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ABSTRACT

It is found that direct thorium production will be required to 

support, a widespread, thorium-based nuclear energy industry. The model 

resource to satisfy energy demand is a steeply-dipping, tabular vein, 

three feet wide and 2000 feet long. The principal ore mineral is 

thorite. Such veins are found in the western U. S. ; principal districts 

are in Idaho, Colorado and southeast California.

ka underground, cut-and—fill mining method is selected for the 

model orebody, with a production rate between 500 and 750 short tons 

per day, requiring a capital investment in the vicinity of $4.5 million. 

The model mine designation was .confirmed by field checks in Arizona,

Hew Mexico, Colorado, and Idaho. )

In the thorium mine environment hazards due to airborne radio

nuclides are potentially more serious, but are more readily controlled, 

than similar hazards in uranium mining.. Direct radiation hazards are 

somewhat greater for thorium mining. No apparent pathway exists for 

serious Chemical contamination of the mine environment or for extensive 

chemical or radiological contamination of gaseous or liquid effluents 

from the model mine. A wider data base is badly needed to support 

these conclusions.



CHAPTER 1

INTRODUCTION

Commercial interest in thorium for energy has fluctuated since 

the widespread use of nuclear power was first advocated. In the early 

part of this decade„ interest in HTGR's (High-Temperature Gas-cooled 

Reactors) brought increased interest in domestic thorium resources. The 

situation was reversed in 1975 when all orders for HTGRs were cancelled«

Recentlyj thorium has received renewed attention due to the 

Carter Administration’s emphasis on energy production from non

proliferative nuclear fuel cycles. Accordingly, the Department of 

Energy,has sponsored a nationwide effort to determine the feasibility 

of the use of thorium in nuclear power generation. The Nuclear Fuel 

Cycle Program at The University of Arizona incorporates an assessment 

of the environmental impact of a thorium-uranium fuel cycle; the College 

of Mines was asked to provide expertise in one of the least understood 

areas— the raw materials end of the fuel cycle.

This thesis deals with the identification and semi-quantitative 

estimation of anticipated principal environmental effects associated 

with the extraction of thorium from its ores. The scope is limited to 

direct mining. In order to complete the view, information on the 

extraction of ThC^ from the ore and the disposal of wastes from thorium 

production is briefly summarized in Appendices G and D, respectively.

The study is also limited temporally: inasmuch as the research is



intended to aid in first-policy decisions, it is valid only for the 

period of startup and initial imp!einentation of the fuel cycle, Modifi

cations and improvements on the conclusions of this study will be 

expected and needed as experience is gained in thorium mining. This 

thesis is organized into several sequential sections. First, the need 

for direct thorium mining in support of an energy industry is assessed 

and confirmed. Domestic resources of thorium having potential use in 

the fuel cycle are. then reviewed and a model orebody is selected. A 

mining model is designated to fit the model orebody, and the models 

tested by field examinations. Finally, environmental hazards and 

industrial hygiene factors applying to the model mine are identified 

and semiquantitatively estimated where pre-existing data permits.



CHAPTER 2

. NEED FOR DIRECT THORIUM RECOVERY

There is currently no direct thorium mining industry in the 

United States. Historically, past production has likewise been minimal»

A small amount of thorium was produced from mines in Idaho and 

Colorado at the time of the big uranium rush during the late 1950's.

It was at this time that most of the exploration and development of the 

various properties took place. Some of this was done under Office of 

Mineral Exploration (OME) contract for assistance in exploration; no 

contracts were let after 1958.. Companies important in thorium recovery 

at that time included Porter Brothers (Bear Valley, Idaho); Techmanic 

Corp. and Sawyer Petroleum (Lemhi Pass,Idaho); Calico Mining Company 

(Wet Mountains, Colorado); Northwest Prospecting and Development Company 

(Hall Mountain, Idaho); and Rare Metals Corp. and Agency Creek Thorium 

(Lemhi Pass, Idaho). A small thorium mill and concentrator was opened 

by the Cotter Company in Canon City, Colorado, in 1958, but was out of 

business within two years. Thus, there is no modern technological base 

for large-scale direct thorium production.

Since 1962, U. S. thorium requirements have been supplied from 

domestic (19%) and imported (81%) monazite recovered as a byproduct from 

beach and stream placer mining for titanium and zirconium.

Monazite is a eerie fare—earth phosphate and can contain up to 

28% Th. Domestic monazite averages 3-5% ThO^ (foreign sources average



slightly more) but the mineral is primarily of interest for its con

tained rare—earths. Thorium oxide is available from wastes produced 

during rare earth, recovery j and is extracted as neededW.' R. Grace, 

Inc.s of Chattanooga, Tenri., which is the only domestic processor of 

monazite, reports that they "produce" about 25.0 short tons thorium 

oxide/year (Enderlin, 1978) . Demand, however, is limited to about 

50 st/yr and the remainder is stored in waste sludge at the Chattanooga 

facility.

The U. S. Government maintains a stockpile of about 2.5 million 

pounds of thorium oxide equivalent ° the present policy is to reduce 

the stockpile to zero. Accumulated stocks at W. R. Grace are of the 

order of a million pounds thorium oxide; industry maintains smaller 

stocks in the forms of metal alloys, compounds, and monazite.

Enderlin (1978) reports present domestic capacity for produc

tion of reactor-grade thorium oxide. The role of monazite-derived 

thorium, was found to depend on reactor type, extent of fuel recycling, 

advancement of technologies for monazite concentration and thorium 

purification, markets for rare earths and other placer coproducts and 

supply of foreign monazite. It was found that up to 28,000 MWe can be 

produced from a thorium-uranium (Th=U) fuel cycle using domestic thoria 

by-product,

A few points are worthy of note. Domestic placer sands contain 

about 3% heavy minerals, of which a percent or so is monazite; the 

remaining constituents are titanium, iron, and zirconium minerals.

Three to five percent of the monazite will be TI1O2 , so that 

represents .0009% to .0015% of a typical domestic placer deposit. The



rare earth content of monazite will run from 55% to 60%. Thus, it is 

readily apparent that the economics of a beach placer dredging opera

tion are not likely to be appreciably affected by realistic changes in 

the price or demand for thorium. Rather, the availability of TM^ from 

such sources will depend on markets, for the primary products: rate

earths, titanium, and zirconium.

Thorium demand for non-energy uses may be expected to increase 

steadily, but slowly. During 1974, about 35 st of TM^ was consumed in 

the manufacture of gas mantles, specialty alloys, refractories, elec

tronics and chemicals. Nuclear uses added 15 st to that, mainly in 

research fields (Smith, 1975). There are no known acceptable substi

tutes for the non-energy uses of thorium so that projected yearly demand 

for these is approximately 100 st by the year 2000 (Sondermayer, 1975).

As mentioned previously, 81% of the monazite processed in the 

U. S. is imported. Several countries have adopted regulations limiting 

the export of monazite in the past; Brazil and India maintain embargoes 

on monazite because of its thorium content. The future of such regula

tions will not be realized until thorium reaches its full strategic 

potential.

