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WET MOUNTAlNS 0 COLORAD0 0 THORXUM INVESTIGATIONS 

1952-1 _9 .54 

~yR., A, Christ'triitlli~ · M .. R. Brock. R., C., Pea.Jl'SOtll0 

and Q., D. Singewald 

ABSTRACT 

A 22-square mile tract (McKinley Mountain area) of pre~Cambrian rocks and veins containing thorium 

was mapped at the scale of 1:6. 000., This tract lies on the west flank of the Wet Mountains. Custer and . 

Fremont Counties. northeast of Westcliffe. Coloo 

~he bedrock is a complexly interlayered sequence of gneisses of metasedimentary origin. migmatite 

and granitic gneisses that have been transected by an albite syenite stock and numerous northwest-trending 

dikes. veins. and fractures., Homblende~plagioclase and biotite~quartz~plagioclase gneisses are the 

principal metasedimentary rocks; pyroxene~scapolite. gamet. sillimanite. and quartzitte zones are locally 

present. The most prominent rock is a poorly foliated. micmcline. alaskitic granite gneiss which occurs 

as layers ranging from more than 500 feet in thickness down to migmatitic " lit-par~ lit" type of injections 

less than an inch thick. Of less wide distdbut ion. but of similar occurrence. are quartz monzonite and 

leuco-granodiorite gneisses. Although the folia tion of the rocks generally is steep and trends northeast 

over most of the area. several nonheast~uending folds have bee!J\ mapped in the northem half of the area; 

, a vert,ically plunging fold occurs in the southwest. The albite syenite is nonfoliated and is about 59'& 

million years old (late pre-Cambrian) by the Larsen zircon method of age determination., Many of the 

dikes are related to the stock., 

More than 800 radioactive occurrences were found along the northwest~trending veins., Almost all the 

radioactivity is due to thorium which in its purest form occurs as a hydrated thorite~Iike mineral. The 

veins also contain carbonate minerals. barite~ quartz. red and yeHow iron oxides. and minor sulfides; no 

genetic relation of these minerals to the thorium has been established.. Although most of the deposits .are 

only weakly radioactive. richer concentiration:; are scattered as pockets and lenses along the veins. 



INTRODUCTION 

Du'ring the summers of 1952 and 1953 geologic mapping at a scale of 1:6~ 000 was done in an area. 

designated in this report as the McKinley Mountain area. about 10 miles northeast of Westcliffe on the 

western flank of the Wet Mountains in Custer .and Fremont ~ounties. Colo .. (fig., 1). The pre~Cambrian 

complex of igneous and metamorphic bedrdGk was mapped in great detail (fig. 2) in order to discover 

new vein-thorium deposits and to determine the structural setting of these deposits., More than 800 

radioactive localities were found (fig. 3) within the 22 square miles that were mapped. The deposits 

occur irregularly atong northwest trending fraetttres without apparent relation..either to the country rock 

or to changes in strike of the fractures. 

Previous work in the McKinley Mountain area consislted of reconnai$sance of a few of the thorium 

deposits and a plane table map of a small tract at the Tuttle ranch., This worko as well as descriptions 

of some other thorium deposits and of a drilling program at Hapu1ta ranch. is set forth in "Thorium 

investigations. 1950-52. Wet Mountains. Coknado"' by Christman. Heyman. Dell wig and Gott (1953). 

The 1953 report outlined the known thorium province as at least 20 miles long and 10 miles wide • .It 

now is known to b~ at least 30 miles long and 12 miles wide~ To the southwest the Rosita and Silver 

Cliff mining dlstricts. containing silvero lead. goldg zinc. and copper veins associated with Tertiary 

volcanic rocks. have been described by S., F., Emmons ( 1896). and Cmss (1896). 

About two~thirds of the work by the U., s. Geological Survey was done on behalf of the Division 

of Raw Materials of the U. s. Atomic Energy Commission; the remainder was done by the State of 

Colo.rado Geological Survey Board and the Geological Survey on a cooperative basis. This report was 

.-
prepared by Christman. Brock9 and Pea.rson. under the general supervision of Singewald. 
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SUMMARY OF THE GEOLOGY 

Regional setting 

The pre-Cambrian rocks in the McKinley Mountain area are part of a north-trending belt of gneisses. 

schists, and granites which are exposed as a result of the Wet Mountain uplift during the Laramide revo­

lution. This belt is the southward~ echelon extention of the ancient Front Range highland (Lovering and 

Goddard. 1950). Most of the belt lies east of the mapped area and forms the higher portions of the Wet 

Mountains. Just east of the mapped area is the northwest -trending llse fault which apparently represents a 

structural break between the northeast-trending rocks in the McKinley Mountain area and the rocks on the 

crest of the Wet. Mountains. 

Most of the area is fairly rugged; relief ranges from 7. 900 to 9. aOO feet~ Water is scarce. Rather 

thin. somewhat scrubby stand~ of evergreen cover most of the ridges. but good stands cover some of the 

north slopes. 

West and southwest of the mapped area a discontinuous belt of Tertiary volcanic rocks lies between 

the pre-Cambrian rocks on the east and the alluvial fill in the Wet Mountain Valley on the west., F~rther 

to the west fire the high Sangre de Cristo Mountains composed of folded Paleozoic sedimentary rocks and 

several small Tertiary-intrusions (Burbank and Goddard. 1937)~ Associated with the Tertiary volcanic 

.roc_ks are vein depo.sits of gold. silver. lead. zinc 0 and copper near Rosita. Silver Cliff. Querida. and 

Westcliffe. Although one of the volcanic bodies near Hillside is slightly radioactive. Tertiary minerali­

zation appears unrelated to the thorium deposits in the pre-Cambrian rocksQ 

General geology 

The bedrock consists of metasedimentary. migmatitic. and granitic; gneisses which form complex 

interlayered sequences of interfingering and gradational rock types (fig. 2). Except along the crests and 

troughs of several folds, ·the layers of gneiss dip steeply and form narrow bands which trend northeast across 

the area. Distinctive lithologic "marker beds" in some places are important aids in determining the 



geologic structure. Units of homblende~plagioclase gneiss. biotite~qua.r~z:,P.lagjoclas:e , g_neiSsp and -

undi~ided metasedimentary gneisses probably are the metamorphosed rep.resentatives of the oldest pre~ 

Cambrian rocks in the area., Units of migmatite. quartz monzonite gneiss. a1askitic granite gneiss 

(abbreviated to "granite gneiss" in the report) 0 and leuco~granodiorite gneiss are younger; their origin is 

not known., These gneisses are cut by metamorphosed g~bbrok and ultra-mafic rocks and by unmeta-

morphosed stocks. plugs. and dikes., Inasmuch as an albite syenite stock (N., W., corner fig., 2) is one of 

the youngest rock types and has been determined to be .late pre-Cambrian by the Larsen age determination 

method. all the rocks. with the possible exception of some of the dikes are proven to be pre~Cambrian .. 

The majority of the dikes are syenitic in composition .. 

A doubly plunging anticline in the northwest part of the area and an unusual fold structure with 

vertical foliation and a nearly vertical plunge in the southwest are the most prominent folds shown on the 

geologic map;, A series of poorly defined amiclines and synclines occur in the northeastern part of the 

area. and an anticlinal nose. that plunges to the southwest. probably exists in the west~central part" 

Faults. shear zones. and joints transect the foliat ion at large angles.. Although several faults can be 

traced considerable distances. the vertical displacements are not known. and the largest known horizontal 

displacement is about 400 feet. The faults can be shown to be younger than the folding by the displacement 

of the anticlinal axis along the faults in the northwest part of the area., Veins and dikes occupy many of 

the fractures. part icularly joints and faults of small displacement., 

Small quantities of barite from veins. and vermiculite from altered mafic gneiss have been produced 

in the past from the McKinley Mountain area., .Kn addition. many prospect pits and adits have been dug to 

search for silverp gold. and lead along veins containing quartz and sulfide mineralsG 

More than 300 veins along northwest ~trending fractures exhibit radioactivity anomalies due to 

thorium (fig. 3). The -thorium minerals invariably are accompanied by red and yellow iron oxides and 

generally .are masked by them. Some veins contain only these minerals; others contain abundant quartz. 

barite. and iron-bearing carbonate~-alone or together~-and may have galena. pyrite. fluorite. or secondary 

copper minerals as subordinate constituents. In a few hig~~grade deposits. the thorium occurs in red. greasy 

blebs or veinlets which are mixtures 0f bariteu specularite. and a thor~te-like mineral., Spectrographic 

studies indicate that trace amounts of rare earths normally accompany the thorium., 
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The thorium is distributed erratically within the veins. and the richer concentrations are in scattered 

pockets and lenseso No correlation was noted between distribution of thorium minerals and changes in 

strike of the veins or the type of country rocko Many of the deposits. however. are concentrated along a 

sinuous zone of transverse faults (fig. 2~ west half) and the associated sheared and altered zones. 

The thorium mineralization may be genetically related to the albite syenite intrusives of late pre~ 

Cambrian age. The stock (NW corner of fig. 2) is abnormally radioactive due to thorium. and two radio­

active syenite dikes originate from two of the smaller albite syenite bodies (91 W. 259N; 83W. 271NJ., 

Similar radioactive syenite dikes occur throughout the area; spectrographic analyses indicate that thorium 

rather than uranium is present in these dikeso 

ALLUV! U M 0 TALUS 9 AND SOliL 

Alluvium. talus . and soil are ·mapped as a unit which completely conceals the bedrock of an 

estimated 30 to 35 percent of the map area" 

ROCKS 

The bedrock has been divided into 36 map units. of which 20 ali'e individual r.ock types. and 16 are 

layered sequences., Of the 20 rock types. only 8 are abundant; 7 of them in various combinations and 

proportions form the 16 layered sequences., The individual rock types will first be described. then the 

actual map units. 

lin dividual rock t ypes 

The eight most abundant rock types are (1) hornblende~plagioclase gneisso (2) biotite~quartz-plagio­

clase gneiss. (3) migmatite. (4) quartz monzonite gneiss. (5) alaskit ic granite gneiss. (6) metamorphosed 

gabbroic and ultramafic rocks. (7) leuco-granodiorite gneiss. and (8) albite syenite. They constitute 

nearly 95 percent of the bedrock. in part as individually mappable units. and in part as interlayered 
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sequenceso The less abundant rock types are (1) pyroxene-scapolite gneiss, (2) quartzite. mostly 

garnetiferous. (3) sillimanitic gneisses. (4) garnetiferous gneisses. (5) pegmatite, (6) breccia. (7) altered 

rack, ( 8) syenite dikes. (9) rnelanoc:catic syenite dikes. ( 10) andesite. andesite porphyry. and basalt dikes, 

(11) lamprophyre dikes. and (12) gabbro dikeso 

For discussion purposes. these rocks have been arranged im:o three groups. each of which has similar 

a-ge and postulated origin. The oldest is a group of metasedimentary gneisses; intermediate in age is a 

group of granitic gneisses of unknown origin; and the youngest is a group of igneous and other rocks., 

Me tas edimen t ary g neiss es 

Designated collectively as metasedimentary gneisses are rocks believed to be the products of high 

grade metamorphism either of sediments alone or of sediments interlayered with tuffs. flows. or sills of 

pre-Cambrian age. 

The most widespread rocks in this group are biotite-quartz~pla.gioclase gneiss and hornblende­

plagioclase gneiss. including hornblende-pyroxene-plagioclase gneiss.. These rocks are gradational with 

eac~ other and might be considered the " end members" of a metasedimentary series. Narrow layers of 

garnetiferous gneiss. sillimanitic gneiss. garnetiferous quartzite. and pyroxene~scapolite gneiss were 

mapped locally as "marker beds·· : they were very helpful in determining the structure. At many places 

the rocks were mapped as a unit of undivided metasedimentary gneisses. either because no single type 

predominates within a thinly interlayered sequence or beca.use exposures are too poor to determine which 

type does predominate. .In places. this unU: contains biotite schist which is too uncommon or too poorly 

exposed to be mapped even as a "marker bed" 0 

One of the principal lines of evidence for a metasedimentary origin for these rocks is the occurrence 

of" marker beds .. as long, narrow layers of a mineralogically distinctive rock type which lie parallel to 

the foliation. These layers probably reflect original differences in composition of the parent rock. Ma.ny · 

contain minerals generally regarded as indicating a sedimentary derivation., One garnetiferous and 
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sillirnariitic zone, having an average thickness of about ten feet, has been traced nearly 18,000 feet 

(extending from 115W, 179N to 15W, 310N) 1/; others have been traced fo~ shorter distances • .In the 

1/ Numbers refer to coordinafes on the geologic map (fig. 2). 

valley north of McKinley Mountain in the eastern pan of the area, a pyroxene"''scapolite gneiss extends 

6., 800 feet in four discontinuous pods and a narrow layer 1. 500 feet long at nearly the same stratigraphic 

position. Its co~position of scapolite, diopside, garnet, and sphene suggests that it was der~ved from a 

calcium-rich paren~ rock; possibly a calcareous lens or bed in the pre-existing sedimenta~y seq-qe11-.ce. 

