





UNITED STATES DEPARTMENT OF THE INTERIOR
Douglas McKay, Secretary

GEOLOGICAL SURVEY
W. E. Wrather, Director

GEOLOGICAL SURVEY CIRCULAR 290

THORIUM INVESTIGATIONS 1950-52, WET MOUNTAINS, COLORADO

By R. A. Christman, A. M. Heyman, L. F. Dellwig, and G. B. Gott

This report concerns work done on
behalf of the U. S. Atomic Energy
Commission and is published with
the permission of the Commission.

Washington, D. C., 1953
Free on application to the Geological Survey, Washington 25, D. C.







CONTENTS

Page Page
Abstract c.vvviiiii it iii e . 1 Description of prospects—Continued
Introduction «oveveiiiiiiii it 1 Other thorium deposits ........cvven.. 20
Rock unitsS. . voivieniiniiinieninniennennns 2 Anna Leelode ..ovvievnenn.n. . 20
Amphibolite v.iveiiiniieerennnennnnes 4 Atomic Mountain claim ......... 21
Biotite granite gneiss smreeeevecnennn 4 Barite 10de .ciieiiieieieniienans 21
Metagabbro....... eavehecesanannann s 4 BigChief lclaim .vvvvvevnnenen 25
Migmatite .ocvviiinneereierennanaen 5 Charleston property .......... . 26
Microcline granite ..ovvveveeennnn.. . 5 Darby extension property........ 25
Pegmatite and white granite......... . 5 Dreamer's Hope claim........ . 25
Syenite(?) . veee e iiiienennnnnnn . 5 Griffen property «.veeeeececnaes 25
Basicdikerock couivviiiiiiinniinnns 6 Homestake claims c..coveennn. . 25
Other units cvvvvveniiiiieiieneenanan [§ Lee Jones property «.......... , 26
Structire ....vieeiiiiiiiiiiiiiiaeann, . 6 Lucky Find claim ............ . 26
Thorium deposits «.vevivenevireneannnns . 8 Mystery 10de voveevieenanann. . 26
Distribution ......0.uu.n. e 6 Nightengale claim ....vvvunnn. . 2B
MiIneralogy veeseveeenescoseencenns . 7 O. Tuttle property.eeeeeeeeen. . 26
Sizeand grade c.oveeereeieeianasenens 7 Pennie Poker claim.......... .. 26
Suggestions for prospecting.....cceeeenens 8 Sewell ranch property......... . 26
Description of prospects.. ..oevvuieenna. 10 Spalding property...c.evveeeens Y
Haputa ranch area .....covvivuennns . 10 Starbuck claim...ccovevenenes .27
RockunitS...ooveevviiiennannnas 10 Stinkhole claim...coeveevne ceee o 27
Structure .v..viiiiiiiiiin e . 10 Sunrise claimS....... eraseanee 29
Exploration ....ccovevevinennns . 10 Swartz property c.ceeeveeaness . 29
Surface exploration....... . 10 Unnamed ProspeCle.ceveesnesees 29
Diamond-drilling ......... . Literature Cited vovvvervaeerrennnanneanans 29
exploration ...evvvuennn . 10 Logs of drill holes
Thorium deposits ..... feeeseane . 12 Area of drill holes Ha-3andHa-7...... 30
Haputa extension ......ovveveennenne. 12 Area of drill hole Ha-8 .cieeeeveans . 32
Geology and thorium Area of drill hole Ha-10......coennnne 33
dePoSitS v ittt . 12 Area of drill hole Ha-11........0vuene 34
Greenwood Property...oeecvenersaas . 17 Area of drill hole Ha-8..vevneecanns . 34
GEOlOgY v et vnetvnncnassnencanas .18 Area of drill hole Ha-2 ...evevennns . 36
Thorium depositS...eveveeeeennn. 18 Area of drill hole Ha-1 «..uvvennns ... 36
Tuttle rancharea .....oiviineniae. 19 Aregof drillhole Ha-4...cvvvvvennnnns 37
GeOlOgY +everecurnraneaasannsans 19 Area of drill hole Ha-5 cvevenereannns 38
Thorium deposits .....cveeeeenns 20 Area of drill hole Ha-9 ....... ceeseas 39
ILLUSTRATIONS

Plate 1. Geologic map of Haputa ranch, Custer County, Colo..cesseesarsoerereaenaaaccacsaaes eseae . In pocket

2. Map showing shear zones, isorads, drill holes, and sample localitieS....civereeniniencaenes In pocket

3. Geologic map of Haputa eXtenSIiON . uuvesseeseseeseeeonceanneesnnessaasoennssonescessnsonns In pocket

4, Outcrop map of Greenwood PropPerty... veveeeesases e tererasirsasaeaasarennasentnaseensn . In pocket

5. Geologic map of Willis Tuttle ranch ........ teeevetesvenrarntancossensearornoracsocnnnes . In pocket
Figure 1. Index map of Wet Mountains area ...eeveeveceeeenceccass et seeeestarascsecastrsannnanenns . 2
2. Map of known thorium areas and ProSPECES.. «.uvateeterersneeeaenneeroeencsasveesrsensseane 3
3. Isorad map of Anna Lee lode, Custer County, Colo...uuueassetsieineraesesnaraneacaanasssss .21
4, Isorad map of part of SeWell ranCh .....ueeeeereeeererocesssntsesoososocssossssssnsasasssnns 27
5. Prospects on Starbuck Claim ...vvuseiiieiiieneetiensrecosorscssroesosssassosscensossascasse 28

iii



Figure 6.

Table

8

.

10.
11.
12.
13.
14.
15.

N
o .

> o o

)

ILLUSTRATIONS—Continued

Section through drill hole Ha-3 and Ha-7 c.v.viiveiiiinnieeenecenesennnnes P eeen

Section through drill hole Ha-8....viiviieiieninrenennonnenonnn feriereaeaenn Cereseenene .
Section through drill hole Ha-10..........cciivivennnnn. eeerieaaes Cheereaneanes teeseeeas .
Section through drill hole Ha-11. ...t terurnrenioreosrnnensaceransssecesnenasasannos ces
Section through drill hole Ha-6 ......ccoivvennnnn i eeetaetiaseateaer et aeaeaanaen .
Section through drill hole Ha-2 ......... D J N .
Section through drill hole Ha-1 ........... ettt eteeteteteneee s e btats et aabaenans .
Section through drill hole Ha-4 .....c.ivtiunenrncnnnens Ceessecaeaaan Ceereriaias e .
Section through drill hole Ha«b ... . it iiiiiiiiiiiiiiiiiieniiesonsentenasnconenes
Section through drill hole Ha-0 ... ..iiuiiiiiiiiiiiiiineteneeeuneconsassosassasssonnons .
TABLES
Spectrographic analyses of thorite ......ciivuniiiiiiiiiiiiiiiiiiiirinieinesinnsenanenns .

Comparison of thorium values obtained by calculation a.nd by radlometrlc, radiochemical,
and chemical methods ........ S N

Analyses of samples from prospect pits and surface exposures at Haputa ranch ............. .
Summary of diamond-drill hole data, Haputa ranch...v.ceevveiieriiniinneeeeannns ceesenene
Analyses of diamond-drill cores, samples from the holes at Haputa ranch ........ eeenes

Equivalent UzOg and equivalent ThO, as determined from the gamma—ray logs of the
drill holes, Hapuia TanCh ...uviieiriterenesneenoeessocsonscseasasssonsssssnsnsasssnssnscs

Analyses of surface samples, Haputa eXtension «voveuveereneroeerronsrannse Cereeeaeas RPN
Analyses of surface samples, Greenwood Property «eoeeeeeecvans etearaeaes eeetsceanacan e
Analyses of surface samples, Tuttle ranch .....covvvveenenann ceeantuesssansrcentessennans .
Analyses of surface samples from other prospects ........ Crereessesanans cerenaan feeeeena

iv

Page

11
12
13

15
18
19
20



THORIUM INVESTIGATIONS 1950-52, WET MOUNTAINS, COLORADO

By R. A. Christman, A. M. Heyman, L. F. Dellwig, and G. B. Gott

ABSTRACT

The Wet Mountains thorium district was examined
in 1950 by the U. S. Geological Survey during recon-
naissance-investigations for uranium made on the be-
half of the Atomic Energy Commission. The size of
this new district is not known, but the deposits found
before 1953 are in an area 20 miles long and about
10 miles wide, the southwest boundary of which éxtends
north-northwestward from Querida and Rosita, Custer
County, into Fremont County, Colo. Most of the de-
posits, however, are in the southeasternhalf of this area.

The thorium minerals occur in northwest-
trending shear zones that contain barite-sulfide veins
and cut a pre-Cambrian complex of amphibolite,
biotite-granite gneiss, metagabbro, migmatite, micro-
cline granites, pegmatite and white granite, and
syenite(?). Pre-mineralization basic dikes are found
along the shear zones.

Thorite has beententatively identified as the prin-
cipal radioactive mineral. Itcommonlyis associated
with barite, quartz, galena, fluorite, limonite, pyrite,
and rare-earthoxides. Some ofthe shear zones perhaps
canbe traced for more thana mile, but the largest known
thorium-bearing orebody is 300 feetlong, 26 feet wide,
and 400 feet deep. Channel samples from the veins
contain as much as 4.5 percent equivalent ThO,. The
uranium content is generally about 0. 002 percent.

Eleven diamond-drill holes, totaling 3,291.2 feet
have explored five shear zones on the Haputa ranch.
Three ore bodies of possible economic interest are
indicated in two interconnecting shear zones. No
other deposits of thorium in the Wet Mountains have
been explored or even sampled enough to permit an
estimate of the grade and tonnage of reserves.

INTRODUCTION

Thorium-bearing shear zones were discovered
in 1950 at Haputa ranch, 5 miles northeast of Rosita,
on the west side of the Wet Mountains in Custer County,
Colo. (figs. 1 and 2), but the size of this new metallo-
genic province of thorium is incompletely known. Most
of the known radioactive localities are in an area about
12 miles long and 8 miles wide that extends from
Haputa ranch north-northwestward into Fremont County
("project area” of fig. 1). However, a few scattered
localities are further to the northwest (fig. 2). The
entire known thorium-bearing area is about 20 miles
long and 10 miles wide. To the east is the highest

part of the Wet Mountains; to the west is the
Wet Mountain Valley, which berders the Sangre
de Cristo Mountains.

Before discovery of thorium in the Wet Mountains,
the only extensive geologic investigation within the
region was a study of the Rosita-Querida-Silver Cliff-
Westcliffe mining district by Emmons and Cross (1896).
This district comprises an area of predominantly
Tertiary volcanic rocks and contains silver, lead,
gold, zinc, and copper in veins and associated breccias.
No abnormally radioactive rocks have been found in
it to date (1952). The thorium deposits are farther
east, in shear zones that cut unmapped pre-Cambrian
igneous and metamorphic rocks. Within the shear
zones are minor deposits of silver, lead, and barite
that may or may not be radioactive as well as thorium
deposits devoid of silver, lead, and barite. The
largest of the lead deposits is the cerussite mine at
Ise (fig. 2).

In July 1950, Gott and Dellwig detected the
radioactive shear zones by means of a car-mounted
Geiger counter while enroute to investigate a slightly
radiocactive granite sample submitted to the Geologiecal
Survey by Lawrence Knobbe from Gecrge Haputa“s
ranch. Soon thereafter thorite was identified as the
radioactive substance. During August 1950 Dellwig,
assisted by C. G. Bowles, made an outcrop map of
the Haputa ranch property and during the summer of
1951 Dellwig and Heyman mapped the Tuttle, Greenwood
and Haputa extension properties (Dellwig, 1951), In
1950-51, Gott, Dellwig, and Heyman examined other
prospects in the Wet Mountains area. By radiometric
reconnaissance, they traced several of the larger
shear zones. As a result of preliminary studies it
was decided to diamond drill the best known deposits
at the Haputa ranch to determine their characteristics
at depth. Between November 1951 and April 1952 the
U. S. Bureau of Mines, under contract to the Atomic
Energy Commission, cored 11diamond-drill holes at
Haputa ranch. Kenneth Bell and assistants of the
Geological Survey obtained gamma-ray logs of the
drill holes. Heyman and Christman were responsible
for the geologic studies, but over-all supervision of
the drilling was the responsibility of C. C. Towle, Jr.,
of the Division of Raw Materials, Atomic Energy
Commission. Dellwig and Gott spotted the first seven
drill holes and Heyman was the geologist in the field.
Christman assumed responsibility for the project at
the end of February 1952 and with Heyman supervised
the later phases of the drilling program, revised
Dellwig's map in accordance with the new data obtained
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Figure l.—Index map of Wet Mountains area, Colorado.

during drilling, and prepared this report, which
summarizes all information gathered in the area be-
fore August 1952.

As a second phase of thorium investigations in
the Wet Mountains, systematic geologic mapping at a
scale of 1:6, 000 on a topographic base of 80 square
miles was started by the U. S. Geological Survey in
July 1952 (fig. 2). This study, under the direction
of Q. D. Singewald, is part of a larger regional pro-
gram. This report should be considered preliminary
as many of the ideas here presented are subject to
change as more information is obtained.

All work by the Geological Survey in the
Wet Mountains area has been done on behalf of the
Division of Raw Materials, Atomic Energy Commission.
Special acknowledgment should be made to the personnel
of the Trace Elements Section, Denver Laboratory,
who made all the analyses. The writersalso are indebted
to Willis Tuttle, M. Greenwood, L. Knobbe, Ernest
Sparling, and particularly G. Haputa, for their
cooperation and aid in locating many of the radioactive
deposits.

ROCK UNITS
The pre-Cambrian metamorphic and igneous

rocks in the Wet Mountains area are composed prin-
cipally of an older series of schists and gneisses and

a younger microcline granite that commonly occurs inter-
layered with the older rocks. Inthe southernhalfofthe
area, acoarse-grained hornblende-richrock calleda
metagabbro, older than the microcline granite and younger
than the gneisses and schists, is animportant rock unit. All
these rocks are cut by pegmatite and basic and acidic dikes.

Mapping units that may be distinguished locally
within limited tracts were established at the Haputa,
Greenwood, and Tuttle properties. Mapping units
applicable to the area as a whole were not established
because time was not available for regional stratigraphic
studies. Although this report is a compilation of work
done by several men at different times, some simi-
larity existed between the map units designated for the
various deposits. In redrafting the earlier maps
slight changes were made in terminology so that the
rock units on all the maps now are as nearly alike as
possible. These units, however, are subject to change
as mapping proceeds.

The rocks in the Haputa ranch area are best
known as a result of data from the drilling and the
detailed geologic mapping. The pre-Cambrian rocks
are divided into the following units, listed in order
of decreasing age: (1) amphibolite, (2) biotite granite
gneiss, (3) metagabbro, (4) migmatite, (5) three
varieties of microcline granite, (8) pegmatite and white
granite, and (7) syenite(?). The only rocks believed
to be Tertiary in age are veins and basic dikes. These
units are described in detail below and, along with
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differences that are noted for the Greenwood and
Tuttle properties, serve as the general description
of the rocks in the area.

