i 828 L €°¢ 9 0se¢ ¢ 891 [ 69v°0 1 ¢28°t +E20L60 ([£298v 6£05(2-0 SEs-0e9-L21
9 ey I e (¢ 00t [ S9T U 260 1 99°¢ 9 (128 SR 169 L oLt ¢ t0Z I v91 [ 168°0 [ ([2°v ¥EZ0L60 ([£2S8v 8.0S/2-Q §25-02s-121
14 v°SS t r'st 2 vt 890 I S96°0 ¢ v0'v 6 wt ¢ 6(S 1 sl's ¢ 88l I €81 I b0 I 60"V bE20L60 ([E298F (L0S(2-Q SIS-01s-121
9 0°¥S L s e ot 1 0741 ¢ s56°0 ¢ Sl't 9 61 1 0¥ 1 96°¢ ¢ g6l 1 pLr 2 vSb°0 U BO°V  VEZOL60 [E2SBY 9.0S/2-C 015-505-121
9 6°€S L 991 ¢ pit 1T 8°9T [ 86°0 & (8°F 13 74 S 16€ I 62'8 ¢ e 1 9/t U 64b°0 1 10°v bE20L60 ([E2S8Y 6.0G/2-0 $0$-005-121
6 1°6 L g2t ¢ o0'vs U 1°l1 2 605°0 € €9°2 6 0°l6 4 661 1 6’2 9 esl 1 2°19 I 09€°0 1 [€°t HE20L60 (€£298Y ©10S5.2-Q S6¥-06v-121
S 9°¢t L 09°S b 9°(e 1 9979 L 6Ib°0 T SU°E L 8°'86 l e 1 €82 9 9t 1 8°(S I dvbl°0 1 €8°L $E20L60 (€£298v £(05¢(2-Q 06b-G8v-121
L1 S ' | G4 0 3 I 691 1 s¢L¢ [ 2e1°0 1 #E°L s ¢t [ 6'¢8 I 656’0 9 §°9¢ [ 9°0¢ € 65€0°0 T €'l bE20L60 Lg€258y 2(0S(2-0 S8v-08v-121
2t ogtot I ob'd 2 6’92 1 (0% [ otzco g ¢20°¢ 6 2°95 t 09t t 1s't & #'tL ¢ 6°1¢ [ 2200°0 1 8v'Z bEZ0L60 (258 1£0S5(2-Q SLv-0Lb-12t
L 2'09 L v22 ¢ 611 U s/t 1 10°0 U €9'¢% ot sst ¢ 1444 2 Sb'L 6 4] Sl == 1 680L°0 1 Eg€°v 9995060 ¥ISS8F 0£0SL2-0 8019-269-10
€ 6°bS I 6°¢2 ¢ ftr t 691 ¢ 086°0 1 9S°% ¢ oar ¢ @3y I 169 8 17 S § 9sI I 0490 U 2¥'b 9950460 +1SS8y 6905.2-0 v019-269-10
6 8°9¢ U st ¢ 80 T 0SSt U «£0°1 U 6§0°S S s02 1 1117 I 1s'9 (¢ gl 1 12*] S § pl'Z 1 vS°t  9950/60 1998y 8909/2-0 265-1£5-10
9 vst L 8¢t 2 SOt 1 274t U (6’0 1 29°¢ ot ey ¢ 98¢ L ws ¢ st 1 621 U 226°0 [ 9Lt 9950/60 b1SS8Y [906/2-C 1£5-099-10
L 8'1v U 2t ¢ 2'e6 L 6°bT 1 608°0 I 99°E 8 L4 AN ! 08¢ I Is'v !¢ 29t 2 601 1 80°L [ 88t 9950/60 ¥I998v 9909{2-0 095-955-10
14 S°eb | SN2 2 T4 8'16 I o0°2L 1 v28'0 1 (9°E 8 6°66 4 ote [ 829 9 62t 1 8ET I SLL°0 1 (2°t 9950460 bISSBF S905/2-0 956-095-10
% % % % % % % % % % % % % .

