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Figure 1. —Index map of central Colorado showing area covered by reconnaissance.

ii



RADIOACTIVITY RECONNAISSANCE OF PART OF NORTH-CENTRAL

CLEAR CREEK COUNTY, COLORADO

By John D. Wells and Jack E. Harrison

CONTENTS
Page Page
AbSEract. ... .ottt i i et 1 Abnormal radioactivity............ .o 3
Introduction...........oiiiiiiiiiiiiiiiiin, 1 Classification......c.cveiieinnninnnernns 3
Background radicactivity................0u.... 2 Mineralogicdata ......covvviiiiiininn.e, 3
IStruUmentS. ... vttt ittt ettt 2 Relation between mineralogy
Method of reconnaiSSance .....,eeveervnnnnsnn. 2 and radioactivity.......cvviviiinn.n 8
-Surface reconnaissance ........evvueenan. 2 Economic significance .............cc00nn 8
Underground reconnaissance.............. 3 Literature cited. ....cvviivinieiennnnnenaenesns 8
Radioactivity of dump material................. 3 Unpublished reports ......covvviiiiiiiennnn.. 9
ILLUSTRATIONS
Page
Figure 1. Index map of central Colorado showing area covered by reconnaissance,............ Ceeesrcctascaens ii
2. Map of part of north-central Clear Creek County, Colorado, showing .
radioactivity of localities examined. .....c.vieviiiiriiieriiesenuntesesitessarantsncasnnsennn 4
3. Map of part of north-central Clear Creek County, Colorado, showing
distribution of VeIn L Pes. . cvitieiiitiii it tri ittt ttcttassaeranesatscenerasasacnananans 7
TABLE
Page
Radioactivity and mineralogic data for localities of high, moderate,
or low abnormal radiocactivity.....covveriiiiiiiiii it ittt ereeerae e 5
ABSTRACT INTRODUCTION

A radioactivity reconnaissance of 334 localities
in north-~central Clear Creek County, Colo., was made
during the field seasons of 1951 and 1952, This recon-
naissance, made with a portable scintillation counter
and a portable survey meter with a 6-inch gamma-beta
Geiger tube, disclosed that seven of the localities con-
tain sufficient uranium to warrant some physical ex-
ploration.

Within the area studied, the localities containing
chalcopyrite have the highest grade and highest percent
of occurrences of significant abnormal radioactivity.
Zones of galena-sphalerite veins have approximately
the same rate of occurrence of significant abnormal
radioactivity as zones of galena-sphalerite with chal-
copyrite. Any locality or zone containing pyritic-type
veins without chalcopyrite is considered unlikely to con-
tain a uranium deposit.

As a part of the U. S. Geological Survey's in-
vestigations of the uranium-bearing deposits in the
Central City-Idaho Springs region (fig. 1), a radio-
activity reconnaissance was carried on in north-
central Clear Creek County in 1951 and 1952. This
work was done on behalf of the Division of Raw
Materials of the U. S. Atomic Energy Commission.

The purpose of the reconnaissance was to de-
termine the distribution and economic importance
of the radioactive occurrences in the region. Three
hundred and thirty-four localities—mine dumps and
accessible underground workings —were examined with
a portable scintillation counter and a portable survey
meter with a 6-inch gamma-beta Geiger tube. The
methods of the reconnaissance are briefly described,
because they might be of use in similar, future
studies.



The radioactivity data of this report were col--
lected largely by Wells; Harrison is responsible for
most of the information on the Freeland-Lamartine area
(Harrison and Wells, manuscript in preparation).

F. B. Moore of the Geological Survey collected some
of the data on the Fall River area, in the northern part
of the area covered by this survey. Radioactivity data
from the northeastern part of the Fall River area,
published by the Atomic Energy Commission (Smith
and Baker, 1951, p. 5-10), has been incorporated in
this report.

As classified by Bastin and Hill (1917, p. 1058),
the veins in the area covered by this report are of three
general types: (1) pyritic, containing predominantly
quartz and pyrite, with lesser amounts of chalcopyrite;
(2) galena-sphalerite, consisting principally of galena,
sphalerite, pyrite, and quartz, with subordinate amounts
of chalcopyrite; and (3) composite, consisting of veins
of type 1 that are crosscut by stringers of type 2. Radio-
active minerals are most commonly associated with
veins of types 2 and 3.