Amphibolite

The amphibolite is probably the oldest rock in
the Haputa ranch area. It has a uniform, fine-
grained texture and is composed of hornblende,
plagioclase, and a small amount of biotite. Thin sec-
tions of some varieties reveal small amounts of quartz.
The foliation is generally good; lineation is obscure.
Because the rock weathers easily and the exposures
are poor, a much larger amount of amphibolite was
found in the drill core and trenches than in surface
outcrops. Probably 30 percent of the covered areas
mapped as "biotite granite gneiss and amphibolite"
at Haputa ranch may be underlain by amphibolite, If
the exposures were better, it is likely that several
varieties of amphibolite and hornblende schist could
be distinguished on the basis of the quartz and biotite
content and the degree of schistosity.

Most of the amphibolite is found within the biotite
granite gneiss as pods, stringers or wisp-like masses,
generally alined with the foliation of the granite gneiss.
In places it is folded and contorted. In a few places,
the rock is in short dike-like masses that are at angles
of less than 10° to the foliation of the granite gneiss.
Dellwig believes these dikelike masses, mapped as
amphibolite, are a hornblende-andesine gneiss of
slightly younger age.

At Haputa extension and the Tuttle property the
gneiss mapped as amphibolite contains in addition to
plagioclase and hornblende small amounts of visible
quartz. At the Tuttle property garnet and a variety of
the amphibolite that contains garnet was mapped as a
separate unit. It is dark gray to brown, fine grained,
and contains biotite, quartz, and brown to dark-red
garnet as minor constituents; some of the biotite has
been derived from the hornblende. At the Greenwood
property, no quartz was found in the amphibolite;
locally a small amount of garnet was found.

Biotite granite gneiss

The biotite granite gneiss in the Haputa ranch
area is a pink to gray, medium-grained, well-foliated
rock. It is composed mainly of pink and white feldspar
(about 60 percent), quartz (30 percent),and mafics
(10 percent). The mafic minerals—mostly biotite and
hornblende—in a few places comprise as much as
70 percent of the rock. They are responsible for the
well-developed foliation; in a few places the gneiss has
a steep or vertical lineation.

The biotite granite gneiss is poorly exposed and
weathers to a brownish rock in which the foliation is
strongly-emphasized. On plate 1 the location of out-
crops is shown by the pesition of the foliation symbols;
many of the covered areas were assumed to be granite
gneiss.

Where the biotite granite gneiss has been altered
by lit-par-1it injection or migmatitic introduction of
younger granitic material, it forms a resistant outcrop,
and in places the biotite granite gneiss grades along

strike into a ridge-forming migmatite. Rock with
less than 20 percent added material was mapped as
biotite granite gneiss; rock with more than 20 percent
was mapped as migmatite in the Haputa ranch area.

A similar biotite granite gneiss was mapped atthe
Haputa extension and the Greenwood properties; it is
absent at the Tuttle property. At the Greenwood prop-
erty the unit was extended to include ahornblende granite
that was too poorly exposed to be mapped separately.

The origin of the granite gneiss is unknown; it
may be a true igneous rock or, more likely, it is gran-
itized or migmatized sedimentary rock.

Metagabbro

In the Haputa ranch area, metagabbro is the second
most abundant rock type; it underlies most of the
southern part of the area. General reconnaissance
indicates, however, that it is not as abundant elsewhere
in the Wet Mountains area. The most common variety
is a medium-grained, dark-green to black rock con-
taining 60 to 50 percent mafic minerals and 40 to
50 percent plagioclase (labradorite). The mafic min-
erals are hornblende and minor amounts of green
pyroxene and biotite. Where fine grained, the rock is
difficult to distinguish from amphibolite, especially
if the pyroxene is not visible. Locally, another common
variety resembles a hornblendite or peridotite; this
rock consists entirely of medium- to coarse-grained
hornblende with negligible plagioclase. The core from
the diamond-drill holes Ha-1 and Ha-2 showed that
the peridotite-like rock is gradational to the normal
type of metagabbro and is probably a facies of it.

A third variety is a striped rock in which the plagio-
clase is most abundant in layers 1/16 to 1/8 inch

thick that separate hornblende-rich layers. In addition
to variations between these types, changes in grain
size and degree of foliation give the rock a variety of
appearances.

In places the metagabbro has well-developed
lineation, foliation, or both; in others it is almost
granitoid. It is difficult to determine its structure
in the field, however, because the rock weathers to
rdunded masses which are seldom in place and the
outcrops are too small and scattered to decipher the
many variations in the foliation and lineations. The
foliation in a metagabbro mass north of the county
road that crosses the Haputa ranch is well developed
and parallels the regional trend. In several places
the gabbro contact parallels the foliation of the older
biotite granite gneiss (or migmatite), but in other
places the contact is at right angles to the foliation
suggesting that the gabbro is probably intrusive. The
fact that the metagabbro may be granitoid in areas of
well-foliated rocks suggests that it might be, in part,
contemporaneous with the metamorphism.

Reconnaissance in other areas has indicated that
additional work is necessary to determine the variations
and origin of this unit. Rocks that are megascopically
similar apparently are igneous intrusions in one place
and metasedimentary(?) gneisses in other places.

Metagabbro occurs at the Haputa extension; it is
scarce at the Greenwood property and is absent at the
Tuttle property.



Migmatite

The biotite granite gneiss in many places has been
intruded lit-par-lit by microcline granite to form mig-
matite or injection gneiss. The introduced granitic
material ranges from intrafoliational films to sills
several feet wide; most commonly it is found as seams
or small augen-like masses along the foliation planes.
The migmatite is generally more resistant than the
surrounding biotite granite gneiss and forms ridges
parallel to the trend of the foliation.

The migmatite, as mapped (pl. 1), is a unitgra-
dational between biotite granite gneiss and microcline
granite. It contains 20 to 80 percent microcline granite.
Migmatites commonly surround the masses of microcline
granite and in some places appear to be localized near
the shear zones.

On the Haputa extension and Tuttle property maps sim-
ilar appearing rocks, whichpreviously were mapped as
"injection gneiss, "are included in a unit of "undifferentiated
granitic rocks." In these areas granitic gneiss and
microcline granite occur as layered sequences or as
intimate mixtures. At the Greenwood property only
a few outcrops of migmatite were found.

Microcline granite

Several varieties of microcline granite are found
throughout the area as stringers along the foliation
planes of the gneisses and as sills, dikes, and as
small pods or masses. The granite is characterized
by a large percentage of microcline feldspar and a
pink coler. In the Haputa ranch area, three varieties
of microcline granite are closely related in age. They
easily can be distinguished in most places in the field.

An alaskitic variety is the most common and is
most readily recognized. It is characterized by a
high quartz content and by a paucity of mafic minerals;
a small amount of biotite is locally present. The rock
is commonly fine grained to "sugary" in texture and
may be quite friable when weathered; in some places
local streaks of coarser material give the rock a slight
foliation. The alaskitic granite caused most of the
migmatitization of biotite granite gneiss in the Haputa
ranch area. It occurs as sills, where thicker layers
have been injected along the foliation planes, and as
small masses. Occasionally it occurs as pods or
crosscutting dikes.

A coarse-grained facies of the alaskitic granite
is locally common as small masses in the vicinity of
drill holes Ha-3 and Ha-"7. This rock is medium to
coarse grained with conspicuous large grains of quartz,
although the total quartz content is probably less than
in the sugary textured facies. The mafic content is
relatively high (about 10 percent) and consists of horn-
blende and biotite; in some places the rock is weakly
foliated. Within a few feet along the strike, the coarse-
grained facies was observed to grade into the sugary
facies.

The second variety of microcline granite is
characterized py a higher percent of biotite, moderate
to low quartz, and a lower microcline content than the
other microcline granites. It is generally distinguished
by its gray color. This facies occurs mostly as sills
or layers along the foliation north of the Haputa ranch

area where it is the dominant type of microcline granite.
This variety (pl. 1) is probably gradational with the
other two types of microcline granite.

The third variety of microcline granite is
characterized by its massive or dense appearance,
red feldspar, and low quartz content; most of the rock
appears to be composed of red feldspar and variable
proportions of hornblende. It is medium to fine grained
but does not have clearly defined mineral grains. The
rock commonly is highly fractured; the fracture surfaces
are smooth and stained with limonite. It occurs prin-
cipally as small dikes that cut the amphibolite,
biotite granite, gneiss, and metagabbro. It appears
to cut the alaskitic granite in one locality.

The high potash content of the microcline granites
is reflected in the radiometric logs of the drill holes.
The radioactivity of many of these bodies is about twice
background (fig. 9).

Microcline granite was mapped in all the areas
studied.

Pegmatite and white granite

Small pods and dikes of pegmatite and white
granite occur throughout the Haputa ranch area. The
pegmatite is composed of various proportions of white
quartz and pink microcline containing some mica or
hornblende. These minerals may be as much as 4 inches
in diameter; some quartz and feldspar is in graphic
intergrowth. Other minerals generally are absent but
one 6-inch pegmatite in drill hole Ha-1 contained sev-
eral blades of an unidentified, light-brown, radioactive

- mineral. In places, the pegmatite has been irregularly

emplaced along shear zones or faults.

A white granite is associated with the pegmatite,
but is too uncommon or too limited in size to be mapped
as a separate unit, Itis acoarse-grained granite composed
entirely of white feldspar and quartz. Pod-like masses
in the Haputa ranch area are found most frequently
along the contacts of metagabbro, or within it. Small
pegmatitic stringers of white granite are numerous in
the drill core of metagabbro and migmatite.

Syenite(?)

A dike similar in appearance to ones desig-
nated by Emmons and Cross (1896) as syenite
in the area to the west was mapped along the
northeastern margin of the Haputa ranch area.
The rock is fine grained; in some specimens the
individual grains cannot be easily detected mega-
scopically. It is a smoothly fractured, homogeneous,
dull reddish-brown rock that is resistant to
weathering and forms conspicuous float. In some
places, the rock has the strong fetid odor char-
acteristic of the mineralized rock in the district
and in a few places the dike is slightly radio-
active. At the Haputa ranch area the dike cuts
all rock units with which it is in contact. I,
as seems probable, it is continuous beneath the
valley alluvium between the two outcropping areas,
the dike has a length of more than 2,000 feet;
it is b5 feet wide where it was cut by drill
hole Ha-9.

This rock forms aplitic-textured dikes in all the
areas studied to date.



Basic dike rock

Basic dikes occur along most of the major radio-
active shear zones or faults in the Wet Mountains
thorium district. These dikes are reported to be
similar to the lamprophyres in the Spanish Peaks
region 50 miles to the south. Two types of basic dikes
were identified in the Haputa ranch area; an older type
that appears to be displaced along the shear zone no. 1
(fig. 6) and a younger type that parallels the shear zone
and shows. no evidence of offset.

The only known basic dike of the older type is a
fine-grained to medium fine-grained, dark-green
rock composed chiefly of small hornblende crystals
and abundant pyrite in a fine-grained groundmass. It
has an aphanitic border that contains white and pink
calcite amygdules.

The younger dike rocks are aphanitic to fine
grained and blue-gray, green-gray, or dark-gray.
Phenocrysts are seldom seen megascopically although
in the thin section the rock contains many feldspar
laths. The rock is commonly amygdaloidal; the
amygdules are calcite, and rarely, purple or white
fluorite. The rock is hard and dense and forms a
competent wall rock where unweathered.

The relationship of the younger dikes to the
thorium veins apparently are purely structural. The
dikes are only slightly radiocactive, except where they
are cut by small veinlets of radicactive minerals. The
dikes are commonly highly altered; in most places they
are essentially limonite. In some places they occupy
one side of the shear zone and the veins occupy the
other side, in other places they form the wall rock of
the veins. There may be as much as 20 feet of sheared
rock between the radioactive vein and the dike.

The dikes in the Wet Mountains area are tentatively
considered to be Tertiary.

Other units

Units of a "highly altered and leached hornblende-
plagioclase rock" and "diorite" were mapped at the
Greenwood property (pl. 4). These have no apparent
equivalents in the Haputa ranch or Tuttle property areas.
The diorite is limited to two eutcrops in a 50- by 150~
foot area in the southern part of the map area and is a
gray granitoid rock composed largely of plagioclase
and subordinate amounts of hornblende. The highly
altered and leached hornblende-plagioclase rock unit
includes several varieties of sericitized, epidotized,
chloritized, and partly silicified rocks that are limited
to a small area in the southern part of the map.

At the Tuttle property a small amount of quartzite
was mapped in the southeastern part of the area. The
rock is gray hard thinly laminated and occurs as a
70-foot lens in the granitic-layered sequence.

STRUCTURE

The metamorphic and the igneous rocks of the
Wet Mountains have a regional trend of N, 45°=75° E.;
the average is N. 60° E. The foliation dips 45° NW
to vertical; the average is about 80° NW. ILocal

variations resulting from drag folds or faults are un-
common. The area at first appears to be monoclinally
folded, but incomplete evidence from areal mapping
done in 1952 suggests that it may be isoclinally folded
on a large scale. Lineation is rare. Many of the
faults and shear zones trend about N. 50° W. and
transect the pre-Cambrian rocks (pls. 1, 3, 4, and 5).
The shear zones are nearly vertical and range from
less than 1 foot to 26 feet in thickness. The age of the
shearing is not known; in places the localization of
microcline granite along the shear zone suggests that
the shear is pre-microcline granite in age but else-
where microcline granite and some of the barite in
Tertiary(?) veins has been brecciated to indicate
recent movements. The largest displacement noted

is about 400 feet along a shear zone in the northern
part of the area.

THORIUM DEPOSITS

Although many prospect pits and surface ex-
posures, made while prospecting for base and precious
metals, are available for study, the presence of
thorium has only recently been discovered. None
of the deposits has been sufficiently explored under-
ground to outline the shape of the thorium-bearing
ore bodies. Drill holes at the Haputa ranch showed
that ore bodies are not coextensive with shear zones
and that some ore bodies extend to depths of more
than 400 feet, whereas others are less deep.

The thorite and rare-earth minerals occur as
fracture fillings, as coatings on fractures, and as
replacement bodies in sheared rock. There is a
close association of sulfides, fluorite, and barite,
suggesting that the deposits formed at low temperatures.
The deposits are tentatively designated as Tertiary in
age because they are younger than the basic dike rocks
which are believed to be Tertiary.

Distribution

The known thorium deposits of the Wet
Mountains are scattered irregularly, as shown
by figure 2, over an area about 10 miles wide
that extends about 20 miles from northeast of
Rosita to about 6 miles southeast of the village
of Texas Creek., In late 1952, more than 32 sep-
arate, abnormally radioactive zones had been
found. The precise boundaries of the thorium-
bearing province remain to be delineated. The
deposits are in shear zones within any one of which
the ore shoots have irregular distribution, as is
illustrated by the isorad map of ore bodies in
the Haputa ranch area (pl. 2). The localization
of thorium deposits in the shear zones shows
no apparent relation to the type of country rock,
to the intersection of structures, or to changes
in strike and dip of the shear zones.