Thorium supply during startup of Th-U fuel cycles would probably 

come first from above-ground stocks. (Larry Duncan, plant manager at 

W. R. Grace in Chattanooga, estimated in a personal communication, 

January 17, 1978, that an increase in price of $5/lb. of ThC^ would 

justify the capital expense of a thorium recovery circuit at his plant.) 

Owners of such stocks can be expected to sell quickly in a high-demand 

situation; thus stockpile thorium may not necessarily be depended upon
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later in the event of a crisis caused by limited availability of. 

foreign monazite imports. Reliance on foreign thorium for domestic 

energy production would clearly be a questionable practice.

Another point to be made involves flexibility for increased 

ThOg production. The domestic placer miner will have to double his 

throughput in order to double his Thtî  output from monazite sand. He 

will then have to sell the extra titanium, rare earths, etc., to offset 

the cost of the additional production. Since the relative worth of 

thorium in a placer deposit is small, it is seen that placers cannot 

supply thorium above a level which is determined by conditions in 

unrelated markets. Thus the dimensions of a thorium-reliant energy 

industry may be limited unless alternative thorium resources are 

exploited.

Because of differing philosophies regarding reactor core con

figurations, reprocessing, fuel utilization and storage, nonprolifer

ation criteria, and so forth, a situation of continuing uncertainty• 

has developed regarding requirements for "energy" thorium. Conse

quently, estimates of domestic capacity to meet these requirements 

must still be considered uncertain.

In the above discussion, it has been suggested that market 

limitations on thorium and coproducts, political climate, and placer 

mineralogy contribute to uncertainties in the suitability of current 

thorium production technologies for support of an extensive energy 

industry. Further study is required before quantification of these 

uncertainties can be achieved. Thus it seems that direct recovery of 

thorium resources is needed to meet any significant demand for thorium.



CHAPTER 3

THORIUM OREBODY MODEL

Before commencing the investigation of environmental factors 

in the potential mining of domestic thorium ores, the most important 

domestic thorium resources must be identified and compatible mining 

methods assigned. From this information, a generally applicable model 

orebody must be derived and a scheme for its exploitation outlined in 

broad terms. The model mine thus developed is not intended as a 

description of any particular operation, but rather as a basis for 

considering future thorium mining.

The model mine in this study is intended to serve as a framework 

for estimating environmental factors. Expertise in thorium mining is 

expected to grow with time; the technologies for dealing with the 

environmental consequences of mining will simultaneously improve. As 

the supply and demand situation for thorium increases, innovations 

specialised for thorium production will doubtless be employed* Conse

quently, it is not expected that the present estimation of environmental 

consequences, the model thorium mine, or even the model orebody, will 

remain valid indefinitely. For example, as indicated in 5.4.6, large- 

scale open pit mining of low-grade thorium ores is not expected to be 

an important factor at the outset of major thorium production. After 

several years, however, factors which make such a venture unattractive 

should diminish, and the role of large-scale mining may grow. Although



the environmental consequences of large-scale mining will be different, 

it may be expected that technology developed in the meantime for con

trolling effluents from thorium mining will contribute to far better 

predictions of environmental consequences than are possible today„

3.1 Domestic Natural Occurrences of Thorium 

Thorium deposits may be classified into four types: veins and 

lodes, residual deposits and placers, sedimentary deposits; and igneous- 

metamorphic concentrations, which include carbohatite, fenite, alkalic 

dikes, plugs, and sills, granites, and pegmatites, A partial list of 

important thorium bearing minerals comprises Table 3.1.

The following summary of the geochemical cycle of thorium will 

be helpful in understanding the relative importance of the various 

occurrences. •

3.2 Thorium Gedchemical Cycle 

Considerable evidence may be.cited to support theories that 

there is a continuing fractionation of radioelements into the earth’s 

crust. Thorium and uranium are presumed to be concentrated in volatile 

phases within the earth’s mantle, and to migrate upward through creep 

mechanisms (Gableman, 1978)„

Transfer of radioelements to the crust is accomplished during 

magma generation and differentiation. Because of their large ionic 

sizes, radioelements are incompatible with the molecular structures of 

earlier generations of rock-forming minerals, and therefore continue 

to be concentrated in residual, volatile phases.
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Table 3.1 Principal Thorium Minerals. —  arranged in order of decreas
ing ThO 2 content. Synonyms and varieties are given in 
parentheses.

Name .Composition ThO2 Content, percent
Thorianite

(Aldanite)
(Urano thorianite) 
(Uranoan Thorianite) 

Thorite
(Wisaksonite)
(Huttonite)
(Orangite)

(Calclo thorite) 
(Enalite) 
(Eurasite) 
(Ferrothorite) 
(Freyalite) 
(Auerlite) 
(Uranothorite) 

Thorogummite
(Chlorothorite) 
(Hydro thorite) 
(Nicolayite) 
(Hyblite) 
(Mackintoshite) 
(Maitlandite) 

Pilbarite 
Cheralite 
Caryocerite

Monazite

ThO 2
(Thorianite+Pb,U) 
((UsTh)02)

, ((Th,U)0 2 )
Th:.( S10 4 )
—do—
-do-

(yellow to orange 
metamict thorite)

(thorite+Ca)
(thori t e+U,RE) 
(thorite+Ca,RE) 
(thorite+Fe^+) 
(thorite+Ce) 

(thorite+(P04)) 
((Th,U)(SIO4)) 

Th(Si04)1_3£(0H)4x 
-do-

(Thorogummite+SO 4 )
( Tho ro gummi t e+Û '+ )

( Thor o gummit e+Û "*", Pb ) 
ThO 2 0 U0 3 6‘ Pb 0e 2S10 2 6 4H 20 
(Th,Ca,Ce)(P0 4 9Si0 4) 

(Ce,La,Th,Ca)g 
(Si,B)3 (0,OH,F) 1 3  

(Ce9Y$La$Th)(P04)

100

81.5
=do=

™do=-

24 to 58 or more 
=do=
-do*”
^do=

31s, varies 
30, varies

13.6

0 to 30
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Table 3.1 (Continued)

Name Composition ThOg Contentj percent

Eschynite
Brannerite
Tritomite
Brockite
Yttrocrasite
Zirkelite
Yttrialite
S teenstrupine

Allanite

(Orthite)
(Perrieri'te)

Xenotime
Cerianite
Euxenite
Eergasonite
Eerovskite

(Irinite)
Lovchorrite
Helanocerite

Pyrochlore 
Priorite 
Samarskite 
Thucholite 
Zircon

(Ce,Ca,Fe,Th)(Ti$Nb)2 0 6  

(UsCasFe9Th5Y)(Ti5 016)
B,F,Ce,CasLa,Th silicate 

Ca9Th phosphate 
(Y9Th9U 9Ca)2 (Ti9Fe9W)4 01 1  

(Ca9 Fe9Th90)2 (Ti,Zr)2 O5  

(Y9Th)2 Si2 0 7  

(Na,Ca9 Ce 9 La 9 .Th) 3 (Mn 9 Fe 9 Ta) 
(Si9Be9P)3 (0 9 0H 9F) 1 2

(Ca9 Ce s Th) 2 (A19 Fe9Mg) 3
S±3012(0H)

=do™
—do— (?)