Elsewhere lenses of quart~ite extend discontinuously along the same stratigJ"aphic position. Much of the 

quartzite is a distinctive and uncammop variety ri~h ~n garnet. 

If these long, narro.w, continuous, or nearly continuous, bands of ··marker beds" along tlle same 

strike reflect original compositional variations. the foliation must be at least locally para.llel to the \ 

original bedding. On the otper hand, where individual segments of a discontinuous "marker bed" are not 

al~gned precisely along the strike, the original bed ·may have been disrupted and reorient~d iQ. segments 

perpendic.ular to the compressional forces sq ~ that the foliation is not exactly pau.llel to the overall trend / 

of the origine~rl bedding. South of McKinley Mountain the overall trend of several discontinuous garnet:-­

iferous zones~s slightly divergent from the general trend of the foliation of the individual rocks (45E, 220N; 

26E. 200N; and 12E.l88N). Without know~ng the e;xtent of IJ}etasomadsm and metamorphlc differentiation 

it is unsafe to estimate how closely the foliatiqn parallels the oJ"iginal bedding in most areas. 

Hornblende-plagioclase gn,eiss and hornblende-pyroxene-plagioclase gneiss. --The hornblende­

plagioclase gn~iss and to a lesser ext{mt the_ associated hornblep.de-pyroxene-plagjoclase gneiss are common 

rock types, underlying an estimated 15 to 20 percent of the area,., Because these rocks are less resistant 

to weathering than the others, they are found in the valleys and on the hill slopes; it is suspected that 

they underlie much of the covered areas. Although these rocks occur singly or together as a distinct rock 

unit. they are most abundant as one of the major components in layeJ"ed units. 
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The hornblende-plagioclase gneiss is a variable rock type; it ~ grad4tional with the biotite-quartz· 

plagioclase gneiss and grades into hOJ;nblende~pyroxene-plagioclase gneiss, which in tum appears to grade 

into gabbroic and ultramafic rocks. Tlle hornblende-plagioclase gneiss is typically dark-colored and well 

foliated; it contains 47 to 60 percent plagioclase. 24 to 47 percent hornblende. less than 10 percent 

pyroxene. and minor amounts of quartz, biotite, magneti.te, apatite, and zircon.. (See modes in table 1.) 

A similar rock was termed amphibolite in the Haputa ranch area {Christman~ and others, 1953) .. 

The hornblende-pyroxene-plagioclase gneiss is moderately well foliated. but locally it is ~assive 

and shows poor foliation., Unless the light green or brown pyroxene grains 4re •bundant, this rock is 

difficult to distinguish from the hornblende-plagioclase gneiss. The plagioclase, which is more calcic 

wQ.ere pyroxene is. more abundant, makes up from 13 to 40 percent of the gnelss. The horn,blende cont~nt 

ranges from 33 to 70 percent and the pyroxene content, which may be either augite or hypersthene, from 

16 to 41 percent. (Table ~.) These rocks app~ar similar to the ones descJibed by S., F. Emmons (1896) 

and Cross (le96) as augite-hornblende gneiss in the pre-Cambrian area they studied about 6 mUes to the 

southwest. 

Biotite-quartz-plagioclase gneiss. --The biotite-quartz-plagioclase gneiss was mapped as an in4i;... 
. . . ' 

vidual unit only in the southern part of the a.rea; elsewhere, ~t is less abundant and is included as a 

constituent of the unit of undivided metasedime~tary gneisses.. I.t is estimated that this gneiss underlies 

10 to 15 percent of the ~rea. The rock is more resistant to erosic:;>n than the hornQlende-plagioclase 

gneiss and is less resistant than the alaskitic granite gneiss .. 

The biotite-ql,lartz-plagioclase gneiss has well-developed foliation due to the orientation of biotite. 

hornblende, and, in part, quartz. Its colOJUanges from pink throqgh light brown to light gray., The gray 

vari.eties grade into hornblende-plagioclase gneiss and the p~nk va.rieties either grade into the granite 

gneiss or are interlayered with granite gneiss in s.uch a manner that the two are nearly indistingui~hable. 

Where the two rocks are indistinguishable by the naked eye, an attempt was made to estimate the 

microcline content either with a hand leqs or, in some specimens, by microscopic examination of a 
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Table 1., - .. Modes (volume p-ercent) of hornblende-plagioclase gneiss 
and hornblende-pyroxene-plagioclase gneiss., 

Felds2;ar Quartz Hornblende Pyroxene Biotite 
Spe<;imen _ (variety) (percent) (percent) (percent) . (percen!i) (percent) 

Accessories 
. (percent) 

1. Calcic oligoclase. 60 35 3 1 1 

2. Calcic oligoclase. 59 3 24 8 2 4 

3. Sodic andesine. 47 47 2 2 1 

4. Calcic andesine.; 13 70 16 1 

5. Sodic labradorite., 58 37 5 

6. Sodic labradorite., 50 41 6 2 

7. Sodic labradorite. 40 33 25 2 

8. Sodic labradori~e. 28 48 24 

9. Calcic labradorite. 15 44 41 

1. Fine-grained'o foliated hornblende .. plagioclase gneiss from a lay ered sequence of metasedimentary and 
granite gneisses (4E , 196N*)., 

2. Fine-grained, foliat.ed hornblende~plagioclase gneiss from a layered sequence of biotite-quartz-plagio­
clase and silUmantic gneisses (22E. 200N). 

3. Fine:grained» foliated hornblende-plagioclase gneiss from a pod-shape~ body in biotite-quartz-plagio­
_: 9ta~e gneiss {iBE ~ 166N). 

4,.. Fine-grained, well-foliated hornblende-pyroxene-plagioclase gneiss interlayered with granite gn,eiss 
(84W. 194N). 

5. Medium-grained. poorly folia ted hornblende-plagioclase gneiss associated with leuco-granodiorite 
_gneiss in long narrow unit ( 84 W. 205N}l ~ 

6., M~dium-grainedo poorly foliated hornblende-plagioclase gneiss from a sill-like body in the layered 
sequence (82W. 200N). 

7. Massive. hornblende. pyrQ~~ne and plagioclase. " spotted"' rock from the same body as 6 (77W ~ 203N). 
8. Fine-grained. poorly fo,U~d hornblende-pyroxene-plagioclase gneiss from layered sequence of 

metasedimentary and granite gneisses (3Eo 193N) .. 
9. Medium~grained, well-foliated hornblende-pyroxene-plagioclase gneiss assoc~ated with an ultramafic 

body (56WQ 316N). 

* Numbers refer to coordinates on the geologic map (fig. 2) .. 
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powdered sample in lo 53 index oil. Rocks low in microcline were mapped as biotite-quartz-plagioclase 

gneiss; laboratory studies have shown that these rocks contain less than 30 percent microcline. the average 

being about 10 percent. The rock also contains 35 to 60 percent pligoclaseo 24-45 percent quartz" and 

about 10 percent biotite and hornblende; locally. it is garnetiferaus" ln general, the biotite content of the 

thicker bodies mapped individually in the southern part of the area is · decidedly less than that of the thinner 

bodies interlayered in the unit of undivided metasedimentuy gneisso 

Pyroxene-scapolite gneiss.., --The pywxene-scapolite gneiss is uncommon and was mapped as a 

"marker bed" only in the valley north of McKinley Mountain. Small pods of gneiss contain scapolite 

locally elsewhere" but they are included as part of the unit of undivided metasedimentary gneisses. The 

rock is characterized by a streaked appearance due to the irregular distribution of the foliate layers of 

dark-green pyroxene and white scapoliteo Minor amounts of bright -green epidote and dark .. red garnet are 

commonly present. One thin section (from 63E. 265N) contained 65 percent scapolite. 23 percent green 

diopside. 8 percent quartz, 3 percent brown garnet. and 3 percent sphel!lleo 

Quartziteo --Quartzite. mostly gametiferous. also is common., H has been found only a·s small lenses" 

few of which are more than a hundred feet long or more than 10 feet thick. in the metasedimentary sequence 

in the northwestern part of the area (SOW. 198N; nw. 304N: and 50W. 229N)o The lenses are mapped as 

"marker beds". In places. a series of discontinuous lenses occupy essentially the same stratigraphic position,. 

The quartzite may be light gray. dark gray. or dark red., The dark-Ired variety. which is very rich in 

garnet, is the most widespread; it is sugary. fine grained. and vaguely banded due to slight differences in 

grain size and in concentrations of garnet and quartz.0 Two thin sections contained. respectively. 50 and 

63 percent quanz. and 30 and 35 percent pink garnet. probably almandite. and minor amounts of magnetite'~ 

apatite. zircon. and biotite; one of the sections contained 10 percent diopsideo 

Sillimanitic gneisseso --Sillimanite commonly is associated with garnet in" marker beds" over much 

of the area but is less widespread than gamete Being relatively sparse and restricted to thin stratigraphic 

zones. sillimanite-bearing gneiss was mapped only as layers within the migmatite and undivided meta­

sedimentso rather than as a distinct rock typeo In some areas ( 3E. 185N) sillimanilte occurs with quartz 

plagioclase to form a distinctive white to cream. greasy~appearing schist., 
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Garnetiferous gneisses .. --Layers of rock. containing red almandite garnets. were mapped as "marker 

beds". Some of these layers can be traced several miles. and probably reflect a compositional variation 

in the parent ro_ck; to what extent they may also reflect the effect of metasomatism. is not known. Garnet­

Herons layers occur in biotite ~ quartz=plagioclase gneiss. migmatite. and granite gneiss. In general. most of 

the garnetiferous layers were mapped as part of a migmatite or un~.livided metasedimentary gneiss unit. 

Granitic gneisses of unkpown origin 

Migmatite. alaskitic granite gneiss. quartz monzonite gneiss. and leuco~granod,i;orite gneiss are 

included in one g;roup because they have similar modes of occurrence and all appear to be younger than the 

metasedimentary gneisses. The two most probable modes 9f ·origin for these gneisses (excluding the migm""" -

tite) are (1) intrusion of igneous material along the folia tion planes of the metasedimentary rocks during the 

waning stages of metamorphism. and (2) granitization of favorable layers of tbe metasedimentary rocks by 

a process that may have been a combinat ion of metasomatism and metamorphic differentiation., .Kn like 

manner, depending upon the origin of the granitic layers. the migmatite may be considered either a mix~d 

rock partly of igneous and partly of metasedimentary origin or a partly granitized metasediment. 

Except for a few unusual occurrences. these gneisses form elongate bodies parallel to the foliation 

which terminate by interfingering with the adjacent rocks. Contacts may be very sharp or gradationat 

Although their broad outcrop pattem on the geologic map appear~ to exhibit cross~cutting relations to the 

olcler rocks. only about five such relations wer.e found in the field. At the few localities where granite 

forms cross-cutting dikes. the granite is not typical; in one instance (182N. 109W) it is slightly aplitic and 

cross-cuts typical granite gneiss. 

The term "gneiss" is applied to these rocks in a structural sense as defined. for example. by Holmes 

(1920), to imply relatively coarse foliation or banding. without implication as to the origin of the gneissic 

structure; locally the gneissic structure may be obscure. The t.errns "granite, quartz monzonite. and leuco­

granodiorite" are used in tb,eir compositional sense without implication as to the mode of origin. 
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Migmatiteo uRocks designated as migmatite are estimated to underlie between 5 and 10 percent of 

the map area.. Only in a few places has migmatite been mapped as a sepa;rate unito At most places it is 

part of a layered sequence which includes combinations of granite gneiss. quartz monzonite gneiss. and 

metasedimentary gneisso Migmatite very commonly contains garnet and. to a lesser extent. sillimanite. 

As used in this report. a migmatite is a mixed rock exhibiting lit~par~ lit structure of interlaminated 

metasedimentary gneisses and granitic material. usually granite gneiss or quartz monzonite gneisso 

Arbitrarily. layers less than a foot thick were considered migmatitic 0 whereas layers more than a foot thick 

were considered components of layered sequences$ Semi~homogeneous gneisses in which occur local con­

centrations or porphyroblasts of potash feldspar that appeaLr to have been introduced by metasomatism were 

also called migmatites. 

The prevailing granitic component of migmatite probably is alaskitic granite gneiss at most places 

and quartz monzonite gneiss in. local areas where that rock appears either as a mappable unit or as a member 

of a layered sequenceo As the bulk composition of the migmatite is variable. depending on both the com- -; 

position and the relative pmportion of metau~cl!men1t and granitic additive locally present. no attempt has 

been made to determine an average composition .. 

