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RELATION OF URANIUM TO HYPOGENE MINERAL ZONING

IN THE FRONT RANGE MINERAL BELT, COLORADO
By S, R, Wallace, B, F, Leonard and R, H, Campbell

ABSTRACT

Many of the mining districts of the Colorado Front Range mineral belt contain mesothermal sul-
fide ores that exhibit a zonal distribution, Present data indicate that in most of the zoned districts pitch-
blende and/or secondary uranium minerals are most abundant in a transition zone between central areas con-
taining predominantly pyritic gold ores and peripheral areas containing dominantly lead-zinc-silver deposits,
Copper in the form of chalcopyrite is also probably more abundant in the transition zone than in adjacent
zones,

Many mineralized areas in the Front Range mineral belt are roughly co-extensive with and probably
related to groups of Tertiary intrusives, The solutions that deposited sulfide and pitchblende in these areas
probably were derived from ;nany different types of source magma, but some bostonite magmas were probably
particularly important sources of uranium-bearing solutions,

At most localities where the relative ages of pitchblende and associated sulfides are known, the
pitchblende is early in the paragenetic sequence, and not of intermediate age as suggested by its zonal pa-
sition, This discrepancy may be the result of overlapping zones of deposition related to adjacent centers of
mineralization, to changing environments of deposition within zones during the period of mineralization, or
to unknown factors,

Uranium is also present in districts in which the dominant mineralization is markedly different
from the common pyritic gold-base metal sulfide mineralization, In the Jamestown district uranium appears
to be associated.mainly with fluorspar;; in other districts that exhibit little or no systematic hypogene zoningy
it is ubiquitous, If uranium is present in zoned districts, a large proportion of the deposits probably should
be in the transition zones, The application of this concept may be a valuable guide in prospecting for

uranium,
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INTRODUCTION

Most of the Front Range mining districts exhibit a zonal distribution of metals in plan, and in many
of these districts uranium occupies a preferred position in the zoning sequence, These relationships are most
apparent in the Central City district where the application of the concept of hypogene zoning to the seaich
for uranium was first undertaken (Leonard, 1952a; 1952b; and Lecnard in King, Leonard, Moore and Pierson,
1958), The abnormally radioactive vein deposits known in 1951 are mostabundant in a transition zone between a
central zone of pyritic gold veins and a peripheral zone of lead-zinc-silver veins,

This zonal distribution of uranium minerals probably exists in many other zoned metalliferous dis-
tricts in the western states, at Cornwall, England, and in the Erzgebirge. The data are spant, however, for
most of these districts, and emphasis in this report is on the Front Range deposits,

The concept of a preferred position of uranium in a zonal arrangemernt of metals is not new, Emmons
in 1926 {(p. 35, fig, 4) included uranium in a generalized sequente for the deposition of metals: iron, tin,
tungsten, arsenic, bismuth, gold, copper, uranium, nickel, cobalt, manganese, zinc, lead, vanadium,
silver, antimony, and mercury, Uranium, howewer, was incidental to Emmons® presentation of the zoning
hypothesis. R, U, King and F, B, Moore (oral communication, 1954) had recognized a spatial relationship
of pitchblende and different types of sulfide deposits in the Quartz Hill section of the Central City district
about 1950, and F, C, Armstrong (written communication) during a detailed study of Quartz Hill in 1951.
independently developed ideas on the relation of uranium to zoning in the Central City district similar to
those presented in this report,

A zoning of the ores of the Central City district, based on the average silver-gold ratios from 228
veins, was fi.rst recognized by Collins (1903), Since that time the geographic disiribution of vein types has
been successively presented by Bastin and Hill (1917, p, 115-116, pls, 4 and 7), Goddard (1947, pf-l. 14)
and Lovering and Goddard (1950, p, 170, 177, and pl, 9). These studies provided the framework for the
present investigation of the relation of uranium to mineral zoning at Central City,

The location and zonal pattern of the Idaho Springs-Central City district and of other districts
showing similar mesothermal mineralization are shown on figure 1, The districts include Breckenridge,
Montezuma, Freelant-Lamartine, Georgetown-Silverplume, Lawsoanumdm, Empire, Alice-Yankee Hill,
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North Gilpin County, Caribou, and Ward, Also shown on.figure 1 is a zonal pattern for the Jamestown dis-
trict in which the dominant mineralization is distinctly different from that of the Central City district, The
Argentine, North of Empire, Eldora, Gold Hill, Magnolia, and the Boulder County tungsten districts exhibit
little or no recqgnizable zoning based on available data,

The classification of different vein types which outlines the zones is based both upon mineralogy
and upon records of the commodity produced, This information was cbtained from many different sources
'and‘the data presented on figure 1 and the discussions of the individual districts are limited by two factors:

(1) incompleteness of data--available data are scant for many mining districts within the Front Range; and
(2) accuracy of data--in those districts where detailed work has been done in recent years, the results do not
always agree with those of earlier studies, yet information drawn either directly or indirectly from the earlier
references on the Front Range districts is all that is available for many areas,

Superimposed on the zonal patterns (fig, 1) are localities showing abnormal radicactivity, These
are subdivided as follows: (1) localities with material containing 0.1 percent or more eU, and (2) localities
with material containing from 0,02 to 0, 09 percent eU or estimated to contain 0,02 percent or more eU on
the basis of field measurement, The significance of these data is limited by variations in sampling procedure
(bulk samples versus selected samples):and by the completeness of radioactive: reconnaissance coverage; in
some districts no systematic re_connaissance for radioactivity has been made,

The radioactive materials indicated on the map do not include abnormally radioactive bostonites
and pegmatites, or localities where radon is a principal source of radioactivity, Also omitted from the map
are many localities where vein material has anomalous radioactivity ranging from 0,05 to 0,3 mr /hr
(milliroentgens per howr), These values are roughly two to ten times background radiation and probably
few of these are equal to 0, 02 percent eU,

The zones shown of figure 1 are empirically derived; the cause for the spatial arrangement of
the deposits is not discussed, nor is this paper intended as a contribution to the solution of the general problem
of mineral zoning, At present there seems to be no satisfactory answer to the question, "How and why is
uranium concentrated in veins of certain zones”, In many of the districts little is known concerning the source
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of mineralizing solutions, the structures which controlled their migration, and the conditions of precipitation
of metals from these solutions, Such factors as contradictory evidence exhibited by the position of pitchblende
in the paragenetic sequencg and its position in the zonal pattern, different ages of pitchblende, successive
phases of metallization, the effect of overlapping zones associated with adjacent centers, and the role of
radicactive Tertiary igneous rocks, particularly bostonites, and their source magmas all need further explan-
ation before the reasons for the distribution of uranium in the Front Range mineral belt are better understood.,

In spite of the writers’ inability to explain satisfactorily many of these ramifications of the' problem
of mineral_zoning, the coincidence of uranium with the transition zoneshseems to be real, and the concept of
zoning as applied to uranium may be a valuable clue in prospecting for uranium deposits not only in the
Front Range mineral belt but elsewhere as well, It should be noted that the presence of a transition or
favorable zone does not in itself predict the occurrence of uranium; it merely indicates that if uranium is
present in a district, it should be more abundant within these zones,

This report is largely an interpretation of data drawn from reports by other geclogists; much of '

the information on the Gold Hill district is based on a reconnaissance for radioactivity by Campbell and

Schafer in April 1953 and on five weeks field work by Wallace and Laub in 1954,

ACKNOWLEDGMENTS
The writers wish to acknowledge the contributions of many colleagues in stimulating discussions
of the problem of uranium in relation to zoning., This report is based on work done by the U, S, Geological

Survey on behalf of the Division of Raw Materials of the U, S, Atomic Energy Commission,