The radioactive shear zones may extend
for considerable distances; shear zone no. 1 on
the Haputa ranch property has been traced for
a distance of more than 5,000 feet. Moreover,
the Anna Lee property, 10,000 feet northwest
of the Haputa ranch, is along the general line
of projection of the Haputa shear zone.



Mineralogy

The most abundant minerals associated with the
thorium are rare-earth minerals, quartz, barite,
limonite, and hematite. The less common vein min-
erals include purple fluorite and smaller amounts
of yellow and white fluorite, siderite, galena, chal-
copyrite, bornite, and pyrite. Silver and gold are
reported to have been found in small quantities. The
quartz is commonly massive and white but also occurs
as large crystals in vugs. Most of the crystals are
smoky and display well-developed interior zoning.
The barite ranges in color and form from white
crystalline cleavage masses to red cryptocrystalline
granular masses. The cleavage angle is between
80° and 85° rather than the normal 90°; if it were
not for the high specific gravity, the mineral could
be mistaken easily for calcite.

In.areas of strong radioactivity, small veinlets
and blebs of the thorium-bearing mineral, tentatively
identified as thorite, can usually be found. The min-
eral is dark red-brown, has a greasy luster, a
hardness greater than 5 and a tendency to break with
a splintery, conchoidal fracture. The thorite in
quartz commonly is surrounded by a series of
radiating fractures.

The thorium-bearing minerals are rarely
recognizable except by the use of a Geiger counter,
and the rare earths have only been identified by labora-
tory work. They normally occur with abundant hematite
and limonite or alone in red-stained rocks. Because
much of the radioactive material is fine grained and is
masked by the iron oxides, it is not known whether this
material represents disseminated thorite, hydrated and
altered thorite, or thorium molecules in the lattice of,
or absorbed by, other minerals.

The identification of thorium-bearing material as a
variety of thorite by X-ray pattern was made at the
laboratories of the Geological Survey in Washington.
Spectrographic analyses of two specimens (table 1)
show that the mineral contains a large number of minor
constituents. The material contains more iron and less
uranium than normal thorite and may be the variety
known as ferrothorite. In other districts a similar
appearing thorium mineral is reported to be hydrated
thorite.

Rare-earth oxides are associated with the thorium
in the veins, but the exact form and amount are not
known. The content of rare-earth oxides has been
determined by subtracting the percent of ThO from
the combined percentage of rare-earth and thorium
oxides; thus, the rare-earth determination is
dependent upon the accuracy of the ThO, analyses..

Most of the mineralized material in the shear
zones has a strong fetid odor; it is especially strong
in some of the reddish-stained granitic rocks. The
odor can be detected only for a few seconds after the
rock has been broken. The odor was thought to be
caused by selenium compounds but a chemical
analysis of the rock showed only traces of selenium.
The volatile compounds however may have escaped
during the grinding of the sample. It also has been
suggested that the odor may be due to arsenic or
phosphorous compounds. Regardless of its origin,
the odor is characteristic of the Wet Mountains thorium

area and is useful in tracing the shear zones where
other evidence of mineralization is lacking.

A megascopic study by Dellwig of the paragenesis
of the minerals in the Haputa ranch area indicates that
siderite was deposited first and was followed by fluorite,
quartz, and the copper sulfides. The galena and barite
are considered to be only slightly younger. The final
stage in the sequence is the deposition of the thorium
and rare-earth minerals. In places the thorite appears
contemporaneous with the barite, but elsewhere it
cements brecciated barite.

Size and grade

The sizes of ore bodies within the radiocactive
shear zones depend in part upon the arbitrary cutoff
grade used in determining their limits. A grade of
about 0. 3 percent equivalent ThO, was used in this
study in delimiting ore shoots. On this basis the
longest known ore body is the Anna Lee lode (fig. 3).

It extends along the shear zone continuously for 400 feet
and discontinuously for a total of almost 1, 000 feet.
Where observed, the ore is as much as 1.3 feet thick
and consists of 2 inches of high-grade thorite in lower
grade thorium-bearing rock (table 10). No information
is available as to the vertical extension of this deposit.
The larger of two ore bodies in shear zone no. 1in

the Haputa ranch area is roughly 200 to 300 feet long
and 6 feet wide at the surface; it extends at least 400 feet
in depth; a thickness of about 26 feet of radioactive
material was cut in drill hole Ha-3 (fig. 6). The

other ore body in shear zone no. 11is 160 feet long and
2 to 7 feet wide on the surface. It extends more than
140 feet in depth where a drill-hole cut about 10 feet

of vein material (fig. 7). These, however, are the
exceptional, high-grade ore bodies.

In this report the assay results are given as
equivalent ThO; (eThO ) which is calculated by sub-
tracting the chemical uranium from the equivalent
uranium and multiplying the difference by the conversion
factor of 5.6. This factor, which varies with radio-
metric equipment, is the one determined by the
Trace Elements Section Denver Laboratory on thorium
standards from the National Bureau of Standards.

Most of the samples have been counted against the
thorium standard (table 2) and the results are in
agreement with the calculated value. In 14 samples
ThO, was determined by a radiochemical method
whereby the thorium is separated chemically and
analyzed radiometrically (table 2). The agreement of
the values obtained by these methods shows that the differ-
ence between the equivalent uranium and chemical uranium
is due entirely to thorium since no excess radium or
daughter disintegration products with natural radio-
activity could be detected by radiochemical methods.

The chemical determination of thorium is
difficult when large amounts of barium are present, as
is the case of the samples from the Wet Mountains.

In most samples the chemical ThO, substantially
agrees with the equivalent ThO, within the limits of
laboratory error (table 2). Where the values were

not in agreement, radiochemical methods failed to
show the presence of other radioactive materials.

At present there is no reliable, rapid chemical method
for ThO, below 0.1 percent (personal communi-
cation with L. F. Rader, Jr.). For this reason,



many of the samples were not submitted for chemical
analyses. The equivalent ThO, values, therefore,are
used in this report to maintain uniformity of data.

A few semiquantitative spectrographic analyses
were made; the results are shown in tables 1,
5, and 10.

The equivalent ThOj; values obtained from
the gamma-ray logs of the drill holes (table 6)
are higher than those obtained in the core samples
(table 5). The difference probably is due to the
loss of pulverized radioactive materials with the
sludge. In places the evidence in the core samples
shows that thorium-bearing material is missing
from the fractures; one side of a fracture may
be radioactive while the other side is washed
clean. The conversion factor of 2.5 for directly
converting equivalent uranium to equivalent thorium
without subtracting chemical uranium from equivalent
uranium is the best estimate that can be made
at this time. The factor has not been established
by laboratory work and is subject to later revision.

The highest values obtained from channel
samples were 4.02 percent equivalent ThO, for
a length of 1.3 feet at the Anna Lee lode (RA-76,
table 10) and 4.47 percent equivalent ThO, for
3.7 feet at Haputa ranch (RA-95, table 3). The
grade varies not only along the strike and down
the dip but across the width of the shear =zone
with the highest grades occcurring as thin veins
or groups of veins. The average grade of the
higher grade deposits is probably less than
0.5 percent ThO,, 0.002 percent uranium, and
0.3 percent rare-earths oxides. One grab sample
from the Homestake claims (LD-8a, table 10)
contained as much as 6.51 percent-rare-earths

oxides, and a sample from the Griffen property
(LD-31, table 10) contained 0.058 percent uranium.

SUGGESTIONS FOR PROSPECTING

Although an assured evaluation of thorium
potentialities in the Wet Mountains cannot be
made in advance of detailed study now in progress,
the preliminary results suggest that the area is
favorable for prospecting. The most readily
found radioactive localities are along shear zones
on which many prospect pits were dug at some
previous date in search for silver, gold, lead,
or barite. In the absence of prospect pits, the
zones can also be found by the presence of
(1) radioactivity, (2) siderite, quartz, and/or
barite, (3) basic rocks, commonly completely
altered to limonite, (4) a fetid odor of the altered
rocks, (5) a characteristic red stain of the sheared
rocks, or (6) green or blue amphibole(?) minerals
coating the fractures of the country rock.

In some zones, the most abundant radio-
active material is in areas that contain barite
and/or smoky quartz; in others it is in areas
containing only thorite minerals (as veinlets)
and intensely red stained country rocks. No
mineralized or altered rock from this region
can be rejected by visual inspection as not
containing thorium. All such rocks should be
tested with radiation-detection instruments such
as the Geiger or gamma-scintillation counter.
The gamma-scintillation counter is more sensitive
to slight changes in radioactivity and is very
useful for making quick evaluations of an area.
It is especially useful in areas of light cover
where the soil may still contain the thorium
minerals.

Table 1.—Spectrographic analyses of thorite
Looked for but not fonnd: Na, Ag, As, Au, B, Bi, In, Ir, Hf, Hg, La, Li, Nb, Os, Pd, Pt, Re, Rh, Ru, Sb, Sm, Ta, T, Te, U, W, and Zn.

Not looked for: K, Ce, Nd.

Si Al | Fe Ti Mn P Ca Mg | Ba Be Co Cr Cu
RA-86% ~mmme e X 0.X | XX |0.0X [0.0X | X 0.X | 0.0X |0.X |0.00X[0.0X | 0.0X |0.00X
S T X X | XX X | .o0x| .X X | .ox | .ox| .o0%X| .00%X| .0X|[ .o00X

Ga | Ge Mo Ni

Pb Sc Sn Sr Th v Y Zr

--- |0.00x| 0.0X [0.0X
RA-872ccmm e 0.000 .00X| .O0X | .00X

0.0X|0.0X [0.00X]0.0X| XX |0.0X | 0.X ] 0.0X
L0X| .0X | L00X| LOX | XX .0X X .0X

*From Anpa Lee lode.
2From Haputa ranch; shaft above drill holes Ha-3 and Ha-7.



Tablc 2.—Comparison of thorium values obtained by calculation and by radiometric, radiochemical,
and chemical methods

Equivalent ThO, (percent) ThO, (percent)
Sample no. Calculated® | Radiometric? | Radiochemical’ Chemical

TD-38mm e m mm e e 1.11 1.17 1.12 -
LD-50amcmmmmmm e e m e e 7T .78 .80 -—
ID-5l mmmmmm e m e e e .52 A7 Sy -—-
AH- Qmmmmm e e ] 43 ) .53 -—-
. S LS .48 49 .53 -
N - .52 .52 AT -—-
AH~25 m c e e e ] .84 .85 .76 ---
AH 26— e e .62 .58 .56 ---
N T S .56 .57 .58 ---
T S S .29 .30 31 -—-
N L U R .5h .5k .53 ---
B L T .72 .67 .69 ---
AH~16 = — e e e .18 .15 .16 -—-
GG e e e 1.22 .96 - 1.08
GG=UTmm e e e e 3.34 3.6 --- 3.19
GG=Bl = mmm e m e - .15 .12 - .10
GG-59 = ————m—mmmmmmmm— e m oo m 6.93 6.8 --- 6.29
GG=BBmm mmmmmmm e mmmmm e m e m e m e e 1% .10 ——- .07
(G=69 = — = —mmm o e m e .06 .06 - .0l
GG=T2mmmmmmmmmm e e e .10 .08 — .08
GG-T9~mmmmmmmmm e m e mm e .38 .38 -— .31
GG =82 m e e .13 .13 -— .13
TD-88 - m = m e e e .35 .33 - .30
LD-108 == === == e mmm o e e - .10 .09 --- 10
LD=128mm e .13 .12 -— J14
ID=-138-~=—=cmmmmmm e e e .08 .08 - .09
LD=52m —m s e e e .60 .59 — .57
D=5 o e e e - 2.00 1.9 --- 1.91
AHe B e m e e 11 .11 -—- .10
AH= 58— mmmmm e .29 .27 --- .26
AH=10mm o m e o e e 1.56 1.5 -—- 1.43
RA=2F m e cm e e c e m e e m e m e e = 2.12 2.2 -— 1.98
RA~26 ~— mm e e e 1.00 1.0 — .84
RA- 28 e e m e e e e 1.67 1.7 -—- 1.59
AH-B0m m e m e e e e eee .2k .25 — .21
T .23 21 - .15
T .24 .25 -— .25
AH=50m= o e e e mm e e .20 .56 - .28
5 1.60 1.7 -—- 1.78
RA=51 - mm e o e mm e e e 6.70 5.7 --- 6.51
RA-5 2 mm m oo e 2.21 2.1 - 1.71
RA=T6 =~ m m e e mm e e e .02 3.7 ——— 3.81
RA=03 =~ m == m e 2.57 2.5 -—- 2.77
RA=OU o o e e e oo .72 .68 -—- .64
RA=05 == == == e oo o e k.49 4.5 --- 4.96
RA=96 e e m o e eeeemeee .61 — - .55
RA-97 —m— === mmmmmmmmmm e 1.11 — -— 1.18
KR O mmmmm e mmc e e e e 1.4% 1.4 -— 1.28
KR Bemmmmmmm e 6.68 6.8 -— 6.96
KR= 4o oo 77 77 -—- .55
0 .55 .54 -—- 4o
KR= B 1.00 1.1 -— .81
KR Qemmmmomm e e e e e .95 .95 - .82

Calculated from the equivalent uranium by subtracting the chemical uranium and multiplying the difference by the conversion factor 5.6.
2Samples compared radiometrically against National Bureau of Standards thorium standards without correction for the small amounts of uranium

in the unknown.

SInvolves chemical separation and radiometric determination by a method of J. N. Roshole, Jr. (A quantitative radiochemical method for the
determination of the major sources of natural radioactivity in ore and minerals”, TEIR in preparation.)



DESCRIPTION OF PROSPECTS

Haputa ranch area

The first radioactive minerals discovered in the
Wet Mountains were found on the Haputa ranch, 11 miles
east of Westcliffe (fig. 2) in SEf sec. 12, T. 22 8.,
R. 71 W. Many of the contacts on the map (pl. 1) are
approximate or inferred because of the complex
geology and the poor exposures. The outlines of the
outcrops are not shown.

Rock units

The rock units mapped at Haputa ranch are:
(1) amphibolite, (2) biotite granite gneiss, (3) meta-
gabbro, (4) migmatite, (5) three varieties of microcline
granite, (6) pegmatite and white granite, (7) syenite(?),
and (8) basic rock. These units have been described in
the section on general rock descriptions and will not
be treated further. However, a few words more about
the older hornblende-rich dike are in order. This
dike, discovered in drill holes Ha-3 and Ha-7, weathers
so easily that a careful search revealed no float from
it, though later bulldozing exposed it for a width of
22 feet. More dikes of this type, therefore, may be
concealed beneath the soil. The dike strikes about
N. 70° W. and dips 77° NE and probably occupies a
subsidiary fault of small displacement. Although the
dip changes at depth, its position in the drill holes
suggests that it has been displaced (fig. 8) 50 feet
along the main shear zone, either by orogenic move-
ment or by dilatation by later dikes and veins along
this zone. No radioactivity is associated with the dike,
but it is altered, and the dike rock along the contacts
has a fetid odor.

