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ABSTRACT

The Nemo Detail area covers 40 square miles in the eastern portion of
the Black Hills Uplift. The region's geology is a combination of
Precambrian igneous and metamorphic rocks, and overlying Early Paleo-
zoic sediments and metasediments. The Paleozoics cover most of the
eastern half of the area.

A total of 7 groups of samples in the uranium window constitute anom-
alies as defined in Volume I. These anomalies occur in locales of
relatively high uranium and thorium with respect to the balance of the
detail area.

Magnetic data shows a wide range of gradients; but fail to show a
significant degree of correlation with available geologic interpreta-
tions or the radiometric data.

Only one geochemical unit was defined on the basis of the radiometric
criteria set forth in Volume I.
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INTRODUCTION

General

The Nemo Detail Area covers a 40 square mile area in westernmost South
Dakota, near the southwest corner of the Rapid City 1° x 2° quadrangle
(see Figure 1).

A geologic compilation map of the Rapid City quadrangle by Mineral
Resources Development Inc. (1979) served as the geologic base map
used in the interpretation. That portion of the map covering the
detail area was mapped by Bishop and Hoffman (1964). Geologic map
descriptions were taken directly from the accompanying map legend.
Additional stratigraphic and structural information was taken from
Mallory (1972). Topographic maps of 1:24,000 scale were used to
determine the locations and possible origins of statistical anom-

alies, and to delineate cultural features of importance to the inter-
pretation process.

Physiography

The detail area lies on the eastern edge of the Black Hills. The
area is dominated by lightly forested uplands of the Crystal Moun-
tain-Steamboat Rock area in the Black Hills National Forest. Eleva-
tions range from 4,250 feet at the easternmost base level of Boxelder
Creek, to 5,500 feet atop an unnamed hill east of Crystal Mountain.
The major portion of the detail area lies within the Boxelder Creek
watershed, though portions of the western edge are drained by the
Stagebarn and Little Elk Creeks. The topography is dominated by
gently rolling hills, though slightly more rugged areas are common in
some localities throughout the detail area.

GEOLOGY

Regional Structure

The detail area lies near the axis of the Black Hills Uplift. In
this portion of the uplift a large section of Precambrian rocks

1s exposed that ranges from Early to Middle Proterozoic in age.
Portions of the area contain a thin veneer of early Paleozoic rocks.

Precambrian Rocks

The Precambrian sequence covers approximately 55% of the detail
area and 1is largely confined to the southwestern half. The exposed
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sequence consists essentially of amphibolite facies metasediments and
metaigneous rocks. Most extensive exposures are of quartzitic schists,
mica schists, metadiorite and metagabbro as mapped. Impure marble,
quartz hematite beds, and some lower grade metamorphics (such as slate)
are also present in this sequence. The exact locations of the indi-
vidual Tithologies are not sufficiently well portrayed on the Mineral
Resources Development Inc. map to merit more detailed discussion.

The northeastern corner of the detail area contains exposures of

partially gneissoid granites and pegmatites that appear to be of
Precambrian age.

Paleozoic Rocks

The Paleozoic sedimentary sequence covers most of the northeastern

half of the detail area (approximately 40%). Two map units are

present as mapped that represent four recognized formations of Cambrian

to Mississippian age. The older map unit consists of limestones,

partially glauconitic shale, sandstones, and limestone and quartz

conglomerates of the Whitewood Limestone and Deadwood Formations.

These two formations are of Cambrian and Ordovician age, and represent

nonmarine and shallow marine sediments of early Paleozoic transgression/
regression cycles.

Unconformably overlying these rocks are Devonian and Mississippian
limestones, dolomites, and calcareous shales of the Pahasapa and
Englewood Limestones. The Englewood Limestone represents shallow
marine carbonates of the maximum extent of the Late Devonian trans-
gression. The overlying Pahasapa Limestone is representative of
a more restricted (perhaps isolated) marine environment.