DESCRIPTIONS OF INDIVIDUAL DISTRICTS OF THE FRONT RANGE MINERAL BELT

General statement
Precambrian granite, schist, and gneiss are the dc;minant rocks in most of the districts of the
Front Range mineral belt described in this report, The oldest rocks are metasedimentary schists and greisses
of the Idaho Springs formation. This formation is overlain by hornblende schists and gneisses of the Swandyke

hornblende gneiss, Younger Precambrian rocks in ascending order are: quartz monzonite gneiss and gneissic

pegmatite, Boulder Creek granite and quartz monzonite, granite gneiss and gneissic aplite, quartz diorite and

hornblendite, and Silver Plume granite, ‘
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The major Precambrian structure of the Front Range is a northeasterly wending regional anticline
greatly modified by smaller, generally parallel folds, and by cross folds, The most conspicuous Laramide
structures in the Front Range mineral belt are persistent northwesterly faults (the breccia reefs) that opened
prior to and during intrusion of Tertiary igneous rocks; later east-northeast=. and northeast-trending faults
formed during and after the intrusion of Tertiary porphyritic rocks, These intrusions occur as stocks, dikes,
sills, and irregular bodies, and include limburgite, gabbro, diorite, andesite, granodiorite, monzonite,
quartz monzonite, biotite latite, alkali syenite, bostonite, rhyolite, alaskite, and sodic granite, The vein
deposits are Tertiary in age and are thought to be genetically related to these intrusive rocks,

In most of the districts, vein deposits of different types of cres show a geographic zonal distribution,
and in many of these districts uranium seems to be most abundant in the same part of the zonal sequence.
Certain types of bostonite magma appear to have yielded ore solutions relatively rich in uranium; however,
uranium-bearing solutions were probably expelled from magmas of many different compesitions,

Lovering and Goddard (1950) present the most comprehensive discussion of the Front Range mineral
belt, and their report is the principal source of data for the discussion of the Front Range districts, Other
principal sources for the various districts are: Breckenridge district -~ Ransome (1911), and Lovering (1934);
Montezuma and Argentine districts - Lovering (1935); Ggorgetown-Silver Plume, Empire, and Freeland-
Lamartine districts - Spurr, Garrey, and Ball (1908); Central City-Idaho Springs district - Spurr, Garrey,
and Ball (19068), and Bastin and Hill (1917); Alice-Yankee Hill, Nerth Gilpin County, and Caribou districts -
Bastin and Hill (1917); Eldora district - Lindgren (1907), and Bastin and Hill (1917); Magnolia district -
Wilkerson (1939a; 1939b); Boulder County tungsten belt - Lovering (1941), Twetc (1947), and Lovering and

Tweto (1953); Ward district - Worcester (1921); Gold Hill district- - Lovering (1982}, and Goddard (1940);

and the Jamestown district - Goddard (1935; "19486),

Central City - Idaho Springs district

Location
The Central City-Idaho Springs district is about 30 miles west of Denver and includes about 25
square miles in the southemn part of Gilpin County and the northeastern part of Clear Creek County, The
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principal towns are Central City, Blackhawk, and Idaho Springs, That part of the district referred to in
3
this report as the Central City district is essentially the northern half of the larger area described above; the

southern half is referred to in this report as the Idaho Springs area,

Geologic setting

Central City is on the axis of a northeasterly trending anticline of Precambrian age that exposes
a core of granite gneiss about 2 miles wide bordered on both sides by the Idaho Springs formation, This
formation predominates in the Idaho Springs area, but a large irregular mass of quartz monzcnite gneiss and
aplite is present along the northern edge of the Idaho Springs area and extends into the southeastern part of
the Central City district, Dikes and small irregular stocks of Tertiary porphyries are abundant throughout the
entire district, Quartz monzonite, including some sodic monzonite, predominates and occurs principally
in the eastern and south central parts of the district, Dikes of bostonite and bostonite porphyry are common
and are especially abundant in the western part of the district, Alsdorf (1916), Lovering and Goddard (1950},
and Phair (1952) have suggested a genetic relation between the bostonites and uranium; the possible signifi-
cance of these rocks in relation to pitchblende is discussed in a following section of this report,

Most of the Tertiary dikes trend northeast, but some of the more'persistent bostonite dikes
strike west and northwest, The veins commonly strike east to northeast and have steep dips, generally more
than 60 degrees, Near Idaho Springs the prevailing dip is to the northwest; in the Central City district the
dips are steeper, and both northwest and southeast dips are common,

The most productive veins of the area commonly follow zones of minor faulting and the distribution
of veins is in part dependent upon the physical nature of the rocks, The Idaho Springs formation is apparently
less well suited to the development of large persistent fractures than other rocks in the district, and areas
underlain by these rocks generally contain fewer veins than equal areas of the other rock types of the district,

The deposits of the Central City-Idaho Springs district have been worked primarily for gold and
_ silver, Bastin and Hill (1917, p, 104-105) classified the ores of the district into four rypes: (1) pyritic gold
ores, consisting predominantly of pyrite and gangue minerals with subordinate amounts of chalcopyrite,
tennantite, and in places enargite and other metallic minerals; (2) galena-sphalerite ores, containing galena,
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sphalerite, and pyrite as the principal ore minerals, with nmiinor chalcopyrite and in some places small
amounts of other sulfides--silver is relatively more important than gold in these ores; (3) composite ores,
which Bastin believed resulted from "double minerdliiation,v"w first with minerals characteristic of type (1)
ores and later with mine;als ch&iact;ristic of type (2) ores; and (4) telluride ores, bearing gold and silver
tellurides, and showing more diversity in mineral character than the other ore types,

Another type of ore, which Bastin and Hill {1917, p, 105) believe tobe a sub-type of the pyritic gold
ores, isfound inasmall group of veins within, but onthe southeastside of:the central area of pyritic gold veins
(King, Leonard, Moore, and Pierson, 1953), Many veins in this part of the district contain enargite and
fluorite although enargite is a subordinate constituent in all but a few of the veins, Fluorite is a characteristic
gangue mineral of the rich telluride ores but also occurs in some of the pyritic ores commonly but not in-

variably in those containing enargite |

Zoning and conclusions

The telluride veins are confined to a narrow belt extending south-southwesterly across the east-
central part of the district from the vicinity of Blackhawk to about 1 mile south of Idaho Springs and were
probably influenced by the Dory Hill fault which Lovering and Goddard (1950, p, 177) believe controlled
the migration of the telluride ore solutions, The tellurdie ores are believed to be younger than the sulfide
mineralization (Lovering and Goddard, 1950, p, 174) and have no apparent genetic relation to the pitch-
blende deposits,

The zonal pattern in the Central City district shows a central area of pyritic gold veins surrounded
by a roughly concentric belt qf lead~-zinc=-silver veins,

Other parts of the .Central City-Idaho Springs district have similar distributions of types of deposits,
with centers containing pyritic gold deposits, partly or wholly surrounded by areas of silver-lead -deposits,
These other pyritic gold "centers” are: (1) a north-trending arcuate area that includes the town of Idaho
Springs near its northern end, (2) a large irregular area centering about 2 miles wést-northwest of Idaho
Springs, and bordered on the west by areas of galena-sphalerite veins in the Freeland-Lamartine area and

Lawson-Dumont district, and (3) a small circular center about midway between Central City and the town
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+ of Dumont, These centers are outlined on figure 1 by the dot paﬁem which indicates the iransition zone
between the areas of pyritic gold veins and areas of galena-sphalerite deposits, Bastin and Hill (1919, p, 118)
noted that in the Central City district veins containing ores of the composite type are mest common in
this transition zone, This zone is characterized by a mixture of vein types: (1) the pyritic gold veins which
predominate in the core area, (2) the galena -sphalerite veins that predominate in the peripheral area, and
(3) the composite veins (not everywhere present), Chalcopyrite may also be characteristic of the transition
zone, Chalcopyrite is common in many veins of the district hut all mines known to have produced copper
from chalcopyﬁte (»w:ith minor gray copper) are within the transition zone,

The depoéits of the Central City disttict known to contain uranium lie in or near this transitional
zone (fig, 1), and the uranium occurrences in other parts of the Central City-Idaho Springs districtishow a
similar distribution in relation to the transitional zones related to other centers in the area {Leonard, 1952:
and written communication, 1952), The distinct zoning pattern of the Central City-Idaho Springs district
and the distribution of uranium within the district suggest that the transitional zone is especially favorable

for the occurrence of uranium deposits,

Freeland-Lamartine area

Location
The Freeland-Lamattine ared covers-about 12 square miles in the central part of Clear Creek
County and includes the settlements of Freeland and Lamartine, It'is bounded on the east by the southwestern
part of the Central City-Idaho Springs district, on the west by the northeastern part of the Georgetown-Silver

Plume district, and on the north by the Lawson-Dumont district,

Geologic setting
Schist and gneiss of the Tdaho Springs formation are the predominant country rocks in the northern
two-thirds of the area; Boulder Creek granite underlies most of the area south of Lamartine, and irregular
masses and lenses of Silver Plume granite are scattered throughout the entire area, Numerous Tertiary dikes,
including bostonite, intrude the Precambrian rocks; most of the dikes strike northeasterly, Most of the veins

in the area trend east to northeast, Mineralization was practically continuous from the Idaho Springs area into

the Freeland-Lamartine area, and the ore is similar in many veins ‘from both districts,
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Zoning and conclusions

A group of pyritic gold veins in the northeastern part of the area, in the vicinity of Freeland, is
bordered on the south and west by an area of lead-zinc-silver deposits, Northeast of Freeland, the area of
pyritic gold deposits is continuous with the pyritic gold center of the Central City-Idaho Springs district that
includes the Stanley mines, In the Freeland-Lamarine area, as in the Central City-Idaho Springs district,
most of the localities with significant uranium or high radioactivity lie within or close to the transition zone,
(See fig, 1.)