Structure

The prevailing foliation in the biotite granite
gneiss and in the migmatite strikes about N, 60° E.
and dips about 80° NW (pl. 1). Changes of strike in
the granitic rocks, other than those associated with
the metagabbro, are never abrupt or large; they
probably represent local warping. Some minor folding
or contortions occur in the small amphibolite within
biotite granite gneiss. Locally near the contacts with
the metagabbro the strike of the biotite granite gneiss
or migmatite may parallel the contact and deviate as
much as 90° from the prevailing trend. Lineation was
observed only in a few locations; no interpretations
were possible,

The dominant structural features of the Haputa
ranch area (pl. 1) are five mineralized shear zones.
Evidence concerning the size and shape of these
structural breaks is limited to exposures in prospect
pits and data from drill holes. The shear zones have
a general trend of N. 50° W. and a vertical or nearly
vertical dip. In many places their trend is reflected
in the strike of joints. In the vicinity of hole Ha-6,
two en echelon shears are connected diagonally by a
tension fault,1 foot wide (pl. 2). All the large con-
tinuous shears contain basic dikes whereas the
smaller ones, such as this tension fault, do not con-
tain dikes; both may be mineralized. The longest
shear zone, no. 1, at drill hole Ha-3, has a maximum
width of 26 feet, is 13 feet wide at hole Ha-8, 12 feet
wide at hole Ha-6, and 8 feet wide at hole Ha-2. In a
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few places, as south of drill hole Ha-3, the break is
narrow and is more correctly called a fault.

The apparent displacement along shear zone no. 1
issmall. About midwaybetween the sites of holes Ha-8and
Ha-11, two pegmatite bands and a migmatite band,
that have slightly divergent strikes, are displaced about
20 feet along the fauli, the northeast side having moved
southeast. The "older” basic dike near drill hole Ha~3
was intersected in the drill holes on either side of the
shear zone no. 1. A maximum vertical displacement
of about 50 feet is shown for this dike (fig. 6). Else-
where, the displacement along the faults is not evident,
or is very small.

The structure, which includes shear zones nos. 1
and 2, can be traced for a considerable distance; it
is known to extend at least,7, 000 feet and probably ex-
tends more than 17,000 feet. The displacement is
apparently small.

Exploration

Surface exploration. —In addition to sampling and
studying the surface exposures and many small prospect
pits, a survey was made of the surface radicactivity with
a gamma-scintillation detector. The area was thoroughly
traversed and all areas having radioactivity of more
than 200 cpm (counts per minute) over a background of
about 100 cpm are recorded in plate 2. Isorads are
drawn for radioactivities of 200, 300, 400,and 500 cpm.

The isorad map was made by irregularly traversing
the radioactive areas and locating points of 200, 300,
400, and 500 cpm by pinning pieces of colored crepe
paper to the ground. After a few points were located
the shape of the isorad lines could be seen on the
ground and additional readings could be made at critical
points. The data were plotted on the plane table map.

The isorad lines give a valuable picture of the
distribution and concentration of the radioactivity;
however, no quantitative correlation can be safely made
between the isorad lines and the size of the deposit
because of the masking effect of cover and the anomalous
effect of float and ore material on prospect dumps.
Obviously, a reading of 500 cpm in a prospect pit where
ore is exposed represents less radicactive material
than the same reading in a covered area. The ore
body at Ha-8 was discovered through 8 inches of soil
cover, showing that radioactivity can be detected in
areas of light soil cover. On the other hand, areas
of heavy alluvium cover, as northwest of Ha-8, may
contain concealed deposits that cannot be detected.

The movement of radioactive float down a gently
gullied slope is shown by the irreqularly shaped contour
for the 200 cpm isorad at Ha-8 (pl. 2).

The analyses of the samples collected from the
surface exposures and the prospect pits are given
in table 3.

Diamond-drilling exploration. —Eleven diamond-
drill holes totaling 3, 291. 2 feet explored the thorium-
bearing veins on Haputa ranch. Five holes (Ha-3, -6,
-7, -8, =10, and -11) explore shear zoneno. 1for a
strike length of 1, 440 feet; three (Ha-1, -2, and -6)
explore shear zone no. 2 for a length of 600 feet; two
(Ha-4, and -b) explore shear zonesnos. 3 and 4 for a
length of 245 feet; and one hole (Ha-9) explores shear




Table 3.--Analyses of samples from prospect pits and surface exposures at Haputa ranch

Sample Equivalent | Chemical | Equivalent| Total rare-earth| Chemical | Rare-earths
L JLength| uranium uranium ThO, oxides and ThO, ThO, oxides *
No. Type “|(feet)| (percent) | (percent) (percent) (percent) (percent) | (percent)
Locality from the vicinity of drill holes Ha-3 and Ha-T7
GG-57---4 A 1.6 0.026 0.001 0.1% 0.32 — 0.18
GG-58---4 A k.0 .011 .001 .06 31 - .25
GG-59---4 A 0.5 1.24 .002 6.93 6.84 6.29 .55
Locality from the vicinity of drill hole Ha-8
GG-T4---4 B 2.0 0.027 0.001 0.15 0.16 _—— 0.01
GG-73---41 B 10.0 .015 .001 .08 .31 - .23
RA-93%---4 A 5.0 46 .001 2.57 3.30 2.77 .53
RA-Q4---4 A 5.0 .13 .001 .72 .79 .64 .15
RA-95---4 A 3.7 .81 .009 4.9 5.76 4,96 .80
GG-72---4 B 10.0 .019 .001 .10 .15 .08 .07
Locality from the vicinity of drill holes Ha-10, Ha-11, and Ha-6
GG-70---4 B 25.0 0.016 0.001 0.08 0.21 —— 0.13
RA-97---4 A 2.0 .20 .002 1.11 2.71 1.18 1.53
RA-96---4 A 2.0 .11 .0Q1 .61 .95 .55 4o
GG-42---4 A 1.9 .22 .002 1.22 1.11 1.08 ;03
GG-43---4 A 5.0 .07 .001 .39 .19 —— -
GG-47---4 A 2.0 .60 .002 3.34 3.19 3.19 ———
GG-69---4 B 5.0 .012 .001 .06 .27 .04 .23
GG-68---4 B 12.0 .012 .001 .06 .23 - .17
Locality from the vicinity of drill holes Ha-2 and Ha-1
GG-75---4 B 2.0 0.038 0.001 0.21 0.17 - ——
GG-48---4 A 1.8 .007 .001 .03 .20 ——- .17
GG-71---+4 B 3.0 .009 .001 .04 .18 - 14
GG-76---4 B 2.0 2.94 .004 16. 44 14.82 -—- ---
Locality from the vicinity of drill hole Ha-4
GG-55---- B 1.0 0.068 0.001 0.38 0.33 - -—
GG-56----| B .5 .014 .001 .07 .39 -— 0.32
GG-60----{ A .5 .012 .001 .06 .87 —— .81
Locality from the vicinity of drill hole Ha-5
GG-52---- A 1.8 0.007 0.001 0.03% 0.51 -— 0.48
GG-53=-=-=| A 2.25 .01 .001 .05 Ly _— .39
GG-5h=---| A .05 .027 .001 .15 .20 0.10 .10
GG-65----| A 1.0 .025 .001 .13 .39 o7 .32
GG-66~--~| A 1.3 .007 .001 .03 4o — 3T
Locality from the vicinity of drill hole Ha-9
ID-16---- A 4.0 0.008 0.001 0.04% _— —_— ——-
LD-18%--- ¢ -— .020 .001 .11 _— -— -
LD-20%---| C - .016 .001 .08 —-— - -
ID-17"--- ¢C - .007 .002 .03% —-- --- ---
LD-1G---~ A 8.0 .005 .001 .02 -—- - ~—-

Samples listed from north to south along individual shear zones, beginning with shear no. 1. See plate 2 for approximate locations.
2A, channel sample; B, chip channel sample, and C, grab sample.

3Calc1_11ated from the equivalent uranium by subtracting the chemical uranium and multiplying the difference by the conversion factor of 5.6.
*Obtained by subtracting the chemical percent ThO ; from the chemical percent of total rare-earth oxides plus ThO 5. Where a chemical ThO,

value

is not available, the equivalent ThO, is used.

SFrom 7- by 2-foot zone.
®From 2- by 3-foot zone.

7From dump.
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zone no. 5. The position of the drill holes is shown
in plates 1 and 2. A summary of the data regarding
the drill holes is given in table 4 and the analyses of
the samples from the drill core are given in table b.

After the completion of the drilling, the drill
holes were logged for radicactivity. These logs are
shown diagrammatically in figures 6-15 by representing
the radiocactivity of the counts per minute on a loga-
rithmic scale to condense the length of the higher peaks.
The radioactivity recorded on the logs can be correlated
easily with the geology logged from the core of the
drill holes.

A guantitative interpretation of the radioactivity
expressed in the higher peaks in these gamma-ray
logs is given in table 6. Because previous interpreta-
tions had been limited to uraniferous studies, the results
were given as UzOg and these have been converted to
equivalent ThO; by a series of calculations. The
higher values of the gamma-ray logging compared to
those of the core samples is believed to be due to
loss of radioactive material from the core into the
sludge.

Thorium deposits

All the shear zones at Haputa ranch are very weakly
radiocactive; however, only about 15 percent of their
length is sufficiently radiocactive to measure twice
Dackground on a gamma-scintillation detector. The
size and shape of the anomalies is shown by the isorads
onplate 2. Theremaining 85 percent of the shear zones
is either too deeply covered, or the radioactivityis too
weak to show isorads of thistype. The individual deposits
or ore shoots at Haputa ranch are described indetailin
the drill logs computed at the end of this report (p. 30).

Haputa extension

As shown by plate 3, the geology in the area
designated as Haputa extension is similar to that in
the Haputa ranch area to the southeast. No new rock
units are present, although the abundance of each rock
type is different. The major shear zones can be

correlated across the alluvium valley between the
two areas. Thorium minerals are less abundant in
the shear zones exposed on the Haputa extension.

Geology and thorium deposits

The gneissic microcline granites at Haputa ex-
tension were not separated into the three varieties as
in the Haputa ranch area. In the Haputa extension the
microcline granite characterized by biotite and a
moderate to low quartz and microcline content appears
to be the most abundant. It makes up many of the sills
and dikes, including one sill that is at least 1, 200 feet,
long.

Shear zone no. 1 was traced 1, 500 feet southeast
from the shaft in the northwest part of the area and
was postulated to continue another 1,000 feet across
the alluvium-filled valley to connect with the shear
zone cut by drill holes Ha-3 and Ha-7. In the north-
west, it is moderately radioactive for a distance of
about 350 feet; the vein in the shear zone is 2 to 4 feet
thick and consistently gives Geiger-Mueller counter
readings of about 0.5 mr/hr, (background about
0.03 mr/hr; geometry 2 n). It is possible that other
parts of the shear are radioactive but have not been
detected because of the poor exposures. The samples
collected from this shear zone contain from a trace
to 0.88 percent equivalent ThO 5 (table 7), less than
0.005 percent uranium, and as much as 0. 15 percent
rare-earth oxides. Appreciable amounts of quartz,
barite, and galena occur with the radioactive material;
galena is reported to have been mined from the shaft.
A basic dike containing fluorite-filled vesicles similar
to the dike occurring above drill holes Ha-3 and Ha-7
was found in the shear zone where exposed in the shaft.

The eastern of the two shear zones designated as
no. 7 contains a biotite-bearing basic dike and a
2- to 3-foot zone of mineralized granite and gneiss
containing quartz and barite. In a pit at the northern
end of the shear zone the vein and dike are highly
sheared; the dike is altered in part to a silver-blue,
fibrous amphibole. The channel sample across the
shear (LD-13) contained 0,03 percent equivalent ThO, .
The western shear is marked by reddish-stained granite,

Table 4.—Summary of diamond-drill hole data, Haputa ranch

. Depth of
Hole no. (sig;it;gge) %?ggz? Direction | Inclination|first core®|Core recovery
(feet) (percent)

Yy 2(2) 327.0| S. 6° W. -45° 35.0 99.3
Ha~2m e mmmmm e 2 275.0 | N. 77° E. -45° 91.0 99.3
Y T 1 283.0 | N. 44° E. -h5° 23.3 97.5
5 Y Y 3 and 4 294.3 | N. 55° E. -45° 31.0 99.2
Ha=5mmmmmmmmmmmmmmmmm e e 3 and 4 213.5 | N. 55° E. -h5° 45.0 9.4
Ha—6mmmmm e o e e 1 and 2(?)| #37.5| N. 41° E. -45° 10.0 99.5
1y (S 1 486.1 | 5. 44° wW. -45° 47.0 99.1
Y J 1 200.2 | N. 44° E. -60° by 99.9
PV JE 5 215.8 | N. s4° E. -45° 29.0 99.6
Y o P 1 248.7 | N. 61° W. -45° 65.0 100.0
Ha-1loommmmmmm o mmmcmmmmme e 1 210.1 | N. 4° w. -45° 42.0 96.1

Total--mmmmmee e o 3,291.2

*Reported by U. S, Bureau of Mines. Some core fragments recovered above these depths.

