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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 regoltth 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. Norton, 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 Media

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.
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Table 1. Description of sampled wells in northwestern Minnesota.

MGS no.

01

121

887

888

1489

1490

1760

1766

1772

1778

1784

Well

Humboldt City

Florence #1

Thibidaux #1

Haltock "A"

DOE RRVD-29

DOE RRVD-30

USGSB-PL-1D2

USGSK-PL-1B2

USGSM-PL-1B2

USGS M-PL-2B2

USGS M-PL-3B2

County

Kittson

Krttson

Marshall

Kittson

Roseau

Marshall

Bettrami

Kittson

Marshall

Marshall

Marshall

Total depth 
(in ft)

610

625

322.5

520

320

367

355

395

454.5

248.5

171.5

Bottom unit

schist

granitic gneiss

Red River fm.

Winnipeg fm.

mylonitic schist

schist

saprolite on 
Precambrian rock

granodiorite

granofels

metabasalt

granite



Sample Analysis 

Activation analysis 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 12 . 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 (COS) 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). If 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
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