In addition to the district-wide zoning, some of the individual veins and lode systems of the
Freeland-Lamartine area exhibit a lateral zoning of ore minerals, Harrison (1953) describes several veins
as long cymoid fractures, the central parts of which contain auriferous pyrite with some chalcopyrite and
tetrahedrite; late fractures containing galena, sphalerite, and minor amounts of pyrite, chalcopyrite and
tetrahedrite, form the ends of the cymoids, Uranium may occupy a preferred zonal position in these cymoids
that is analogous to its position in the district zoning, Harrison (written communication,, 1952) states that
"...Mmeagre data suggest that abnormal radioactivity along a zoned vein is more likely to occur on the inner

side of the transition zone, "

Lawson~Dumont district

Location
The Lawson-Dumont district occupies about 10 square miles in the north-central part of Clear Creek
County, It includes the towns of Lawson and Dumont and is bounded on the east by the Central City-Idaho

Springs district, on the west by the Empire district, and on the south by the Freeland-Lamartine area,

Geologic setting
'i‘he Idaho Spriﬁgs formation occupiés most of the eastern parts of the district; the western part is
underlain by granite gneiss which is intruded by several irregular bodies of Silver Plume granite, Laramide
dikes including bostonite trend generally west to northwest; one prominent bostonite dike, just north of the
disn'ict, strikes northerly, Two small Laramide stocks of monzonitic porphyry are present in the northeastern

part of the district,
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The veins occur in two distinct sets of fault-fissures, In the western part of the district a predomi-
nantly northeastward-trending set contains lead-silver ores; in the eastern part of the disirict a generally
eastward-trending set contains pyritic gold veins, The ore minerals of the lead-siiver veins are galena, sphaler-
ite, and pyrite with minor chalcopyrite; the gold content is generally low, The chief constituenis of the

pyritic gold ores are pyrite and quartz, generally with chalcopyrite, which in places is abundant,

Zoning and conclusions

The distribution of vein types outlines an elliptical area of pyritic geld veins centered about three-
quarters of a mile north of Dumont, This "center” is connected by a narrow south-southwestward belt passing
through Dumont to the large irregular pyritic gold center that includes the northeast part of the Freeland-
Lamartine area and the adjacent part of the Central City-Idaho Springs district to the east, The transition
zone which surrounds this center contains most of the known concentrations of uranium and/or significant
abnormal radioactivity,

Several uranium deposits have been reported in lead-zinc=-silver veins in the western part of the
district; these include pitchblende from the Jo Reynolds area (Harrison and Leonard, 1952) and the Bellevue-
Hudson mine, and torbernite from the Robineau claims (King, written communication), The area on figure
1 favorable for finding uranium has been extended westward to include these deposits, The available data
are inadequate to relate these lead-zinc-silver deposits to any one of the three nearest pyritic gold centers
(Freeland-Dumont, Empire, and Georgetown-Silver Plume); and, therefore, it cannot be established that

the western part of the Lawson-Dumont district is in a transitional zone,

Empire district

Location
The Empire mining district includes an area of about 8 square miles near the town of Empire in
the north-central part of Clear Creek County, It is bordered on the south by the Georgetown-Silver Plume

district, on the southeast by the Lawson-Dumont district, and on the north by the Nerth of Empire district,
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Geologic setting

Most of the Empire district is underlain by Precambrian granite: Silver Plume granite in the
south and Boulder Creek granite in the central and north part of the district, Other Precambrian rocks present
are monzonite gneiss, gneiss and schist of the Idaho Springs formation. and pegmatite, Generally small
Tertiary dikes of several types strike northeasterly; bostonite is the most common, A large composite
stock of monzonite, with some alaskite, is in the southwest corner of the district, and a small monzonite
stock is exposed in the center of the district, Most of the metalliferous veins cut the Boulder Creek granite
adjacent ' to the small monzonite stock; the fractures that surround the stock are probably the result of in-

trusion by the stock,

Zoning and conclusions

There is little evidence for symmetrical zoning of lead-zinc deposits about a core of pyritic gold
deposits in the Empire district, The lead-zinc deposits, however, are most abundant along the south border
of the district, whereas the pyritic deposits with gold, chalcopyrite, or both, are found to the north, Some
evidence suggesting a partially concentric pattern is found in the 6, 000-foot-long Marshall and Russell tunnel,
This tunnel bears about N, 23° W, from Empire Station at the southeast edge of the district and cuts a non-

L4

productive part of the district, However, two small veins intersected by the tunnel near the heading contain
pyrite, chalcopyrite, and gold, whereas both pyritic gold veins and galena-sphalerite veins occur nearer the
portal (Bastin and Hill, 1917, p. 331),

No data were available in 1953 concerning radioactivity in this district, On the basis of zoning

and the occurrence of bostonite dikes, however, future reconnaissance for radioactivity in the Front Range

mineral belt should include this district,

North of Empire district

Location
The area referred to in this report as the North of Empire district includes abou 2 square miles be--
tween the Empire district on the south and the Alice-Yankee Hill district on the north,
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Geologic setting
The bedrock of thé district, principally Idaho Springs formation with lesser amounts of quartz
monzonite gneiss, Boulder Creek granite, and Silver Plume granite, is largely covered by alluvium,
Several Laramide dikes in the central part of the district trend northeast and are paralleled by closely-spaced

veins,

Zoning and conclusions
The veins of the district are generally non-productive and detailed descriptions are not given in
the literature, Most of the veins are apparently of the pyritic gold type, and no lead-zinc-silver veins are
known in the district, Accordingly, a zonal distribution of vein types cannot be demonstrated, Because of
the absence of an intermediate zone and the generally weak mineralization, this district is considered un-

favaorable for the occurrence of pitchblende deposits,

Alice-Yankee Hill district

Location
The Alice-Yankee Hill district includes about 6 square miles adjacent to the southwestern corner

of the North Gilpin County district, It is bordered on the southwest by the North of Empire district,

Geologic setting
The Idaho Springs formation underlies much of the district, but monzonite gneiss is abundant in
the eastern and southern parts of the district, and several irregular bodies of Boulder Creek granite crop out
along the western side, A few small bodies of Silver Plume granite and pegmatite are also present,
Tertiary intrusive rocks include a small stock of monzonite porphyry in the extreme southwestern

part of the district and several bostonite dikes in the south, central, and eastern parts of the district,

Zoning and conclusions
The mineral deposits of this district are dominantly of the pyritic gold type, although about seven
lead-zinc-copper deposits have been worked, The district shows a moderately distinct zoning with a belt of
pyritic gold veins, p;rtly surrounded by easterly-trending areas of galena-sphalerite-chalcopyrite veins,
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The transition zone between the areas in which the two types of veins predominate is shown oh figure.l, Very
little reconnaissance for radioactivity: has been done in the district, but pitchblende has been reported from

the Gold Anchor mine about half a mile northwest of Alice (Bird and Chase, writien communication, 1953},

North Gilpin County district

‘Location
The North Gilpin County district comprises an area of about 35 square miles in the north-central
part of Gilpin County and contains the small settlements of Apex, Perigo, Gilpin, and Tolland, It is bound-~
ed on the north by the Boulder County tungsten and Eldora districts, on the south by the Central City district,

and on the southwest by the Alice-Yankee Hill district,

Geologic setting
The Idaho Springs formation is the most abundant rock unit, but large masses of granite gneiss,