A IN A 0) Ad 43 A § M al M JH AJ A7 A) ag A $) Ad 48 A qQy Ad eN AD a4 6uo jel °‘ou ‘qe ‘ou SHW

*RJ0SIUU LK UJLIISIMYIIOU U} S|LIM 1S3} Wouy sajdues Bupyind ppmgu J0J SUOY)IRUAIUIIU0I JUSWI[I-YILEI-IaRd pUR ‘JUaWI[I-IIRL] ‘JuaWI|I-Lofey--"E I|ge}

hh-16

D



o OO~

N

O DV O T O O~~~

M WO WO WO o M T

™ m ™M

b (8
£°88
£°66
v’

(1723

A
0°6v
£
2°9¢
621
9°¥S
eLl
S'ES

['16
9Lt
801
481
€01

S°19

b 8s

8°¢ep

AN

719

2°9¢
st
861
9t
1221

uz

«“o (= B~ B =~ N B g e ] T OO M

-0 OO DO N~ND

[*1]
-

w @

N T OV MmUO W

¥

{°8E
2'8l
9874
212
2°8¢
589
IS¢
LA %)

.
S~ N
™o ™

. .
N ™M

~N MO WS T
™

~N

o~

™

O OMMNNDOOWN

6°GE
9°¢€2
3l ¥4

2'99

9'bS
921
961

868
0s1

N

hh-16

e NN e o

L I I B I I R
o~

N DO O N

Qe O = O =

L B T B I I I I ]
~

™

-
~

L B I B

6'12
0 24
9°¢ce
9°9
522
R4

- o -

~N N

»
™
-

. s e

N O MEN =N ST
NOOOWW OSSN

(V2]
. e s -
- C R I

-

N —~ o
o O~

TO WOV T M T DT TN MO N

MM T T MO~

N W N

O WO O~ T

991
b9t
8ve
6Lb
612
29

43

L BV B T I N ] N M e N

N N ™ o OO =Ny

- et o=y

£El
vl
8't2
6°02

$0°6
SE°S

669
§5°9
20°8
e9
80°¢

Z2°ot
0" (L
21t

s

~ N NNNM

~ N = ONM N~ N

™M NN =~ N ™M e~ N

N e e~

N e N e oy e

sov°o
£LE°0
+1 2]
6.2°0
L£2°0
LLE"D

0LE°0
9gE"0
60¥°0
92¢£°0
44
029°0

85°1
659°0

96€°0
60v°0
Seb 0
1S€°0
1% A4
00v°0
tieo
€0E°0
81¢e'0

6Lb°0
29%°0
14Z4]

0L°1
626°0
0°1
69°1
St
60°1

3l

N e e N e e e e D N e e e e e - N~ NN

-

N ™ M = = e

r9°€
S6°¢
v5°€
e
62'¥
88°¢t
69°2
92°2
£Ev'e

JH

oL
al
21
81
St

—

VN OTOANPANM
——

—

-~ A MOTNOTMm
- ~

™ <«

o1
2l
9
£l

al

%
A

611
144
vl
88
S8
vel

0°26

1241
Sl
st
9rl

6°16

L T4
13-4

148
95t
S01
14
881
Ll

9'18
8°601

901

et
{1t

v 19

L01

2'es
8°28

2It
801
9st

4z A2

N ot et N e -~ e~ MM N

L B B I B I B B T ]

- e e~

~NMmMNNMm

$82
ase
991
X4
65¢
26t

28¢
(1123
Tie
6EE
4%

0501

608
2Lt

1247
08¢
28t
[£:13
t244
(1134
1744
26b
1844

08y
73
506

£l2
1413
092
s81
08t
L74%

aq

N e N ™~ ™M e N e~

T e M NM N~

- o™

- AN T e~ e

or'y
vl

47A1)
¥89°0
(v6°0

10t
't
or't
st

026°0

L't
ov e
£6°t
b2t

o

o

o

[~]

(=)

o

=3 ~
QO MN VMWL NYT YO
Lo B B B B B B R )

.