!Milliroentgens per hour.
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Table 6.—Equivalent U30s and equivalent ThO, as determined from the gamma-ray logs of the drill
holes, Haputa ranch

Drill hole Radiocactivity
vootage | “ipretocaa ¥ | Colowlated
No. . z equivalent ThO,
(feet) equl(—;:isggtgaoa (percent)

Ha-l o m o e 68.8- 69.5 0.008 0.02
156.1-156.9 .01%4 .03

156.9-157.5 .006 .02

Ham 2 e e e e 102.9-106.9 .004 .01
169.5-170.4 .015 Nel®

170.4-171.% .106 .26

171.3-172.2 .028 .07

172.2-173.2 .019 .05

173.2-174.5 .030 .07

174.5-175.4 .260 .63

175.4-176.8 .035 .08

186.5-187.5 .011 .03

230.4-231.% .014 .03

Ham B e e e e L 204.5-205.0 .016 .04
210.9-212.9 .004 .01

215.5-216.4 .016 .04

219.1-219.9 .011 .03

229.9-231.8 L004 .01

231.8-233.8 .02k .06

233%.8-235.3% .021 .05

235.3-2%6.4 .050 .12

236.4-2%7.4 L4285 1.03

237.4-238.6 224 .54

238.6-241.1 .016 .04

241 .1-242.4 .040 .10

242 4243 .5 .012 .03

243 .5-245,2 .022 .05

245,2-247.0 .310 .75

247,0-248.2 .250 .60

248.2-249.0 .230 .56

249.0-250.9 .056 14

250.9-251.7 .680 1.65

251.7-252.2 .600 1.45

252.2-253.2 460 1.11

253%.2-255.3% .016 .04

255.3%-256.1 .890 2.15

256.1-257.1 .13%0 .32

257.1-259.6 .010 .02

259.6-261.6 .240 .58

261.6-26%.0 .290 .70

263.0-264.1 .4oo .97

264.1-265.3 470 1.14

265.%-266.6 .500 1.21

266.6-269. 2 .380 .92

269.2-271.4 .010 .02

271.4-272.4 -— -—-

272.4-273.4 .006 .02

276.7-277.3 .012 .03

Ham Y o e e e ] 236.%-239.2 .002 .01
239.2-242.1 .003 .01

248.,4-250.6 .003 .01
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Table 6.-—FEquivalent U,0g and equivalent ThO, as determined from the gamma-ray logs of the drill
holes, Haputa ranch-——Continued

16

Drill hole Radiocactivity
Footage Gamgigigzszgtigity Calculated 1
No. (feet) equivalent U, 04 equ%valent Thoz
(percent) percent)

HA=5 = m e e e 147.0-148.0 0.020 0.05
189.3-190.2 .021 .05

190.2-191.1 .015 .0l

191.1-191.9 .006 .02

191.9-192.7 .0ko .10

S 121.8-122.5 .065 .16
122.5-123.% .170 41

12%.3-124.1 .350 .85

124.1-125.5 .011 .03

125,5-126.2 .004 .0l

126.2-127.2 .008 .02

132.2-133.1 - 495 1.20

13%.1-134.3 .006 .02

148.2-149.0 .03%6 .09

183.6-185.3% .015 Nolll

190.6-191.8 .024 .06

191.8-192.7 .007 .02

255.8-256.9 .003% .01

325.0-326.0 .003 .01

340.1-341.2 .170 41

341.2-342.5 .013 .03

359.3-360.0 .005 .01

418.8-433.5 .003% .01

L S 372.4-373.0 .012 .03
3%91.5-392.6 .011 .03

392.6-3%9%.9 .004 .01

468.9-470.2 .005 .01

490.9-491.7 .260 .63

491.7-494 .0 .013 .03

494 . 0-496.5 .035 .08

496.5-499.2 012 .03

499.2-500.1 .220 .53

500.1-501.6 .016 Mol

501.6-502.0 .005 .01

502.0-505.6 .017 Nl

505.6-506.3 .110 27

506.3-506.7 .030 .07

506.7-508.8 .060 .14

508.8-510.3 .01} .03

510.3%-511.8 .009 .02

511.8-514.5 .005 .01

514.5-515.4 .011 .03

515.4-516.5 -—- -—-

516.5-518.6 .004 .01

518.6-520.2 .011 .03

Ha -8 e ] 114.8-116.0 .029 .07
132.6-133.5 .040 .10

134.8-137.4 .006 .02

137.4-138.4 .027 .06

138.4-1%9.0 .007 .02

139.0-140.3 .120 .29

140.3-142.0 .190 46

142.0-143.0 .019 .05

143.0-144.3 .085 .21

144.%-145.8 .330 .80

145.8-147.0 .210 .51



Table 6.—Equivalent U,0, and equivalent ThO, as determined from the gamma-ray logs of the drill
holes, Haputa ranch-—Continued

Drill hole Radiocactivity
Gamma-ray agtivity Calculated
Footage expressed as s 1
. (feet) equivalent Us0q equ?;ziiggt?hoz
(percent)

Haw Semmmm oo 147.0-148.5 0.110 0.27
148.5-149.6 1.100 2.66

149.6-150.5 2.300 5.57

150.5-152.2 .092 .22

152.2-155.4 .009 .02

155.4-156.4 .007 .02

156.4-157.3 .026 .06

157.3-158.9 .006 .02

158.9-160.2 .004 .01

165.6-168.0 .00k .01

169.2-170.6 .005 .01

Ham Qe m e e o 33.7- 34.7 .00k .0l
ho k- 43,1 .009 .02

95.0- 96.1 .003 .01

96.1- 97.5 .004 .01

97.5-100.5 .008 .02

100.5-102.4 .012 .03

102.4-10%.5 .003 .01

Ha-10-=m e e e e 134.0-134.9 .022 .05
196.6-199.4 .003 .01

199.4-201.2 .006 .02

201.2-20%.0 .013% .03

203.0-20%.7 .007 .02

219.3-220.2 430 1.04

HB=1l-mmm e e e 0.0- 0.9 .009 .02
56.1- 70.0/ .003 .01

72.7- 75.6 .003 .01

75.6- 76.5 .009 .02

79.8- 82.3 .00% .01

13%0.0-1%0.8 .006 .02

173.2-175.3 .006 .02

by limonite, and by minor amounts of quartz, barite, and
siderite. The shear is weakly radioactive. Radio-
activity can be traced less than 25 feet from the two

pits on the shear zone. The sample from the southern
pit contained a trace of equivalentThO,; its rare-earth
oxide content a trace of equivalent ThO, ; its rare-earth
oxide content of 4. 29 percent (LD-2) is noteworthy.

A sample (LD-14) taken at shear zone no. 8 to
determine the value of maximum radioactivity contained
0. 13 percent equivalent ThO,. Radioactivity can be
traced for about 50 feet, but it is weak except for about
15 feet along the shear zone. Black quartz crystals
coat the granite wall rock in the single outcrop of the
vein.

Shear zones nos. 5 and 6 are weakly radioactive
at the exposures in prospect pits and show no measurable
radioactivity in covered areas between pits. Both
zones contain quartz-barite-siderite-limonite veins,
3 to 9 feet wide in shear zone no. 5, and less than 2 feet
wide in shear zone no. 6, and are associated with
silicified basic dikes. The average thorium content

7

of both veins is low, but sample (GG-80) shows 0. 35 per-
cent rare-earth oxides in shear zone no. 5. Gold ore
valued at $22 to $29 per ton was reported to have been
mined from this pit.

The short adit on the north-central part of the
map exposes a 2-foot fractured and silicified basic
dike that has been mineralized and partly recemented
by quartz, barite, and weakly radioactive hematite,

A grab sample (LD-1) of selected fragments of a
2-inch quartz-hematite veinlet contained only 0. 02 per-
cent ThO, but contained as much as 2. 01 percent
rare-earth oxides.

Greenwood property

The Greenwood property, 3 miles north of the
Haputa ranch, includes three mining claims registered
in the Custer County courthouse: (1) the Blue Bird
claim, located by J. Susman and W. L. Susman;

(2) the Cora B claim, owned by Henry G. Prior and
others; and (3) the Pine Tree claim located by
William Klein and Fred Jones.



Table 7.-—Analyses of surface samples, Haputa extension, Custer County, Colo.

Total
Sample Equivalent| Chemical | Equivalent|rare-earth| Chemical | Rare-earth
No Tvpe 1 Iength| uranium | uranium ThO, 2 |[oxides and ThO, oxides “
: yp (feet) | (percent)|(percent)| (percent) ThO,, (percent)| (percent)
(percent)

ID lememmmmmeee e c - 0.007 0.004 0.02 2.03 -— 2.01
ID 2----mmmmmmme e A 1.0 .008 .00l .04 4,33 --- 4.29
R e et A 8.0 .012 .001 .06 -— - -—-
ID 5-mmmmmmmemee e c _— .006 .001 .03 —- ——- ---
ID 6---mmmmemme e A .9 .16 .002) .88 —-— - ---
I A 1.0 .021 .00k .10 -— --- -—-
ID Bemcmmmmmmeeeem c - .027 .001 .15 --- --- ---
LD O--mrommmmmm e A 18.0 .008 .001 .0k -— --- ---
ID 10==mmmmm e mmm e A 2.0 .013 .001 .07 - -— -—-
ID 11l-—mmmmmmmeem - A 3.5 .006 .001 .03 - --- ---
ID 12---mmcmmmmee e ¢ --- .010 .001 .05 -—- -—- -
ID 13-mmmmmmmmeee A 5.0 .006 .001 .03 — --- -
ID 14-mommmoemmee o A - .025 .001 .13 - -—- -
LD 15--=-cmmommm oo A 6.0 .011 .001 .06 -—- - ---
GG 79----=mmommmome c - .069 .001 .38 - 0.31 ---
GG 80--=-mmmmmmmm e A - .012 .001 .06 i -— .35
GG 82-mmmmmm oo c - .024 .001 .13 .28 .13 .15

1A, channel sample; B, chip sample; C, grab sample.

2Calculated from the equivalent uranium by subtracting the chemical uranium and multiplying the difference by the conversion factor of 5.6.

3QObtained by subtracting the chemical percent ThO from the chemical percent of total rare-earth oxides and ThO». Where a chemical ThO,
value is not available, the equivalent ThO; is used.

The thorium deposits on this property were Cora B claim, three independent shear zones or seg-
mapped in August 1951 by Dellwig and Heyman at a ments of mineralized fractures have been mapped.
scale of 1:1, 200 (pl. 4). Because of soil cover and These are probably all part of the same structure,
limited time available only an outcrop map was prepared. but they cannot be readily connected in the field.

The Pine Tree claim is reported to have yielded

400 pounds of hand-sorted thorite. Two faults of small displacement have been
mapped.

Geology

Thorium deposits
The dominant rocks on the Greenwood property

are probably biotite granite gneiss and hornblende On the Pine Tree claim, five shafts and
granite. Weathering has obscured their relationships, two prospect pits have been dug along 600 feet

but they are considered to be about the same age and of the exposed barite-bearing vein, which averages
both contain inclusions of ,amphibolite. These rocks 4 feet in width. This vein contained small amounts
have been intruded by diorite and gabbro, which later of high-grade thorite, but none is now exposed
were metamorphosed. In the vicinity of the Pine Tree at the surface and the workings at the bottom of
shaft, a light-green aphanitic rock, a fine-grained the 60-foot shaft are inaccessible. The material
hornblende-plagioclase rock, and a cream-colored on the dumps shows that thorite occurs with
plagioclase rock, all of them altered and leached, have barite, both with the white cleavage masses and
been lumped together and designated as "highly altered the red granular varieties, and with small quantities
and leached hornblende-plagioclase rock". All the of quartz and galena. Blebs of pure thorite, as
older rocks have been cut by many sills and dikes of much as 2 inches in diameter, are found in the
aplite, pegmatite, and gneissic microcline granite, barite. The dump now contains very little ore-
that form injection gneiss in places. Basic dikes occur grade material because the ore was carefully

in the Pine Tree shear zone; the northeastern of two hand-picked and the dump subsequently "picked
Bluebird shear zones; and in one of the three exposures over" for ore specimens.

of the Cora B shear zone. These dikes are pre-

mineralization in age.
Radioactivity could not be traced beyond the limits

The foliation has a prevailing trend averaging of the mapped vein. The thorite-rich part of the vein
N. 60° E. and dips steeply northwest. It is about probably is about 300 feet long, as the vein, where
parallel to most of the dikes and sills of granitic rocks. exposed in pits outside this 300-foot length, is only

weakly radioactive. Grab samples from dumps

The Cora B shear zones trend about N. 60° W. of the Pine Tree workings contained from a trace to
and dip 75° to 856° NE. The Bluebird and Pine Tree 0. 32 percent equivalent ThO, (samples LD-57, 98,
shear zones are roughly parallel to the Cora B shear 59,and 60, table 8). The highest uranium content for
zones in strike, but dip steeply southwest. On the these samples was 0.002 percent.
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Table 8.—Analyses of surface samples, Greenwood property, Custer County, Colo.

Sample Equivalent| Chemical | Equivalent
; | Length uranium uranium ThO, 2

No. Type (reet) | (percent) | (percent)| (percent)

LD B mm o m e o e e e C ——- 0.007 0.001 0.03
ID Bf==mmmmmmmmmmmm o oo C —— .008 .002 .03
TD 58 e e e C ——— .025 .001 .13
LD BGmmmmmmmmmmm e e e C -— .058 .001 B2
LD 60-mmmmm e e e e e m e =] c —- .033 .002 .17
0 < S S C —— .010 .001 .05
S 23 O A 1.0 .026 .001 1k
ID 6l m e e e e e o —— .024 .00L .13

ic, grab sample; A, channel sample.

2Calculated from the equivalent uranium by subtracting the chemical uranium and multiplying the difference by the conversion factor, 5.6.

The Cora B claim includes two shafts and four
prospect pits along a shear zone that trends N. 65°W.
The vein, associated with a brown silicified dike, is
2to 4 feet thick and can be traced intermittently for more
than 550 feet. It is comprised principally of vuggy,
white, "bull" quartz and smoky quartz crystals, many
of which are coated with red hematite. No thorite was
observed; the strongest radioactivity is associated with
the hematite suggesting the presence of disseminated
thorium. The radioactivity of the rock averaged about
0.2 mr/hr (background about 0.03 mr/hr; geometry
2-2.5non a Geiger-Mueller counter). The readings
were consistent over most of the length of the vein;
samples contained a trace to 0. 14 percent equivalent
ThO, (samples LD-63 and 64). The fetid odor common
to other radioactive deposits in the region is present
in unusually strong concentrations in the quartz.

Along the projected strike of the shear zone at
the Cora B claim, an isolated outcrop of the shear
occurs 1,000 feet southeast of the Cora B shaft. The
vein at the shaft is 2 feet wide and is composed of barite,
quartz, and a small amount of siderite; terminated
quartz crystals are found in the barite. The fetid
odor is strong in the granite. One sample (LD-81)
contained only a trace of ThO, .

The shear zones on the Bluebird claim contain
barite-limonite veins; the northeastern zone contains
a sheared, silicified basic dike rock, They can be
traced only about 150 feet. The only sample taken at
the claim contains a trace of equivalent ThO, ; the
uranium content was 0. 001 percent (sample LD-56).

Tuttle ranch area

Thorium deposits were detected on the Tuttle
ranch in 1950 by Gott and Dellwig (pl. 5). These
deposits are 9 miles north-northwest of the Haputa
ranch (fig. 2) and are owned by W. Tuttle.

Geology

The pre-Cambrian rocks in the Tuttle ranch area
form a series of interlayered gneiss, migmatite, and
granite cut by shear zones that trend northwest. The
geology is similar to that of the Greenwood property
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except that the Tuttle area is less complex and does
not contains diorite, metagabbro, or biotite granite
gneiss.

Two varieties of amphibolite composed chiefly
of hornblende and plagioclase, but distinguished
by the presence of garnet in cne, crop out in
sufficient quantity to be mapped as individual
units. Both varieties occur as small lenses
interbedded with large masses of migmatite and
gneissic microcline granite. In places granitic
material has been added to the garnet amphibolites
to form a series of garnet-bearing rocks that
grade from garnetiferous amphibolite to microcline
granite, The amphibolite, however, also occurs
as large masses or lenses in the southern and
eastern parts of the area. It commonly is jointed
and epidotized, and the large bodies are slightly
magnetic. The southernmost mass of gneiss is
exposed in an area of 550 by 200 feet and is
roughly concordant with the granitic gneisses;
the smaller eastern body appears to be dis-
cordant. The single 70-foot quartzite lens is
concordant with the foliation, and probably repre-
sents a silica-rich metasediment of the gneiss
series.