Quartz monzonite gneisso uThe quartz monzonite gneiss is estimated to underlie between 1 and 4 per ... 

cent of the map area.. _It occurs principally in three elongated areas: as narrow layers. in part as "marker 

beds" on the south side of McKinley Mountain(84E. 264N and 110E. 300N); as a series of layers near 

Highway 277 in the western part of the area flO OW. l90N and 26W. 208N); and as a series of narrow layers 

about one-fourth mile north of Highway 277 that extend more than 4 miles eastward acrqss the mapped area 

to larger bodies in the northeast (86W. 198N to 40 E. 374N). Most outcrops of quartz monzonite gneiss 

were mapped as diagnostic components of layered units. 

The gneiss is characterized by oriented microcline phenocrys~; (or_ pmphyroblastslo a . low quartz 

content. moderate biotite content. good foliation. a.nd a distinctive weathered appearance.. Jn contrast to 

the granite gneiss which weathers to smooth. angular fragments. the quartz monzonite gneiss weathers to 
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~ounded 8 crumbly fragments.. The average of five modal analyses shows the gneiss to contain 46 percent 

microcline. 38 percent oligoclase. 7 percent biotite. 7 percent quartz. and 2 percent magnetite. zircon. 

and apatite. Thus. it has a lower quartz content and higher microcline content than biotite-quartz-plagio­

clase gneiss and a l~wer quartz cont;'ent and higher plagioclase content than granitce gneiss., The microcline 

contains inclusio.os...,oL.other minerals and is slightly perthitic ., .Some of the lamellae of the microcline 

twinning are bent. 

In one locality where an age relationship was observed. the granite gneiss appears to cross-cut the 

quartz monzonite gneiss., lt is possible that the quanz monzonite gneiss is a facies of the granite gneiss. 

but it is equally possible that they are unrelated., Xn some places. the physical resemblance of the granite 

gneiss to the Pikes Peak granite suggests a possible correlation .. 

Alaskitic granite gneissa uThe alaskiHc granite gneiss. or more simply" granite gneiss" • is the most 

abundant rock type. covering an estimatted 25 to 30 percent of the area., .H fmms tabul~r bodies parallel 

to the regional foliation., Many occurrences are large enough to be mapped individually. and some of 

them cover relatively large areas., innumerable otther occurrences are included as noteworthy members 

in units of layered rocks.. All gradations may be found from bodies that are hundreds of feet thick to seams 

less than a foot thick. The granite gneiss resists erosion. and therefore caps most ridses and hills in the 

area. The most conspicuous is McKinley Mountain~ which is supported by steeply dipping granite gneiss 

more than 4 miles long and 400 feet in average widthr near. the- west end tthis body splits into two layers., 

ln the northeast part of the map. in an area of gentle foldingo the granite gneiss constitutes much of the 

bedrock" 

The granite gneiss is light brown to pink. medium grafiled. and equigranular.. The fabric where the 

quartz content is high commonly resembles that of quartzite. due to the rounded appearance of the quartz 

grains., Gneissic banding or foliation is apparent at most places. but is very obscure at others. The 

foliation is most apparent megascopically in rock containing biot.ite o.r magnetite., b: invariably parallels 

the regional foliation., Except in small scale features it does not bend around the end of a digitation; nor 
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does the foliation in the adjacent gneiss bend around the granite., Biotite and hornblende-rich wispso 

lenses. pods. and narrow continuous bands are common in the granite gneiss., Although generally found 

near the contact. they also occur in the interior of granite gneiss bodiesQ Those containing biotite have 

gradational contacts and appear mainly as relict wisps m ghosts; those containing hornblende generally 

have fairly sharp contacts and are commonly recognizable as well~foliated hornblende~plagioclase gneiss. 

The rock contains about 42 percent microcline. 33 perce:m: quartZ 0 22 percent oligoclase, 1 percent 

biotite and about 2 percent of combined hornblende. magnetite. zircon. apatite. and rarely allanite; 

garnet occur.s in some of the gneisses. (table 2)., The microcline is perthitic in which soda plagioclase 

may comprise as much as 50 percent of the mineral; Tuttle (1952. p., 120) says, ••Perthites consisting of 

nearly equal amounts of albite and microcline ..... are prima facie evidence of magmatic ancestry .. " 

On the other hand the crystals of oligoclase are either untwinned or simply twinned; some geologists 

suggest this may indicate that the feldspar may be of metamorphic origin. (Turner. 1951 and 

Emmons. R.. c.. • 1953). Thin section study shown u:hat a few of the gneissic bands have developed by 

granulation and recrystallization of the quartz and feldspar; this is interpreted as having formed by stress 

under sufficient confining pressure to prevent clear=cut cataclasis., 

Leuco-granodiorite gneiss., ~~Leuco-granodiorite gneiss underlies less than 2 percent of the area. 

It occurs mostly with the metasedimentary gneisses in layered units. The leuco-granodiorite gneiss is 

moderately prominent in the eastem patt of the area (102E. 251N) and in the northwestern part (BOW. 

306N and 140W. 246N).. Also, it is associated with hornblende-plagioclase gneiss to form an almost 

continuous layered unit extending about 14. 000 feet alon.g the south side of the major anticline in the 

northwestern part of the area (fro;m 116W. 181N to 26W. 192N)., 

The leuco~granodiorite gneiss is characterized by its white or light=pink color, The grain size 

ranges from medium to coarse; some bands of the coarse-grained material are pegmatitic. Insufficient 

thin sections were studied to give an average composition; three from one locality contain about one~ 

third each of microcline. oligoclase. and quartz., The microcline content is lower at most localities, 

and garnet is present at a fewo 
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Table 2.. Modes (volume percent) of alaskitic granite gneiss., 

Pota.sh feldspar Quartz Plagioclase Biotite Homplende Accessories 
Specimen (percent) (percent) -(peree1lt;) (percent) (percent) (percent) 

£ 1., 41.5 27.0 29.2 3.,0 o. 3 

2. 36.4 27., 7 33.,2 2.,3 0.,4 

3., 26.9 30., 5 37.,8 3., 7 1.0 

4. 42.8 35.,2 20 .. 0 Tr .. 1.9 

5., 35.7 45., 5 18., 1 Tr., 0.,9 

6. 38.,0 33.,0 25.0 2.0 2 .. 0 

7., 49.,0 32.,0 15.,0 Tr., 5.0 

8., 49~ 0 28.,0 17.,8 Tr. 5.1 Tr. 

9., 54.,3 27. 8 18.7 Tr. Tr., 

10. 49.0 32 .. 6 16.9 0.4 

11. 36.7 50.,2 11.5 1.,5 

12. 42.,5 37.,4 15.6 4.,4 Tr., 

13., 41.3 35.,6 22.4 0.7 

14. 43.,8 22.,6 31., 0 2.,0 0 .. 4 

Average 41Q8 33.,2 22., 2 0., 9 1c 7 1,. 0 

1. Granite gneiss from dikeo 5 feet thicki cutting metasedimentary gneisses.( 49Eo 158N*). 
2. Granite gneiss from long narrow layer cutting slightly across foliation of biotite~quartz plagioclase 

gneiss (18Ei 166N). 
3. Granite gneiss from slightly garnetiferous layer 50 feet thick (60W o 225N}., 
4. Granite gneiss from large area of outcrop on prominent anticlinal ridge (20E. SOON)., 
5. Granite gneiss from along crest at the east end of McKinley ridge (92Eo 287N)., 
6., Granite gneiss from layer near contact with leucoegranodlodtte gneist -(;f;2'\f;22't>li)., 
7. Granite gneiss from layer interfingering with migmatite and hornblende~plagioclase gneiss (4Eo 196N) .. 
8., Granite ~Qeiss from McKinley Mountain near contact with unit containing metasedimentary gneiss-es 

(~W .195N)., , 

9. Granite gneiss from small pod in. unit containing migmatite and metasedimentary gneisses (22£, 200N). 
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Table 2e Modes (volume percent) of alaskitic granite gneiss~-Continued,. 

10._ Granite gneiss from layer in unit of quartz monzonite gneissn migmatite and metasedimentary 
gneisses (75Ep 203N)o 

11., Granite gneiss from exposure at weslt end of ridge in stream cut; the high quartz content gives the 
rock a quartzitic appearance (83W. 190N). 

12., Granite gneiss fmm central portion of McKiJiley Mountain (36E. 226N) .. 
13. Granite gneiss from layer with a maximum thickness of 10.0 feet and length of 8. 000 feet which 

forms small ridge (13E 0 196N)., 
14. Granite gneiss from narrow but continuous layer in area of biotite-quartz-plagioclase gneiss: the 

granite gneiss is slightly radioact.ive (55E.197N)., 

*Numbers refer to coordinates on the geologic map (fig., 2) .. 

ligneous and other rocks 

This group of igneous and other rocks includes (1) metamorphosed gabbroic and ultramafic rocks. 

(2) pegmatite. (3) breccia . (4) albite syenite. (5) altered rocks. and (6) dike rocks., The pegmatite. 

albite syenite, and dike rocks are igneous and the metamorphosed gabbroic and ultramafic rocks are 

believed to have an igneous origin., The brieccia appears to have a cryptovolcanic origin and tbe altered 

rocks represent hydrothermal or metasomatic alteration., 

Metamorphosed gabbroic and ultramafic rocks., uThe unit of metamorphosed gabbroic and ultramafic 

rocks consists of a group of basic rocks which have been arbitrarily grouped together., lt includes mafic 

bodies of igneous odgin and mafic bodies of unknown origin which are associated with hornblende~ 

pyroxene-plagioclase gneiss., The group is characterized by dark colored rocks having noticeably high 

specific gravity and cross~cutting relations wi'h the surrounding rockso 

The igneous bod.ies occur as small irregular to circular shaped. plug=like bodies which may be 

related to the basic dikes., The rock is essentially nonfoliated and usually weathers to rounded massive 

boulders., It is dark gray to blacko medium grained. Locally. it is strongly magnetic., Orthorhombic 

pyroxene is ordinarily present; either labradorite or olivine may comprise as much as 50 percent of the 

.rock. Pale brown biotite is abundant in one thin section. Dark green spinel makes up as much as 5 

percent of~ some rocks. as sma.ll vermic'lilar blebs and equa.~ grains associated with. hornblende. · Uor.nblenae. 

some of the biotite . and possibly the spinel are thought to be metamorphic minerals formed by recrystalli­

zation of the igneous minerals. 
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The origin of the bodies associated with the hornblende~pyroxene-plag.ioclase gneiss is unknown; an 

igneous origin is S}lggested by the cross-cutting relations. but a metasedimentary origin is suggested by 

the relationship to the hornblende-pyroxene-plagioclase gneiss. The igneous-appearing rock grades so 

gradually into the enclosing metasediment that contacts are difficult to map; the relations suggest that 

the" intrusive" might actually have formed by anatexis and be derived from the surrounding gneisseso 

The foliation in these bodies is parallel to the regional foliation·; some are weakly foliated throughout 

and others are foliated only at their margins~ The bodies generally lie with their long dimension parallel 

to the regional foliation as if their emplacement were controlled by the foliation~ The la.rgest of theseo 

exposed in the northwest part of the area (130W. 270N). is about 2. 500 feet long and 800 feet wide; it is 

cut off on the northeast by the albite syenite stock~ )n the south central part of the area a body about 

3. 500 feet long and 600 feet wide is inferred to lie beneath an alluvium cover (180N, 30W).. lt is exposed 

at the base of the adjoining hills and in stream cutso Xt appears to be cut by two faultso 

These rocks are similar to the hornblende~pyroxene-plagioclase gneiss in appearance except that 

the foliation is absent or less well -developed and the rock is coarser grainedo !n addition to calcic 

plagioclase and hornblende. one of the doiJl~nant minerals is orthorhombic pyroxene (bronzite ?). 

Clinopyroxenes are also abundant; the pyroxenes may occur together or separately.. Large phenocrysts of 

orthorhombic pyroxene in the elongate body in the northern part of the area (54 W. 320N) are particularly 

striking • 

. Pegmatitel> --Simple pegmatite bodies too small to be mapped ar.e sca:tlered throughout the area. A 

few of the larger bodies were mapped in the southeastern part of the area (44W.47N). They a.re pink 

pegmatites composed of quartz. microcline. plagioclase. and minor amounts of magnetite. biotite and/or 

hornblende. Most likely they are related to the granite gneiss. .In several places. white pegmatites were 

found to contain principally plagioclase and quartz with only minor amounts of microcline; doubtless 

they represent a different generation than the pink pegrnatites. 