o

sJ

S
6

261
otl

€l £°86
€l £'16

t
£

TN DB DOoNm

MO M NOD~NO TN

™M T~

8¢
91
61

ot
91

%
Ad

6€2
LE2

262
882
961

9°6¢

20l
292
E1:1
€92

192
1 A04
291
0st
2st
961
891
e
0s2

8zl
6.1

v°S8

0t
114
114

1769

¥9

)

™M MM O TN

DN o e N e

N e~ ™M N ~ N -

™

-

e ) = e e

18670
¥95°0
89L°0
09°1
£€9°1

S6°1
26°1
1€°1
y2E°0
Liv°0
986°0
er'o
916°0

2]

-

~

—

@

—

— o
O NNODOO~D
i B B T R ]

o

eN A

N
[~}

o

OO NNMm

— O N "~ NN

— -

o~

L B I I I ]
<r

™M
™M NN ™~ = oy NN

O N T ONMW

o

<

.

o

2l

oA}

-

- e e e e e

—

L R I N ]

-

L I I I

$561960
5561960
5561960
5561960
$5561960
$561960

8162960
8162960
8162960
8162960
8162960
8162960
8162960
8162960

2€v2560
2eb2560
2er2960
2Ev2560
22560
2812560
2€42560
2ev2560
2£92960

001+960
001+960
001960

1250960
1250960
1250960
1250960
1250960
1250960

6u0ol

£1828b
£1828y
£1828¢
£l8z8t
£1828y
€188y

85958Y
85958Y
85958Y
859458V
85958V
859980
85958¢
85958V

9£zzsy
9egeny
9£228y
9¢£228y
9g2esy
9g2z8r
9€228Y
9g228y
9g228y

82628F
82628¢
826280

0£8e8Y
0€8EBY
[11%:1X:14
[01%:1%:} 4
03131
0e8e8y

1

160642-0
050522-0
6v0522-0
8v05.2-0
{p0s£2-0
9r05L2-0

§v05(2-0
bb0SL2-Q
£v0SL2-0
2%05£2-0
y0sL2-a
0r0s22-0
6£05£2-0
8£05/2-d

1£0542-0
9£05/2-Q
G£05.2-0
¥£0542-0
€€0542-0
2£0542-0
1€0542-0
0£0s.2-0
620542-0

860542-0
L605/2-0
9605.2-0

¥905.2-0
€905.2-0
290542-4
1905£2-0
090§/2-C
6505.2-0

‘ou *qe

ESY-0Sv-2L!1
Shy-ovb-2LLt
9EV-0Eb-2(L1
Sev-02v-2uLl
2lr-0lb-2L(1
S0v-00v-24L1

b6E-06£-99¢1
£8E-6L£-99L1
6/£-SLE-99L1
SLE-0LE-99L1
0/£-$9€-99(1
S9€-09£-99/1
09€-£5€-99(1
{SE-SSE-99L1

SSE-09E-09L1
ObE-SEE-09.LT
0eE-G2£-09L1
02€-S1E-09L1
01£-50€-0941
00£-562-09/1
062-582-09(1
082-5£2-09(1
§42-042-09L1

£9£-59€-06%1
S9E-09€-06¥ [
§SE-05€-06¥1

02E-S1E-68Y1
01e-50t£-68b1
00€-562-68V L
062-582-68F1
082-5£2-68v1
0£2-59Z-68v1

‘ou SHH

*(PaNnupju0I)--e30SAUULK UIIISIMYIIOU U} SE{IM 3S3} 40y Satdues BUpIINI L {}Jp WOLS SUOEIRAIUIIUOD JUBWALI-YIJe3-3Jed pue ‘Juawa|a-3ded} ‘Juauaya-Jofey--*¢ 3(qe)



™

.