The most abundant rock types in the Tuttle ranch
area are the undifferentiated granitic rocks. These
form a continuous series that range from granite gneiss
to almost pure microcline granite, migmatite being the
most common rock type. A gneissic microcline granite,
similar to that which occurs as sills, is responsible
for the migmatization, and was mapped as discordant
granite dikes.

Basic dike rocks are found in and out of
the shear zones. The float of one resistant dike
facilitates the tracing of the long shear zone on
the eastern edge of the map through covered
areas. No evidence of mineralization or sub-
sequent shearing was observed in the two dikes
in the northwestern and southwestern parts of
the area, although they are emplaced, in part, in
joints or fractures that have the same northwesterly
trend as the shear zones.



Foliation is singularly uniform, striking N. 45° E.,
the dip ranges from 55° NW in the southeastern part of
the area to vertical in the northwestern part. Two
prominent northwestward-trending faults displace the
layered sequence. The amount of displacement along
the easternmost fault is not known; but along the
westernmost one, the probable horizontal displacement
is less than 15 feet.

Thorium deposits

Seven mineralized shear zones were mapped in
the Tuttle ranch area; shear zone no. 5 is the most
radioactive and can be traced, although discontinuously,
for 2,700 feet. The vein averages about 1 foot in width,
but in the southeastern prospect pits it is 4 feet wide.
The radioactivity is spotty and weak over the entire
length except for thé southeasternmost 100 feet where
the strongest radioactivity is found. At the northwest
end of this 100-foot zone, mineralization occurs where
the shear cuts across a syenite dike. The dike is
sheared, stained red, has a strong fetid odor when
broken, and is moderately radioactive. At the south-
east end, the mineralization occurs in sheared granite
and migmatite. The thorium is disseminated in a
4-foot zone bordered by a light-green clay and, also,
concentrated in a central 4-inch zone of red earthy
material; thorite was not megascopically visible.
Three samples (LLD-52, 1L.D-53, and LD-54, table 9)
contained from a trace to 2.0 percent equivalent ThO;,
and as much as 1.91 percent rare-earth oxides. Other
samples along the shear zone contained a trace of
equivalent ThO, (LLD-39, LD-40, LD-41, LD-42, and
LD-49).

Shear zone no. 1 is less than 500 feet long and

barite, quartz, siderite, and a trace of a radioactive
thorium mineral that is not megascopically visible.

Shear zone no. 2 is about 30 feet long and 2.5 feet
wide. Shear zone no. 3 is about 260 feet long and
ranges from several inches to 2 feet in width. The
vein consists of quartz, barite, and many dark-red
veinlets, less than 1/8 inch wide, of radioactive
hematitic material. The barite occurs as red, massive,
granular material and as younger white cleavage masses.
Shear zone no. 4 is about 50 feet long and 6 inches wide.
These zones are only weakly radioactive; the samples
(LD-43, LD-44, LD-45, 1.D-46, LD-47) contained
from a trace to 0.08 percent equivalent ThO, .

Shear zone no. 8 is about 200 feet long and 2 feet
wide; it is found in a brecciated granite. The sample
(LD-65) from this zone contained 0. 35 percent equiva-
lent ThO, . Shear zone no. 7 contains malachite and
some copper sulfides in a quartz-barite vein cutting
the amphibolite minerals; no radioactivity was found.

Other minerals have a sporadic distribution in
the area and along the shear zones. Quartz, either
the vuggy or milky variety, and barite are the most
common minerals. Much of the material in the shear
zones has the fetid odor, characteristic of the district.
Large, zoned quartz crystals coated with hematite are
found at the northwestern part of shear zone no. 5.

Other thorium deposits

Anna Lee lode

Anna Lee lode is 3-1/2 miles north-northeast

1 foot wide. The vein, exposed in several prospect of Querida and 3/4 mile west of State Route 143 (fig. 2)
pits, two trenches,and one shaft, is composed of pink and is claimed by Lee Jones and L. Knobbe. The
Table 9.-—Analyses of surface samples, Tuttle ranch, Fremont County, Colo.
Sample Equivalent| Chemical | Eguivalent| Chemical
No. Type 1 Length | uranium uranium ThO, 2 ThO.,,
(feet) | (percent) | (percent)| (percent) (percent)
0 o A 1.0 0.004 0.001 0.02 -
0 A 1.5 .000 .001 --- -
ID 4] o e oo e c _— .003 .000 .02 ---
I 4P e e o] R .003 .001 .01 ---
ID 4B m e e e c —- .009 .001 .04 ---
ID A e e A 3.5 .015 .000 .08 ---
D AU A c e m e e C -— .007 .003 .02 -=-
I A5 m o e e e e A 0.9 .016 .001 .08 ——-
I T T U A 2.5 .008 .000 .04 .
I c _— .014 .001 .07 -
ID 48 e C _— .008 .001 .04 ---
ID 49 et A 1.0 .008 .001 .04 ---
ID 50mm e m e e e - A 5.0 .14 .002 77 —---
ID Slemm e e e e o - .0%4 .001 .52 -
0 R 2 S A 4.0 .11 .002 .60 0.57
ID BB e e e e A 4.0 .007 .001 .03 -—-
0 T A 4 .36 .002 2.00 1.91
ID 65 e e e o C -— .063 .001 .35 ~---

C, grab sample; A, channel sample.

2Calculated from the equivalent uranium by subtracting the chemical uranium and multiplying the difference by the conversion factor of 5.6.
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property was examined earlyin 1952. Several small pits
and trenches were examined and an isorad map (fig. 3)
was made.

The thorium-bearing shear zones trend N. 60° W.
through an area of granite that is locally stained red. The
total length of the shear has not been determined, but the
discontinuously mineralized part, asindicated by the
isorads of figure 3, isabout 1,000 feetlong. The shear may
continue to the northwest; heavy alluvium prevented further
radiometric study ofthe vein in that direction. Narrow
syenite dikes, sheared and heavily iron stained, are exposed
in the workings and probably trend parallel to the shear zone.
The shear zone is entirely covered by a thin soil mantle
except where exposed in the prospect pits.

The highest radicactivity found with a Geiger-Mueller
counter was 13-20 mr /hr (background about 0. 03 mr/hr;
geometry 2 to 3r) in vein material 2 to 10 inches wide; the
average radioactivity of the shear zone was about 0. 5 mr /hr.
The thorium-bearing material occurs in the more strongly
iron stained and sheared rocks within the shear zone. The

EXPLANATION

0

Zie
PROSPECT PIT AND DUMP

RA 76
SAMPLE NUMBER

ISORADS EXPRESSED AS MR/HR

BACKGROUNO 0.7 MR/HR d\(o

0 100 200
C . : L
Contour intervel 20 feet

Datuzs 1s mean sea Jevl

300 Feet [
3

Figure 3. —~Isorad map of Anna Lee lode, Custer
County, Colo.

vein where best exposed in the easternmost pit (fig. 3)
strikes N. 47° W., dips 85°NE, andisabout 10inches wide.
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It consists of a sheared fine-grained red rock, probably
altered syenite, that contains 1- to 2-inch dark-red
stringers of thorite. The distribution of the "ore
shoots" along the radioactive shear zone probably is
shown by the irregular distribution of the isorads (fig. 3).

A medium-grained basic dike, very highly altered
to a soft, crumbly, light-gray material, is adjacent
to the radioactive shear in one of the shallow prospect
trenches. Specular hematite occurs at one place in
the shear zone as narrow stringers and lenses as
much as 1/4 inch wide.

The locations of collected samples are shown on
figure 3 and the results of the assays are in table 10.
Two channel samples (RA-76-RA-101) ranged from
4.02 to 1.20 percent ThO, and one selected
sample (KR-3) contained 6. 68 percent equivalent ThO,
and 1. 53 percent rare-earth oxides.

Atomic Mountain claim

The Atomic Mountain claim is 5 miles north of
Querida (fig. 2) and is owned by E. Sparling and
L. Knobbe, A vertical vein, exposed in two adits,
one shaft, and many prospect pits, was traced for
1, 200 feet along a shear zone that trends N. 50° W.
The country rock consisting of interlayered granite
and injection gneiss strikes N. 40° E., and dips
80° NW. The vein ranges from a few inches to 2 feet
in width and consists of quartz, barite, limonite, and
siderite. The vein and a basic dike, now completely
altered to a brown silicified rock which may be slightly
radioactive, were emplaced in a shear zone as much

~ as 6 feet wide.

The radioactivity is low to moderate; a maximum
reading of 1.5 mr/hr (background about 0.03 mr/hr,
geometry 2n) was obtained with a Geiger-Mueller
counter. The analyses of two samples (RA-23 and
KR-9, table 10) believed to represent material from
the bottom of the shaft, represents the highest grade
ore found on the dump; they contained 2. 12 and 0. 95 per-
cent equivalent ThO,,

Barite lode

The Barite lode, belonging to Pete Cowan and
George Schweigert, is about 6 miles east of Westcliffe
along State Route 96and consists of a caved shaft,
about 11 prospect pits, and two bulldozed trenches
about 2, 000 feet long. The vein can be traced an
additional 1, 000 feet northwestward beyond the limits
of the claim. The area was visited by Dellwig in 1951
and revisited by Heyman in 1952.

The deposits are along several northwest-trending
mineralized zones in an area of microcline granite and
quartz-hornblende and granite gneisses. A highly
silicified brown dike rock occurs in some of the shear
zones. Four shear zones apparently have en echelon
arrangement; the strike ranges from N. 67° W. to
N. 45° W. and the dip ranges from 70° NW to vertical.
The vein material has a maximum observed width
of 6 feet, but generally is much narrower. It is com-
posed of limonite, white and massive red barite,
white and smoky quartz, red massive and specular
hematite, thorite(?), and a minor amount of
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galena. The thorium occurs with, and is masked

by hematite.

The two channel samples from the discovery
shaft contained 0. 07 and 0. 23 percent equivalent ThO,
(samples 524-2 and LD-55); one sample (52H-3) from
a hematite-thorium pocket on the east wall of the
shaft contained 0. 61 percent equivalent ThO, (table 10).
These samples contained only 0. 001 to 0. 002 percent
U30s.

Big Chief I claim

The Big Chief I claim, east of State Route 143

about 1.5 miles north of Ilse, is owned by A. P. Jensen.

Originally staked asthe "Star mine, " the property was
mined for barite. There are many workings throughout
the length of the vein.

The wall rock is injection gneiss which strikes
N. 70° E. and dips 85° NW. The steeply dipping
veln is exposed for 400 feet along a N. 10° W. trend.
It pinches and swells from 2-1/2 inches to 4~1/2 feet.

Barite, quartz, and iron carbonate are abundant;
galena and chalcopyrite are present in small amounts.
The radioactivity, although low, is fairly constant along
the vein. The maximum Geiger-counter reading was
0.15 mr/hr (background 0.05 mr/hr; geometry 2 to
2.5n) with much material giving readings of 0. 10 mr /hr.
A 15-inch channel sample (LD-23, table 10) gave a
trace of equivalent ThO, .

Charleston property

Four prospect pits are in moderately radioactive
rock 1-1/2 miles east-southeast of Querida on the
Charleston ranch. These pits are along a N. 20° W.,
vertical shear zone. The shear zone is 5 to 10 feet
wide, 300 feet long, and contains a dark-red to brown
nondescript silicified rock that probably represents a
completely altered basic dike. The maximum radio-
activity recorded was 4.0 mr/hr (background about
0.03 mr/hr; geometry 2 to 2.5 ). Much of the vein
material gave readings of more than 1.0 mr/hr.

Darby extension property

C. L. Briggs holds patented rights to the Darby
extension property on the A. Griffen ranch 8 miles
north of Querida (fig. 2). Dellwiqg visited the property
during the summer of 1951. The workings consist of
two shafts, having estimated depths of 100 feet and
25 feet, and several prospect cuts and adits.

The mineral deposit is in a 100-foot wide, north-
west-trending fault zone that has a lateral extent of
more than 9,000 feet. The vein minerals are quartz,
calcite, barite, iron carbonate, pyrite, chalcopyrite,
galena, and fine-grained, dense, red and earthy-brown
limonitic rock; both types of limonitic rock are radio-
active. The country rock is hornblende gneiss and
granite.

Agrab sample (LD-22) from the dump of the larger
shaft contained 0. 12 percent equivalent ThO 5 (table 10).
Alater examination of the shear zone revealed more
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strongly radioactive rock a short distance to the east;
the maximum Geiger-Mueller counter reading recorded
was 3.5 mr/hr (background about 0.04 mr/hr; geometry
2 t0 2.5 n). The counter reading for most of the

shear zone was 1.0 to 2.0 mr/hr.

Dreamer's Hope claim

The Dreamer's Hope claim is in the vicinity of
the Homestake claims, 3.9 miles east of State Route 69,
about 8 miles northeast of Hillside, Fremont County
(fig. 2). Weak radioactivity is found along a shear
zone trending N. 55° E. in microcline granite. The
maximum radioactivity reading was 0.5 mr/hr (back-
ground about 0.03 mr/hr; geometry 2.5 n). Dellwig
and Gott collected one sample from the Dreamer's Hope
in 1950. It contained 0. 46 percent rare-earth oxides
and 0. 13 percent equivalent ThO 2 (sample LD-124A,
table 10). The prospect had been worked for lead.

Griffen property

Albert Griffen's property, 1. 1milesnorthofthe
junction of State Routes 143 and 277, was visited by Dellwig
inJuly 1951. Anorthernveinhavinganattitude of N, 80°W.,
75° SW was traced for only 50 feet; another vein 70 feet to
the south havingan attitude of N. 80° W., 756° SW, contained
radioactive material for a distance of 270 feet. The southern
vein was traced about 2, 000 feet farther southeast, but only
slight radioactivity was found. Both veinscutpre-Cambrian
fine-grained microcline granite gneiss. The northernvein,
exposed in three closely spaced prospect pits, isabout 3feet
wide and consists principally of pink barite having small
amounts of siderite andquartz. The vein material was
fractured then recemented with a red material that is slightly
radioactive. The southern veinapparently follows a shear
zone, 2 to 3feet wide, thathasasilicifiedbasic dike adjacent
to the northern edge of the vein. Red massive hematite and
some specularite, barite, and chalcopyrite are found in
the pit where the highest radioactivity was found.

The maximum radioactivity reading was 2.0 mr/hr
(background about 0.04 mr/hr; geometry 2.5 to 3 n).
Three samples contained from a trace to 0. 17 percent
equivalent ThO, (samples LD-29, -30, and -31, table 10).
Sample LD-31 contained 0. 058 percent uranium which
is the largest amount, associated with the thorium,
that has been found in this region.