Quaternary Surficial Materials

The Quaternary system, as portrayed by Mineral Resources Development
Inc., covers approximately 5% of the area, and is mapped as alluvium
in the lower Boxelder and Jim Creek drainages. Quaternary surficial
cover may be more extensive and contain a wider variety of deposits
than as mapped, but more detailed geologic studies of the area were
not readily available at the time of this report.

Uranium

Though the Black Hills area contains numerous known uranium deposits,
none are known to exist in the detail area. The nearby Lead Mining
District (Au), with mineralization occurring in Precambrian (?) rocks
is not known to contain significant amounts of uranium according
to available literature, nor does it extend into the detail area.

Interpretation of Geophysical Data

Uranium Anomaly Detection

A total of 7 uranium "anomalies" meet the minimum criteria set forth
in the data interpretation section. These are displayed,- along with
other pertinent information, on the Uranium Anomaly/Interpretation Map
(Figure 2). The potassium, uranium, thorium, and ratio contour maps
appear in Appendix C, and flight 1line profiles are found in Appendix
B. The uranium anomaly summary table is found in Appendix E. Discus-
sion of the abundances of potassium, uranium, and thorium are in terms
of apparent equivalent percent and equivalent ppm. These equivalent
units are derived from scaling of counts per second data by the sensi-
tivities calculated for the detection system. They do not directly
correspond to real geochemical data.

The survey-wide average concentration for uranium is 1.61 ppmeU (see
histogram in Appendix D). Areas with concentrations of 3.0 ppmeU or
more (more than standard deviations above the mean) are almost exclu-
sively confined to two localities. One of these areas lies near the
settlement of Tomahawk (peak concentrations of 5.62 ppmeU) and a region
just west of Steamboat Rock, in the gully of a tributary of Jim Creek
(peak concentration of 4.46 ppmel). Both of these localities 1lie
within a portion of the detail area mapped as Precambrian mixed meta-
sediments (unit ARG as mapped by Mineral Resources Deveopment, Inc.,
1979). Average and below average concentrations persist over most of
the rest of the detail area. Line 1010 appears to have slightly
higher uranium concentrations than the traverse lines that cross it, as
well as slightly lower BiAir and temperature ranges. This suggests
some weather phenomenon may have interfered with the collection of the
data on this line.

The average concentrations for potassium and thorium are 1.14 equiva-
lent percent and 5.83 ppmeT respectively. Thorium shows a geographic
range of high concentration values similar to uranium. Highest concen-
trations occur in the Tomahawk area at 23.99 ppmet. Potassium does not
show the same degree of correlation with uranium that thorium does.
High concentration areas appear to overlie exposed mafic metaigneous
rocks (amphibolite), whereas Tlowest concentration values generally
correspond to the exposed Paleozoic section.

Anomalies are essentially confined to the high uranium count areas.
The peak concentration value in anomaly 4 (in the Tomahawk area) is
3.08 ppmeU. In anomaly 6 (east of Steamboat Rock) peak concentrations
are as high as 3.45 ppmeU. Highest peak concentrations are found in
anomalies 2 and 5, both of which lie on the western edge of the detail
area. These anomalies are spatially the largest in the detail area and
contain many slightly anomalous samples (between 1 and 2 standard
deviations above the mean). Peak concentrations in anomalies 2 and 5
are 3.97 ppmeU and 3.68 ppmeU respectively.
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Figure 2 - Uranium Anomaly/Interpretation Map - Nemo Detail
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In summary, further detailed geologic investigation may be warranted in
the areas covered by anomalies 2, 4, 5, and 6. The lack of any avail-
able detailed geologic investigation reports for this region minimizes
the significance of further interpretive statements that might be made.