(54

v
~ NS

ny Al

hh-16

6°0t
"8l
2!
8Ll

82t
29870

8 SEL'O L
44 680°'0 8
44 Z61°0 8
6 p81°0 L
L {91°0 S
9 2o 9
)4 [ ¢ S
% %
Ad qs %)

sy

910
191°0
(2280
2st°0

L B

T

gtr'o
€560°0
s01°0

™M O

%
ADom

N e—~mwN

O N

%
Ad

aA

M < e~

N e~

%
Ad

qL

899°0
£99°0
vs'0
94570

W0 WO e~ -

—

[95°0
6Eb°0
1 12: A

<

%
A2 n3

- e e

%
A

us

— N N T

—

%
A

2l
g0l
£a

PN

N e~ e e~

-

%
%)

LA

- -

%
%)

L3

2€6°0
v96°0
v0° [
g2t

O MmN

—

2t
£66°0
4 9" 1

o~

%
A

Lo B B I V)

%
A

8v'E G LLI-0L1-08LL

€9°€  0L0-891-¥8.1
96°€  891-G91-¥8/LL
vy S9l-091-v8L1

{9°y G 8b2-8b2-8LL1

v9°E  sbZ-0pZ-8LL1
6l°y GE2-0£2-8LL1
ut ‘ou S9W

*(panuLju0d)--e10SauULl UIIISIMYFIOU U} S|LIM ISI] WOuy sapdues GuiIINd LL}4P 40) SUOLIRAFUIIUOD JUWALI-Y]JRI-3JRd PUR *JUWA{I-IIed] ‘JUawI|d Jofel--'¢ alqel



9°0>
v'o> ¢

6'(> GI
s'I> 8l
22
ot 12

£'l> 6
ve> --
0'v> 81
2'1> 6
80°0> ¢
00> --

280°0> 09

v

91
I

.

O DBDNT OO ®
.
mQﬂQvNQﬁQ
©

v

v
0

v

€l

.
v
©

v

02

v

v
[~

ny Al

hh-16

2e°l
86°V
e
ve'e
ot
6L°1

X4
£l
91
61

Ad

9t1°0
(S1°0
Ziro
2ro
91’0
992°0

tti-o
LAt a1]
$90°0
£60°0
621°0
6L1°0
212°0
$91°0

£02°0
s12°0
ez’0
61°0
o
€61°0
L02°0
861°0
61°0

VEY 0

bvs°0
91°0

as

MUV Voo oTDODOo

@ O

Ad

o
e s e

(32}

o

e d

—

b=
M N T NN ™~ N
N MW e 8™ N

@

oo T M
™M = O
s e e+

.

NMMQ!’;NNMN

n

.

O
M ODITNM
.

@

sy

- D T WD e~ O

e e e N

- e N et O =M

- O v

L I ]

-

%
Ad

681°0
612°0
ovto
bri°0
o
1 ZASY

€S1°0
ovi-o
wio
veL'o
¥81°0
9%2°0
219°0
92270

ur-o
€81°0
eLLo
18L°0
061°0
981°0
091°0
ovro
44 St

1s1°0
2s1°0
0180°0

9610
$02°0
2€2°0
962°0
£02°0
6v2°0

n

- NN W D

™ (N v N T =~ N

-~ N )TN e

-

TN T oo

A

t
1428
¥26°0
1$6°0
0£L°0
6€8°0

20°1
§56°0
€€6°0
126°0
12°1
Lt
¥6°¢
65°1

o

(2]

.

-~

o~

-

-

Lal

DO = NNNNNN
.

O et e o e e e e ey

(13
[=A3

N N v or o N~ N . T VO

DA N T 0N

NN™M

O N MO uvun

%
Ad

£2€°0
EEV'0
262°0
292°0
2€2°0
8€2°0

08t°0
vov°o
{9€°0
v6E’0
90v°0
Lvs'0

s2°t
6€£5°0

0v°0
otv°o
|14 1]
AL A]
ssv°0
66€°0
tiv’o
eveo
$L2°0

82¢°0
ove®o
eLLo

862°0
£8E°0
{tvo
8iv°0
GEE"0
9tv'o

al

= N N e~ () - 0 MM -

et N o~ NN NN e

™M NN

N et o Oy T~

Ad

0470
856°0
099°0
S€S°0
£25°0
890

9.L°0
€080
618°0
918°0
S0L°0
S0°1
1€°2
vo°I1

226°0
148°0
(88°0
998°0
806°0
148°0
0e8’0
vilo
195°0

295°0
985°0
§L2°0

| #4 A1)
8v9°0
visto
149°0
£95°0
8£L°0

n3

L B B I B B I ) NN M

T e e e e e g e

L B B I )

%
Ad

[}
™
.