Boulder Creek granite, and pegmatite occur throughout the district, An elongate but highly irregular stock
of Tertiary quartz monzonite porphyry extends about 4 miles in a north-south direction in the central part

of the district, A much smaller stock of monzonite is in the north-central part of the district, Dikes,
principally monzonite and quartz monzonite, are associated with these two stocks; several bostonite dikes
occur in the southern part of the area,

The prominent Laramide faults of the district are: the Apex fault, which trends about N, 8% E.;

the Blackhawk fault, which trends about N, 40°W, and is mineralized at its northwestern end just south of

Perigo; and the Junction Ranch dike, or breccia reef fault, which paralleis the Blackhawk fault in the north-

eastern part of the district, Most of the veins have a northeast trend, but some trend east or northwest, The

veins are widely scattered through the area and are predominantly of the pyritic gold type; in general they
are of minor economic importance, The mines in the vicinity of Gilpin and those just south of Apex have

been the most productive in the district,

Zoning and conclusions

A zonal arrangement of the ore deposits is shown in'the Michigan Hill area, in the southwest part
of the district, where a small area of pyritic gold veins is surrounded by pyritic copper-zinc-lead veins in a
pattern that is slightly elongate in a northeasterly direction, The remainder of the district contains predomin-
antly pyritic gold and pyritic gold-copper deposits,
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The favorable or transition zone, shown on figure 1, covers the area of overlap between the area

containing principally pyritic gold veins and that containing principally pyritic copper-zin¢-lead veins,

The mineralogy of the deposits in the transition zone is slightly different from that of the transitional veins

in the Central City district in that veins containing predominant galena-sphalerite are lacking, The transition
zone. however, does reflect a change in mineralogy, and galena, sphalerite and chalcopyrite, which~are
found in the tramsition zone in other districts, are present,

Although most of the radioaétive anomalies are estimated to indicate less than 0, 02 percent eU
and are not plotted on figure 1, the percentage of veins that are radioactive is much greater in the transition
zone than in other zones (Campbell and Schafer, written communication, 1954), ’1"he apparent lack of
economically significant uranium deposits in the North Gilpin County district may have a direct correlation

with the generally weak base-metal mineralization of the district,

Breckenridge district

Location
The Breckenridge district occupies an area of about 45 square miles at the southwestern end of
the Front Range mineral belt, It includes the town of Breckenridge, and is about 5 miles southwest of the

Montezuma district and about 20 miles northeast of Leadville,

Geologic setting

The Idaho Springs formation and the Swandyke hornblende gneiss, with small amounts of injection
gneiss and gneissic granite, are exposed along the eastern margin of the district, The Williams Range thrust
fault, which trends northwest across the eastern part of the district, has brought Precambrian rocks in contact
with Cretaceous sedimentary rocks on the west, Paleozoic rocks are exposed in several areas in the western
and southern parts of the district, The central part of the district is largely underlain by Tertiary igneous
rocks of quartz monzonitic composition, Dikes and small stocks are abundant, but most of the intrusives
occur as sills,

The rocks of the district are complexly folded and faulted, but nearly all the productive veins strike

between N, 40° E, and N, 80° E,
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A wide variety of types of deposit have been exploited in the district; they include contact-
metamorphic deposits, stockiworks, veins, blanket ores, and placers, but mest of the cutput has come from

veins and placers,

Zoning and conclusions

The ore deposits of the Breckenridge district show a rough zonal arrangement analogous, in part,
to that at Central City, but covering a much larger area, Pyritic-gold deposits predominate in the north and
northeast parts of the district, and lead-zinc veins with gold and silver predominate in the southwest part
of the district, a short distance east and southeast of the town of Breckenridge, The transition zone trends
northwest through Breckenridge,

Vertical zoning is mentioned by Lovering and Goddard (1950, p, 108), who state that veins of
chiefly pyrite and sphalerite with a little galena commonly change abruptly downward into a nearly pure
pyrite; in those veins that contain more abundant galena, sphalerite increases with depth,

King and Roseboom (Written communication, 1953) examined more than 40 mines, dumps, and
prospect pits in the district but found no significant anomalous radioactivity, The results of the radioactivity

reconnaissance suggest that little or no uranium is present in the district,

Montezuma district

Location
The Montezuma district is that part of the Front Range mineral belt between the Breckenridge

district, 5 miles to the southwest of Montezuma, and the Argentine district to the northeast,

Geologic setting
Gneisses and schists of the Idaho»Springs formation predominate in the eastern half of the district
and the Swandyke hornblende gneiss occupies mostiof the western half, Other Precambrgan rocks include a
few bodies of granite gneiss, Silver Plume granite, and pegmatite, Pierre shale of Cretaceous age is exposed

in a fenster in the Williams Range thrust in the northeastern part of the district,
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A large stock of Tertiary porphyritic quartz monzonite extends for about 6 miles across the northern
part of the district, Other intrusive rocks of Tertiary age include dikes of sodic quartz monzoniie, granite,
and rhyolite in the northeast part of the district, and monzonite and diorite to the southwest, The dikes
are generally short, Commonly they strike east to northeast, but in the southwest part of the district many
of the dikes strike northwest,

Most of the productive veins of the district trend northeasterly; but several strong northwesterly faults,
generally poorly mineralized, are present; a few easterly-trending veins are in the thrust plate immediately
overlying the Cretaceous sediments in the southwestern part of the district, The ore deposits contain gold
and silver, and sulfides and sulfo-salts of lead, silver, zinc, arsenic, antimony, copper, and bismuth and

their supergene alteration products,

Zoning and conclusions

Pyritic gold deposits predominate in the southwestern part of the district and lead-zinc-silver
veins predominate to the east and northeast, The area of pyritic gold deposits in the Montezuma district is
adjacent to the area of pyritic gold deposits in the Breckenridge district, and the combined zonal pattern of
the two districts appears as two areas of lead~-zinc-silver deposits partially surrounding a single large pyritic
gold center (fig, 1), The pyritic gold area, however, is rather sparsely mineralized and most of the deposits
that do occur are clustered in isolated groups suggesting small local centers, Data are inadequate to establish
any direct genetic relation between the lead-zinc-silver veins and the pyritic gold deposits of the Montezuma
district, and the transition zone is based empirically on the distribution of vein types,

The area of lead-zinc-silver deposits in the Montezuma district has a wide lateral extent in a
direction normal to the trend of the "‘contact” between the pyritic gold and the lead-zinc-silver zones, and
many of the lead-zinc-silver veins exhibit a vertical zoning, Lovering (1935, p, 61) notes that pyrite and
sphalerite increase with depth in most of the lead-zinc-silver veins and in those which contain notable
copper, chalcopyrite -increases and gray copper decreases with depth, These data suggest that the interface
between the pyritic gold zone and the lead-zinc-silver zone may have a relatively flat slope, If this is so,
the transition zone may extend to the northeastward beyond the northeastern margin of the zone shown on the

map,
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Relatively little reconnaissance for radioactivity has been done in the district, Surveys by Dings
( written communication, 1953) and King and Roseboom (written communication, 1953) have disclosed
three radioactive anomalies, Two of these (the General Teller and the Bell) lie within the favorable zone
shownon figure 1; the third (the Jumbo) is north of the indicated favorable zone, These localities are not
shown as anomalies on figure’ 1 as none exceeds 0, 02 percent eU, Material containing 0, 34 percent uranium

has recently been reported from the New York mine just southeast of Montezuma,

Argentine district

Location
The Argentine mining district is an area about 7 miles long and 3 miles wide, trending northeast,

between the Montezuma district on the southwest and the Georgetown-Silver Plume district on the northeast,