Magnetic Data

The magnetic field contour map is shown in Appendix C. Portions of the
magnetic data were removed from the data set because the gradients were
too extreme (in excess of 1,000 gammas per sample) for the instrument
to measure correctly. These areas appear as blank regions in the
profiles. Despite the previously mentioned problem, the detail area
shows remarkable contrast between high and low gradient areas. No
truly definite correlation exists between the magnetic field and the
mapped geology. This may in part be due to the generalized nature of
the geologic map. Highest and lowest gradient areas cross all geoligc
contacts. Transitions between the high and low gradient areas appears
gradational. The major trends of high gradient areas appears to roughly
parallel the foliation trends in the Precambrian, where they are
exposed, but the Paleozoic section in the east covers any underlying
(Precambrian?) units that might compare more readily with the magnetic
data.

No obvious relationship between the magnetic data and the radiometric
data can be seen. Keeping in mind what the magnetometer and the
spectrometer measure, the Tlack of any apparent relationship is not
surprising.

Geochemical Analysis

Based upon the criteria set forth in the Geochemical Analysis section
of Volume I, only one distinct geochemical unit is clearly definable in
the study area. Though the potassium histogram shows an indistinct
multimodality, the populations have too similar a concentration range
to be separable by potassium alone. Multimodality is not readily
apparent in any other radioelement or ratio.

The concentrations of the three radioelements is relatively higher in
certain portions of the map, but the high concentration values appear
in the histograms as part of a single population.

Available geologic maps of the area argue against a single radiometric
population because of the wide variety of Tlithologic units present.
More detailed geologic coverage might yield a different conclusion but
such maps do not appear to be available. One possible conclusion about
the similarity of the radiometric signatures in the area despite the
apparent number of mappable geologic units is that the low overall

concentrations of the three radioelements force them into similarity.
If all the rock units have low K, U, and T concentrations, the sample
population for each unit is distributed much closer to the origin,
(since no area can have negative concentrations) and thus tend to blend
in with one another. This could be one of the most difficult problems
to covercome in the areal geochemical mapping process.

Multivariate Analysis

A1l results of the principal component analysis are presented in
Appendix E, including the variables used, the covariance matrix, and
the principal component (eigenvator) matrix.

The original intent of the classification scheme outlined in the work

statement was not specified by BFEC and therefore will not be addressed.

The first principal component accounts for only 28 percent of the total
variance. This component is best correlated with variables 3, 7, 8,
and 11 (essentially high K, U, and T). Though the covariance matrix
does show the largest degree of correlation between these variables,
the correlation is not high. The best correlation is made between
variables 7 (1.0 < U > 3.0 stand. dev.) and 11 (T > 1.0 stand. dev.).

In order to create an understandable picture of the lithologic associa-
tions of potassium, uranium, and thorium, these data should be compared
with a more detailed geologic study of the area (including petrographic
and conventional geochemical analyses). Other metamorphic environments
should be examined in a similar fashion. In this manner, some insight
can be gained as to the mineralogical habits of the radioelements in
metamorphic provinces.
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APPENDIX C -Contour Maps
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APPENDIX D - Histograms
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APPENDIX E - Statistical Tables



NEMO

STATISTICAL SUMMARY TABLE

A
§.14%0
1 .‘hdsa
5,239
1.,571@

(2933R
8,4742

PEAK CPS

2.9
4.0
2.8
3.1
3.7
3.4

-7 =1
Kan NIST MIRMAL -,?553% P 178 NS
BY21d DIST MORMAL -, PB37 L3UT L7177
TL22& DBIST NORMAL =1 ,ThRe 17125 LI I ¥~
U/K DIST NuRMAL -,h181 RERT JRALS
U/TH  DIST nNURMAL -, 394 T4 o 1820
TH/K  DIST rpRmA -, 55h4 1,4534 LY
ANOMALY SUMMARY TABLE
ANOMALY  FLIGHT COMPUTER MAP UNIT AND NO.
ANOMALOUS SAMPLES
1 30, 40 9
2, 20,80,90,100,110,1010 87
3. 80 5
4. 130,140 13
9 1010 40
6. 270 2
s 1010 25