Breccia., --Breccia occu.rs associated with the albite syenite stock in the northwestem portion of the 

area and as several small bodies elsewhere. 
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The breccia near the border of the stock is older than the main body of the stock but younger than some 

of the smaller masses of syenite. Tlle largest body of breccia (llOW ~ 270N) is an irregular-shaped mass 

having an average diameter of about 1. 500 feet. whose contact transects metasedimentary .and granite 

gneisses. The breccia is composed of angular fragments as much as several feet in diameter of hornblende­

plagioclase gneiss. granite gneiss. unidentified dark~colored metasedimentary gneisses. and the older facies 

of the albite syenite stock. The mixture of larg~ and small fragments is so compact that no introduced 

cementing material is apparent. Small white seams of albite between some of the fragments suggest that 

much of the rock has been feldspathizedG 

The shape and position of the breccia body exclude the possibility that it is a fault breccia and suggests 

that it is related to the stock.. The breccia may represent an escape vent through which pent-up volcanic 

gases related to the igneous body explosively found their way to the surface. The country rock was 

brecciated. yet little or no igneous material was deposited. This mode of origin is similar to that for 

which the term" cryptovolcanic" has been us.ed by Bucher (1933)., 

Five smaller bodies of breccia (near 115E. 263N; 66W. 182N; and 91 W. 261N) are distant from the 

stocko They are composed of angular. highly altered fragments of the country rock in a matrix of dark, 

aphanitic igneous rock. They probably represent a type of breccia pipe. The largest of these bodies makes 

an elliptica~ outcrop pattern about 500 feet long., Black basalt dikes extend short distances from it into the 

surrounding rock._ 

Albite syenite .. - .. Part of an albite syenite stock c:overs nearly half a square mile in the northwest corner 

of the area.. The stock has been traced 2 miles to the northwest beyond the limits of the mapped area and 

is slightly elonga.te jn that direct~on; the tqtal area of the stock is about 3 square miles., Several small 

outliers have been mapped near the margin of the main stock. Three of them are older than a breccia body 

which in turn is older than the stock .. -Jnclusions of older facies of albite syenite and of breccia il'e found 

in the stock near the border., The albite syenite is not foliated and as it cuts across the foliation of the 

metas~dimentary a~d granitic gneisses and contains inclusions of these rocks# it is post-metamorphic in age. 
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The albite syenite in the stock is typically light brown but locally ranges fr<1m pink to gray., It is 

generally medium~gra'int~do The color differences are due to variations in abundance of hornblende and/or 

biotite. In thin section. the albite syenite contains albite antiperthite. non-perthiti~ albite. m.icmcline 

(possibly including orthoclase). quartz. hornblende. biotite. zircon. apatite. magnetite. fluorite, epidote, 

chlorite. sericite. and calcite., Albite comprises about 65 to 80 percent of the rock,. Most of the albite is 

subhedral and antiperthitic but some is anhedral and seems to have replaced microcline and earlier albite; 

this is believed to represent albitization by late stage fluids.,. Microcline. possibly including some ortho-

clase. generally makes up less than 25 percent of the rock., The quartz content in most thin sections is 

about 2 percent. but in. certain facies of the rock is as high as 35 percent., In some sections the zircon and 

apatite make up an estimated 2. to 3 percent of the rock.. Where the zircon is adjacent to or within biotite 

grains. radiogenic haloes are observed in tP.e biotite., 

The readings of radioactivity of the albite syenite with a gamma scintillation detector range from 2 to 

10 times normal background and average about 5 times background., These abnormal readings result from 

the mass effect of the small amounts of thorium and uranium whieh are probably associated chiefly with 

the zircon., Spectrographic analyses for these elements suggests that most of the radioactivity is due to 

thorium (table 3)., 

An age determination by the Larsen zircon method by Howard Jaffe of tthe U .. So Geological Survey 

indicates tha.t the stock is of late pre-Cambrian agee The determinatiom~·on 5 fractions of zircon gave an 
j 

average age of 595 million years., As these calculations assume a normal ma,nium'-thorium ratio, .whereas.::; 
----~~-=-------------------

the rock has an abnormally high thorium content. it is possible that the actual age is somewhat younger .. 

However o even if all the radioactivity of the zircon were due to thorium. which it is not. the age would 

not be more than 16 perqent y(!)unger. i" e., late pre-Cambrian., 

Of the smaller bodies of albite syenite south of the main stockg the ones associated with the breccia are 

considered to be slightly old'P...r; age relations of the southernmost bodies are not known., Although some 

facies of these bodies are identical to the main stock. the average rock is slightly darker in color., Micro-

scopically o no significant mineralogical differences are noted.. At two localities~ syenite dikes typical of 

those occurring throughout the area occur as off.,shoots of the small bodies of albite syenite. tnereby. 

proving a genetic relationship., 



Table 30 Selected analyses of albite syenite stock and syenite dike. 

Equivalent Chemical Equivalent 
uranium uranium TIGt!/ SEectrograEhic analx:ses 

(p~rc~) U ~I Th_gl Specimen (percent) (pe:rcen~) La Ce · Nd Sm y 

1~jl o oa.&l . 0~ Q,Oll,£1 Oo016 0 0 o. ox o.ox o.ox 0 o.oox 

2.,.1/ 0 019~1 .. 004 §./ .,084 0 .,ox .ox .ox .ox 0 .ox 

3 • .§.1 • 00411 "' • 02 0 0 o.ox .ox .oox 0 • oox 

4.§! 0 - ~ 0 .. ox = - - - -
51 ~.- ~· .11101> ~ ·- 0 .. x - - - - -

1 .. Normal facies of albite syenite stock. p.a:rt of sample used in age determination (133W. 296N 2_1). 
2o l'egmatitic facies of albite syenite stqck (95W. 285N)o 
3., $yenite dike (.56Eo 345N) .. 
4.. Syenite dike. different s.ample than No. 3,. (56iE 8 345N)., 

5" Red coating on fracture sw:fa.ce of syenite dike., sample same as No., 4. ( 56E 8 .345N). 
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1/ Calculated from the equivalent ur.anium by subtracting the chemical uranium and multiplying by the conversion factor of 5., 6., 
!/ The lo\'ier limit of detection m specJr.ographic method eniployed ls Oo 05 for urantum and thorium. 
§/ ,Nuinbe.rs refer to coordinates on the geologic map (fig. 2) " 

jj Specftographer: R., Go Havens 
~I Sp~ctrographer: G:Q WI? Boyes 
j/ A.nalysts: So furmAn.o W.o Mountjoy.~ '}!»Q Schuch 
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Altered rock~ --This unit of altered rock includes feldspathized zones in the southern part of the area 

and altered gneisses related to a zone of shearing and faulting in the northwest. 

The best exposures of the feldspathized zones are found in 1three areas (20E .140N; 25E.100N; and 40E, 

lOB:N) in the southern part of the map" The rock is white to pink, fine to coarse grained. and has a "spongy" 

appear(\nce due to numewus small cavities. The cavities are lined with limonite and are thought to represent 

leached carbonate and/or quartzo In most places feldspar is the only mineral that can be identified; quartz 

is present in the easternmost zoneo The cpntact between the altered rock and the surrounding gneisses is 

gradational and the altered rock extends farther into certain layers of biotite~quartzoplagioclase and granite 

gneisses. Layers of hornblende~plagioclase gneiss which are more resistant to this type of alteration are 

continuous on either side of the zone but eHlld rather abruptly at the collltact where the effects of feldspath­

ization may be observed. Altered fragments as well as completely altered ghosts or relicts of fragments of 

the country rock occur within the zone., Veins also occur within the zone and isolated localities are slightly 

radioactive., 

Microscopically. tthe rock ts composed principally of cloudy feldspars. probably microcline and albite; 

the patchy distribution suggests that tthey are pen:hi1tico Xn addition tto calciteo zircon. and opaque dust out.­

lining relict biotite or hornblende. some rocks contain from 1 to 3 percent apatite. The rocks containing 

apattite emill: a fetid gas when the rock is broken. 

The rocks in the altered zone in the south cemral part of the map area (25W o 172N) in addition to 

being feldspathizedo have been chloritized" sheared 0 and flracturedo A blue soda amphibole coats some of 

the fractures., Much of the zone is slightly radioactive., The western margin of a similar zone in the west 

central part of the area ( 45W p 196N) displays considerable radioactivityo 

The altered rocks in the northwest (110W 0 230N) are similar to the ones in the other zones except that 

they are less feldspathized., The zone is highly fractured and sheared and a soda amphibole has been 

introduced into the rock giving it a bluish colorG 

Dike rocks., ~=Five groups of dikes have been distinguished; 1) syeniteo 2) melanocratic syenite. 

3) andesite. andesite porphyry. and basalt. 4) lamprophyre. and 5) gabbro., Of these. the syenites are the 
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most common and most continuous; ind.ividual dikes have been. tlaced several miles. Most. of the continu­

ous dikes tread northwesto but a. feW' ttend neatly east-west.; 411 ate inferred to occupy joipts and other 

fractures. The appaient dispUcement' of many of .the dikes .is attributed chiefly . to empla'ce'ment along 

pre -existing en,~ecbelon f:ractuil':eso_ taifker :than:. to bite-r &ispi~~e1fteti(by fa.~dng; .at ·only-a few:· Joca1it,ies 

were the dikes proven t.o be faulted., The surfa.ce mappi_ng and drilling a:t. Ha:puta ranch (~Ju~stmano and 

others., 1953) showed that at least some of the dikes have been emplaced al()ng faults.. These same studies 

sh<iwed that wide d.ikes may be weathered so deeply that swface exposures a.re seldom found.. ~j:lnited 

exposures in prospect pits and road Cttt& sugge.st that~ despite tk.e large ntU~J,ber of dikes already mappedo 

many unmapped dikes occur in the area., 

Many of the dikes have been alteted~ some have been completely replaced by . ca~bonate and other 

vein mineuls.; Where this has occurre~ the dike is considered a vein~ thus~ along the strike some dikes 

change into veinso~ Where the alterad.on is incornpleteo it ts djfficult t0 decide where to. map the change., . . 

The relative ages of the dikes are incompletely known.. ,In general the syenite di.kes are younger than 

most ef tlte basic dikes., As. the .syenite dikes al'e related. to t,he .albite syenite stock 0 most of the dike.s are 

considered. to be pre~Cambdan., A. few lamprophyre and andesite dikes are younger than the syenite dikes, 

~o it is possible they may be as young as tentary. 

The syenlte dikes are light pink ta salmon pinko aphanitic to fine-grainedo and resistant to erosion., 

A few aplite dikes lire included in 1tbis gr.o:up., Most of the syenite dikes 0 b.owevero are composed' a.Imost 

entirely of pink feldspar wb:.h minor amounts of quartz 0 biotite 0 hornblende 0 teger.ineo and secondary 

minerals., They have a trachytic texture., The rock weathers to smooth resistant fragments which. are 

found long distances down the slope fro.nt th.e dikes.. Di.kes less. t)lan 10 feet wide were observed to form 

the crest of minox: ridges or hills~ The syenite dikes can be s.hown to be .rela:ted to one of the smaller 

bod.ies of albite syenite related t.o the st,ock .. 

Many of the pink syenites are radi.oact,ive ..... some give .readings as much as ten t~mes ba'ckground., 

Spectrographic analysis of one· such dike showed t:hat the highest thod.um..;beari,ng .mater.ial occurs as a 

red coatln~ along a fracture (table $).. Smaller amounts of thorium occm.ed"lJJ the ·cen:ttd l'fnaltered 

portion of the rock~ 
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The melanocratic syenite dikeso in the field. exhibit a variety of appearances. Some are medium­

grained gray rocks similar to the gray facies of the albite syenite stock; some are dark gray aphanitic rocks; 

some are pink to gray fine~grained porphyritic rockso with phenocrysts of hornblende and red feldspar; and 

some are dark colored aphanitic rocks with phenocrysts of pink or white feldspar., In thin section all facies 

contain albite and other minerals characteristic of alkali ~rich rocks., Minerals identified in these dikes 

include arfvedsonite. riebeckilte. hedenbergite. aegerineo bioltite. apatite. fluorite. magnetite. sodalite(?). 

and nepheline(?)., Because the melanocratic syenite dikes were not recognized as a separate type until 

after the field work was completed. a few dark aphanitic ones may be wrongly included within the group 

of andesite. andesilte porphyry. and basalt dikes, 

Andesite. andesite porphyry. and basalt dikes are grouped together to .include most of the basic dikes 

in the area., They are dark gray to black. aphanitic to medium~grained. and may either he equigranular 

or contain phenocrysts of feldspar., 'I'he feldspar normally is calcic andesine or sodic labradorite. but a 

few basalt dikes contain calcic labradorite. The mafic minerals are augite and biotite. except in some of 

the basalt which also comtains olivine., 

A few dikes were mapped as lamprophyre., They have large phenocrysts of augite. hornblende. or 

biotite in a fine~grained. gray groundmass.. Though not abundant. the lamprophyres are of interest 

because they may be the youngest of the dikes., 

At three localities (52W. 325N. 96E 0 256N. and 16E 0 SON) dikes of gabbro about 50 feet wide were 

mapped., They weather readily. and so are poorly exposed; they are traced by means of a few scattered 

boulders and by depressions in the topography., The rocks are medium~grained and compased of labradorite, 

augite. and olivine with small amounts of biotite . magnetite. and chlorite., 

Bedrock map u.nits 

Two catagories of Jrock units were mapped. one consisting mainly of a single rock type. the other of 

a layered sequence. Essentially all units mapped as a single rock type actually contain impurities in the 

form of local lenses and thin layers of other rock types. Neverthelesso wherever one type of rock comprised 

more than 80 percent of a unit. the impurities were ignored., In general. no thickness less than 50 feet was 

rna pped as a single rock type .. 
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Sequences containing more than 20 percent of two or more types of rock in layers more than a: fo_ot 

thick are mapped as layered units. Some contain as many as four differ~nt types of rock._ ,Inasmuch as 

choices for subdividing a heterogeneo\lS sequence inevitably are multiple. the sp~cific units chosen for 

mapping are in a sense arbitrary. ln. general, however0 persistent mappable layers were selected as 

boundaries of units. Commonly the composition of such a \!Oit changes gradationally or by interfingering 

along the strike.. Where exposed~> the interfingering was mapped; where exposures are pooro or where the 

change is transitional over a wide areap the contact was app.J:O:Ximated. 