- Y(P04)
(Ce9Th)02

(Y, Ca 9 Ce, U* Th) (Hb, Ta 9 Ti) 2O5

(Y9Er9U 9Ce9Th)(Nb9Ti9Ta)04

CaTiOg
(Na, Ce, Th) (Ti,Nb) (0, OH) 3

(Ce9Y 9La9Ca)5(Si9B9P)2
(090H9.F>13
NaCa(Nb9Ta)206^

(Y 9Er, Ca ,Fe 9 Th) (Ti 9 Nb ) 206  

(Y9Er9Ce9U9Fe9Th) (Nb,Ta)2 06  

Hydrocarbon and U and Th
Zr(Si04) up

0 to 17 
0 to 1 2  

9
varies 

• 8.75
7.3 

1 2 , varies 
2 to 7

0 to 3

—do—
4.6 

0 to 2.5 
5 varies 
0 to 5 
0 to 5 

small, varies 
“do— 
up to 1

1.7 
0  to 5 
0 to 8  

0 to 4

to 1 or more
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It is for this reason that there is increased radioelement 

concentration in rocks representative of late-stage differentiation, 

such as granites and alkalic syenites. Similarly., there is a notable 

concentration of radioelements in carbonatit.es, which are believed to 

have been differentiated in the mantle = Thorium, averaging three to 

four times more abundant than uranium in all crustal rocks, is likewise 

more abundant in primary igneous differentiates.

Further differentiation of magmas results in pegmatites and, 

ultimately, in essentially volatile phases (hydrothermal fluids). The 

latter precipitate in epigenetic deposits, commonly at some distance 

from the site of original magma emplacement.

The behavior of thorium departs somewhat from that of uranium 

as differentiation progresses, as evidenced by increases in Th/U values 

as the later stage rocks (such as alkali syenites and granitoids) are 

formed„ This may be due in part to the slightly larger ionic radius of 

thorium, but a difference in potential for oxidation is probably more 

important. Thorium, with a +4 oxidation state, forms stable stoichio

metric silicates, oxides, or phosphates? uranium, on the other hand, 

forms nonstoichibmetric compounds because it has more than one valence 

state.

Although primary igneous processes can take place under oxi

dizing conditions, contained thorium and uranium generally occur in 

close association, in igneous rocks. However, strongly oxidizing . 

conditions are present in the near-surface geologic environment. Con

ventional sandstone deposits containing uranium are considered to
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represent, precipitation of remobilized uranium at a redox interface; 

the driving force is meteoric water containing oxygen. Because it is 

practically immobile under, supergene conditions, thorium does not occur 

with uranium in sandstone-type deposits. It may, and usually does, 

occur in hypogene uranium deposits, where the role of oxidation is not 

as important- Thorium and uranium are also known to occur together in 

ancient conglomeratic placer deposits that were deposited under gener

ally reducing atmospheric conditions during Precambrian time.

In the Phanerozoic supergene environment thorium minerals have 

maintained their integrity and have been deposited in placers. Thus 

mpnazite, an accessory mineral in Piedmont granites in the southeast 

United States $ is concentrated by virtue of its high specific gravity 

in beach and stream placers. Similarly, monazite and euxenite, present 

as accessory minerals in the Idaho batholith, have been concentrated in 

placers in central Idaho.

Thorium has an almost ubiquitous geologic association with the 

rare earths. This fact is readily apparent in the list of thorium 

minerals in Table 3.1. In fact, the rare earth content exceeds the 

thorium content in many vein deposits.

Recently, rare earth assemblages iii rocks have been recognized 

as "fingerprints" of antecedent geologic processes, notably magmatic 

and hydrothermal processes. Thus, the study of rare earth geochemistry 

may contribute greatly to an understanding of thorium deposits.

It has been established that the eerie, or light, lanthanides 

tend to be enriched in mafic rocks, probably by virtue of their large
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ionic radii „ They are also correlated with a high carbonate and calcium 

content. The yttric, or heavy, lanthanides, have smaller ionic radii 

and tend to be fractionated into silica-rich, granitoid differentiates. 

Total rare-earths, along with uranium and thorium, increases in concen

tration as alkalic and acidic compositions are approached.

No universally accepted explanation has yet been derived for 

the rare earth behavior mentioned above. A fundamental controlling 

factor seems to be the ionic radius, which in turn influences crystallo- 

chemical behavior, basicity differences, and isomorphous replacement. 

These, along with oxidation state and complex ion formation, have been 

considered individually as determinants of rare earth fractionation 

processes. In truth, the above mechanisms probably operate in combina

tion to produce the observed rare earth distributions, The role of 

these mechanisms in thorium fractionation has not yet received much 

attention, but the gross behavioral similarities between the rare 

earths and thorium suggest that research in the area may be productive.

An illustration of the complexity of rare earth geochemistry 

may be found in the tape earth distributions found in thorium veins 

from Lemhi Pass, Idaho (Staatz, Shaw and Wahlberg, 1972). Of 31 sam- . 

pies from 2 1 veins, 17 have a neodymium maximum and six have a cerium 

maximum. The remaining maxima are gadolinium, 3, dysprosium, 2, and 

two where the maximum was shared between Nd and Ce and between Nd and 

Sm. The samples with a cerium maxima showed rare earth distributions 

much like those of shale, which is taken to represent an average 

crustal distribution. Therefore, any deviation from a cerium maximum 

represents fractionation, at some point, from average crustal abundance.
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Other deviations from the shale-type cerium maylrrnwn are dis- 

cernable from Staatz’ figures - The neodymium maxima ate quite high, 

hut are not paralleled by the odd numbered lanthanides--in fact there 

is a deficiency in Pr and La, and a concentration of Eu, Sm, and Gd in 

samples with a Nd maximum.

It is known that Ce^+ is readily oxidized to Ce^+ in geologic 

environments, and that this activity may make Ce unsuitable for certain 

mineral lattice sites, depleting it relative to the other lanthanides. 

While accounting for the apparent Ce deficiency, this alone does not 

account for the Eu peaks, for the predominance of the intermediate to 

the light rare earths, and for the deficiency in La. Enrichment of La 

in the hydro thermal phase has been noted in quartz veins in granitoids, 

alkali granosyenites, and: nepheline syenites. If the original melt was 

somewhat silica-rich (granitoid), and the general patterns were 

followed, one would expect the heavy rare earths to be retained in the 

parent rock, producing a bias towards the intermediate and lighter 

lanthanides in the residual hydro thermal fluid. This is supported by 

the general correlation of Ce with Th and Y with U. Lemhi Pass thorium 

veins, and those in most of the western U. S., are notably deficient 

in uranium.

This is doubtless an oversimplified explanation, but it can 

illustrate the potential usefulness of the rare earths in tracing 

mineralization patterns. It can also suggest the possibility that the 

Lemhi Pass veins may not be affiliated with a major alkalic igneous 

complex or carbonatite (although a small carbonatite occurrence is 

known in the district). In fact, support for this possible condition



will require a. fuller understanding of the total chemistry of the vein- 

forming fluids, and must determine emplacement paragenesis and the role 

of fractionation during vein fluid migration, evaluate the effect of 

supergene processes and zoning, and consider the original composition 

of the parent magma.