Homestake claims

The Homestake claims are 3.9 miles from
State Route 69 about 6 miles northeast of Hillside,
Fremont County (fig. 2). The claimsarelocated along
shear zones(?) trending N. 55° E. in an area of
microcline granite. The granite has a foliation that
strikes N. 55° W. to N. 70° W. and dips 60° NE to
vertical. Weakly radioactive material is found at
three prospect pits and in one shaft on the Dreamer's
Hope and Homestake no. 1 structure for a distance of
about 2, 000 feet; the maximum radioactivity was
0.5 mr/hr (background about 0.03 mr/hr; geometry
2.5t03n).

Dellwig and Gott visited the area in 1950 and collected
six samples that contained as much as 6. b1 percentrare-
earth oxides and 0. 35 percent equivalent ThO, (table 10).



Lee Jones property

The thorium property on Lee Jones ranch, bmiles
northeast of Querida (fig. 2) was examined by Dellwigin
July 1951. The country rock consists of fine-grained and
dark coarse-grained varieties of microcline granite. Mod-
erate radicactivity was associated with limonitic stained
rock from a small caved prospect pit in an area largely
covered by alluvium. Noother evidence of mineralization
was observed. The maximum radiocactivity was 0. 55 mr/hr
(background 0. 04 mr/hr; geometry 2. 5 ) for two hand
specimens from the north dump that were chosen asa sample
to represent maximum radioactivity. Although this sample
analysed 0. 12 percent equivalent ThO, (sample L.D-39,
table 10), radioactivity in most of the surrounding areais
only slightly above background.

Lucky Find claim

The Lucky Find claim, ocwned by E. Sparlingand
L. Knobbe, is4miles northof Querida (fig. 2). InJuly 1951,
Dellwig examined the property. The workings consist of
one prospect shaft, 15 feet deep, and several smaller pits.

The Lucky Find is in a moderately radioactive vertical
shear zone, 2to7 feet wide thatisabout 1, 500 feet. Its aver-
agetrendisN. 70° W. The country rockis injection gneiss
that strikes N. 70° E. and dips vertical. The vein, inthe
shear zone, pinches and swells from 1 to 3 feet in thickness.
Theprincipal vein mineral is barite which along with minor
quartzhas beenbroken, sheared, and recemented. Slicken-
sides are common in the shear zone and are coated with tho-
rite, Abasic dike of pre-mineral age parallels the south side
ofthe vein, and containssome chalcopyrite.

Three channel samples, two from the shaft and one
from a prospect pit 530 feet east of the shaft, contained from
atraceto0. 07 percent equivalent ThOz . Onegrab sample
containing 0. 77 percent equivalent ThO , (samples LD-26,
27, 28, and KR-4, table 10), was taken from a shallowpros-
pect pit 260 feet east of the shaft. The strongly radioactive
material is restricted to a pod-shaped area about 2 by 4 feet;
itsvertical dimension is unknown.

Mystery lode

The Mystery lode is near the Greenwood property,
about 3 miles southwest of lise, The ownersofthe claim are
E. Sparlingand L. Knobbe. The workings consist ofa 20-
foot shaft. The property was examined by Dellwigin 1951,

The Mystery lode is orf a 2foot quartz vein of unknown
length, thatcuts injection gneiss. The strike ofthe veinis
N.15°W., and the dipis60° SW, the foliation ofthe injection
gneissisN. 60° E. and nearly vertical.

Barite, sphalerite, galena, and chalcopyrite are
present in small quantities as stringers and isolated blebs
in a gangue of vuggy quartz. Both milky and smoky quartz
are zoned crystals in the vugs.

Three samples from the dump were selected to deter-
mine maximum radioactivity. Thesecontained froma trace
to 0. b5 percent equivalent ThO ; (samples L.D-24, 25, KR-5,
table 10).

Nightengale claim

The Nightengale claim, owned by L. Knobbe and
J. Tomsick, is 1. 4miles eastof Querida (fig. 2). Itwas
visited by Dellwigin July 1951.

The claim consists of 3 prospect pits alonga 6-foot
vertical shear zone that trends N. 45°W. inhornblende
and granite gneisses. Because exposures are scarce the
shear zone was traced for only 100 feet; both ends are ex-
posedby prospect pits. The large pitonthe northwest end
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has exposed an aplite dike thathasbeen sheared and some-
what mineralized with quartz veinlets, galena, chalcopy-
rite,pyrite, and abundant black coatings of manganese(?)
on the granitic and aplitic rocks; no bariteispresent. A
maximum reading of 1. 3mr/hr (background about

0. 04 mr/hr; geometry 2 to 2. 5n) was found as a surface
coating associated with the black coatings.

One channel sample across the vein contained 0. 27 per-
cent equivalent ThO 3 (sample 1.D-33, table 10). A selected
sample contained 1. 43 percent equivalent ThO ; and
0. 57 percent rare-earth oxides (sample KR-2).

O. Tuttle property

Aradioactive veinlocated 2, 500 feet N, 80° W. of
the intersection of State Routes 143 and 277 (fig. 2) was
exarined by Dellwigin 1951. O. Tuttle ownsthe mineral
rights and Charles Paine has the surface rights onthe
property. A 40-foot shaftand two large prospectpitshave
been dugalong 150 feet of the vein; mineralized material
occurs along the same structure to the southeast.

The vein and a basic dike were emplaced ina shear
zone about b feet wide, where observed. The zone strikes
N. 22° W. and dips 70° SW; the granite gneiss country rock
hasa foliationof N. 80° E. The vein consists of white
cleavage masses of barite, granular barite, quartz, sider-
ite, small quantities of copper sulfides and carbonates, a
small amount of galena, and radioactive material. The
sulfides occur inthe barite; the mostabundant sulfideis
chalcopyrite. Radioactivity apparentlyis due chiefly to
the dark-red toblack hematitic-like material that is
disseminated throughthebarite. Some ofthe quartizis
also slightly radioactive.

Moderate radioactivity occurs along the vein; the
highest reading was found on the dump of the 40-foot shaft.
Here, amaximum reading of about 1. 0 mr /hr (background
about 0. 03 mr/hr (geometry 2 n ) wasrecordedona single
barite specimen and readings of 0. 18 mr/hr were common
inbariteand quartz. Two selected samples (LD-37 and
LD-38, table 10) showed an equivalent ThO , content of
1. 11 percent inthebarite and 0. 02 percent in the quartz.

Pennie Poker claim

The Pennie Poker patented(?) claim is on the
same mineralized fault as the Darby extension and
joins that claim on the north. The property was
leased by E. Sparling in 1951. It was examined by
Dellwig in 1951, Mine workings include a 25-foot shalit,
a caved adit having a reported length of 180 feet, two
prospect cuts, and a prospect shaft. The radioactive
zone is similar in composition, but-much narrower,
than the Darby extension vein. The average width of
the shear zone is about 15 feet; the average width of
the vein is 3 feet.

A grab sample collected from the shaft dump
contained 0. 35 equivalent ThO, (sample LD-21, table 10),
Geiger-Mueller counter readings as much as 4.0 mr/hr
(background about O0.04 mr/hr; geometry 2 ), were
recorded.

Sewell ranch property
Sewell ranch is in Hardscrabble Canyon (fig. 2).

The radioactive vein is on a ranch owned by George F.
and Claude A. Sewell. The workings consist of two



40-foot adits, a 40-foot shaft, and several prospect
pits. This deposit was mapped in the summer of 1952;
an isorad map is shown in figure 4.

EXPLANATION

RN
Prospect pit and dump

\\,
Portal  of adit

RA 96A
Sample  aumber

—y

15

Isorads expressed as ar/hr
Background 0.7 mr/m

RA 71,72,73, 98
\\ N~

100 (o] 200 Feet
L L |

Contour interval 20 feet
Datum assumed

Figure 4. —Isorad map of part of Sewell ranch, Custer
County, Colo.

The thorium is in a quartz-barite-limonite vein 6 to
10feet wide and atleast 1, 000 feet long. Ithasanaverage
strike N, 45° W. anddips 80° NE. The country rockis
granite and hornblende gneiss. Moderate to weak radio-
activity was found throughout the exposed length of the vein;
the strongest radiocactivity was associated with barite.
The veinis strongly sheared and contains abundant earthy
redironoxidesalongthe shears. Theveinalso contains
traces ofcalciteand galena.

About 100 feet west of the vein a syenite dike 3 feet
wide has about the same trend as the vein. A strongly
altered basic dike, 10feet wide, is exposed inthe road
cut 300 feet west of the vein. Thebasic dike cannotbe
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traced in either direction, but its trend apparently is about
the same as that of the syenite dikeand the vein. The
thorium-bearing vein and the syenite dike have been offset
by a series of eastward- andnortheastward-trendingfaults.

Ten channel samples were collected from locations
shown on figure4. They contain from atraceto 0. 60 per-
cent equivalent ThO , and the spectrographic analyses
showed traces of rare-earth oxides (samples RA-T1-75,
and RA-96-100, table 10).

Spalding property

The Spalding prospect is about 0.4 mile, S. 50 W.
from the owner's home on State Route 143, northwest of
Iise (fig. 2). Dellwigexamined the claimin July 1951.
The workings consist of one 40-foot shaft and five prospect
pits. Thecountryrock is microcline granite and injection
gneiss, whose foliation strikes N. 45° E. and dips 75° NW.

A quartz-barite vein in a shear zone strikes N. 25° W.
and dips 85° SW. It wastraced for 150 feet along the strike
butisreported {o extend for halfamile. The width ranges
from 18to 24 inches. The radioactivity islow;itishighest
where shattered barite has been cemented by hematite( ?)
and an unknown black mineral. The maximum reading
was 0. 14 mr/hr (background 0. 04 mr/hr; geometry 2to
2.5 m )ofa Geiger-Mueller counter, Quartzandbarite
are the dominant vein minerals, butlocally a fibrous blue
amphibole is abundant. Presumably thelatter causes
some of the quartz and barite tobe paleblue. Galenais
a minor vein mineral. :

Sample LD-36 (table 10) contains a trace of equiva-
lent ThO ; and represents the highest radioactive material
onadump 150 feet southeast of the shaft.

Starbuck claim

The Starbuck claim is 6 miles north of Querida (fig. 2)
on the north side of a ridge which is the site of the " Atomic
Mountain" claims. Theclaim was staked by E. Sparling
and L. Knocbbe and has been prospected by eightpitsanda
partly cavedadit (fig. b). It wasexaminedbrieflyby
Christman and Heyman in 1952.

Theprospect pitsoccur alonga vertical shear zone,
1, 000 feet long, thattrends N. 35° W. The shear zone cuts
granite gneiss, biotite schist, and amphibolite. Thevein
has a maximum observed width of 3 feetand is composed of
quartz, barite, and large amounts of limonite and hematite.

Although the entire shear is weakly radicactive, the
concentrations of thorium-minerals are near the aditand
the southeastern prospect pit. A 3-footchannel sample
(RA-25) from this prospect contained 0. 11 percent equiva-
lent ThO, ; more selective samples (RA-26 and KR-8,
table 10) from the same pit contained 1. 00 percent equiva-
lent ThO, . Aselected sample (RA-28) from the dump at
the caved adit contained 1. 87 percent equivalent ThO,
and a 0. 5-foot channel sample from a prospect pit north-
west of the adit contained 0. 33 percent equivalent ThO, .

Stinkhole claim

The Stinkhole claim, owned by George Stultz, isabout
1.8 milesnorth of the Tuttle ranch (fig. 2). Thelocality
was visited by Heyman in September 1951. The workings
consist of one shaft, anadjacent prospect pit, and a second
prospect pit about 100 feet to the southeast.
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Figure 5. —Prospects on Starbuck claim, Custer County, Colo.
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The country rock is dominantly granite and contains
a minor amount of hornblende-plagioclase gneiss. Avein
2 feet thick transects the foliation of the country rock ata
highangle and occurs ina shear zone that strikes N, 40° W.
and dips 55° SW. Abasic dike characterized by alined feld-
spar phenocrysts, trends N. 65° W. through the south pit.
Radioactivity is moderately high; much of the vein material
on the dumps gave readings 1. 8 mr/hr (background about
0.03 mr/hr; geometry 2t0 2. 5n). Thedominant vein
minerals are white and red fractured barite cemented by
red radioactive material and zoned, smoky quartz. Milky
quartz is also common, and some occurs in masses having
radiatingfractures. Specular hematite andlimonite mixed
with thorite( ?) are disseminated through the vein and as
coatings onbarite and quartz. Sideriteisfoundinsmall
amounts, but its former abundance is recognized by
rhombohedral cavities in the quartz associated with
abundant limonite. Leadhasbeenreported. The fetid
odor of the vein material is very strong, especiallyinthe
smoky quartz.

Two samples were taken, one was to indicate maxi-
mum radioactivity and the other a 2-foot channel sample
acrossthevein. Theycontained 1. 67 percentand Q. 15per-
cent equivalent ThO, (samples AH-2, -3, table 10).

Sunrise claims

The Sunrise claims I, II, and Illareinarather inac-
cessiblearea, 2 milesnortheast of the Tuttle ranch (fig. 2).
Although the owner, George Stultz, primarily worked the
Sunrise Iclaim for barite, some lead was produced.
Heyman examined the properties in September 1951. The
Sunrise Iand Il claims are onanorthwesterly-trending vein
to the southwest of a parallel vein on which Sunrise Il is
located. Both veinsoccur in shear zones that cut pre-
Cambrian granites and gneisses. Thereare two prospect
pits on the Sunrise HIclaim. Onthe SunriseIand IIclaims
avertical veinofbarite, 3feet wide, hasbeenminedtoa
depth of 25 feet for 30 feet along the strike, Southeastof
this cut there are many prospect pits and adits along the
vein. Where mined, the vein was pure white barite and
contained only minor impurities of quartz, carbonate, and
galena. Severalhundred feetto the southeastandabout
100 feet lower in elevation, the veinbranches into five
veinlets eacha fewinches wide. Abasic dikeispresent
wherever the veinis exposed. Itis shearedinmany out-
cropsandlocally is silicified or partly altered to green
clay. Inthe maincut, however, the dike is comparatively
unaltered in the middle of white barite.

Althoughboth veins may be traced for more thanhalf
amile, theradioactivityislowand verylocalized. Atone
point on Sunrise III, radicactive material giving 0. 5 mr /hr
(background 0. 03 mr/hr; geometry 2to 2.5 « ) ispresent,
Radioactivity at Sunrise Tand Il is negligible.

The only sample analyzed (AH-4, table 10) was taken
from the most radicactive part of Sunrise Il and, therefore,
indicates maximum radioactivity. The chemicaluranium
content is 0. 027 percent which is one of the highest recorded
inthe thorium deposits; the equivalent ThO » content was
1. 19 percent.

Swartz property

Two prospect pits ona patented( ?) claim owned by
D. P. van Nouhuys in the northern part of the Swartz ranch
werebriefly examined by Heyman and Christman. The
Swartz ranch is on State Route 96, 2 miles north of Querida.
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The pits are on either side of Tyndall Gulch about 1, 000 feet
apart and are probably along a shear zone which trends
N. 28° W.

The country rock at the southeast pit is metagabbro( ?)
and at thenorthwest pit is hornblende-plagioclase gneiss.
The mineralized material is associated with sheared wall
rock and a silicified dike rock. The only vein minerals
recognized were limonite and hematite that mask the thorite.