-
. .
TN NN ONNONM

o~
~N M oOWmoTnm

&N~

w0
.
-

-

@

-«

.

0

™

~

<

.

o o
MO DO ™D OO

.
NNMT TN M

~

[T}

ws

— N N e e o o e ~ N W NN

N M N e~ Moo N

L v v~

T M N e N

%
A

. e . .
BO~NO O~~~
N 1™ et e e

-

o

3

O m VWO W OO

~

¢« s s e
NN N

o~

o~

.
~N

DO M MHO MUV -
. 4

N W e N e ot o )

- o

.

o

T OO
-

~ M ™
Ll ol

i~
OO DWY D
. .

NOMMm OO
ot e e

PN

N v e e e e N - T O VM

-

~ N N -~

TN L o

Ad

9

P e ey ey gt e e - o N N vt e

L B B B B I I B T )

o ) e e e

A

3

- NN et NN NNNN N e~ =™ NN NN B~ NN M

)N M e

%
A

£06°0
0$6°0
9£6°0
vo't1
90°1
SE'T

021
[0
{0t
666°0
88°1
£9°2
9° vt
AN

]

N r e e e e ~ WO WO MmN

~ NN = ot N e e

-

o N e e ey

[=A]
["2)

("2
TNV MO N
.
O N DO @ T T T

.

o

ot

-

-

(=]

o~

©

<

g

o~

.

o~

<<

~

™

—
D DN NNOYN
.

T TTT NN

(=3

(=3
o

.
-

L0y

ul

Esb-0Sh-24L1
Sky-ovb-2L(1
9ev-0ev-2LL1
Seh-02b-24L1
2lb-0tb-24L1
S0¥-00v-2LL1

b6€-06£-99/1
£8E-6/£-99/1
6LE-5(£-99/1
SLE-0L£-99L1
0L€-59€-99L1
$9€-09€-9941
09€-/5€-99/1
{GE-G5E-99L1

$SE-05€-0941
OvE-SEE-09/1
0EE-S2E-09/L1
02£-s1e-09Lt
0IE£-50€-09/1
00€-562-09(1
062-582-09/1
082-5£2-0941
$£2-0£2-0941

{9E-G9¢-06¥1
S9€-09¢-06¢1
§SE-05E-06b1

02e-S1e-6801
01€-50£-68V1
00£-562-68Y1
062-582-68v1{
082-5£2-68%1
0£2-992-68V1

‘ou SOW

*(Panu}3u0d)--eJ0SAUULK UIIISIMYIIOU U} SLLIM 3SI WOy SaLdwes 6uiIINg [ L}4P 40§ SUOEILAIUIIUOI JUAWI|I-YIARI-3JRd pUR *JudWI|3-3IRd) *Ju3wald JofeW--°f aLqey



ny

9l
1A¢

£l
£l

09
09
St
09

st
9t
91

09
12
61
€2
09

09
09
9t
L1
£l

AD

hh-16

68°t
16°8
8€'9
LT84
99°¢

S6°6

10°92v
107186
9l 2>
0z°2>
16°¢E
LL 1>

82°¢
$8°2
65°2
90°2
6°0>
6°1
e5°1
Stt0
0e°0>

o' r>
| B 4
G6°1
£
4

It

8¢

[A¢

It
sl

48
ot
14
St
St

a

st
9t
22

121
12
1

L
Sl
22

%
A

*(PanuLjuod)--eI0SIUULK ULIISIMYIIOU U} S[{aM 3S3} wOUY

60£°0
L0€°0
£52°0
692°0
665°0

~

~ oD
N O OV~

-

O et o N o
oo NOoO

™~
(V2]

as

el

21

w o

N T T MOONOWODO©W YD~ O D

OO TN

%
A

n v o O MmN

® W N

o s o s s

NS AT DOOLT TN OWNON

o wn
NN T OO~
.