In fact rare earth distributions from thorium—bearing veins at 

Hall Mountain, Idaho (Staatz, Shaw, and Wahlberg, 1974) are much 

different from those at Lemhi Pass. Hall Mountain veins are remarkably 

consistent in having lower EE/Th ratios than veins at other localities, 

and in having bimodal distributions enriched in yttrium-group rare 

earths expressed as gadolinium peaks. The cerium deficiency apparent 

for Lemhi Pass veins is not present at Hall Mountain. Most of the 

rare earths at Hall Mountain occur in thorite; this, along with absence 

of microcline and low iron oxide content, is a difference in mineralogy 

between Hall Mountain and other thorium vein localities.

The vein forming fluids followed structural breaks and contacts 

with the ddoritic Pucell sills. The closest known alkalic differentiate 

is a syeriitic intrusive five miles south of Hall Mountain. The bimodal 

rare earth distributions seen at Hall Mountain are reasonable if 

supported by the concept of a (silica-poor) syenitic. parent magma 

supplying hydro thermal fluids of yttric composition, which fractionate 

en route to a depositional site in mafic to intermediate rocks. Again 

this is a simplified generalization which may or may not be supported 

by further research.
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3.3 Model Orebody Definition 

The relationship between thorium, total thorium content, and 

occurrence type in identified thorium deposits is illustrated by 

Fig. 3,1. It is seen that placer deposits have the lowest ThO^ grade 

in general, followed by sedimentary and igneous/metamorphic deposits, 

and veins, in order of ascending grade. Note also that the largest 

resources are in igneous rocks: the Conway Granite in New Hampshire is

notable in the U.S., and contains over 90 Gg of thorium metal for each 

meter of depth (3 x 10® t/100 ft.). Recovery costs in 1963 were 

estimated to average $57 per pound of thorium and uranium recovered 

(Brown et al,, 1963).

A few factors are considered to have a determinative influence 

on which of the resources in Fig. 3.1 would be the most important for 

initial direct thorium production.

1. The resource must be extensive and of high enough grade that . 

extraction operations could withstand possible initial market 

and price fluctuations.

2. The resource must be readily accessible,

3. The resource should be in an advanced stage of exploration, to 

minimize lead time and to promote confidence in early reserve 

estimates.

4. Capital requirements for production must be low. A 300 million 

dollar investment in a large, low-grade thorium resource 

probably would not be undertaken until conditions stabilize.
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5. Recovery technology should be fairly well understood, so the 

resource could be. exploited rapidly in a safe, economical, and 

environmentally sound manner.

As will be illustrated further, the vein resource type fits 

these criteria better than do the placer, igneous/metamorphic, or 

sedimentary types of Fig. 3.1. Therefore, the model thorium orebody is 

a vein of the type found in the western U. S.

Important thorium-bearing vein districts are shown in Fig. 3.2. 

Domestic thorium veins are characterized by quartz-thorite-limonite- 

feldspar mineralogy. The most notable occur at Mountain Pass, Cali

fornia; Lemhi Pass, Idaho-Montana; Hall Mountain, Idaho, and the Wet 

Mountains, Colorado ( Staatz and Olsen, 1973). The following discussion 

has been acquired largely from Staatz and Olsen.

Fifty-one different minerals have been identified from U. S./ 

thorium-bearing veins (Staatz, 1974). Thorite is the principal thorium 

mineral;. far lesser amounts of allanite, monazite, and brockite (among 

others) may be present. The gangue, principally quartz, may also 

contain calcite and usually limonite and feldspar.

Independent rare earth mineralization is not common except for 

veins in the Mountain Pass District. In most deposits, rare earth 

values seem to be incorporated in minerals containing thorium (i.e., 

thorite) but the rare earths vary in content. TRE (total rare 

earths)/Th ratios vary from 0.049 to 5.2 in the Lemhi Pass district 

(Staatz, 1972a) and from 0.62 to 4.8 in the Wet Mountains (Christman 

et al., 19 60) . The TRE/Th ratio appears to decrease with increasing
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content9 and the ratio is highest where the ore mineralogy is complex. 

Therefore, each deposit must be considered individually for the recovery 

of rare earths.

Thorium veins generally occupy fractures, faults, and breccia 

zones, with movememt evident before, during or after mineralization. 

Country rock is commonly crystalline— granites, gneisses and metavol- 

canics—-although some veins are emplaced in schists and metasediments. 

Brecciation is common; this is taken to indicate forceful emplacement 

or reactivation of stresses along discontinuities.

Dip of the veins is characteristically greater than 60 degrees 

and is in many instances near-vertical, although it may vary somewhat 

along and between veins.

Vein dimensions are highly variable; thicknesses range from 1/64 

inch to 50 feet and average 1/2 to three feet; lengths run from a few 

feet to over 5,000 feet, averaging 200 to 600 feet.

Thorium values within veins are generally erratic. Grades may 

be as high as 21 wt% Th, but an average value would probably be between 

0,5 and 1.0 wt%. The variation in grade presents difficulties in ore 

reserve estimation and grade control calculation. Masking by limonite 

gangtie makes visual grade estimation unreliable.

In the context of a model mine, thorium veins may be expected 

to occur in mountainous terrain because of their association with 

crystalline rocks (especially alkalic complexes and carbonatites) which 

are usually exposed in orogenic belts of the U. S. Generally, these 

areas are remote and subject to severe winter weather conditions.



Topography may be expected to be moderate in desert areas (Mountain 

Pass) s but rugged in the most important areas (Lemhi Pass and Wet 

Mountains).

Inasmuch as the model mine is likely to be in the western United 

States, land is generally under the jurisdiction of the Forest Service, 

although the veins themselves can be expected to be held as unpatented 

or patented mining claims by private individuals.

To recapitulate the foregoing, the model thorium orebody from 

this study is a steeply dipping vein, three feet in width by five 

hundred feet in length with an average grade of about CL 5% ThĈ . Grades 

and dimensions may vary. Structural setting is one of moderate frac

turing and brecciation„ The ore is weak to moderately strong, and the 

wallrock is moderate. Surroundings are crystalline (or metamorphic) 

rock complexes in remote, mountainous areas. Rare earth values do not 

control thorium recovery characteristics, but may contribute favorably 

to mining economics. The photographs in Appendix B serve to illustrate 

the .brSccia'tiStt-; high limonite content, size, attitude., and setting 

characteristic of major western U. 5. thorium veins.

It is appropriate at this point to emphasize the differences in 

morphologies of domestic uranium and thorium deposits. Unlike thorium 

deposits, true primary uranium occurrences are not yet significant in. 

the U. S. (although they are economically important in Canada). Domestic 

uranium production comes from quasi-sedimentary deposits in sandstones, 

mudstones, conglomerates, and the like. Uranium was mobilized and 

emplaced by oxidizing meteoric waters traveling along aquifers, often 

in ancient stream channels. Accordingly, deposits are stratabound.
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essentially flat-lying, and often shallow. Where shallow, they may be 

mined by open pit methods; where deep, room-and-pillar methods are used.