BACKGROUND RADIOACTIVITY

Background, as defined by Korff (1946, p. 23-24),
is the instrument reading at a particular time and place
caused by internal contamination of the counter, cosmic
radiation, and the natural radioactivity of the sur-
roundings. In precise laboratory determinations of
radioactivity, the effects of these three factors are
carefully determined. In the field, however, these
factors can only be roughly accounted for. A field sur-
vey for radioactivity is concerned primarily with the
measurement and interpretation of variations in the
natural radioactivity of the surroundings; for this pur-
pose, internal contamination of the instruments is neg-
ligible and can be ignored. However, the variation in
cosmic radiation from day to day and with changes in
altitude must be reckoned with. In addition, in north-
central Clear Creek County, the variation in the natural
radioactivity of the rocks must be considered.

The natural radioactivity of the rocks in north-
central Clear Creek County varies widely between pre-
Cambrian schistose rocks, mafic rocks, granite gneisses,
and Boulder Creek granite, which are low in radio-
activity, and the pre-Cambrian Silver Plume granite?
and the Tertiary intrusive rocks, which are relatively
high. The natural radioactivity of most of the veins
is low. Certain veins, even though they contain radio-
active minerals, have a lower average radioactivity
then the Tertiary intrusive rocks and the Silver Plume
granite.

In order to distinguish the radioactivity that is
average for the Tertiary dikes and Silver Plume granite
from the radioactivity that is higher than average for
the veins, a low background was chosen and the radio-
activity readings separated on the basis of source ma-
terial. Radioactivity from both sources was higher than
background, but only the readings from veins were con-
sidered abnormal. The term "background radioactivity, "
asused in this report, isthe average radiation recorded

*From the analyses of many samples, Phair (1952) found that the
Tertiary intrusive rocks have an equivalent uranium content ranging from
0.002 to 0.024, but generally this content is less than 0,020 percent,

A sample of Silver Plume granite, considered rep ative, ined
0.006 percent equivalent uranium.

at a given place and time over material known to be
low in natural radioactivity. "Abnormal radioactivity"
is defined for this report as the radioactivity caused
by a concentration of radioactive material in veins.
The anomaly recorded from the highly radioactive
country rocks will not be discussed further in this
report.

INSTRUMENTS

A portable scintillation detector and a portable
survey meter with a 6-inch gamma-beta Geiger tube
were used for the reconnaissance. Although both of
these instruments measure radioactivity, the charac-
teristics of each instrument are such that one supple-
ments the other.

The portable scintillation detector measures
gamma radiation only. Gamma radiation is more pen-
etrating than beta radiation and can be detected through
greater thicknesses of rock and at greater distances
from the source than beta radiation. In addition, a
scintillation counter has a much higher efficiency for
the detection of gamma radiation than does a Geiger
counter (Brownell, 1950, p. 187). A scintillation de-
tector is well adapted for field use when the purpose
is to detect changes in the amount of gamma radiation
dependent upon quantity or bulk of radioactive material
regardless of grade, and was used in this reconnais-
sance to locate areas of abnormal radioactivity. The
survey meter, on the other hand, is sensitive to a
small source area and was used in this reconnaissance
to isolate the specific mineral or material causing ab-
normal radioactivity.

Although both instruments will detect the presence
of radon in a mine, they give little indication of its
quantity. In the presence of radon, both instruments
will show a gradual increase in amount of radiation
recorded, even though the instruments are kept sta-
tionary. Even after the instruments are brought out of
the mine, higher-than-normal readings will continue
for some time.

METHOD OF RECONNAISSANCE

Radijoactivity surveys were made on the surface
and underground. The general procedure was to de-
termine the background for the instruments, traverse
the area, record any abnormal radioactivity, and
sample areas that showed more than twice back-
ground on the rate meter.