The seveJ;tteen unifs of layered sequences need little explanation inasmuch as each of the components 

has been described. On the g~ologic mapo for the common sequences of two rock types, the rock compris­

ing more than 50 percent of the unit is given first and separated from the second component .bY a dash. 

Thuso '' a-h" is a layered unit of predominantly alaskitic granite gneiss with subordinate (20 to 50 percent) 

hornblende-plagioclase gneisso and "h-a" is predominantly hornblende-plagioclase gneiss with subordinate 

alaskitic granite gneiss.. Where dashe~ are not usedo any one of the listed components may predominate .. 

To be included in the unit name, however o the rock type mus.t be present in excess of 20 percent. 

GEOLO.GlC STRUCT-URE 

The most prominent structural features shown on the geologic map (fig. 2) are the general northeast 

trend of steeply dippinga foliated ro~ks; the n_orthwest trend of the faultso shearso veinso and dikes tran­

secting these rocks; and several broad folds., 

Foliation and lineation 

All the rocks except the albite syenite and the dikes are foliated. The foliation most commonly is 

due to the p.referred orientation of biotite and hornblende. The foliation is parallel to the lithologic 

bandin~ of the rock units. Small scale gneissic banding may be due in part to metamorphic differenti­

ation. Primary foliation which may have existed in the granitic gneisses of possible igneous origin is not 

distinguishable from foliation inherited from pre-existing gneiss or developed by regional metamorphism .. 
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Lineation is exhibited by grooveso crenulationso mineral lenticles 0 and alignment of elongate 

minerals. Groove lineation is the most conspicuous and widespread. It appears most commonly on sur­

faces of alaskitic granite gneiss. perhaps because this rock is more widely exposed than any other gneiss. 

The grooves are long and straight. and are generally 1 to 2 mm in amplitudee The smallest grooves 

appear as thin black lines on foliation planes. presumably due to concentrations of dark minerals along 

the troughs of the grooves. Whether the grooves resulted from movement along the foliation planes. from 

miniature foldingo from alignment of mineral grains. or a combination of these could not be determined. 

Although common in some areas crenulations that range in amplitude from a fraction of an inch to several 

inches are much less widespread than grooves., They appear mostly in alaski.tic granite gneiss. migmatite. 

and hornblende~plagioclase gneiss. and in the metasedimentary rocks may appear as well-developed 

fluting. Elongate mineral lenticles and aligned crystals of elonga,te minerals are much less common than 

the other two types of lineation., Henceo most lineations recorded on the geologic map represent either 

grooves or crenulations. 

Lineations are self -consistent throughout the northern and central parts of the mapped area. As some 

of them are parallel to axes of major or minor folds. all may be interpreted as representing the fold axis 

direction. i.e •• fabric axis .. b... These b~linealtions plunge at smali to moderate angles to the southwest 

in the northwestern part of the area and to the northeast in the north-central and northeastern part. Nearly 

horizontal lineations are found alo!lg a major,amticliae in the northwest (70W. 250N) and farther east in 

folds directly north of Highway 277. By contrast w.ith the foregoing. along the southeast border of the 

area steeply dipping lineations plunging at right angles to the strike of foliation in a narrow granite gneiss 

layer apparently represent some type of shearing. Non-uniform lineations in the southwest represent 

structural complexities not yet fully understood., 

Folds 

Highway 277 coincides in a general way wi.th a structural boundary between a folded area to the 

north and a homoclinal area to the south., The folded area includes one well =define do fairly open~ major 
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anticline" subordinate and minm folds 0 and flexures that are _incompletely deciphered, Perhaps other 

folds remain unrecognized because exposmes t hat yield stru.ctmral data are too few; crenulations 0 con= 

tartions" drag foldso and warps are exposed ornly within a few local aJeas, Thlroughout most of the 

"homocli.nal" area the rock laye!\'s dip consistenltly at steep angles to the northwest., !n the southwestern 

part of the map area is a conspicuous fold with a nearly velltical plungeo unlike tne folds falt' ther north., In 

the southernmost part of the alt'eao abmpt lateral gradations of thick layers and inconsistent plunges of the 

lineation suggest sttuctmal complexities that remain to be understood., 

A major anticline uends N., 450~5eo E., o in the northem. pan of the area (from 120W o 193N to 

4 W o 325N)., The top of the anticline is a fairly broad archo along · which appear scaueredo small scale 

contortions" drag foldso arrnd warps., The limbs are asymmetlt'ic ; the prevailing dip of the foliation is 

about 45° on the north limb arnd 70°~80° on 1the south limb., Lineations indicate that the axis plunges 

gently northeast and southwest fmm a dome located approximately at 70W o 250N., Th~ doubly plunging 

anticline is shown on the geologic map by the outcrop pattern of a layer of hornblende-plagioclase gne~s 

that underlies resistarn alaskitic graruiite gneiss near the crest~ To the west 0 the anticlinal axis is dis~ 

placed southward along each of two transverse fault systems., Toward the eastern bordero the major 

anticline merges imtc subordinate anticlines and sy!l1lclmes,. 

Non hwest of Highway 277 o in the centtral and north~cenual parts of the mapped area is a series of 

subordinate or minor antticlines and .synclines., The axes of several are shown on th:e geologic map; the 

axes of several others are not showrn because exposmes exhibiting the attitude of foliation are too scattered 

to locat~ the fold axes., At least some of the folds pass into structural tenaces within a relatively short 

longitudinal distance 0 and then eventually pass into simple homoclines., Throughout much of this portioo., 

of the areao scattered non=consistent dipso some of which are nea:dy flato disclose that structmal warps or 

folds exist ., Towards the eastern margin of the areao prevailing dips of the foliation are low and nearly at 

right angles to the prevailing dips elsewhere, 
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On the northwest flank of the major anticline in a zone about 30 000 feet wide~ the trends of structural 

terraces and the axes of drag folds and gentle warps parallel the anticlinal axis., Adjacent to this zone to 

the north is another belt in which the foliation exhibits much crinkling and some drag folding. It is 1 0 000 

to 2., 000 feet wide and extends about 6 0 000 feet northwest of 80W o 290N., The folding suggests that this 

belt represents the crumpled core of a tightly compressed syncline and is very likely the continuation of 

the syndinal structure that lies far ther eastward (25W.0 345N) along the same trend., 

On the southern limb of the central=western part of the major anticlineo some 5o 900 feet from the 

axis~' is an inferred subordinate anticline which plunges to the southwest a·nd na.nows into a nearly isoclinal 

nose which still farther to the southwest passes into an apparent homocline., The inferred anticlinal nose 

is outlined by two ledges of granite gneiss that diverge nolrtheastward from 72Wo 195N. but whether the 

two ledges represent two different layers that diverge as a fold between them broadens. or the sam.e. layer 

on opposite limbs of a fold that has been pinched and stretched at the southwest end is not known. Jpcon­

sistent dips~> some nearly .flat and others steepo suggest that the inferred anticlinal nose opens northeastward 

into a broad fold with a warped crest., Still farther to the northeast . beyond about 30W~ 210N the fold is 

concealed by alluviumo but it may continue and eventually merge with a seri~ of subordinate anticlines 

and synclines., 

South of the Highway 277 the gneisses form a conspicuous series of steepo northwest~dipping layers. 

As shown on cross section AaA~ and B.,.Bn and the geologic map (fig., 2.) four parallel ridges~ the most 

censpieuous of which is McKinley Mountainu represent resistant rock units in this interlayered sequence. 

Although the dips conceivably could reflect isoclinal foldingQ an essentially complete absence of small 

drag folds or warpso a scarcity of groove or crumple lineationso and no apparent duplication of major 

sequences suggest that the structure is trUly homoclinal.. Whether the steep northwest . dips represent an 

overturned portion of the south limb of the major anticline to the north or a normal succession on the 

south limb of an intervening tight syncline is not known .. 

In the southwest pan of the area is a large fold sttucture which bas characteristics anomalom to the 

rest of the area mapped. lll: appal!'ently is an anticline and syn.cline with a nearly vertical plung~; the 



33 

foliation in tbe gneisses is steeply dipping. The lineations, which are the groove typeo plunge steeply 

from 400~85° and are not consistent with a simple foldo i., e.,~> they do not seem to parallel a fold axis 

but rather vary in trend from N .. 65° E., to N" 25° W., and back \to N., 60° E .. as the foliation bends around 

the fold., The relation of this fold to the regional structure pmbably will not be un.derstood until additional 

mapping is done to the west .. 

Fractures 

The daminaxu: trend of the ftactures . in the area is northwest ando a$ well as could be determinedc 

most have a. nearly vertical dip.., The fractures are related to faultsc shear zoneso and jointS; the numerous 

dikes and "'eins (fig .. 2) seem to occupy joints or faults of small displacement., 

A statistical study was made of the fractures in the map area..., The trends of veins a:nd dikes are 

shown on figure 4; too few readings on joints and fa~lts were available for diagramming in this report. ·rn 

order that the trends of the longer fractures be weighted by length0 the plot was made by recording every 

fracture in each 20 OOO=foot square of the grid system.. Thuso on the geologic map the trend of a fracture 

represented by a dike or vein extending tlu'ough three squares was recorded three ti,mes. Although the 

weighting of the data was arbitrary and the number of fractures not recorded in the field is unknowno it 

ts felt that these diagrams are the best that can be easily obtained from data available. Each diagram 

represents a plot of over 700 pointts., 

Although a ' cm:sory examination .of the geologic map sngg~ts. .t.hat sever~l diverse fracture systems 

are present~ the distribution 0{ the trends of the dij{es and veins on the diagrams (fig~ 4) shows that each 

ha_s a dominant trend with wide deviations and minor secondary trends., The average trend of the dikes is 

about N. 75° W., and the average trend of the veins is about N., 60° W v Not shown with the diagrams a.re 

about 170 plots for the faults and 130 for the joints. Although neither gave significant patterns. the 

I 
pattern for the faults appeared to :be similar to tha.t of the veins., 

Some of the fractures apparently extend long distances~ as is indicated by the continuity of some of 

the veins and dikes., A som.ewhat discontinuous syenite dike in the southwest part of the area (34W~ SON) 

can be traced 14{) 000 feet., Although other long dikes occwr o most can be traced for only short. distances. 

llJ many places theilr discontinuties .suggest that they occupy £!! eehlon fractwres ... 
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Faults having a small horizontal displacement ar€~ abundant in the area., five large faults are dis~ 

cussed below., The most continuous fault is expressed topographically by Dead Mule Gulch.~ so most of it 

is covered by stream gravel., The fault trends N. 60° W., a nd the northeast side has a minimum relative 

displacement of 200 feet to the northwest., A fault that is part of a long sinuous fault zone cuts McKinley 

Mountain at 33W0 l78N. where it has a horizontal displacement of between 300 and 450 feet., The fault 

zone appears to die out southeastward under Ralph Gulch and northwestward about 4~ 000 feet northwest of 

McKinley Mountain., Near its northwest end is the southeast limit of an en echelon fault zone whose 

horizontal displacement is a.bout 300 feet at 74W. 216N., The displacement along this fault zone 1$ 

believed to increase northwestward though no specific units could be correlated across it. Jp the eastern 

part of the a:rea. McKinley Mountain is cut by two faults which are topographically expressed by breaks 

in the ridge; both exhibit a horizontal displacement of about 400 feet where they cut the ridge., The­

westernmost of these two faults (60E. 250N) may possibly continue seve~ral thousand feet to the southeast 

and northwest., No infotmation is available on the enJcal displacements of the faults; they are presumed 

to be greater than the horizontal displacemen1tS., 

Although all the faults. to some degree. con ain shear zones. the only conspicuous shear zone 

mapped extends cliscoltlllrifilll~~Wly 15~ 000 feet (fmm 116W o 236N to 3E 0 161N)I., This is a sinuous zone of 

discontinuous faultso veinso and altered rock.. lJl t e northwest part of the zoneo the granite gneiss is 

altered to a bluish color by the intwduction of a so a arnphlboleQ The zone continues to the northwest 

as a fault" and probably to the southeast as pa~t of zone of altered rock (20E0 140N)., 

MlNERAL DEP OSlTS 

The McKinley Mountain area has been exten ively prospected by many phs and shon aditso and by 

a few shallow shafts.. Most of the prospects were d g along veins, presumably to search for silvero gold, 

and lead around the turn of the century when the R · sita and SUve~r Cliff mining distdcts were prospering., 

·However" the only minerals known to have been re oved commercially from the mapped area 0 are barite 
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from veins and vermiculite from bodies of reconsti uted or altered rock;; No production records are 

available, but it is evident from the sjze of the wo kings that the ~ggregate output has been smalt The 

recent discovery of thorium by the Uo S~ Geologic 1 Survey has renewed the interest of prospect.ors in the 

area .. 