The most significant differences between thorium and uranium 

deposits, from an engineering standpoint, lie in attitude and host rock 

association. These differences demand radically different technologies 

for ore extraction; the extent to which attendant technologies (such as 

radiation control) are similar still awaits final quantification.

Characteristics of the model thorium orebody are summarized in 

Table 3.2.



Table 3.2 Thorium Model Orebody Characteristics
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Natures

Locations

S true tural Se fting: 

Attitudes

Thicknesss 

Lengths 

Depths 

Grades

Mineralogys

Tabular vein

Western United States $ mountainous, 
moderately rugged area; remote from 
population centers.

Vein occupies shear or breccia zones 
in crystalline or metamorphic terrain. 
Close to major structural features.

Steeply dipping (>60°). Strike varies 
20® from average, dip varies from 
50® to vertical, within and among 
veins. Possibly branching or multiple 
veins.

Variable 2,̂ 5*; average 3’.

2000 feet.

At least 500 feet.

0.5% Th02» 0.5% TKEO (total rare earth 
oxides)

2% thorite and rare earth minerals 
(principally monazite)

40% quartz
10% carbonate (calcite, dolomite, 

siderite)
15% limonite/hematife 
20% microcline feldspar 
5% barite,
8% other minerals (rutile, zircon, 

blbtite, pyrite)

Associated Elements: Major (Fe, Ba, Ti, Mn) 
Trace (Cu, Zn,Nb, Sr)



CHAPTER 4

THORIUM EXPLORATION AND PROSPECT DEVELOPMENT

It is possible to make a few generalizations about the suit

ability of the various exploration methods for the location of thorium 

veins. The methodology would vary from that employed in the search for 

uranium deposits; it would have to accomodate the differences in radio

logical and s ultimately, geochemical behavior of the two elements.

4.1 Geology

Excellent opportunities exist for the discovery of additional 

thorium resources in and around known districts. Trend projection and 

applied structural geology should be the most productive endeavors» 

Widespread alteration beyond the vein margins typically does not exist, 

although the veins themselves are.altered in a complex and usually 

intense way. The shear zones which contain thorium mineralization do 

not usually have any topographic expression. A few shear zones are 

exposed in saddles and along steep sidehills, but this may be mostly 

coincidence, since such topographic conditions are only local.

Trend identification and projection would be most useful in an 

area such as the Wet Mountains, where the veins occupy northwest trends 

with remarkable consistency. The radioactive pattern is all the more 

obvious since it cuts the trend of the surrounding metamorphic rock at 

essentially right angles.

24 • ■
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In most thorium districts, such as those near Powderhorn9 Colo., 

and Lemhi Pass, Idaho-Hontana, such regularities either are not as clear 

or do not exist, and detailed mapping would be required to identify and 

use any trends that may be present.

A geologic association which would be of use in locating 

district-scale targets is that of thorium veins occupying en echelon 

fractures associated with major and through-going shear zoftes that cut 

or pass close to carbonatites or alkalic igneous complexes. Practically 

every major thorium vein district in the western U. S.. can be related 

to such large-scale structural features. Examples are the Use and 

Dead Mule Gulch faults that cut the Gem Park and McClure Mountain 

complexes near the Wet Mountains, the Cimarron fault that cuts the 

Iron Hill complex near Powderhofn, the North and Clark Mountain faults 

that cut the Sulphide Queen cafbohatite and surrounding alkalic rocks 

at Mountain Pass, Calif., and the Lemhi fault at Lemhi Pass, Idaho. At 

Lemhi Pass, an alkalic igneous complex is not presently known, but a 

small cafbohatite dike is exposed on the divide west of the Last Chance 

and other principal occurrences; a granite stock near Bull Canyon near 

the Continental Divide, 27 miles southeast of Lemhi Pass, is enriched 

in thorium to 100 ppm in places (Staatz, Bunker, and Bush, 1972).

4.2 GeochCmis try

Because of the lack of mobility of the Th+  ̂ion in the 

supergene/surface environment, geochemical exploration methods are of 

limited usefulness in locating new thorium veins. Secondary dispersion 

trains or halos tend to be of restricted size or nonexistent.
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Stream sediment sampling in the Lemhi Pass district has been 

carried out (Staatz, Bunker, and Bush, 1971). The best anomalies were 

weak (two to three times background) and occurred just downstream from 

workings at the richest thorium veins in the district. The thorium in 

the samples probably was contained in detrital thorite or monazite. 

Background values were found to depend enough on country rock type that 

typical variations might even mask anomalies from rich veins. Success

ful implementation of stream sediment sampling would require homogenous 

background values, close sample spacings, a careful (and time-consuming) 

sampling and analytical procedure, and high contrast in thorium content 

of country rock versus target. These factors all contribute to making 

stream sediment or stream water sampling less than satisfactory.

Soil anomalies reflect little tendency for thorium to migrate 

or leach. Because of this, one cannot "see through" overburden to an 

underlying thorium vein unless the soil mantle has formed over the vein 

and contains weathered portions of it. However, if these conditions 

were satisfied, a radiometric survey would be.more useful.

No work bn primary dispersion halos of thorium veihs exists in 

the literature. Radiometric surveys usually indicate a sharp, drop in 

radiation at the vein boundary, so that primary dispersion halos 

probably are too narrow across the dip for rock chip sampling to be of 

much, use in reconnaissance. There may, however, be applications in 

the search for vein extensions down dip or along strike.

The role of pathfinder elements definitely warrants attention 

if reconnaissance for thorium veins is to be practiced. There are a
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few elements, usually found In thorium veins, which may be more mobile 

under various conditions than thorium. These seldom occur in appre

ciable amounts in the country rock, and may present primary or secondary 

dispersion halos of detectable size. Examples are Fe, Mn, Sr, Nb, and 

rare earths; Cu and Zn.are almost always present in thorium veins, but 

a low source strength limits their usefulness as pathfinders.

4.3 Geophysics

The inherent radioactivity of thorium makes radiometric geo

physics the preferred method for finding thorium ore. Scintillation 

counters are useful in reconnaissance; Geiger counters are better suited 

for more definitive work. The use of airborne detectors is well known; 

gamma—ray spectrometers' are capable of distinguishing uranium, thorium, 

and potassium radioactivity sources. Downhole scintillometers and 

Geiger counters have obvious applications, including the location of 

multiple veins in drillholes. A hand-held counter of some sort should 

be a standard piece of equipment in any geologic survey in or near an 

area suspected to contain thorium mineralization.

It should be stressed that the thorium parent itself is an 

alpha emitter of low activity, and that the high-energy alpha and gamma 

emissions to which Geiger counters or scintillometers, respectively, 

are most sensitive, occur during daughter product decay. The half- 

lives of these daughters are generally much shorter than those of the 

uranium daughters.

The diffusion length of the gaseous thorium decay product, 

Rn-220, is 1/80 that of its uranium analog, Rn-222. This applies to
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soil or any other material„ The radioactive field around a thorium 

deposit will be much smaller than that around a uranium deposit, and 

the most useful components of that field for exploration are made 

available to the detector through the transport and decay of Rn-220 or 

Rn—222. A layer of barren soil only a few feet thick will severely 

retard Rn-220 diffusion and tend to mask the deposit beneath.