Geologic set1ting
Most of the district is underlain by Idaho Springs formation and Silver Plume granite, The most
abundant Laramide rocks are quartz monzonite porphyry dikes, but rhyolite porphyry, dacite porphyry, and
monzonite porphyry dikes are present, Most of the dikes strike northeast or east, but a few short ones strike
northwest, The veins in the district generally trend north-northeast to east-northeast, but a few strike

northwesterly,

Zoning and conclusions
The Argentine district contains no known pyritic-gold veins and in most of the veins lead-zinc-
silver ores greatly predominate over other typés. Lovering ( 1935, p. 61 ) noted that sphalerite and pyrite
increase with depth in lead-silver veins, but systematic changes in mineralization throughout the district
are minor, Lovering (1935, p, 61) suggested a possible center of mineralization between Kelso Mountain
and Torreys Peak in the western part of the district, but available data do not indicate any significant lateral
zoning, Results of examination for radioactivity of about 25 mines, dumps, and areas of outcrop in the

district were negative (King and Roseboom, written communication, 1953),
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Georgetown-Silver Plume district

Location
The Georgetown-Silver Plume district is an area of about 25 square miles in the west-central part
of Clear Creek County and {ncludes the towns of Georgetown and Silver Plume, The district is bounded by
the Argentine district on the south, by the Empire district on the north, by the Lawson-Dumont district and

the Freeland-Lamartine area on the northeast,

Geologic setting

The Precambrian complex of the district includes the Idaho Springs formation, Silver Plume
granite, quartz monzonite greiss and gneissic granite, Laramide intrusives include dikes of dacite, quartz
monzonite porphyry, granite porphyry, alaskite, and bostonite. The dikes gemera‘fly strike northwest and
are most abundant in the mineralized area around Silver Plume and Georgetown, Some of the less persistent
dikes trend east and northeast, Two stocks of monzonite and quartz monzonite occur in the northwest corner
of the district,

The faults in the district dip steeply and are classified according to strike into three main systems:

(1) N 70%E, , (2) N, 70°W., and (3) N, 50°E,

Zoning and conclusioqs
Spurr, Garrey, and Ball (1908, p. 130) describe a narrow northeast-trending zone of pyritic gold
deposits (George town-Saxon Mountain) bordered on the east, south, and west by areas of silver-lead-zinc
veins, The evidence presented by them, however, is contradictory; and the transition zone, revealed by a
plot of vein types, is indicated on figure 1 only on the southeast side of the area of dominantly goldobeaﬁng
veins,
Little reconnaissance for radioactivity has been done in this district, and no anomalies are plotted

on the map, Relatively high radium content has been reported from waters from the Centennial mine _;/ B

_/ Georgetown Courier, Georgetown, Colo, 1919,
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King (1951, oral commurication) states that radioactivity has been reported in the vicinity of the Colorado
Central group and that radioactive water from the Mendota mine has been sampled by the Colorado State
Board of Health, The Centennial mine is within the transition zone outlined on figyre 1 and the Colorado
group is close to it, The Mendota mine may lie near orbwithin the possible westward extension of the zone,
There are only two known bostonite dikes in the district, and it may be significant that all three radioactive

localities are close to one or the other of the bostonite dikes,

Caribou district

Location
The Caribou district i in the west-central part of Boulder County, about 20 miles west of Boulder
and about 4 miles north-northwest of Nederland, It lies just west of the western end of the Boulder County

tungsten district and is bordered on the south by the Eldora district,

Geologic setting
Boulder Creek granite and schist of the Idaho Springs formation underlie most of the eastern half
of the district; a large Tertiary composite stock of quartz monzonite, mpnzonite, gabbro, and reiated
ultrabasic intrusives covers most of the western half of the district, Southeast and east of the stock is a
swarm of east-trending dikes, Many of the dikes have an outcrop length of more thar half a mile: they
are believed to be younger than the stock,
Most of the veins strike nearly east, but a few trend northwest, The ore minerals are predominantly

sulfides, but native silver and gray copper are common,

Zoning and conclusions
The zonal pattern of the district shows a central area of pyritic gold veins in the vicinity of the
St. Louis mine, with a surrounding area containing lead-zinc-silver veins, The zone inferred to be favor-
able for pitchblende contains predominantly lead-zinc-silver veins peripheral to the central area of pyritic

gold veins and includes the uranium deposit at the Carbiou mine (Moore, Cavender, and Kaiser J Yo

=

_/ Moore, F, B,, Cavender. W, W,, and Kaiser, E, P,, in preparation, Geology and uranium deposits
—of the Caribou area, Boulder County, Colorado: U, S, Geol, Survey Bull,

Arm——— e
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Uranium minerals, other than the pitchblende at the Caribou mine, have not been recognized on other mine
dumps or in other accessible workings in the district; no additional significant radioactivity due to uranium

has been detected (Moore, oral communication, 1953; King, written communication),

Ward district

Location |
The Ward district includes about 20 square miles in the vicinity of Ward and Sunset, The district

is bordered on the southeast by the Baulder County tungsten belt and the Gold Hill district,

Geologic setting

The Idaho Springs formation crops out in a wide arcuate belt, concave to the northwest, in the
southern and eastern parts of the district; Silver Plume granite underlies most of the northern part of the
district,

Many types of Laramide intrusive rocks occur as both stocks and dikes, Rocks of monzonitic and
quartz monzonitic composition predominate but basalt, diabase, diorite, syenite, alkali syenite, alkali
monzonite, rhyolite, alaskite and bostonite are also present,

Most of the veins strike west-northwest and dip north, A few veins in the southeast part of the
district strike northwest and northeast, Pyritic gold veins containing chalcopyrite and lead-silver veins
with minor sphalerite and gray copper account for most of the production of the district; a few veins contain

gold tellurides and tungsten,

Zoning and conclusions
The zonal pattern in the district is complicated by the presence of two pyritic gold centers: one
in the vicinity of Ward and the other to the west of Sunset, Although the total number of productive lead-
silver veins is relatively small and information on the mineralogy of the veins is scanty, the data available
indicate a zoning roughly analogous to that at Central City,
With the exception of a single car traverse across the southern part of the district which located a
intensity anomaly (not shown on fig, 1) at Copper Rock, no other reconnaissance fér radioactivity is known

to the writers,
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Jamestown district

Location
The Jamestown district covers an area of about 36 square miles in the central part of Boulder

County and lies north of the Gold Hill district at the northeastern end of the Front Range mineral belt,

Geologic setting

The Idaho Springs formation, interfingered with Boulder Creek granite, crops out along the southern
border of the district and an elongate mass of granite similar to the Boulder Creek granite forms the Overland
Mountain stock along the western edge of the district, Silver Plume granite with irregular patches of Idaho
Springs formation, Swandyke hornblende gneiss, and pegmatite underlies a large part of the district,

The Precambrian rocks are cut by persistent northwest-trending breccia reefs of Laramide age.
The most prominent Tertiary intrusives in the area are two stocks, One, of hornblende granodioite, occupies
about 4 square miles in the south-central part of the district, and the other, a sodic granite-quartz monzonite
porphyry, covers about 1 square mile on the northeastern border of the larger granodiorite stock, Laramide
dikes range in composition from diabase to alaskite and include several dikes of bostonite porphyry in the
east-central part of the district, The dikes generally strike either northwest or northeast,

The veins are of four main types and follow two sets of fractuzes; an older northwest-trending set.
generally contains lead-silver and fluorspar deposits, and a younger northeast-irending set contains veins of

the pyritic gold and telluride type ores,

Zoning and conclusions
The deposits of the district in order of decreasing age, are: (1) lead-silver deposits. (2) fluarspar
veins and breccia zones; (3) pyritic gold ores, and (4) telluride veins, A few lead-silver veins and tungsten-
bearing veins, both apparently late, occur in the southern part of the district, at the outer edge of the te]luride
zone, The veins in the southern part of the district may be related to the mineralization in the Gold Hill

district; unfortunately the mineralogy of most of these veins is unknown ,
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Most of the veins of the district are clustered around the stock of sodic granite porphyry and probably
are related to it, In the central part of the district a northwesterly~trending fishhook-shaped zone contains
the early lead-silver veins and fluorspar ores (fluorite zone); pyritic gold veins occur to the north, east, and
south of the fluorite zone; and telluride veins are irregularly distributed around the periphery of the area
containing the fluorite and pyritic gold veins,

Lovering and Goddard (1950, p, 260) attribute the irregularity of the zoning to 3 factors: (1) the
sodic granite magma rose from the southwest and the force of its intrusion opened fractures and breccia zones
favorable forthe migration of ore solutions in the steeply pitching roof southwest of the stock, (2) the large
gmnodiorite stock to the south contained fractures suitable for entry of ore fiuids only near its borders; and (3)
the strong northwesterly breccia reefs served as channels for some .Pf the ore-bearing solutions and thus affected
the distribution of the ores,