2.8

50N

+1 +2 +3
1,6291 2,752 2,5413
2,2391 2.,8698 3.500%
A,3646 12,8953 13,4260
2.3a07 3,7304 3.7601

4050 5162 6274
77,4844 9,4946 11,5248

AR B L L L L L AR R A A A L L A L AL P AR L A R P PR R R P R R P R PR R PR R R LT )

NUMBER OF SAMPLES WITH A
STANDARD DEVIATION OF

1 2 3 4 & 6. 7T 2}

5 4 0 0 0 0 O 0
B6 26 3 2 V-4 8 0
& 3 0 0 888 0
5:B- 0 @ H 050 0
18 16 6 0 0 0 O 0
0. -9 2-0 -0 0 0
19 6 0. 49 0% 1 0



VARIABLE
NUMBER

1
2

10
11

VARIABLES FOR MULTIVARIATE ANALYSIS

RADIOMETRIC
WINDOW

Ka0

Ka0

Kao

Bisg

Bis1g

Bisig

Bisig

Bis1a

Ma08

508

o

CLOSED INTERVALS IN
STANDARD DEVIATIONS

(-]

1

1.

.0

<x<-1.0
<x <1.0
0<x <=
< x < - 3.0
<x<-1.0
<x <1.0
< x < 3.0
<{x e
€x < 1.0
<x<1.0
{x €=

NUMBER OF SAMPLES
IN SURVEY

1234
4563
1046
0
993
4790
1007
53
624
5388
831

COMPONENT

i
2
3

10
11

PRINCIPLE COMPONENT RESULTS

EIGENVALUE
.843

b3
.501
<292
.252
218
133
.123
.073
3D
.000

PERCENT TOTAL VARIANCE

28.087

1f.

16

789

.673
129
.384
.247
421
113
439
-1.53
.000
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10.
11.

1
.3102290
.0000000
.0000000
.0000000
.1250713
.0631623

-.0082801
.0000000
.1369001
.0893583

-.0009340

.1942032
.0000000
.0000000
.0227410
.0290214
.0071680
.0017367
.0081958
.0772029
.0626251

.4967289
.0000000
.0131648
.0030473
.0969193
.0006401
.0000000
.0354390
.0428109

.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000
.0000000

COVARIANCE MATRIX

.2584130
.0000000
.0000000
.0000000
.0616175
.0645441
-.0006297

.2171891
.0000000
.0000000
.0290910
.0570643
.0370428

.4096320
.0000000
-.0021257
.0021689
.2263399

.1146167
.0000000
-.0005286
.1295272

.1267788
.0000000
.0000000

10

.2097872
.0000000

11

.6646017
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VARIABLE
L
2.
3,

10.
11.

i

.00451
.09145
.24074
.00000
.00208
.05751
.48386
.14633
.00299
.03218
.82084

.67865
.13726
.01159
.00000
.47609
.24057
.06150
.00558
.32113
.35867
.01846

.00645
.04921
.91810
.00000
.03747
.02428
.14854
.11061
.01235
.08508
.33308

.15992
.34282
.22076
.00000
.20182
.27851
.71065
«18923
.13261
«25827
.25447

MATRIX OF EIGENVECTORS

EIGENVECTOR

B 6
-.24106 .24283
.48866 .30020
-.20465 .03954
-.00001 .00000
-.09900 .57365
.28444 .67260
.43140 .09415
-.22734 .05661
-.22205 .16305
47301 .16584
-.24428 .04146

.31698
52325
.00620
.00000
.52535
.45307
.01650
.07617
.35349
.11437
.01809

8

.25745
.42702
.07648
.00000
.33958
.33741
.01944
.20093
.29163
.62455
.02239

9

.07994
.13164
.01259
.00000
.00799
.07699
.19651
.90744
.14098
.05440
.29193

10
.47285
.22465
.02793
.00000
.03042
.04807
.02845
.07736
75721
.37286
.05245

-1.

11

.00000
.00000
.00000

00000

.00000
.00000
.00000
.00000
.00000
.00000
.00000
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