Other geophysical methods may have occasional application in 

exploring for thorium veins. The high iron concentrations (especially 

when in the form of specular hematite), which typically accompany thorium 

veins, or possible groundwater accumulation in the breccia associated 

with the mineralization, are features which may be of interest for such 

methods as electromagnetics or resistivity. There does not appear to 

be much applicability for gravity, magnetics, self-potential, or 

seismics.

4.4 Other Methods

Mention should be made of such popular uranium exploration 

techniques as groundwater or soil gas analysis. Both are indirect 

methods which depend on the migration or diffusion of radon gas. The 

migration distances for the thorium daughter, Rn-220, in both soil and 

water are, as previously indicated, limited by the short half-lives of 

the gas and the radium parent (Ra-224 for thorium has a 3.64 day half 

life). Thus the distance from an anomalous soil gas or groundwater 

sample site to a thorium source would be very low, which would be a 

severe limitation for either technique in reconnaissance.
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4.5 Prospect Deyelopxaent■

After a thorium vein is discovered, the emphasis shifts to a 

determination of ThC^ content = A few peculiarities of thorium veins 

suggest some modifications in the traditional predevelopment sequence.- 

Isorad maps of ground radioactivity should be prepared, using a 

scintillometer to minimize the masking effect of overburden. A pattern 

will emerge, which can be used as a guide for the placement of trenches 

and cuts. Multiple veins, if present, will be suggested by the isorad 

pattern.

Trenching should be done along the vein, where possible, and 

across it at spacings of no more than 200 feet. It is important that 

fresh bedrock be reached, if at all possible. Thorium frequently is 

spatially associated with small fractures in the ore, and it is as 

important to sample the fracture filling material as it is to sample 

the more intact vein rock, which may or may not contain thorium.

A detailed radiometric survey, with a Geiger counter, together 

with a rigorous sampling program should be carried out as soon after 

the vein is exposed as practical. Chip Or channel samples of three to 

seven feet are preferable, as these give an idea of the average ore 

value over a stoping width, but do not blur large, high-grade zones 

in wide veins. A vein ten feet wide will seldom contain thorium over 

the entire width. Most likely, the intense radioactivity will be 

confined to a couple of feet within the vein, a fact which may be of 

importance during mining. The Geiger counter will indicate such high- 

grade zones with sufficient precision. Very wide veins are sampled
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with a series of five to seven foot chip or channel samples. Grab 

samples are not of much use for thorium veins? since the distribu

tion of values is highly irregular. It is almost impossible to take a 

representative grab sample from a thorium vein.

The irregularity in ore values dictates a close spacing of 

surface samples. Variations of two orders of magnitude in content

over twenty feet along strike are often encountered; similar variations 

across the dip are more the rule than the exception. A recommended ( 

final sample spacing would be approximately fifty feet, where possible.

The analytical technique selected should be one which allows 

the determination of a wide range of elements. SemiquaOtitative x-ray 

fluorescence is an excellent method for indicating those elements, of 

atomic number greater than 22, which are of significant concentration 

in the vein. It does not, however, permit reliable estimates of some 

of the rare earths; spectrographic methods are best for final, quantita

tive determination of thorium, rare earths, and any other important 

elements indicated by x-ray. Wet chemical assays for thorium are 

extremely expensive and not widely available; wet chemistry is not 

recommended as a routine analytical method for thorium, but is useful 

as a check.

The surface sampling will suggest the degree of spatial ore 

grade variation, but it will probably be found that drilling from 

surface sites will not allow very reliable ore reserve estimates. The 

limited experience in drilling for thorium veins has shown it to be 

difficult and to require much care. While daily footages and core 

recoveries in the country rock are generally good to excellent, the
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vein material itself tends to grind under the drill bit, resulting in 

poor recovery and little geologic information. Progress is slow and 

core runs must be kept short (one to three feet). Problems are com

pounded by the steep dips which are typical for thorium veins.

The hole should he logged radiometricallys with a calibrated 

down-hole scintillometer, as Soon as possible after drilling. This 

is because thorium veins have varying attitudes, and it is entirely 

possible to drill completely through the main or subsidiary veins with 

no indication in the recovered core.

It will probably be found that the only ultimately satisfactory 

method of estimating ThC^ reserves in veins is. from underground workings. 

This information might be obtained from drifts, crosscuts, and raises 

driven in ore during development, or through drilling from underground 

workings. If the degree of secular equilbrium in the ore can be 

established (through repeated comparisons of apparent radioactivity with 

ThOg assays) it will be possible to use a calibrated scintillation 

counter for grade control, such as is the practice in uranium mining.



CHAPTER 5

THORIUM MINE MODEL

The mining method employed for a given mineral deposit is. 

limited in a general sense by the physical characteristics of the ore 

body- More specifically, determinative characteristics include;

a. Geometry; Attitude and shape

b .. Grade: Magnitude and uniformity

c. Deposit size, depth, and width

d. Topographic setting

e. Mechanical properties of ore and country rock

f. Energy requirements

g. Hydrologic characteristics, in turn affecting water

availability

h- Mining finance which in turn depends on production rate, ore 

grade, comparative costs, accessibility, company objectives 

arid numerous other variables.

i= Environmental factors.

Applicability of amining method is clarified somewhat by clas

sification of ore bodies into several generalized types: massive

(includes disseminated); bedded/tabular (stratabound/strat.iform); veins 

lenticular (pockets, pods, pipes); and placer. Thorium may occur in 

deposits in any of these types, but not all types are likely to be 

exploited in the future.
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Principal factors limiting the possible application of mining 

methods are associated with the spatial and mechanical properties of 

the ore. Once the applicable methods have been selected, suitabilities 

are defined on the basis of efficiency which, for modern mines, invari

ably reduces to a question of production costs. These costs include 

those for equipment to control the effluents from the processing plants.

' 5.1 'Mining Method Criteria

Methods for mining steeply dipping, narrow vein deposits are 

well established. Surface methods such as open pit are ruled out 

because of excessive waste dilution in the maintenance of safe pit 

slopes. Gently dipping veins may he mined with open pits if they are 

of sufficient lateral extent and if-overburden is thin enough.

Of the underground techniques, bulk methods, such as block 

caving, are better suited to large deposits of regular grade and 

geometry. These are not appropriate where selective mining.is required 

in small areas, as is the case with harrow veins. Room-and-pillar 

methods, such as longwall mining, apply best to flat-lying, tabular 

deposits, and are less appropriate where dips are steep because of 

shear stresses that develop in the pillars, and because of difficulties 

in handling the ore.

In steeply dipping, narrow veins, sublevel, shrinkage, cut-and- 

fill, square-set, stull, or open stoping methods may;-be employed. A 

brief description of each of these methods is provided below. Some are 

severely limited in their suitability for thorium vein mining; these 

aspects are taken up in 5.2. The choice of method is ordinarily made
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on the basis of the. amount of ground support required; In general$ the 

more supportive the method, the more expensive it is in practice. Thus 

combinations may be used in maintaining economy while providing 

adequate .support for local ground conditions.