D-e~:(: r · t ion of veins 

Between 350 and 400 ve:ins were mapped (fig 3).. Most of them are less than 5 feet wide and can be 

traced along the outcrop only for 100 to lo 000 feet Howevero a few are as much as 50 feet wide and/or 

can be traced as much as 5, 0.00 feet., The vein m · erals formed along fractures as coatings, open space 

fillingso or replacements of the wall rocks., There ore~ like the fractures~ the veins have steep dipso are 

rather constant in strikeo and trend dominantly N., 0° W ~ but range in strike from east~west to N .. 20° W. 

In places. dikes have been partly or completely m· eralized to veins; in other places unaltered dikes and 

veins occupy the same fractureo Generally larger aults have mot been mineralized 0 but one long sinuous 

fault zone in the nonhwestem part of the area has .rved as an important structural control of mineralization .. 

In this report 0 in addition to being used in i conventional senseo the term "vein .. is used to describe 

certain types of thorium mineralization where the mount of introduced material appears to be so small 

that no visible vein rock is pmsem., The thorium a d associated red and yellow iron oxide minerals in 

such veins occur as stainso coatingso seminations along zones of closely spaced fractures .. 

In places., the fractured couQ.try rock has been feld athized,. Abnormal radioactivity along these veins 

gives clear evidence of mineralization even thoug gangue such as quartz. barite. and carbonate minerals 

are absent. 

Well-defin~d quanz. barite. and iron-bead carbonate veins are fairly abundant throughoqt much I 
of the area. Quartz generally is white and massiv • but well-developed crystals commonly are smoky and 

zoned., The barite ranges from aggregates of whit • coarse grains that exhibit well-developed cleavage 

to red. aphanitic masses of microcrystalline grains., The iron=beal!'ing carbonates are generally fine grained0 

massive. and from green to reddish brown., Ankeri e (1) bands and tiny calcite stringers may oecur in the 

rock. Many of the iron~beariJng carbonate veins re resent the complete replacement of dike rocks., 
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Qua:rtZ 0 baritev iron""bea:ring carbonate 0 aud tho:dlim""bearing minerals. may occur togethe·r Of alone 0 

and a vein com:pnsed predominantly of one may grade along the fracture into a vein composed predomi~ 

nantly of anothera The th:orite-like mineral along with the iton~bearing minerals of limoniteo speculadte 0 

and earthy hematite are common minor constituents of most of the veins., Minor amounts of pyrite" 

chalc9pyriteo tetraheddte (?) 0 galenao fluorite" and secondary copper m.inera1s are locally present but 

none has been found ifufficienlt quantity to be economically minedQ i~bmarginal quantities of precious 

metals likewise are locally present., Riebeckite and arfvedsonite ar~ ablllldant at some localities., No 

uranium minerals have been found to date., Many of the veins contain a fetid gas of unknown composition 

which escapes when the rock is broken; the gas may be a phosphorous compound~ 

The veins generally sh~w little topographic expressiono although where silicified o.r feldspathized 

they may farm slight ll'idges in areas of flat tppography., ;111 granite ridgeso veins commonly occupy the 

gaps where fractwring has occurred., 

T h or i.u m .<,1 e p o s it s 

The distribution of thorium is shown by more than 860 radiqactivlty anomalies which are recorded 

on figure 3.. Circlesn squares. and triangles repres.ent weako modell'ate. and strong radioactivity 0 respec.; 

tivelyo as measured by a gamma~scintillation detector held at hip level (2 to 3 feet above the smface of 

lt)le ground)., T~e readings depend not ornly on 1the grade and quantity of radioactive rock actually presento 

but. alsp on how well it is exposed., A1t most localit.ies the veins are poorly exposed., Large and small 

symbols represento respectivelYo. large .and sm~ll amoun~s of radioactive material in which the indicated 

reading was obtained over an area of more or less than 50 square feet., Excep1t in disseminated depositso 

radioactivity readings increase as the detector is bmught in contacn: with the source., Where this increase 

was great~r .than twafoldo a dot appears in the center of the symbol to indica.te that radioactive minerals 

are p.resent in concemrated form., These localities are ones tbJlt might be profitably explored. 

Analyses of 37 samples fro~ the McKinley Mountain area are given intables 4 a·nd 50 to supple.ment 

the detailed data of figure 3. 
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Table 4.-Anal.yses of samples from the McKinley Mountain area, Custer and Fremont Counties, Colorado 

Total 
Equivalent Chemical Equivalent Chemical rare-earth Rare earth 

Sample uranium uranium Th02 r Th0:2 oxides and oxides :2/ Spectrographic analyses!;) 
numher Location J/ Type of sample (percent) (percent) (percent (percent) Th02 (percent) u Th La Ce Nd Sm y Yb Dy Er Be Zr Pb p Ba Sr other data 

(percent) 

ltA.-10.3 92W,221N 4~foot channel 0.06.;.21 o.o01!V 0 • .35 0.25!V - · 0,52!V -- .x .ox .x .x .ox .x 

B'tl.-104 92W,221N 12-inch channel .89 .21 .oos!V 4.96 4.03~/ - l.98!V - x. .x .x .x .ox .x 

RA-109 Darby Extension Grab of vein material .25 .21 ,OOl Q/ 1.39 1.39!V - ,18!V - x. .x .x .x .ox .ox 
ll9W,236N 

RA-110 92W,214N 6-inch channel .46 .21 .0021Q/ 2.56 2,062/ 2.832/ .77 

RA-111 90W,221N 14-inch channel .26 2/ .0031Q/ 1.44 1,272/ 1.62 '}} .35 

RA-112 l21W,237N 10-inoh channel .19 .21 , .001 !.Q/ 1.06 • 73'1.1 1.20'1.1 .47 

Ra-11.3 122W,238N 18-inch channel .20 .21 ,00.3!.Q/ 1,10 .96 '}} 1.39'1.1 .43 

RA-114 129W,247N 6-inoh channel .084.21 .00119.1 .46 .2621 .35 '}} .09 

RA-115 56W,21.3N Grab of vein 1111.terial .075.2/ ,OOl!.Q/ .41 .28'1.1 .43 '}} .15 

RA-116 62W,210N Selected vein 1111.terial .52 2.1 ,0011Q/ 2.91 · 2.41 '}} 2.88 '}} .47 

53B-66 Tuttle ranch 14-inch channel .71 71 .ool Ll 3.97 
6E,354N 

5-3B-36 89W,320N Selected vein llllterial .63 gl , ,001-w 3.52 - -- -- 0 x. .ox .o .ox .o .x .ox .x .x .ooox .ox 

IR-6 General Ike Selected Tein llllterial .094.2/ .004Y .50 .38§/ - -- -- -- - - - - - - - - - - - - - 1. 08 percent 
37W,ll2N chemical Pb 

IR-10 do. 4-foot chip channel .033 2.1 .004w .16 - -- - 0 .x .ox .ox .ox 0 .ox .oox • oox 0 0 .oox x. 0 xx • .x 
KR-7 Thorium Mountain Selected vein material .21 2.1 .moY 1.12 1.26 §} 1.64§/ .38 

52W,ll8N 

IR-11 do, Grab of nin material .033 2.1 .oo1lll .18 - - - 0 .x .oox .ox .oox 0 .ox .oox .oox 0 .oox .ox • ox 0 xx • .x 

IR-12 Atomic Mountain Grab ot vein material .034.21 .oo1W .18 - -- - 0 .x .oox .oox .oox 0 .ox .oox .oox 0 .ooox .oox .ox 0 .x .ox 
llE,SlN 

KR-13 Little Mau:l Grab of vein lll!lte.rial .031.2/ ,0011]} .17 - - - 0 .x .oox .ox .ox 0 .ox .oox .oox 0 .ooox .ox .x 0 .x .ox 
llE,83N 

}j NUmbers refer to coordinates on the geologic lll!lp. 
?/. Calculated frmr. the equivalent uranium by BUbtracting the chemical urani1Dll and multiplying the difference by the conversion factor of 5.6. 
J/ Obtained by subtracting the chemical percent 'n10:2 f'rom the chemical per'18nt of total rare-earth oxides and Th~, except samples RA-103; RA-104, and RA-109 which were determined chemically. 
!;) Spectrographer: a .. G. Havens 1} Analysos: S. Furman, R. DuFour !.Q/ Analyst: W, Mountjoy f; Analyst: s. Furman §I Analysts: R. DuFour, Mallory W Analysts: W. Mountjoy, P. Schuch 
f!l Analysts: R. DuFour, Trj_pp, Mallory, Meadows, Skinner V Analyst: Mallory gj Analysts: S. Furman, W. Mountjoy, P. Schuch 



Sample 
number 

IR-9 

RA-23 

LD-22 

LD-26 

LD-27 

LD-28 

KR-4 

LD-21 

RA-25 

RA-26 

RA-27 

RA- 28 

KR-8 

LD-50 

LD-51 

LD-52 

LD-53 

LD- 54 

LD-65 
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Table 5.-Previously r eported anaJ.yses from the McKinley Mountain area, Custer and Fremont Cotinties, Colorado _, 'J/ 

Location 2:/ 

Atomic Mounta.J.n, llE,81N 

do. do . 

Darby Extension, l22W,236N 

Lucky Find, 42'W ,28N 

. do. 42W, 28N 

do. 

do. 

.34W,26N 

36W,27N 

Peney- Poker, 130W, 252N 

Starbuck, 6W, 81N 

do. 

do. 

do. 

do. 

do. 

lOW,86N 

13W,87N 

6W,81N 

Tuttle ranch, 21E,343N 

do. do. 

do. 22E,342N 

do. do. 

do. do. 

do. 19E,34J..N 

Type or sample 

Grab of vein material 

Selected vein material 

Grab of vein ma. terial 

20-root channel 

7-f'oot channel 

3-f'oot channel 

Selec~ vein material 

Grab of vein material 

3-f'oot channel 

1-f'oot channel 

,_foot channel 

Selected vein material 

do. 