Except for radioactive pegmatite minerals (Goddard and Glass, 1940), all known anomalies are
associated with the fluorite deposits, (King, written communication; Phair, oral communication, 1953,);
uraninite (Phair and Onoda, ‘written communication, 1950) and uranothorite (Phair and Shimamoto, 1952) have
been identified from the fluorite ore, No abnormal radioactivity is known in the pyritic gold veins or the
telluride veins except where they locally contain fluorite, Only one of the early lead-silver veins (Alice)
has been checked and nc anomalous radioactivity was observed, although some of the ors contains commercial
amounts of fluorspar,

The zonal positions and age relations of lead-silver deposits and pyritic gold deposits are reversed
in the Jamestown district compared to the Central City district, The zonal pattern of these two types is
poorly developed and is complicated by the fluorite and telluride ores,

Lovering and Goddard (1950, p, 261) suggest that the fluorspar deposits occupied early faults, The
affinity of uranium to fluorine apparently was the dominant factor controlling the distribution of uranium in

the district,
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Gold Hill district

Location
The Gold Hill district covers about 12 square miles in the central part of Boulder County,, It is
adjacent to the Jamestown district on the north, and the Boulder County tungsten district on the south and

southwest, and lies just to the east of the Ward district,

Geologic setting

Boulder Creek granite, cut by several dikes of Silver Plume granite and pegmatite, underlies nearly
all of the district, The Idaho Springs formation crops out along the western and northwestern edges of the
district, Laramide dike rocks include diabase, quartz monzonite, alaskite, bostonite., and biotite latite in-
trusion breccia,

Strong northwest-trending breccia reefs are the dominant Laramide structures, Less persistent breccia
reefs trending N, 60°-85°W, break across between reefs of the stronger system, The fissures occupied by
the ore deposits are younger than the breccia reefs, Most of them strike N, 30° - §0° E, and dip steeply; a

few strike about N,” 60° W, and others strike’ nearly east,

Zoning and conclusions

Three main types of veins are present in the district: pyritic gold, lead-zinc-silver, and gold
telluride which is most common, Gold telluride veins are disiributed throughout the mineralized parts of
the district and apparently bear no direct genetic relation to the relatively few pyritic gold veins or to the
lead-zinc-silver veins which Goddard (1940)believes may be both ;aztlier and later than the telluride veins,

In April. 1953, Campbell and Schafer (written communication) examined more than 90 localities
in the Gold Hill district to determine if there is any correlation between anomalous radioactivity and vein
types. Most veins showed abnormal radioactivity ranging from one and one-half to five times background,
in July 1954, Wallace and Laub examined more than 300 additional localities throughout the district and
sampled and mapped more than half a mile of selected mine workings at a scale of 1 inch to 20 feet, A

comparison of uranium content of samples with local geologic setting, mineralogy, spectrographic analyses,
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assay results, and production data of selected mines, taken from the records of the Boulder Sampling Works,
Boulder, Colo, shows no apparent correlation between uranium and vein type, wall rock, other element, or
suites of elements,

Data now available indicate that parts of many veins of all types are anomalously radioactive,
Anomalous radicactivity was also found along numerous small iron-stained f'ractures. Many of these radio-
active fractures cut fresh country rock, and some are as much as 800 feet from the nearest known vein, It
is concluded that the present distribution of radioactivity in the district may be the result of precipitation of
uranium compounds from: (1) hydrothermal solutions in which the uranium was a primary constituent of the
solutions; (2) hydrothermal solutions in which the uranium was extracted during migration from uraniferous
bostonite, pegmatite, Silver Plume granite, or older veins, and (3) meteoric water that has leached and
transported uranium from any of the pre-existing uranium-bearing vein or rock types,

The writers feel that district zoning cannot be demonstrated within the Gold Hill district and that
widespread--though generally low-intensity--anomalous radioactivity shows no definite correlation with

vein type,

Eldora district

Location
The Eldora district includes about 12 square miles in the vicinity of Eldora, at the southwestern

end of the Boulder County tungsten district, It is bordered on the north by the Caribou district,

Geologic setting
The Precambrian complex in the district consists of schists of the Idaho Springs formation with
scattered irregular masses and lenses of granite gneiss related to the Boulder Creek granite, Most of the western
part of the district is underlain by Tertiary stocks of monzonite porphyry and porphyritic quartz monzonite;
east and north of Eldora is a group of eastward-trending Tertiary dikes of hornblende monzonite porphyry and

hornblende and biotite andesite, The veins of the district have been worked mainly for gold-silver tellurides,
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Zoning and conclusions
Lindgren (1907) noted the occurrence of both telluride veins and sulfide veins in the district and
believed that the sulfide veins were later than the telluride veins, No zoning of deposits has been noted
in the literature and none is apparent from the data compiled and shown on figure 1 of this report,
Data on radioactivity in the district (King, written cornmunicatiod) show anomalous radioactivity
at two -- the Platteville and Shirley ‘mines-- of the approximately 15 properties examined; both of these
mines are on telluride veins, A 500-pound sample from the Platteville mine is reported to have contained

almost 8,9 pounds of uranium ( Sims. H, E, , written communication ),

Magnolia district

Location
The Magnolia district is about 5 miles west of Boulder just south of the southeastern edge of the

Boulder County tungsten district,

Geologic setting

The Magnolia district lies entirely within a large body of Boulder Creek granite, The Livingston
breccia reef (a Laramide fault) trends about N, 25° W, across the middle of the district and is locally paral-
leled by a diabase dike of Tertiary age, known as the Iron dike,

The ore deposits of the district are chiefly of the gold-teliuride type, but some tungsten ore has
been mined, Vanadium minerals, chiefly roscoelite, are relatively abundant, and some ore was ship;;ed
from the Kekionga vein in 1910 for its vanadium content (Lovering and Goddard, 1950, p, 234)., The gold-
telluride veins strike generally west or northwest, but most of the tungsten veins trend east or east-northeast

(Wilkerson, 1939a, p. 94).

Zoning 'and conclusions
There is no recorded occurrence of strong sulfide mineralization nor do the available data indicate
any significant mineral zoning in the district,

To the writers® knowledge, no radicactivity data are available for the Magnolia district,
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Boulder County tungsten district

Location
The Boulder County tungsten district is a narrow wegt -southwesterly-trending belt about 9 1/2
miles long, extending from about 4 miles west of Boulder to the vicinity of Nederland, For most of its
length the belt is 1 to 2 miles wide,. but near its western end it widens and includes a group of tungsten-
bearing veins about 1 1/2 miles southeast of Nederland, The belt is bounded on the northeast by the Gold
Hill and Ward districts, on the southeast by the Magnolia district, and on the west by the Caribou and Eldora

districgs,

Geologic setting

Most of the district lies within the northwestern part of the Boulder Creek granite batholith, A
small, but very productive, part of the district is in an area underlain by the Idaho Springs formation, which
borders the batholith on the west, Monzonite and hornblende monzonite porphyry dikes of Tertiary age
are cominon in the western half of the district; several dikes of biotite latite porphyry and intrusion breccia
occur in the ¢astern part of the district, Laramide structures include northwest-trending breccia reefs, and
younger east- and northeast-trending fractures which contain most of the veins,

The dominant ore mineral in most of the veins of the district is ferberite; wolframite occurs locally
and scheelite is a minor constituent of many of the ores, Some tungsten veins show evidence of a weak,
sarly sulfide mineralization and some contain later sulfides (pyrite, marcasite, galena, and sphalerite)
genetically associated with the ferberite, A few telluride veins occur in the eastern part of the district, but
these are older than the tungsten veins and may be related to the telluride mineralization of either the Gold

Hill district or the Magnolia district or both,

Zoning and conclusions
Ne genetic lateral zoning is recognized in the Boulder County tungsten district and the distribution
of vein types is probably the result of the superposition of the tungsten mineralization of areas containing

earlier lead-zinc-silver veins and telluride veins,
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Traces of uranium have been found in ores and vein material of the district, Harder and Wyant
(written communication) report that jig and table concentrates from the tungsten mills contain 0,014 to
0,049 percent eU, but examination of about 130 mines and prospects (most locations unknown) and 5 miles
of breccia reef outcrop showed radioactivity at only two localities: the Pueblo Belle mine, and on the
Livingston breccia reef near the Pueblo Belle (King, written communication), Ogden Tweto (oral communi-
cation, 1954) has observed fluorescent secondary uraninm minerals coating fractures at several localities in
the vicinity of breccia reefs,