~

o

o

O T N
O M A NDNMNNM

(2

O o

- W0 O

. e o
T DHDOOT M

< -
N~
.

SY

T T M NWOD

w0 N

T O NP OMHONTTONANNm DM

~ M T DN N

%
Ad

£Ev2°0
8£2°0
162°0
§22°0
2ve°0

LS%0°0
981°0

v61°0
£82°0
£82°0
80£°0
682°0
862°0
2ev°0
G2E°0
22870
2IE°0
£EEE°0
SSE°O
961°0
8EL°0
Sev0°0
$650°0

162°0
¥62°0
91€°0
94270
Ive°o
102°0

m

NN WO O™

N =

Ad

@©
~N
-

e o s s @

. S -

M M= ANt DN e~ T
-
N NN v N NN ™ O v

@®
gOMQQNI\VQ‘OF‘QmM
.

o

qA

69%°0
£95°0
165°0
025°0
LyS°0

MmMNNT M

o~

££80°0
80t 0

~N

©
(ud DO N O DO W
.« e s e & o e 8 e

Co0 000000 mOOmS o

(=

(=] <
- O MWDo N O
.

T e NN T~ NNNNNN
[+ <]
novgmm-cmo

~N

985°0
v09°0
£6,°0
SvL°0
609°0
oZv'o

NN M e T

%
A ql

™M ™~ NN

N O e e N e e NN e e e -

M N et N e

%
A

1] §

9170
068°0
856°0
sl6°0
998°0

9e1°0
£eL°0

—

o

™

-

.

[~3

~ O
N T TMOOONOINOT O
O ™ v e ) e N N

o~

-
.« s

~

o

<
<

n3

L B B Y

N v

Ll B I e B B B I I B B B B I 1 ]

Lo B B B B I

%
AD

(A}
[Yo]
.

@
NO OO
3
e NTONOVDOOT~ANDOODO W

-

(2}
™M N~
.

-~

.

™M e
oo
.

.

(V2

-

o

3

[~

o
MO OO~
3

.

(-

o

™~

—

o

s
EE™9
0" ¢
9t L
8L°S
98°¢

us

- NN M N

- N

NN rt rt et e et et N WD M T et N

N M e o™

*
Ad

™

3

[Y2]

<

<

<

<

o

<

™

<

<

-

N NN NNTTNOMD T T O
NWNQ’VOQS—‘NQNMNON

o~

—

-

o~

PN

— N ON v =

- o

L B e B I B B VIR B VIR B I VI o B VI V)

L I B I ]

%
A

|74
2e1
L6
901
20t
2°L6
X4
S0t
2°96
901
£ot
i
£°59
6°9%
€791
6°12

€96
S°16
601
¥°66
2°98
S°09

CH

- o e

Ll B B e B B B I I VI B I )

L B B B B ]

%
A

8'El
S'81
€02
| AN T4
9°6¢

o~

o O~
™M N

-

-

<

-

.

- -

-

-

n

3

.
—wwmov\gvno-—-vm

o~

©
et O MM T OMest T e NN O
. .
o~

.

-

2 sy
6°th
6°8b
S°Sb
§°6¢
£°0¢

el

-~ o~ 0NN

- N

e e et ) e M~ ONN N~ NN

N ™M oS e

%
Ad

@©
O
.

o
O NN Mmoo )TN NM N ™M

-

[~

.

o

@®

w

O

<

™~

<

(=

o4
[=A] n
VQO\OI\O\OO:—NQMQM‘)Q

<
.

n

N v NN e

N =

~ N = NN N NNN NN WOBNNNM™M

™ N N et e

3
A

[+2}
™

-
MmO T
e s e e

.

N~ DO NODODOUTIT T ODNO e~ O = WD)
L I I I

=4

-

o~

[=A]

AN = OMOVWD N
.