5-toot channel 

Grab or vein material 

4-toot channel 

4-f'oot channel 

0.4-f'oot channel 

Grab or vein material 

Equivalent1 
uranium 21 
(percentl 

0.17 

.38 

.022 

.006 

.004 

.013 

.14 

.064 

.021 

.18 

.06 

.30 

.18 

.14 

.094 

.11 

.007 

.36 

.063 

Chemical 
uranium 

(percent) 

0.001 y 

.00121 

.001 ±Q/ 

.OOl!Q/ 

.0011Q/ 

.0011Q/ 

.002 §./ 

.o01W 

.001 21 

.002 21 

.001 2/ 

.001 2/ 

.001 y 

~002 w 
.001 w 
.002 w 
.001 w 
.002 w 
.001 '1/ 

Equivalent 
Th~ 31 

(percent) 

0.95 

2.12 

.12 

.03 

.02 

.07 

.77 

.35 

.11 

1.00 

.33 

1.67 

1.00 

.77 

.52 

.60 

.03 

2.00 

.35 

Chemical 
Th~ 

(percent) 

0.82 §./ 

1.98 2/ 

.55 y 

.84 2/ 

1.59 21 
.81 y 

.57!!/ 

1.91 !!/ 

Total rare earth 
oxides and Th~ 

(percent) 

o.s2 Y 

.73 y 

.93 §./ 

Here earth 
oxides _ It/ 

(percent) 

0.18 

.12 

!/ These are a f'ev of' the anal.yses previously reported in u. s. Geol. Survey Circular 290 that relate to the present study. 
Y Numbers refer to coordinates on the geologic map. 
J/ CalcUlated f"rom the equivalent uranium by subtracting the chemical uranium and multiplying the difference b.r the conversion factor of' 5.6. 
I/ Obtained by subtracting the chemical percent Tb~ f"rom the chemical percent of' total rare-earth oxides and Tb02. 
5/ ~alyst: S. Funnan 2J. Analysts: w. Mountjoy, P. Schuch, Skinner 
2/ Analysts: R. DuFour, Tripp, Mallory, Meadows, Skinner 1Q1 Analysts: G. W. Boyes, R. ~our, . Morris, Miskowiec 
1J Analyst: G. W. Boyes W Analyst: R. DuFour 
§I Analyst: Skinner 

701 :u. 
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Thorium=bearing vein minerals 0 ~~as distinct fEom tholl'ium~bearing accessory rock minerals such as 

zircon~-occur as irregularly distributed constituents of veinso as disseminations and small local concen-

trations in broader areas of shattered rocko and as tenuously scatteted componenrcs of bodies thought to be 

completely altered breccia pipes., Only the vein occunences presently· seem t-o hold economic interest. 

Disseminations in shatlered rock are generally found within inegularly feld£pathized or silicified masseso 

for exampleo at 45W o 195N; 25Wo 172N,; 111W0 234N; and 51E 0 352N., Linear concentrations within such 

areas are depicted on figure 3 as veins., Pipes thought to represent hydmthermally altered and mineralized 

breccia con.tairn minor quantities of thorium., Eight such bc.•dies(fom bercween .26W 0 24t3N and 53Wo200N~and 

four between 50Eo 352N and 55E0 376N)o which are roughly circular in plano resemble some of the veins 

in composition., 

The thorium content of veins varies radically .and non-unifQrmly along the strike. ~r may likewise ! 
vary with depth.o as suggested by results of a drilling project at Hapnta. r.aJrnch (Christman0 and otherso 1953). 

Thus. thorium=rich concenuadons in the form of pockeltS 0 podso or lenses are likely to be distributed 

euatically and discominuously along \the veins., The size. grade. aiDI.d disuibution of concentrations to be 

expected along any given vein cannot be prediclted in advance o.f pmspecUng.. The nearest approach to a 

guess for the McKirnley Mountain area~ where vein. exposures generally are poOlt'. is represented by the 

symbols of figme 3" Some veins witthin the McKinley Mountain area· may contain thorium shootS compara-

ble in magnitude and grade ltO shoots infened on the Annie Lee and Hapulta veins (Christmano and others. 

~953) .. 

The thorium vein mineral seems not to be particulady associated with any of the other vein 

minerals except imn oxides., it is as apt to be found in quartZ 0 barite 0 or carbonate veins as in veins 

without these gangue minerals., The walls of fractures com aining thorium may or may not be altered or 

feldspathized., Along the same general vein system the thorium occurs 0 (1) with smoky quartz crystals 

at the Atomic Mountain and Little Maud claims. (2) with barite at the HJdden Valley No., 1 and Valley 

View claims" (3) with barite and galena at the Generallke claim and (4) will:h, a r-ed feldspttthlzed country 

rock and a syenilte dike at the Thorium Moumain claim.. At places. the thoriUI;n is assoc.iated with minor 

amounts of pyrite. fluoriteo olt copper minerals.,. Some of 1the yellow sltain that occlU'S with tlle thodum 

may be due ta. mi.Illor amounts of rare earth oxides 0 showrn to be present by specuographic analyses., 

I 
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A sinuous. narrow zone of compound fractures and altered rock that may be traced transversely across 

the mapped area from 150W" 265N to lW 0 152N" served to localize many of the thorium veins in its immedi~ 

ate vicinityQ To a lesser extent veins elsewhere tend to cluster along transverse beltsQ Thorium deposits 

seem unrelated either to changes in sttike of the veins oir to any particular direction of strike. With the 

exception of the General .Kke deposito the thorium concentrations do not appear to be at vein intersectionse 

The surrounding country mck apparemly had rno major influence; hlghagrade deposits are found in both the 

siliceous and !the mafic lt'OCks., The !thorium does s}ldw--a slight affinity fOir silica orich rockso however D for 

at some localities the vein is moJre radioactive adjacent to a granitic layer than adjacent to a p-Iafic layer., 

The thmium=beall'ing minerals generally occm in small amounts and are not visible becaus.e of the 

masking effect of the imn oxides. and/or hydroxides., They can be det.ec.ted only by their radioactivity; 

iron minerals may be pl!'esem without the thol!'ium., At some localities" however" where the thorium 

mineralization is suong" blebs arnd veinlets of a reddish=brown mineral are found., It has a hardness of 

about 4., 5 and a specific gravi1ty of about 5., 1., lin some specimens" the blebs are surrounded by radiating 

fracttures. The mineral is massive" breaks wilth a smooth fractt.Ull'e" has a high luster between vitreous and 

greasey" and appears to be resistant to weathering.,. The thorium and manium con1te.n1t of drill core from a 

depth of 400 feet at Haputa ranch was not appreciably diffell'ent than at the surface (Christman" and others. 

1953)Q 

As seem llXlider tthe microscope the th!f:)durn=beadng mineral from the Pine Tree claim (fig~ 5) ranges 

from micro=crystalline to cryptocrystalline and from anhedral to euhedral., it is intimately !ntergrown 

with barite and with specularite., The well ~formed crystals are shorto square prisms with occasional 

pyramidal tenninationsQ They rarely exceed 1 mm in length., The index of refraction ranges from 1. 73 

to 1., 77: Small fragmenlts are clearly anisoltlt'opic and" although their reddish~orange color masks any inter­

ference cplor o they probably have low birefringence., In polished sectiono euhedral crystals are anisottopic 

and strikingly zoned; the rims are yellowish orangeo the coJres reddish orange.,. Veinlets of the rim material 

cut the corea thereby suggesting that the rim represents a higher degree of hydrationo 

( 
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The chemicalo opHcale X··ray p and differential thermal analysis stud.ies .on the thorium ~.be~ring 

m.ineral from the Pine Tree claim suggest that it is a hydrated thorite mineral . similar to that described as 

thorognmmite by Fronde! (1953)0 ~~ alSo is similar to fhat described as ferrothorite by Lacroix (1929). 

However;> because of the pro.blems of nomenclature ill the thorium group of minetals and the difficulty of 

making a specific identification 0 the term .. thorite~Uke mineral" .is used in this report~ 

Chemical and spectrographic analyses of the thorite=like mineral from the Pine Tree claim aJe given 

in table 6., Although this sample represented the purest natural occurrence a it was fmther purified by heavy 

liquid and electromagnetic separations~ lin the chemical an.;tlysiso th.e absence of uranium is noteworthy., 

The rare ean hs and ferdc iron probably occur in the lattice of the tho:rite., Although specularite was 

identified in othero less pure sampleso none was identified by X-ray in this samplee The X~ray patterns 

· · b~f~~e e!nd .. after Jtg~ltion ~o 10tJD0~o .ga.ve te~agonalJihPdte .p;a,tt .. ~Jrlil~~ n~ thodan;ite).otu~ont~~;ltnes .}iete 

0bserved~ The pattern of tlle ignited sample contained sharper lines than that of the unheated sample~ 

strgges.ting t.hat some metamict tborite may be present., The differential thermal curve gave a low endo-

thermal peak .a L2.20° and a -sharp exothermal peak at 840°., 

At other deposits where the thorium~bearing mineral is visible~ it is megascopically similar to the 

analysed thorite ~like mineral from the Pine Tree claim., Where the identitY of the thoriutn minerals is 

ma.sked by and/or mixed with iron ..;.bear.ing minerals~ it can only be inferred to be the same;. 

Thorium in the veins may be genetically related to the albite syenite stock which is late pre~Cambrian \ 

inage.. The stock is abnonnally radioacttjve due largely to thoriumQ Moreover 0 syenite dikes. believed to 

have a common origin with the stock are in mast places radioactive due to thorium., Specttogi:aphic 

analyses show that the thodum .in some of the dikes occms principally as coat!ngs on fracture surfaces; how~ 

eve.ro some is disseminated tlu'ough the clikes.,. Thnso a magma relatively rich in thorium existedi> and i.t 

mayhave supplied thorium~rich emanations to. form the veins., On the other bando the thol'ium~rich.igneous 

rocks and the thot:ium=bearing veins may rep.resent different products having different ages of a thorium 

metallogenic provinceQ just as copper deposits having differentages represent different pr.oducts of a copp~r 

metallogenie province in Arizon~., An age determin~tion of vein=thorium should shed further light., the 

only vein observed within the stock is one nonradioactive calcit.e vein which is probably nnrelated to the 

other veins in the McKinley Mountain area" 
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Table 6. --Analyses of the thorite-like mineral from Pine Tree 
claim. Custer County. Colorado 

Th02 ........ . 

Chemical analysis .!./ 
(percent) 

CuO ••• ··"············· 
BaD • Cl • Cl o • • • • • • • e ••• .•• , 

46.,02 PbO ID • • Cl • 0 • • • • ·- . c • • • Cl • • • • 

Rare earth oxides .. .. • .. .. • • .. • • • • .. • 

8.56 

lc64 

~ 31 

.,08 

99068 

H20 (e.) ••••••• e: • • • • • • • • • •• 2.,66 FeO ......... " ••••••• ·• • not found 

Ce. Cu .... ., •• 

Additional data from spectrographic analysis 
(percent) 

Ooi6eeeofii- IIIQOO•ee.eee ·•eCIOCeeCJ. eeoeeO 

Pr, Al. Ni , Co ....... . •••••••••- •v•••~IIOGeoeee••••••••- •• 

•••••••••CJ••o•eoeoe· .,eee· ee€loe .eee 

Zr o Mno Moo_ Sr • • • " ·e " • • " " • • • • • • • • • • s- " "' o • • • • • " • • • - • • • • 

Ct0911!CtCJoet)€l, eeooGeeoliP.Q>Cooe•· • - ••"•••••••••• 

Cr-o Ti o • • o •• o • ·• o 'C) •••• e Cl 0 iO C1 Cl ' 1D 1D e 0 e CJ 0 0 0 • ·• 0 e e e e ."' C) e . 0 

Ag a. o "' o • • • • • CJ, . _ . - • • • • • eeCteeCJeaov ·•••••••- ••ct•••••oCI 

11 Analyst: H.arry Levine, U. s. Geological Survey. 
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At several localities. nearly vertical veil:lls of barite ave been mined. usually by trenching., The 

most continuous barite ve;in~ at the Hidden Valley Noo .1 c1 im (lOW. 96N}. was worked 200 feet along the 

strike to an average depth of about 12 feet., farther north. at 6W. 166N0 extensive but discontinuous mining 

was done along another vein• the principal working apparen ly was an adit which is now ca·ved., Other barite 

veins have b. een mined at . 6. 3W', 210N and 31E, 291N, The f ei·ns· co.ml·st·. of .. r.el·a· tive.Jy pure,. ma.·. ·sslv. e • .. wh·lt· e 

or pink barite, Although they may be as much as 3 feel wi e, the barite bodies are lens-shaped. As·all 

the large barite veins readily observed in the area have bee prospectedg any new large deposits are most 

likely to be f€1>nnd at deptth., 

Low~grade vermiculite deposits have been mined at s verallocalities in the Mci<inley Mounfai.n 

area., The largestt. which is in the nortthwestem part of the area (133W. 254N). is exposed in an ope·n pit 

abourc 40 feet wide and 100 feet Iongo Smaller lerrse~shape d.eposits occm near 63W. 312N and 22W, 335N. 

The vermicuHlte is confip.ed to bodies of hornblende~plagt ' ase gneiss. homblende~pyroxene~plagioclase 

gneiss. or metamorphosed ulteramafic rocks and may be ass . dated with veins or syenite dikes., 

The ve:nniculhte is black 11:0 greenish bmwn and occur as books as much as duee~fourlthS inch thick. 