The sparse anomalous radioactivity may be related to the breccia reefs and/or to the tungsten

mineralization,

DISCUSSION OF SOME ASPECTS OF URANIUM AND ZONING

Metal ratios as zone indicators

The zoning of districts described in this report is based largely on the mineralogy of the deposits,
In districts where a geographic mineral zoning pattern is not readily apparent, but where the deposits are
thought to be related to a particular intrusive mass or some "source area,” a zonal pattern may possibly be
discovered by the use of metal ratios,

In the Wallapai district, Arizona, the deposits scem to be genetically related to the Ithaca Peak
granite (Dings, 1951), but evidence (based on the mineralogy of the deposits) of lateral zoning around the
granite is generally lacking. In an attempt to discover a zonal distribution of deposits, the metal ratios gold/
silver, copper/zinc, zinc/lead, gold/copper, and silver/copper were computed for some of the mines in
the district using production figures given by Dings (1951, p, 147). These ratios were plotted at the positic;ri
of their respective mines, and the resultant zonal patiern for some of the metal ratios is shown of figure 2,
Also shown are localities containing material with anomalous radicactivity (U, S, Atomic Energy Commission,
written communication, 1953), The radioactive deposits appear to be in or near areas where the veins have
a high copper/lead ratio and an intermediate gold/silver ratio, Data are inadequaie for the other ratios to

show definite pattemns for the critical area at Wallapai, The correlation beiween radioactive deposits and
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certain metal ratios is tentative as data are inadequate in several critical areas, The indicated pattern (fig,
2}, however, is crudely analogous to the zonal pattern at Central City. Colo, , though at Central City the
intermediate zone carrying pirchblende probably has higher copper/iead and gold/sflver ratios,

At least one other area ih the Wallapai district, centering about 1,5 miles scutheast of Chloride
in the gorthern part of the district, shows a similar high copper/lead ratio and an intermediate gold/silver
ratia {Leonard, 1952), Although this area was also covered by systematic radioactivity reconnaissance, no

significant anomalous radioactivity was detected, and the area is not shown on figure 2,

Mineral associations

Chalcopyrite
Evidence from several Front Range districts suggests that copper in the form of chalcopyrite is
most abundant in the transitidn zone, Chalcopyrite is common in many of the veins of the Central City
district, but it is an economically important ore mineral in only a few of them, Incomplete data from the
Mineral Resources of the United States and from unpublished records of the U, S, Bureau of Mines show
that copper produced from chalcopyrite (with minor gray copper) in the Central City district has come

almost entirely from veins that lie within the transition zone Yy . Although chalcopyrite thus seems to be

1/

~ Copper has also been produced from the enargite-bearing veins of the core zone,

more abundant in the transition zone, it is not restricted to any one vein type. The same is true of pitchblende
and the data available for the Central City district indicate only a general association of chalcopyrite and
pitchblende (within the transition zone) and not a specific one (in the same veins),

In the Freeland-Lamartine and adjacent areas, however, there is some evidence suggesting that
the association of chalcopyrite and pitchblende tends to be restrictive, Wells and Harrison (1954) sampled
mine dumps and workings in an area of about 30 square miles in the north central part of Clear Creek

County and report that: (1) only a small percentage of veins chowed significant abnormal radicactivity at
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localities where pyrite was the sole metallic mineral identified; (2) the gre:fe;t’percentage of veins showed
significantvq&/‘z\norma.l radioactivity at localities where chalc’:’pp/yrite and pyl;ite were identified, and; (3)
significant abnormal radioactivity was found at nearlyv the same percentage of localities where chalcopyrite
and pyrite were .identified as those where galena, sphalerite, and chalcopyrite were identified, They
conclude that if the presence of chalcopyrite defines the intermediate zone between pyritic veins and galena-
sphalerite veins, the intermediate zone appears to be the most favorable area for prospecting for pitchblende
in this part of the Front Range,

At least one other district apparently shows a general relation between chalcopyrite and pitchblende,

This is Cormwall, England, a classic district for mineral zoning, where pitchblende is most common in the

cpppér zone '(Dav_idson. C,. F,, 1952, oral communication},

Other minerals

In the Jamestown district uranium is definitely associated with fluorspar, This vassociation of
uranium with fluorite has been noted in many districts: Thomas Range, Utah--fluorite with carbonate gangue;
Marysvale, Utah-~fluorite with minor pyrite, magnetite, and secondary sulfates and oxides; Wolsendorf,
Bavaria, fluorite with barite, quartz and carbonate gangue, and specularite, pyrite, chalcopyrite, and
galena; and others, In contrast there are many fluorspar deposits that contain po appreci;ble uranium and
many uranium deposits are in districts that are essentially lacking in fluorite, Essentially these same general
relations hold for the association of uranium with cobalt and nickel suifides, arsenides, etc,, and silver

minerals,

Conclusions
Certain characteristic mineral associations may be valid, although not completely restrictive,,
within a district, Either one or the other of any "mineral pair" may be absent or present only in trace amounts,
The assoc_.iation of uranium with certain other minerals may be a useful prespecting guide--either from a
zonal viewpoint or on the basis of individual deposits, The corncept must be applied with caution and is

most useful where the validity and degree of association are known within any one district,
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Pitchblende in the paragenetic sequence

Within the Front Range mineral belt, the pa;r&genetic relation of pitchblende to sulfides is known
only from the Quartz Hill area of the Central City disizict, from the Caribou district, and from one locality
in the Gold Hill district, A single specimen of hard pitchblende from an adit just east of the Silver Queen
shaft (?) in the Gold Hill district is cut by fine stringers of horn qua’rtz containing pyrite, At the Caribou
mine in the Caribou district pyrite, sphalerite and galena are both younger and older than pitchblende (Wright,
written communication, 1950), In the Central City district many specimens show brecciated pitchblende
cut and cemented by pyrite and chalcopyrite which are older than galena and sphalerite, P, K, Sims (oral
communication, 1953), states that in some specimens the pitchblende appears to be contemporaneous with
pyrite, and Bastin and Hill (1917, p, 123-124) believed that pitchblende was contemporaneous with some
chalcopyrite, A single specimen owned by R, R, Hinckley of Russel Gulch, Colo,, taken from the West
Calhoun mine, contains galena coated with pitchblende which in turn is overgrown in places by marcasite
(P, K, Sims, oral communication, 1954),

Although the age of pitchblende relative to sulfides is.quite varied,most of it appears to be clder
than most of the sulfides, including the pyritic gold orss which predominate in the core zone, According to
the classic concept of hypogene zoning as presented by Emmons: (1926) the predominant minerals in any zone
should be older than the predominant minerals in any zone further from the source, Thus, pitchblende in
the Central City district should be younger, and not older than the pyritic gold ores as indicated by the
paragenesis, There are at least two possible explanations of this discrepancy, Lovering and Goddard (1950,
P. 84) note that a zonal distribution of metals is commeon around many local centers of mineralization and
that in many places there is some overlapping of zones from adjacent centers, Unless the rather unlikely
assumption of exactly simultaneous mineralization from separate centers is made, it is possible, therefore that
within a zone of overlap, late minerals from the first-mineralizing source will appear as early minerals
relative to those deposited from the source which was active later, A second possible explanation of the
apparent contradictory age-position relationship is deposition at any give point in an environment of changing
physical-chemical conditions; ¢that is, a zone with an environment of deposition favorable for the precipitation

of one suite of minerals may encroach upon zones in which the environment of deposition and resujtant :
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mineral suite were originally quite different, Thus, with "increasing intensity” conditions, minerals which
during earlier stages of mineralization deposited mainly in the central zone of a district may be deposited
in the next outer zone, and cut, vein, and replace minerals that in the early stages of mineralization were
younger than the miinerals of the core zone,

In addition, certain unrecognized physical-chemical controls of deposition and solution, similar
to those that may account for the common "reversal * of sphalerite and chalcopyrite in the zonal-paxagenetlé
relation, may have operated,