Surface reconnaissance

The first procedure of surface reconnaissance
was to determine the local background for the in-
struments. At the time of the examination, in
order to eliminate variations in cosmic radiation,
the background for the scintillation counter was
determined within a few hundred feet of the area.
The background for a rate meter with a gamma-
beta probe was determined by holding the probe
several feet in the air to eliminate the effect of
the rock material. The background was found to
be constant at different places and times for the
rate meter but variable for the scintillation counter.



The area or dump to be examined was then
traversed, using the scintillation counter. Trav-
erses were made about 6 feet apart, holding the
counter a few inches from the ground to obtain
readings from a maximum depth. The traverses
were made slowly to allow the instrument time
to make an average radioactivity count of the ma-
terial being traversed.

Abnormal radicactivity that was more than
twice background on the rate meter was considered
significant, and the radioactive material was sampled.
Abnormal radioactivity that was less than twice back-
ground on either instrument is reported in this paper,
but the material causing the radioactivity was not
sampled. Laboratory determinations of uranium and
equivalent uranium were made for all samples that
were collected.

Underground reconnaissance

A procedure similar to that for surface recon-
naissance was followed for underground reconnais-
sance. Generally, the background is slightly higher
underground than at the surface because of the prox-
imity of a greater surface of the radioactive rock.
The background was established underground by re-
cording the instrument reading at least 50 feet from
the portal or shaft.

Traverses were made by carrying the instrument
at waist height. The scintillation counter repeatedly
recorded anomalies from small areas and thin fractures,
samples from which commonly assayed as low as
0.006 percent equivalent uranium.

Traversing of mines that contain radon is im-

practical because the instrument becomes contaminated.

Henry Faul (oral communication), of the Geological Sur-
vey has eliminated some of this contamination by placing
the probe of the instrument in a plastic or rubber bag
before entering a mine containing the gas.

RADIOACTIVITY OF DUMP MATERIAL

The assumption is made that the radioactive ma-
terials associated with Tertiary veins are in equilibrium.
However, results from more than 40 chemical assays
show that most of the samples, particularly those
collected from dumps, contain less uranium (U)
than the radioactivity measurements (eU) of these sam-
ples indicates (table, p. 5). Phair and Levine (1952,

p. 14) have shown that this disequilibrium can be caused
by acid solutions that leach uranium and leave a concen-
tration of less soluble radioactive disintegration pro-
ducts of uranium. Because theuranium isleached rapidly
from material on dump surfaces, the radioactivity of a
dump sample, rather than the actual uranium content of
that sample, is probably more representative of the a-
mount of uranium originally present in the material.

The failure to discover radioactive material on a
dump does not necessarily mean that such material does
not occur in the mine. The dumps of several inaccessi-
ble mines have been reported to show no abnormal radio-
activity, but underground examinations following re-
opening of the mines have revealed significant amounts
of abnormal radioactivity.

ABNORMAL RADIOACTIVITY

During the reconnaissance the grade of radio-
active material could not be determined accurately
because of the limitations of the instruments and be-
cause the measurements were made, of necessity, on
nonhomogeneous samples of different sizes. There-~
fore, the laboratory determinations of equivalent ura-
nium and uranium are used in the report. The local-
ities showing abnormal radioactivity are given in the
table (p. 5).

Classification

The intensity of abnormal radioactivity (equivalent
uranium) is here classified as (1) slight, if the radio-
activity is greater than background but less than twice
background; (2) low, if the equivalent uranium ranges
between 0.005 and 0.020 percent; (3) moderate, if the
equivalent uranium ranges between 0. 021 and 0. 099 per-
cent; and (4) high, if the equivalent uraniumis 0. 10 per-
cent or more. Localities where abnormal radioactivity
was noted are shown on figure 2. This classification is
based upon both field instrument readings and laboratory
determinations of equivalent uranium, because samples
were not collected from localities with abnormal radio~
activity less than twice background. As determined by
the writers the percent equivalent uranium that is equal
to twice background is approximately 0.005. Information
on localities containing slight abnormal radioactivity is
not given in the table (p. 5).