One sample of the most highly radioactive material
was taken from eachpit. The sample (RA-52, table 10)
from the northwest pit contained 2. 21 percent equivalent
ThO, . The sample (RA-51) from the southeast pit con-
tained 8. 70 percent equivalent ThO z,and subsequent studies
have shown that this sample (RA-51) containsas much as
40 percent bertrandite (H,BesSi209). The pits are so
badly slumped that the amount of the vein material
is unknown; it is probably small because the known radio-
active material is restricted to a few specimens on dumps.

Unnamed prospect

During the 1951 field season, Dellwig examineda
strongly radioactive prospect consisting of a single pit
located about 1, 000 feet south-southwest of the main pit
on the Nightengale property and 1, 200 feet northwest of
the Charleston property (fig. 2). The Tertiary volcanic
area around Querida mapped by Emmons and Cross (1896)
lies about halfa mile west. The ownership of the property
isnot known.

The prospect pit is in an open field, largely covered
by alluvium. Severalother mineralized zones, showing
greater resistance to weatheringthan the country rock,
cropout as ridges of reddened granite and are exposed in
many shallowprospectpits. The country rocksare horn-
blende and granite gneisses whose average foliation strikes
N. 80° W. Atleastone rhyolite dike crops outnear the
prospectand cuts across the mineralized zone 175 feet north
ofthe pits. The vein canbe traced about 400 feetand is
irregularly radioactive. The onlyindicationsof mineral-
ization are the high radioactivity and the red staining of
the granitic rock. The stainingboth permeates the rock
and occurs as thin surface coatings. Becauseno visible
thorite could be found, the thorium probably is dissemi-
nated in the red material responsible for the staining.

The radioactivity recorded on a gamma-scintil-
lation detector along 10 to 15 feet of the mineralized
zone compares favorably with the values obtained at
some of the most radioactive deposits known in the
Wet Mountains area. The maximum Geiger-Mueller
counter reading of 5.0 mr/hr (background about 0. 03
mr/hr; geometry 2 n) was recorded at the pit, and the
dump averaged about 1.5 mr/hr. Two samples
(LD-34 and LD-35, table 10) contained 0.77 and 0. 44 per-
cent equivalent ThO, .
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Areg of drill holes Ha-3 and Ha-7

LOGS OF DRILL HOLES

The rocks exposed on the surface are principally

migmatite and microcline granite. The coarse-grained

Economically, this area is the most important at facies of the alaskitic granite is found in the migmatite
Haputa ranch because drill hole Ha-3 showed an ore and in separate masses. Most of the rock cut in the
zone about 26 feet thick at a depth of 200 feet and Ha-7 drill holes is migmatite; the rock in the upper part of
showed that this same zone continues to a depth of the holes more closely resembles microcline granite
400 feet where it is more weakly radioactive. The ore and in the lower part resembles biotite granite gneiss.
body at the surface, on the basis of the distribution of Hole Ha-7 also cuts considerable amounts of fine-grained
radioactivity, is 200 to 300 feet long and is 6 feet amphibolite. Inbothdrill holesbasic dike rock was

wide where exposed in the 20-foot shaft (pl. 2).
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adjacent to the radioactive zone.
Ha-3

Migmatite; largely microcline granite.
Amphibolite, ’
Migmatite; highly fractured and limonite-stained in lower part.
Basic dike rock; lamprophyric rock containing hornblende phenocrysts with a chill facies and
amygdaloidal zones at the contacts; last 8 feet mostly altered to gray-green clay minerals.
Migmatite; small percentage of microcline granite; first 10 feet adjacent to the dike slightly miner-
alized; fetid odor, but no radiocactivity.
Migmatite slightly fractured and mineralized; thick hematite and limonite coatings on fractures; weakly
radioactive by radiometric logging.
Migmatite .
Vein zone; mineralized granite and minor amounts of mineralized pegmatite, fractured and iron-stained
throughout:
233.0-236.4 Weakly radioactive; abundant hematite, minor thorite.
236.4-239.8 Strongly radioactive; thorite blebs in two veins, 3/8 and 1/2 inch thick, as fracture
fillings, quartz veinlets and much hematite and limonite.
239.8-245.0 Weakly radioactive; zones as much as a foot wide of strongly fractured material, gouge
and iron oxides.
245.0-2564.0 Strongly radioactive; thorite occurring as fracture coatings, filling small blebs, and
disseminated in the iron oxides; four thorite veinlets less than 3/8 inch wide;
strongly fractured zones are the most radioactive.
254.0-259.0 Moderately radioactive; thorite as fracture coatings and disseminated throughout,
associated with iron oxides.
259.0-270.5 Strongly radioactive; thorite in highly fractured and hematite-stained, mineralized
granite in first 6 feet; last 5.5 feet of crumbly red, earthy clay-like materials and
altered granite with disseminated thorite.
Basic dike rock; aphanitic.
Migmatite, pegmatite,and amphibolite,

Ha-7

Migmatite with much amphibolite, minor pegmatite,and microcline granite.

Fine-grained dark-red microcline granite.

Migmatite.

Dark-red microcline granite.

Migmatite.

Slightly mineralized zone, reddened granite.

Basic dike rock; lamprophyric rock containing small hornblende phenocrysts; contact with granite

about 20° measured from the axis of the drill core.

Basic dike rock and granite, slightly altered.

Migmatite and amphibolite.

Vein zone:

492.2-495.3 Migmatite and amphibolite slightly hydrothermally altered; moderately radioactive
according to the radiometric log of the drill hole.

495.3-497.5 Moderately radioactive; altered and fractured microcline granite, chlorite along
fractures; veins of dark-red iron oxides(?), no visible thorite.

497.5-500.8 Weakly radioactive; fractured microcline granite with mottled red-brown alteration in
last foot.

500.8-502.4 Moderately radioactive; mineralized granite.

502.4-512.5 Weakly radioactive; mineralized and fractured microcline granite, large amount of
core not recovered.

512.5-518.4 Weakly radioactive; locally fractured and mineralized microcline granite with strongest
radioactivity associated with the fractures, veinlets of red-brown iron oxides, no
visible thorite.

518.4-527.0 Basic dike rock, aphanitic.

527.0-586.1 Migmatite, amphibolite, and biotite granite gneiss.
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Figure 11, —Section through drill hole Ha-2, Custer Figure 12. —Section through drill hole Ha-1, Custer
County, Colo. County, Colo.
Ha-1
0.0- 41.9 Metagabbro.

41,.9- 42.4 Pegmatite

42.4- 74.5 Metagabbro; minor pegmatite and white granite.

74.5- 75.3 Pink, salic hydrothermal vein material along fractures.

75.3-161.6 Metagabbro, in part the plagioclase-low facies, and minor pegmatite and white granite.
161.6-162.2 Pegmatite, slight radioactivity due to brown mineral.
162.2-167.1 Metagabbro. .
167.1-169.2 Pegmatite.
169.2-258.2 Metagabbro, much is plagioclase-low facies, and minor pegmatite.
268.2-259.2 Fractured zone in metagabbro.
259.2-292.8 Metagabbro and minor pegmatite.
292.8-304.3 Fractured zone in metagabbro.
304.3-327.0 Metagabbro and minor pegmatite.

Area of drill hole Ha-4. that microcline granite, in part associated with
fractured zones, was found in several places
This area is composed of metagabbro, in (fig. 13). Both the basic dikes with their as-

part the hornblende-rich and plagioclase-low sociated minor mineralization were found in the
variety, and minor pegmatite that is cut by drill hole to correlate with those of the surface.
shear zones nos. 3 and 4 (pl. 1). The drill A summary of the log is given on the following

hole passed through the same rock types except page.
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0.0- 25.9
25.9- 28.6
28.6- 54.6
54.6- 60.0
80.0- 92.3
92.3- 93.1
93.1-161.6

161.6-164.4
164.4-165.6
165.6-170.1

170.1-174.8
174.8-176.8
176.8-237.3
237.3-243.8
243.8-249.0
249.0-251.5
251.5-274.0
274.0-277.7
277.7-294.3

Ha-4

Metagabbro with plagioclase-low facies; last 8 feet weathered and fractured.
Microcline granite.

Metagabbro, plagioclase-low facies, fractured and altered at 28.6 to 34.3 and 50.6 to 54. 6.

Microcline granite.

Metagabbro intruded by a small quantity of pegmatite and white granite.

Microcline granite and metagabbro.

Metagabbro cut by white granite stringers.

Metagabbro, pegmatite stringers and basic dike, last foot fractured and altered.

Basic dike.

Basic dike cut by hydrothermal vein material on hanging wall; fractured, limonite stained, and silici-
fied along some fractures; one fluorite veinlet.

Metagabbro, plagioclase-low facies.

Pegmatite.

Metagabbro with plagioclase-low facies.

Microcline granite,

Metagabbro.

Basic dike with hydrothermal vein material on hanging wall.

Metagabbro with plagioclase-low facies.

Pegmatite.

Metagabbro, plagioclase-low facies.

The drill hole contained only a trace of equivalent

ThO,. Thegamma-ray logshows thatvery minor radio-
activity is associated with some of the microcline granite.

oy Data from the hole shows that shear zoneno. 4dips 71° NE,
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The maximum radicactivity at the surface along Amphibolite
shear zone no. 3 was 0. 38 percent equivalent ThO, e
near the shaft (table 3). The dump of the shaft ==
was the only area along shear zones nos. 3 and 4 Fractured 0%
that was more than twice background on the — 50 0 50 Feet
gamma scintillation detector (pl. 2). Shear zone Thimiperalized shear wone b e e
no. 4 contained only a trace of equivalent ThO,

but as much as 0.81 percent rare earths.

Figure 14, —Section through drill hole Ha-5, Custer
County, Colo.
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The basic dike and associated minor mineral-
ization were found at depth.

the log is given below:
A summary of

Ha-b
0.0- 42.0 Probably largely biotite granite gneiss.
42.0- 49.3 DPegmatite.
49, 3- 57.5 Metagabbro, fractured, altered and limonite stained.
57.5- 63.0 Biotite granite gneiss.
63.0- 71.8 Microcline granite.
71.8- 95.8 Biotite granite gneiss.
95.8- 98.5 Metagabbro, fine-grained chill facies at contact with gneiss.
08.5-147.4 Metagabbro, fractured and altered at 98.5 to 103.2 and at 127.8 to 137.17.
147.4-148,6 Hydrothermal vein material; abundant hematite, vein quartz,and silicified material in brecciated and
altered pegmatite.
148.6-150,1 Basic dike.
150.1-170.9 Metagabbro cut locally by white granite.
170.9-182.2 Migmatite (biotite granite gneiss intruded by abundant stringers of microcline granite along foliation
planes).
182.2-186.8 Metagabbro.
186.8-188.7 Migmatite.
188.7-192.8 Basic dike; cut by hydrothermal vein at 189.9-190. 4; fluorite in blebs and veinlets, one 2-millimeter
veinlet of galena, very weakly radioactive.
192.8-193.4 Hydrothermal vein material and altered basic dike rock; weakly radioactive, small amount of thorite and
chalcopyrite(?).
193.4-210.6 Migmatite with small quantity of pegmatite and conformable metagabbro mass at 194.4 to 1956. 6.
210,6-211.6 Pegmatite.
211.6-213.5 Metagabbro.

Shear zone no. 4 is dipping 83° NE and shear
zone no. 3 is almost vertical; they apparently intersect
at depth. The trend of the shears suggest that they
intersect on the surface about 160 feet to the southeast.

The surface prospect pits contained a trace to
0. 15 percent equivalent ThO, and as much as 0. 48 per-
cent rare-earth oxides (table 3). In the drill hole
only minor radioactivity is associated with the shear
zones with the basic dikes serving as a wall. The
highest equivalent ThO, of the core samples was 0.06 per-
cent; the highest equivalent ThO, obtained by the gamma-
ray logging was 0. 10 percent for shear zone no. 3
(tables 5 and 8).

These results, as well as those obtained in hole
Ha-4, seem to indicate that this part of the structure
is not particularly favorable for high-grade thorium ore;
however, because of the irregular distribution of ore
along the shear zones, no structure can be completely
disregarded on the basis of so few drill holes.

Area, of drill hole Ha-9

The surface exposures in this area consist
principally of biotite granite gneiss, migmatite, and
amphibolite; a basic dike is exposed in one of the
shafts and a syenite(?) dike is well exposed (pl. 1).
The objective of drill hole Ha-9 was to test for radio-
active deposits at depth in shear zone no. 5. The
drill hole was planned to cut near the intersection of
two faults where much shearing has taken place. The
veins have been prospected by two shafts and several
prospect pits; the veins contain abundant quartz, iron
carbonate, minor amounts of sulfides, and weakly
radioactive material.

Most of the core from the first 100 feet of the
drill hole was highly broken and stained by limonite;
locally it contains the fetid odor found in slightly
radioactive zones in this area. The syenite(?) dike
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and younger granite are easily correlated with the
surface; the rest of the rock is a complex mixture of
granitic rocks and amphibolite (fig..15). The lower
part of the hole is much less altered and consists of
biotite granite gneiss. A generalized log is given on
the following page.
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Ha-9

0.0- 34.0 Highly broken and limonite-stained biotite granite gneiss, migmatite, amphibolite, and small amount
of granite.
34.0- 41.3 Alaskitic microcline granite, broken and limonite-stained, slightly mineralized having a fetid odor.
41.3- 64.0 Migmatite and amphibolite with minor amount of granite; pegmatite at 47.5 to 49.0 and 62.0 to 64.0,
64.0- 69.5 Syenite(?), slightly mineralized with fetid odor in last 2 feet.
69.5- 77.6 Highly broken and limonite stained, slightly mineralized granite, syenite(?), and amphibolite.
77.6- 95.8 Migmatite. )
95.8-103.3 Silicified and hydrothermal vein material in granite, locally highly fractured; salmon and brick-red
feldspar, quartz, calcite, reddish-brown iron carbonate, fine-grained epidote, and locally abundant
iron oxides, particularly limonite; gamma-ray logging indicates some radioactivity between 97 and
105 feet.
103.3-166.6 Biotite granite gneiss, in part migmatite, with amphibolite and numerous small coarse-grained granite
dikes.
166.6-169.8 Basic dike rock.
169.8-215.8 Biotite granite gneiss, partly migmatized, and amphibolite.
The mineralized faults exposed at the surfaceare The surface analyses (table 3) and the
both found in the drill hole; the principal differenceis gamma-ray logs of the drill hole (table 6) indi-
that the basic dike appears to have crossed over from cate that this deposit probably does not contain
one to the other between the surface and the 120-foot ore of economic interest. One grab sample
level(fig. 15). The structures are nearly vertical except (LD-18) contained 0.11 percent equivalent ThOg,
that the stronger shear apparently dips slightly northeast. but the drill hole contained a maximum of
Only the easternmost fault is radioactive at depth. 0. 03 percent equivalent ThO,.
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