@©

ulL

025-515-888
015-505-888
005-56b-888
G5b-05t-888
otv-52b-888

G2E-02€-(88
002-561-(88

9¢5-045-121
0£5-595-121
§99-095-121
095-555-121
§56-06s-121
0§5-5vS-121
SrS-0vS-r2t
SES-0€S-121
625-025-12t
SIs-01s-12t
015-505-121
§05-005-121
S6v-06p-121
06v-s8p-121
G8v-08v-121
Siv-0Lb-121

8019-265-10
v0[9-265-10
265-145-10
1£5-095-10
095-955-10
995-055-10

‘0u S9N

safdjues 6ugIIND ({14P 40§ SUOLILAIUIIUOD JUAMWI|I-YJJed-aded pue *JUdW3{a-3ded) ‘Judwad Jofey--'g ILqey



O ~ @
—
"2}
[2a}

(7]
(Y]
O
™

A uz

ot
4t

148
4

4!
2l

A

st 1
g6l 1
€82 I
et
6°90 I
zvet 1
s'Ir ot

%
IN A

hh-16

0)

M T Mo~

< <«

A

1)

e e e

-~

N ot N e

N ™

£0€°0
82E°0
010
6v€"0

162°0

992°0
61£°0

3l

-t e gy

™

N vt vt =

L]

S6%
oSt
09t
bsy

134

28t
£9¢

3g

11

@O o N e

—

-

T MHONM

o~

Ad

S92
IATA
v92
v92

262

vve
8ve

48

— N e~

L3
Ad

Qy

v ) e -

~

A

- e

-

Ad

a3

2EBES60
2€8EG60
2EBES60
2£8£9560

0529960

0625560
0525560

6uoy

[Z2A%:14
vaziey
12448 14
yeeisey

L5E28Y

{5€280
L5€28Y

e

850542-0 G TLT-0L1-vBIT
{505£2-4 0/1-891-¢8L1
9505.2-Q 891-591-¥8.1
§50542-0 S9U-091-¥8L1
v50542-0 G 8vZ-8v2-8LL1
£€50542-0 Sv2-0ve-8LL1
250542-0 §£2-0E2-8LL1
*ou ‘qety *ou SOW

*(PanuLjuod)--e30S3UUL) UJLIISAMYILOU U} S||3M }S3] WOLJ sajdwes BULIIND [ LLLP JOJ SUOLIRAIUIIUOD JUIWI|I-Y)}JARI-IaRd PUR “JUaWI|3-3Ied} ‘Juawad(d sofeW--'€ alqef



REFERENCES CITED

Austin, G.S., 1972, Cretaceous rocks, in, Sims, P.K., and Morey, G.B., eds., 1972, Geology of
Minnesota--a centennial volume: Minnesota Geological Survey, p. 509-512.

Baedecker, P.A. and McKown, D.M., 1987, Instrumental Neutron Activation Analysis of Geochemical
Samples: U.S. Geological Survey Bulletin 1770, chapter H, 14 p.

Day, W.C., Klein, T.L., and Schultz, K.J., in review, Bedrock geologic map of the Roseau 1°x 2°
quadrangle, Minnesota, U.S.A. and Ontario, Canada: U.S. Geological Survey Open File Report
90-2.

VanTrump, George, Jr., and Miesch, A.T., 1977, The U.S. Geological Survey RASS-STATPAC
system for management and statistical reduction of geochemical data: Computers and
Geosciences, v. 3, p. 475-488.

Webers, G.F., 1972, Paleoecology of the Cambrian and Ordovician strata of Minnesota, in, Sims,
P.K., and Morey, G.B., eds., 1972, Geology of Minnesota--a centennial volume: Minnesota
Geological Survey, p. 474-484.

Wright, H.E., 1972, Physiography of Minnesota, in, Sims, P.K., and Morey, G.B., eds., 1972, Geology

of Minnesota--a centennial volume: Minnesota Geological Survey, p. 561-578.

12