The upper limit of low abnormal radioactivity was
placed at 0.020 percent equivalent uranium, because all
of the pre-Cambrian rocks and most of the Tertiary in-
trusive rocks in the area contain less than 0.020 per-
cent equivalent uranium. The range of low abnormal
radioactivity overlaps the range of radioactivity of
some of the country rocks (see section on background
radioactivity). The moderate abnormal radioactivity
class has more equivalent uranium than the coun-
try rocks, but less equivalent uranium than pres-
ent ore-grade material. The high abnormal radio-
activity class has equivalent uranium equal to or
greater than that of present ore-grade material.

Mineralogic data

The mineral suites identified at the localities
included in this report have previously heen rec-
ognized by Spurr, Garrey, and Ball (1908) and
by Bastin and Hill (1917). Bastin and Hill (p. 105)
have shown that these mineral suites are charac-
teristic of three vein types: (1) pyritic, predom-
inantly pyrite and quartz with minor amounts of
chalcopyrite; (2) galena-sphalerite, predominantly
galena, sphalerite, pyrite, and quartz with a sub-
ordinate amount of chalcopyrite; and (3) composite,
veins in which stringers of type 2 crosscut veins
of type 1. This classification, with modification,
is used in this report.

Because much of the data in this report were
obtained from dumps, the detailed relationships be-
tween vein types necessary to identify the com-
posite type of vein are unknown. The composite
type of vein, therefore, cannot be discussed here
and is not shown on figure 3.
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Figure 2. —Map of part of north~central Clear Creek County, Colorado, showing radioactivity of localities examined.
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Figure 3. —Map of part of north-central Clear Creek County, Colorado, showing distribution of vein types.
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Leonard (1952) suggests that in the Central City
area appreciable quantities of chalcopyrite may occur
in the intermediate zone between areas of predomi-
nantly pyritic-type veins and areas of predominanily
galena-sphalerite-type veins, The vein type occurring
at each locality examined during this study is shown on
figure 3. The area where veins of the pyritic type pre-
dominate has been outlined on figure 3. In the south-
western part of the area of this raport, in the vicinity
of Ute Creek, galena-sphalerite-type veins that do not
contain chalcopyrite predominate. An approximate
boundary has been drawn between this part of the area
and the part around Freeland, in which galena-sphalerite-~
type veins that contain chalcopyrite predominate,

Relation between mineralogy and radioactivity

Of the 334 localities investigated, 80 were found
to have abnormal radioactivity. Seven of the 80 have
high, 12 have moderate, 27 have low, and 34 have
slight abnormal radioactivity (fig. 2). The mineralogy
of all localities having significant abnormal radioactivity
is given in the table (p. 5).

The relation of significant abnormal radioactivity
to vein mineralogy is shown in the following tabulation:

ercentage of localities
Vein typel with significant
abnormal radicactivity
Pyritic EEEL 3.4
Galena-sphalerite-~--s~=ccmueq 15.5
Chalcopyrite with both pyrite
and galena-sphalerite--~-=-4 2.0
Chalcopyrite with pyrite----- E 21.0
Chalcopyrite with galena-
sphalerite~--meme-mcmeaaa-- 24,7

Localities showing only limonite are included with the vein type of
the geographic area in which they occur.

From the data presented in the preceding tabu-
lation, three observations can be made: (1) The local-
ities where pyrite was the only ore mineral identified
have a small percentage of significant abnormal radio-
activity. (2) The localities where chalcopyrite has
been identified have the greatest percentage of signifi-
cant abnormal radioactivity. (3) Approximately the
same percentage of localities where chalcopyrite and
pyrite were identified and where galena-sphalerite and
chalcopyrite were identified have significant abnormal
radioactivity.

The relation of significant abnormal radioactivity
to mineral zones is as follows:

Percentage of localities
within zone with
Type of mineral zonel significant abnormal
radicactivity
Pyritic-type veing-cewmeccaaad 6.3
Galena-sphalerite veins---=-- - 22.9
Chalcopyrite with galena-
sphalerite veing----cemaan-d 22.1
Area of galena-sphalerite-type
veins with or without chal-
copyrite (zones not de-
limited-ccwmcmcmmemaa e o 10,1

*Localities showing only limonite are included with the vein type of
the geographic area in which they occur.