Square-set sloping (Fig. 5.1) requires enormous amounts of tim

ber and labor and is therefore one of the costliest methods. Square 

sets can, however, provide maximum flexibility in irregular deposits 

and can deal with the worst of ground conditions. They are seldom used 

in modern mining except as a matter of necessity.

Open stoping, (Fig. 5.2) with or without pillars, is a general 

stoping method that permits selective high-grade mining. Pillars are 

left in barren or low-grade material, whenever possible, for ground 

support. This may be the principal technique in small mines; larger 

mines may use it as a stoping method within broader extraction schemes. 

Recovery percentage and pillar spacings depend on strength of ore and 

wall rock. In modern, systematic, mechanized mining, this is not a 

basic method suitable for use as a model, but maybe used occasionally 

as a variation when complete extraction is not required,

. Stull sttiping (Fig. 5.3) is an open stoping method in which 

timbers (sballs) are placed orthogonally to the dip of the workings, 

for ground support. The span is limited to 12 feet or less, to insure 

against buckling.of the stulls. Because support is provided by means 

of point loads, the hanging and foot walls should be at least moder

ately competent, and not strongly fractured. Again, this is not 

ordinarily a basic scheme in larger mines, but may be employed in 

specific instances.
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A typical sublevel stoping scheme is illustrated in Fig. 5.4. 

Sublevels are driven along strike (or transverse to strike, in thick 

deposits) and mining proceeds from the end of the drift, in such a way 

that ore falls in front of the sublevels below. Pillars may be left 

to support the hanging wall*. The ore must be competent enough to stand 

across the width of the stope; grade must be fairly uniform, since the 

method does not permit easy sorting.

Shrinkage stoping (Fig. 5.5) exploits the fact that broken ore 

occupies more space than intact ore. Muck is allowed to accumulate in 

the stope. Just enough is drawn from below to allow room at the top 

of the pile to permit mining overhead. At the end of mining, 60% or so 

of the ore remains in the stope and is drawn as required. The undrawn 

ore represents a tie-up of considerable capital. Ore must not pack 

under its own weight when broken; neither should convergence of walls 

be so great as to pack the ore before it is finally drawn. Ore must 

be competent enough to stand across the full span of the stope.

Spelling from the walls will tend to dilute the ore. Pillars are not 

ordinarily left, and selective mining should not be a consideration.

Cut—and—fill stoping is illustrated in Fig. 5.6. Ore is mined 

overhead; muck is transported to an ore chute or pass, and fill is 

installed to form the floor for the next mining cycle. In the past, 

waste rock has been used as fill, but hydraulically-emplaced sandfill 

has gained wide use within the last two decades. Barren pillars may 

he left, and sorting is often practiced; waste is simply left in the 

stope. Recoveries of close to 100 percent are possible. The method
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is flexible enough for irregular deposits and can be used under a wide 

range of rock conditions, although it has historically, been employed 

where the hanging wall presents serious support problems. Trackless 

equipment, not shown in the illustration, requires somewhat wider 

workings; some sorting and resiling may be necessary.

In reality, mining methods as actually practiced are highly 

individualized for each deposit. Philosophies of a variety of methods 

may be incorporated. For example, open stoping with random pillars, may 

he practiced within the stope which was developed by means of sublevels; 

the void might be filled hydraulically after mining. Square sets may 

be required for local conditions of exceptionally bad ground, and may 

be used if pillars are recovered. In the particular case of thorium, 

satisfaction of only the mechanical and geometric conditions of the 

vein will not be sufficient. A mining model must permit efficient 

maintenance of the working environment from radiological standpoints.

Thorium has a decay chain qualitatively similar to that of 

uranium; the thorium analog of the troublesome Rn 222. in uranium is 

Rn 220 * The half-lives of the thorium daughters are shorter than those 

of corresponding uranium daughters. Secular equilbrium may therefore 

be assumed for thorium and Rn 220 may be expected to be liberated 

continuously during mining.

As seen in Table 5.1 the parent of thoron, "thorium X" (Ra 224) 

has a half-life of 3.64 days, as compared to 1600 years for the uranium 

analog, Ra 226. Furthermore, alpha emission energies are higher for 

both Ra- 224 and Rn 220 than for the uranium analog.
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Table 5.1 Some Thorium and Uranium Decay Properties

Isotope 'Energy,, MeV Half-Life
, , Alpha.. Beta

Thorium Ra224 5.681 0.241 3.64 days

Rn220 6.282 54.5 days

Uranium Ra226 4.777 0.187 1622 years

Rn222 5.486 0.51 3,8 days

During mining, the ore. is broken and gaseous radon will be 

released into the mine atmosphere. The major point is that, by virtue 

of the shorter half-life of the parent, radioactive gas makeup will be 

faster and more complete in thorium mines than in uranium mines. Tables

5.2 and 5.3, when compared, show total alpha buildup of natural thorium 

after 50 days to be nearly three times that of uranium.

Although numerous schemes have been considered, such as rock 

sealants and labor rotation, ventilation remains the primary method of 

radon control in present radioactive mineral mining. Air conduits are 

installed so that the working face is swept with fresh air. In some 

mines, several air changes per hour may be required.

This S c h e m e  becomes markedly less attractive as ventilation 

requirements increase, because of rapidly increasing capital, installa

tion, maintenance, and power costs. Accordingly, efforts are made to 

reduce the volume of air needed through airtight bulkhead sealing of 

worked out or inactive areas, simplified mining plans, and avoidance



Table 5.2 Total Activity and Energy Build-Up from One Milllourle of Natural Uranium

Activity________  Energy per second
Time in
lays Alpha

micro-
curies

Beta
micro
curies

Gamma 
quanta 
x 106 

..per sec.

Alpha
\MeV,.xlO

Beta
MeV., xlO6

Gamma
,MeV.x:

0 2046.57 0 . 20.69 33.87 0 1.284
1 2046.57 79.39 21.83 33.87 0.909 1.529
2 2046.57 145.61 22.56 33.87 1.748 1.707
4 2046.57 260.38 23.49 33.87 3.342 1.974
10 2046.57 546.98 25.19 33.87 7.554 2.565
20 2046.57 921.15 27.27 33.87 13.104 3.319
50 2046.57 1571.77 30.88 33.87 22.755 ■ 4.631
100 2046.57 1933.85 32.89 33.87 28.130 5.. 361
200 2046.57 2040.21 33.48 33.87 29.708 5.576
300 2046.57 2046,21 33.51 33,87 29.794 5.588
400 2046.57 2046.55 33.52 33.87 29.802 5.589

*(Gopinath and Singh, 1972)

■p'



Table 5.3 Total Activity and Energy Build-Up from One Millicurie of Natural Thorium

Time in 
days

Activity Energy per second

Alpha 
micro- 
curies . .

Beta
micro—

. .curies...