For the reasons stated above the writers do not believe that an early age of pitchblende relative
to the pyritic gold ores in the Central City district necessarily invalidates a genetic relation of pitchblende to

the zonal sequence,

Faul; patterns

Vein formation is dependent upon the presence of pre-mineral openings and the deposition of
minerals, either by replacement or open filling or both, from solutions passing trhough the openings, The
vein pattern is thus influenced both by the distribution of pre-existing fractures and the accessibility of the
fractures to mineralizing solutions, The distribution of pre-vein fractures is influenced by the distribution of
rocks of varying physical properties, and by the type, intensity and localigzation of stresses on the rocks, An
example of the effect of country rock on fractures is found in the Central City district where open fissures
formed less readily in the Idaho Springs formation than in other rock types, and the distribution of rock types
has thus influenced the distribution of fractures, The importance of the type of stress producing the fractures
is the fracture pattern that surrounds and is related to the shape and mode of intrusion of a stock of soda granite
in the Jamestown district (Goddard, 1935), At Gold Eill Goddard (1940) suggested the imppriance of the
breccia reefs in serving either as main distributaries to the vein fissures, or as dams blocking the flow of ore
solutions, The Dory Hill fault is thought (Lovering and Goddard, 1950) to have localized the belt of telluride
mineralization in the Central City district,

The configuration of zones shown by variations in the mineralogy of the veins in a district is, of

necessity, restricted by the total vein pattern, Within this pattern, the distribution of different vein types is
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influenced, not only by the distance of the vein from the source of the solutions, but by the accessibility
of different groups of fractures at different times to ore sclutions of changing composition, The control of
fault patterns on zoning, either direct or indirect, is thus very great, even in the simple case where all the
veins in a district are the result of one period of mineralization from a single source,

In the Freeland-Lamartine area, Harrison (1953) noted a linear zoning along veins in cymoid
fractures, with pyritic gold ores in the central segment, and slightly younger lead-zinc ores in the later-
formed terminal segments, He believes (oral communication, 1954) that a similar linear zoning may also
be applied on a much larger scale to vein systems, If this concept is correctthe concentric pattern at Central
City might be explained by the overlapping of roughly linear zoning along two or more systems of cymoid

fractures,(See fig, 3.)

Vertical zoning

Changes in mineralogy and tenor of ore with depth in individual veins or groups of veins have been
noted at various places in the Front Range mineral belt, As mentioned previously, there is some suggestion
that the interface between the zone of pyritic gold veins and the zone of lead-zinc-silver veins in the north-
ern part of the Montezuma district may be relatively fiat, The writers believe that the boundary surfaces
between zones in many of the districts may be generally steeper but are propably quite irregular, Unfortunately,
the shape; slope,. and thickness of favorable zones, and therefore their location with depth, are generally

unknown in the Front Range districts,

Relation of uranium to radioactive Tertiary porphyries

A spatial relation between bostonite dikes and pitchblende deposjis has long been recognized in
the Central City district, and a genetic relationship between themn has been suggested by several workers,

The bostonite of the Front Range (Spurr, Garrey and Ball, 1908; Phair, 1952; and Wells, oral
communication, 1954) is lime- and magnesia-poor with domipant alkali feldspar and & fine-grained
trachytoid texture, with or without phenocrysts of potash feldspar, and with varying amounts of silica, Ac-

cessory minerals in different specimens include aegirine-augite, sphene, apatite, andradite, quartz,fluox’ite,
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and zircon, In the Central City-Idaho Springs district, these rocks occur mainly as dikes; some of these
are persistent and one has been traced for about 4 1/2 miles, Lenticular masses as much as one-eighth
mile wide occur both as isolated bodies and as local swellings along dikes,

Both bostonite and pitchblende are more abundant in the Central City-Idaho Springs district than
in other parts of the Front Range mineral belt, Alsdorf (1916) noted a spatial relationship of bostonite and
pitchblende deposits in the Central City district, He further observed that parts of some bostonite dikes in
the district are strongly radioactive and suggested a genetic relationship between bostonite and pitchblende,

Phair (1952) subdivided the bostonites as syenitic bostonites, non-porphyritic quartz bostonites, and
quartz bostonite porphyries and found that all three types are abnormally radicactive, The non-porphyritic
quartz bostonites are the most radioactive and contain ag much as 20 times the uranium content of the
"average granite,”

Phair (1952) has shown a rough correlation between radioactivity and zircon content of the quartz-
bearing bostonites, The affinity of zirconium and uranium is also expressed in the composition of the urani-
nite which Phair believes was deposited from solutions derived from a bostonite magma, Hillebrand (1888,
1890, and 1891) analyzed a uraninite specimen from Elack Hawk {Central City district) which contained
7. 59 percent ZrOg, Phair (oral communication, 1954) found approximately 5 percent ZrO, in uraninite
from the Wood mine, These values compare with a zirconia content of /generally less than one percent for
analyzed uraninite specimens from districts in many other parts of the world,

The geographic and geochemical relationships noted above suggest a genetic tie between bostonite
and pitchblende in the Central City district. The writers, however, feel that the geographic relation of
pitchblende and the bostonites is general (within the district) and not specific as suggested by Asldorf (1918)
and Phair (1952),

The Central City district is the type area for the concept of a relation of uranium to mineral
zoning, If bostonite and ur;mium are related and if pitchbiende is related to the sulfides, then there should
be a genetic relation between bostonite magma and the sulfide mineralization of the district, There is no

general agreement on this subject, but the writers believe that the bostonite magma is just as likely a source
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for the solutions which produced the sulfide mineralization of the district as any of the other Tertiary magmas
of the district; Lovering and Goddard (1950, p, 2, 91) consider bostonites as the source of the solutions that
deposited pyritic goldores, Thus, arelation of bostonite-and pitchblends may not necessarily negate the zonal
hypothesis of uranium presented in this report; that is, both pimcpbiende and the sulfide ores may be related

to the bostonites,

In places gabbro, granodicrite, monzonite, bictite latite, and alkali syenite are known to contain
appreciably more }(4 to 8 times) equivalent uranium than that normally found in rocks of corresponding com-
position ( Phair, oral communication, 1954), Although bostonite magmas in the Front Range mineral belt
probably contained unusual concentrations of uranium, the scarcity or absence of known bostonites in many
districts in which uranium is found and the abnormal uranium content of many other Tertiary intrusive rock

types, suggest that uranium-bearing solutions were derived from source magmas other than bostonite,

CONCLUSION

The writers originally set out to test the hypothesis of a relation between hypogene zpning and
uranium, The districts of the Front Range mineral belt have been emphasized because of the relatively large
amount of data available, Certainly, there are numerous other mining districts that are zoned and some of
these may contain uranium, Many such districts have been considered during the c&nrse of the present in-
vestigation, but for most of the districts outside of the Front Range mineral belt the writers have insufficient
data to warrant inclusion in this report,

A plot of the Tertiary porphyries of the Front Range mineral belt reveals a \éomplex pattern that
the writers feel partly reflects complex resevoir conditions during the general period of igneous activity,
The writers believe that crystallizing magmas were the source of mineralizing solutions that formed the
Tertiary vein deposits in ithe Front Range mineral belt; that these solutions were expelled at different times
from many separate magma chambers containing magmas of various compositions; that pitchblende is found
intimately mixed with other ore minerals in various paragenetic relationships in many veins; that bostonite
magmas may have contained relatively large concentrations of uranium, but that uranium-bearing ore solutions
were probably derived from many other types of magma; that in many of the districts uranium and other

'

metals were probably derived from the same source; and that in goned districts containing wranium, the ura-
nium tended to be precipitated in certain zones, |
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It seems probable that in some places either hydrothermal or meteoric solutions, or both have
extracted uwranium from uranium-bearing bostonites, pegmatites, Silver Plume granité or veins, Thus, the
distribution of uraniferous rocks or veins subject to hydrothermal or supergene leaching has probably influenced
to some extent the distribution of radioactivity,

The writers believe that the results of their investigations in the Front Range districts suggest that
the concept of a zonal relation of uranium to other metals is a valid one, It is hoped that this report wiil
encourage other workers in geology to test further the concept of a preferred position of uranium in zoned r

metalliferous districts, and that the zonal hypothesis will prove useful in the search for uranium deposits,
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