The data in the preceding tabulation are based
upon the zones as outlined in figure 3, without regard
for the mineralogy at any particular locality. The
percentage of the localities with significant abnormal
radioactivity in the pyritic zone is lower than that for
the remainder of the area studied. Of the 8 localities
within the pyritic zone showing significant abnormal
radioactivity, 3 have chalcopyrite with the pyrite. The
lack of significant abnormal radioactivity in the central
part of the pyritic zone is further -emphasized by the
fact that 6 of the 8 localities are near the margin, and
no localities with high and only one with moderate ab-
normal radioactivity occur within this zone.

Consideration of the localities, either individually
or as they are distributed in mineral zones, leads to the
conclusion that localities that have the pyritic type of
vein without chalcopyrite are poor prospecis for radio-
active materials, The pyritic zone is favorable for
localities showing significant abnormal radioactivity
only at its margin. The localities containing chal-
copyrite have the highest grade as well as the highest
percent of occurrence of significant abnormal radio-
activity. Five of the seven localities with high abnor-
mal radioactivity contain chalcopyrite. The other two
localities have galena-sphalerite-type veins. No lo-
cality with a pyritic-type vein has high or moderate ab-
normal radioactivity. If the presence of chalcopyrite
defines the intermediate zone between the pyritic and
galena-sphalerite types of veins, then the intermediate
zone, as suggested by Leonard (1952), appears to be
the most favorable area for pitchblende prospecting in
this part of the Front Range.

Economic significance

Only the 7 localities showing high abnormal
radioactivity contain uranium of ore grade; these
localities are worthy of at least some exploration.
As of May 1954, the Golconda and Almaden mines
were being explored, but no uranium ore had yet
been shipped.’ In the Martha E., a 100-foot winze
was sunk and some drifting done at its foot, but
only small pods of ore were discovered; further
exploration is being considered by the owners. The
owners of the Diamond Mountain mines are consid-
ering exploration. No information is available as to
the possibilities of exploration in the Orinoco mine
and the Baltic tunnel.

A more objective evaluation of the potentialities
of uranium production from this region awaits the
results of detailed studies of the uranium occurrences.
Additional information from producing mines is neces-
sary to determine the economic significance of the
various amounts of abnormal radioactivity and the
pattern of its distribution.
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INTERPRETING GROUND CONDITIONS
FROM GEOLOGIC MAPS

Prepared by the Geologic Division

Intelligent planning for heavy construction, water supply, or other
land utilization requires advance knowledge of ground conditions in the
area. It is essential to know:

1) the topography, that is, the configuration of the
land surface;

2) the geology and soils, that is, the deposits that
compose the land and its weathered surface; and

3) the hydrology, that is, the occurrence of water
whether under or on the ground.

These elements usually are considered in planning land develop-
ments that involve much investment; detailed surveys generally are made
of the topography, geology, soils, and hydrology at the site selected for
development. Such detailed surveys are essential, but equally essential
and often overlooked is the need for general surveys prior to site selection.

Only if the general surveys have been made is it possible to know
that a particular site is most suitable for the purpose and that no situa-
tions in the tributary areas that might affect the project have been over-
looked. Moreover, the general regional relations must be known in order
to properly interpret the geology, soils, and hydrology at a particular
locality. In brief, both the general and the specific are needed in order
to-avoid costly mistakes either during or after development.

The accompanying maps illustrate how a general geologic map can
be used for interpreting ground conditions during a planning stage prior
to site selection. The topographic and geologic maps, which provide the
basic data, have been simplified from some existing ones. The inter-
pretive sheets are intended to provide some examples of the kinds of
information that trained persons can read from such basic maps.
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Topographic maps show quantitatively the configuration of the
land surface. This is accomplished by drawing contours that
represent level lines on the earth's surface. Irregularities in the
contour lines reflect the ground plan shape of the land formss
the spacing between the contours measures the amount of slope.
In addition, topographic maps show the works of man, such as
roads, railroads, and buildings, and drainage features such as
perrenial streams, intermittent streams, springs, and marshes.
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