The expansion ratio, is about 14~1; the expansion ratio of m st vermiculite is in the order of 30:1., Micro~ 

scopically o the mineral is similar to biotiteo 

As in the Wyoming vermiculite deposits (Hagner 0 19 )o these deposits are believed to have formed 

by the hydrothermal alteration of mafic~rich rocks~ 

THOR.,KUM DEPOSITS OUTS DE THE MAPPED AREA 

Although most of the thorium deposits shown on figur 5 ·were desc:tibed in an earlier repor~{Christnta'no 

and otherS 0 1953}u several of them were examined in recon aissance subsequent to the 1953 report and 

remain to be dese.dbed., All these depositso except the one at Watters ranch are low in uranium., 
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The Gold Crown claims are near the crest of a hill s uthwest of Hardiniis Saw Mill. more tpan 10 miles 

southeast of the n.earest deposits hitherto known., The inter ening area and the region surrounding the claims 

have not been examined., The vein at the Gold Crown cla ms can be traced discontinuously by surface 

radioactivity more than 500 feet but is not well~exposed; t e workings consist o.f a caved inclined shaft and 

a timbered. 7 ... foot pmspect pit., The vein consists of unid nd(ied radioactive mine.rals containing 0,. 34 

rocks., Xt exhibits the same compositiong type of counuy r · ck. and rela.tion to the country ro~k as some of 

the deposits to the north, and so may be regarded as extenj !ng the known llmits of the thori11IIl province .• 

The Fair View Lodeg which is 5 miles fmm the nearest previously .known thorium deposit. is located ~ 

~/"d 
3 miles south of Rosilta., lt also is similar to deposits to the nonh., The vein contains quartz. red bariteo 0_;< ~ 

rO~ <"4-
siderite. limonite. and radimu:;tive minerals and cam be tt. ced less than 100 feet~ Jt occUll's in pre'" Q/ ~ 

Cambrian homblende~plagioclase gneiss and granite gneiss A grab sample of the vein material contajned 

0., 32 percent equivalemt. T~02., 

The Antrim and Go W o Lod.e claims (Hg .. 5) have be! n explored by seven small trenches and a 20-foot 

shaft under terms o( a Defense Minerals Exploration Admin· tration contract • . l!l the shaft the vein is 5 feet 

wid.e at the surface and is 1 1/2 feet wide at a depth of 20 eet., The vein is believed. to be continuous 

from the shaft 200 feet s.outheast to !the crest of the hill.. C ' miderable radioactive material occurs in the 

overbmden dowmlope to the nQtlthwesn: fmm 1the shafto but~ as the overburden is known to be as much as 

10 feet thicko the exact nat:wre of the vein is not known~ · rab sampl~s of vein m.aterial .frqm the cla.im 

range from 0., 3 to 0., fj)eJcent equivalent Th02., A.rhyolit -dikev that exte\nds from a rhyolite stdck to. the 

north. follows the vein but appears to be younger than the t orium m,inera1ization., 

The Rare Earth Special No., 1 and No., 2 clla.lms are o a vein that is as much as 4 feet wide and was 

traced almost contin,uously for. 2 0 500 feet$ Concentrations f r.;Ldioactive minerals occur discontj.nuously~ 

although most of the vein is weakly radioactive. The vein which bas a strong fetid o~orl> is composed 

principally of red feldspar an.d quartz and has the appearan e of a brecciatedQ coarse-grained dJke. At 

Rare Earth Special No., 4 the thorium=bearing minerals are ·n a small isolated body of altered dike; the 

rock appears as globular masses of altered dike surrounded y cal.cite and iron oxides. 
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Table 7.-AnaJ.yses of samples from outside the McKinley Mountain area, Custer and Fremont Counties, Colorado 

Equivalent Chemical Equivalent Chemical Rare earth 
Sample uranium uranium Th02 11 Th02 oxides Spectrographic analyses 
~ Location Type of sample (percent) (percent) (percent) (percent) (percent) u Th La Ce Nd Sm y Th Dy Er Be Zr Pb 

ti~1ooY Homestake No. 2, dump of shaft Grab of vein material 0.016 21 0,0006 21 0.09 0 .ox .x .x .x 0 .ox .ooox 0 0 0 .oox 

«A--1o1Y Homestake No. 2, 50 ft NE of shaft Grab of vein material .024 21 .0004 21 .1.3 0 .ox .x .x .x 0 .oox .ooox 0 0 .ooox .oox .x 
tu .. 102 y Homestake No. 6, lower dump Grab of vein material .025 21 .oou21 .13 0 .ox .x .x .x 0 .ox .oox .ox .oax .ooox .ox 0 

RA-103~/ Homestake No. 6, upper dump Grab of vein material .032 21 .0011 21 .17 0 .x 1.% >1.% .x .x .ox .ooox .ox .ox .ooox .ox 0 

RA-1o!,aY Hol:lestake No. 6, lower pit Selected vein material .13 9.1 .0013 21 .72 0 .x ·1.% 1.% .x .x .x .ox .ox .ox .ooox .oox x • 

RA-105a Rare Earth Special No. 2 Grab of vein material .089§/ • 004 y .48 

RA-106a do. do. .079Y .002 y .43 

RA-108a !'{are Earth Special No. 4 do. .20 y .005 y 1.09 

RA-llla Thori te Mother Lode do. .052 y .001 y .29 

RA-112a Fair View Lode do. .058§/ .001 y .32 

RA-105?) Franklin Mine, lo,.er adit 2.5-foot channel, 160 ft from portal .0311/ .002 !V .16 0.02 !V 0.01 !V - .x .ox . • ox .ox .oox .ox 
RA-106 Y do. Grab of clay seam,175 ft £!-om portal .0251/ .002 !V .13 .03 !V .18 !V - .x .ox .x .x .ox .ox 

RA-107 Y Antrim and G.W. Lode Grab of vein material .12 1/ .004 !V .65 .4oY .23 !V - .x .oox .ox .ox - .x 

RA-108 Y 9-foot channel .0871/ .003 !V .47 .16 !V traceY - .x .oox .ox .ox - .ox 

THW 1-A Antrim and G.W. Lode, dump 2 Grab of vein material .12 ll - .65 • 

THW 1-B do. dump 3 do. .075ll - .40. 

THW 1-C do. pit l Selected vein material .86 ll - 4.79 * 

THW 1-D do. pit 2 Grab of vein material .o56ll - .29 • 

THW 1-E do. pit 3 do. .13 ll - .71 • 

530-114 Gold Crown, dump of shaft do. .061 y ,001 y .34 

AH-71 Y Watters' ranch Grab of vein material .24 21 .10 21 .78 .I .ox .ox .x .ox .ox .x .ox .ox .ox 
y CalcW.ated from the equivalent uranium by subtracting the chemical uranium and multiplying the difference by the conversion factor of 5.6. 

the chemicalt uranium at these claims is 0.004. 
Those marked by an asterisk (*) were calculated by assuming that 

~ Spectrographer: R. G. Havens 

~ Analysts: S. Furman, J. McGurk, W. Mountjoy !V Analysts: R. DuFour, Mallory 7DlJ .. 

Analyst: J. Patton Analysts: 3 . Furman, R. DuFour V Analysts: S. Furman, W. Xountjoy, P. Schuch 
!i/ Spectrographer: G. W. Boyes 1/ Analyst: s. Furman 
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At the Homestake No. 6 claim nor~heast of "Hillside (fig., 5) o the: ra.re earth content · of two sa~les 

probably runs as high as 3 percent (es imated fkorJt ~he spectrographic da:ta on table 7). Another sa_mple 

believed to come from thi~ locality · repor~ed to contain 6 percent rare earths (Ghristmano and others, 1953)., 

This particular claim has not been st died., 

Vein rock at the Franklin mine Sunshine Valley claimso and Thorite Mother Lode is relatively low 

in thorium., Analyses from the Frank in mine are given in table 7., 

A praspect on .the Watters• ranc 5 miles s.outheast of the mapped area and a ·mile north of Nigh}"ay 96, 

cont~ins significant amountS of urani m,. The lessees shipped nearly a ton of hand-picked ore tha.t assayed 

0.,10 percent U308 and 45 percent. ca bonate., lf the excess .radioactivity indtcated by the equivalent 

uranium value (table 7) is assumed to be due to thoriumo the ore may also el'lJJltain 0~ 78 percent equivalent 

Th(;)2Q The urani_um is found in a de e 11 purplish-red carbona.te vein 1/2 to 1 1/2 feet wi_de and about 

100 feet long.,. No prospecting has be n done below a depth of 12 feet. Reconnaissance in the imtnediate 

vicinity failed to disclose a lateral e tension of the vein. 

SU GESTlONS FOR PROSPECTING 

Many of the localities containi g radioactive materials in the Mcl<.inley Mountain area (fig. 3) Will be 

wortn prospecting when and if the de and and the price for thorium justify an intensive search for new 

sources of s~pply. Localities designa .ed by large squares or by triangles on figure 3 may in general be 

regarded as the mos.J: favorable, but ne of the more strongly radioactive anomalies should be ignqred. A 

limited amount of prospecting likew· e is warranted along the projected extensions of known radi.oactive veins 

i'nto. alluvium .c.overed areas. At som localities the veins are exposed in pits and other workings dug by the · 

early prospeetors for gold and silver; t others~ the veins are covered or very poorly exposed~ At poorly 

exposed localitiese of course, the a unt of radioactivity shown on figure 3 does not fully represent the 

amount of radioactive materials actu 

Many undiscovered radi.oa.ctive localities undoubtedly occur in general proximity t() the scattered 

locali_ties shown by figure 5 in unma ed terrane outside the McKinley Moun.tain .area. They may best be 
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sought by utilizing a gamma~scintill tion detector., Rocks that are stained red or yellow by iron oxides$ 

as well as veins containing smoky qu rtz~ barite, and carbonate or sulfide · minerals should be particularly 

investigated though none of these-m nel!'als necessarily is accompanied by thorium., 

Most f the area appears to be nfavorable for prospecting for uranium. as all samples except the 

one collect d at Waners" ranch. con ained much less than OQ 10 percent uranium (tables 4. 5, and 7)., 

However. g ound to the east and sowt east of the Watters" pwpeny. whi.ch has not been examined by the 

Geological urvey. may coma il\ll oth r occunences of uranium., 
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Part Il 

The work in the ~et Mountains to date 0 except for the 1952 exploration project at Haputa rancho 

; 

has been oriented toward systematic search for radioactive anomalies and concomitant detailed geologic 

mapping» rather than toward estimating tonnage and gra.de of individual deposits., Only data readily 

obtained at outcmpso supplemented by occasional samp1es 0 are available concerning the extent and the 

intensity of the radioactive localities$ ThusQ it would be premature to hazard a guess as to reserves. 

except in the broadest terms., From the tables of analytical data on some of the localities and the maps 

showing known radioactive localities (tables 40 5. and 7; figso 3 and 5). it may be inferred that the area 

J.n aggregate contains very large tonnages of 00 1 percent Th02. a moderate amount of 0., 5 percent Th02. 

and only a limited amount of 1., 0 percent Th02o Until a market develops for a low-grade thorium and a 

cut~off vallue is establishedo the economic potemials of the region are impossible to forecast., To date. 

the thorium deposits have been found in small and scanered concentrations so that a large-scale mining 

operation will probably not be possible; rather the area appears to be suited for numerous sma~l operations 

each involving only a few .thousand tons of rock.., 

Most of the data conceming the distribution and content of radioactive minerals are in the form of 

radioactivity readings made with the gamma~scintillation detector., Although these readings cannol be 

converted into percent Th02. they do provide valuable clues as to where thorium may be found. and how 

much.. If~ a t some future date. it becomes desirable to ascertain accurately the reserves of the region • .it 

is suggested that a sampling program be carded out iJrn conjunction with bulldozing., This type of physical 

exploration is recommended because many of the veins are covered. and so the exa·ct distribution and 'Con~ 

centratio'n ·of the thorhmi-bearlBg·mii1erals along the surface cannot otherwise be determined; Inasmuch as 

the · vertical distributiqn of thorium rna-y-be as . inegular as ·rche surface distribution. a drilliJilg progra:m .is· not 

cortsid~red to be as valuable as bulldozing / and actual exploratory mining operations .. 
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A search by gammaascintillation detector for new localities in parts of the thorium province that 

have not yet been systematically covered should proceed concurrently with bulldozing-sampling at selected 

known·localities., 

Within the McKinley Mountain area" exploration would be advisable along the veins near the follow-

ing localircies (not listed by preference): 

5E 0 354N (Tuttle ranch) 
21E 0 342N (Tuttle ranch) 
llEo 81N (Liittle Maud=Atomic Mounta~ns claims) 
45W" 195N 
52W .118N (Thorium Mountain claim) 
92W.221N 

llOW. 192N 
119W o 236N (Darby Extension claim) 

Outside the McKinley Mountain area 0 excluding the Hap uta ranch property. the following are considered 

espefially to merit further study: 

Anna Lee claim 
Antrim and G.. W.. claims 
Gold !Cmwn claims 
Homestake No., 6 claim 
Pine Tree claim 
Rare Eanh Special claims Nos., 1 and 2 

The Hap uta ranch property. Anna Lee claim. and Pine Tree claim are described by Christman. and others. 

(1953)" The others have been examined in reconrnaissance and are briefly descdbed if! this repott. 
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