Gamma 
quanta 

. x .IQ̂ /sec

Alpha 
MeV. xlO7

Beta
MeV. x 106

Gamma' 
MeV. x 10

. o 2000.00 0 22.42 34.79 o 1.933
' 1 2597.16 166.96 27.81 49.04 2.421 .6.194
2 3.66.90 448.20 36.54 63.00 6.642 13.53
5 4385.64 1115.70 57.14 93,08 16.71 30,99
10 5349,83 1654.29 74.92 116.90 24,82k 47.00
20 5829.81 1932.43 82.19 128.81 28.98 52.30
50 5776.81 1941,50 82.15 127.64 38.99 52.38
102 5548.29 1877.39 79.66 122,25 27.82 50.43

. 2 x 10^ 5143.23 1770.69 75.48 112.69 25.80 47.11
5 x IQ2 4199.88 1546.64 66.61 90.40 21.27 39.82

103 3326.56 1424.76 61.59 69.78 17.72 34,70
2 x IQ3 2999.92 1663.53 69.47 61.91 18.31 37.98
5 x 103 4352.36 2855.84 112.84 93.99 31.35 65.38

IQ4 5589.35 3718,20 144.47 123.20 41.75 84,67
2 x 104 5979.80 3983.40 154.20 132.33 44.91 90.87
5 x 104 6000.00 4000.00 ■ ■-•■154«81 ... 132.90 .. 4 5.11.... ■91,26.

*(Gopinath and Singh, 1972)
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of large open areas. It is importants as will be shown later, that 

possibilities for air stagnation be eliminated from the working environ

ment. This point is critical in thorium mining-all radioactive rock 

must be readily exposed to sweeping by ventilation air.

5.2 Model Mine Definition
Some of the mining methods which were listed previously have 

serious drawbacks. Sublevel stoping has limited facility for selective 

extraction, which appears at this stage to be a necessity in thorium 

mining. Lengthy development work in ore is necessary prior to mining, 

and the miner works in front of a void. These requirements create 

difficult ventilation conditions. Such a situation is currently being 

dealt with at Eldorado Nuclear *s Beaverlodge uranium operation in 

Canada, where the basic method is sublevel stoping. A switch to cut- 

and-fill is being studied (Baschehis, 1978).

Shrinkage stoping is considered less than acceptable for similar 

reasons. The large amount of broken ore. in the stope presents very 

serious health and safety problems, stemming from radon gas release into 

stagnant voids in the broken ore. These problems may be circumvented 

to a minor degree by limiting the size of the stope and installing air

tight bulkheads immediately at the conclusion of active mining, prior 

to the final draw. In addition, the broken ore in the stope, as pointed 

out previously, represents a considerable lag in production and tie-up 

of capital. This may be important in a new industry such as thorium 

mining, where economic conditions are likely to be uncertain.
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Cut-and-fill as a basic scheme is preferred for a variety of 

reasons* The total length of workings at any given time is minimal, 

loose, broken muck does not remain underground for long periods. The 

floor in working areas is always of "clean" sandfill, if hydraulic 

stowage is practiced. The problem of disposal of radioactive mill 

wastes at the surface is minimized, since the bulk of the tails (with 

the highly radioactive slime fraction classified out) is returned under

ground . Up to 60% of the wastes can be returned by this means, Full 

ground support is possible, with near 100% extraction* Mining may be 

readily selective, leaving most of the waste rock in the stope, thus 

reducing surface disposal problems.

Accordingly, the model mine scheme is, as presently visualized, 

basically cut-and-fill. Sand filling is done by hydraulic meaqs at the 

end of each mining cycle. Flocculants are added to the slime fraction 

at the mill site to promote settling, which takes place in small ponds 

or tanks. Surface water is skimmed and may be reclaimed, if necessary, 

by chemical precipitation of dissolved radioactive daughter nuclides.

Pillars in the mine may be extracted, after stope filling, 

through the use of square sets or open stoping. Stulls or casual 

pillars may be left for temporary Support in heavy ground. Blasting is 

closely controlled to prevent unnecessary damage to the back and sur

roundings, aiding in safety and radon control. Ore is slushed to the 

chutes. Haulage underground may be rubber-tire or track; the former is 

preferred with a sandfill floor for added flexibility.
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The proximity of mill and mine sites is a consideration; the 

closer the better, to reduce pumping and other costs associated with 

slurry transport.

Timber and lagging are required for chute cribbing, haulageways 

in fill, and bulkheads for sealing filled areas, as necessary; lagging 

over fill may be required prior to blasting and slushing to avoid dilu

tion with fill.

Fill will be compacted by vibratory means to eliminate water and 

provide a hard, ...even floor surface. Burlap is used behind lagging as a 

filter for drainage, which is aided by hand, "milking" at points along 

the fill„

5.3 Field Verification

Applicability of the model mine concept to thorium veins of 

diverse nature waS checked by field work at thorium occurrences in six 

areas: Cottonwood, Arizona; Capitan Pass, New Mexico; Wet Mountains and

Pbwderhorn, Colorado; and Hall Mountain and Lemhi Pass, Idaho. A 

planned visit to Molycorp?s Mountain Pass, California property (a major 

carbonatite occurrence of rare earths' with associated thorium) did not 

materialize because of company imperatives.

Despite time limitations and poor exposures at most prospects, 

the visits were productive. The major thorium district is unquestion

ably the one surrounding Lemhi Pass in Idaho. Notable veins are the 

Shear Zone, Cago #12, Last Chance, Trapper, Beaverhead, Black Rock, and 

Wonder Lode. Important occurrences at Hall Mountain, Idaho are the 

Wawa #1 and WAwa #2. The deposits of the Powderhofn area, like those
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in the Wet MountainSs, are mostly spotty and of low tonnage. With the 

exception of a few notable veins (Haputa Ranch, Anna Lee, and Charles

ton in the Wet Mountains; Little Johnnie and possibly one in the Dubois 

area, Powderhorh) the southern Colorado thorium, although widespread, 

is largely in the prospect occurrence category. One prospect near, 

Capitan Pass was marginal; other claims have been staked in the area, 

presumably for thorium, but these were not investigated because of time 

constraints. The Cottonwood thorium is very poorly exposed and is of 

interest geologically, but fe-r-tthe present is at best an occurrence 

from a mining standpoint. The most important areas are discussed in 

further detail in Appendix B.

Limited sampling was done, where necessary, at important pros

pects in each district, to aid in assessing their relative significance. 

Whenever possible, a bulk sample was collected for at least five feet 

across the vein. Samples were crushed, ground, and all elements with 

atomic number greater than 22 were determined by x-ray fluorescence. 

Results from all field studies wefe supportive of the model orebody 

description, and were definitive in separating the unimportant occur

rences from those expected to play a major role. In addition, the x- 

ray scan provided information on contents of elements, such as Sr, U, 

base metals and.rare earths, that may be important when present in the 

ore. Finalized characteristics of the model thorium orebody are summa

rized in Table 3.2, Section 3.3. Further information regarding 

elemental distribution from veins in the areas visited is provided 

in Appendix A.



50
5.4 Requirements for Supporting the Model Mine

During its operations the model mine will require a variety of 

resources. These may be summarized as land, energy, water, skilled and 

unskilled labor, equipment and supplies, and money. The requirements
■ i

are summarized in Table 5.4, and are discussed in further detail in the 

following text.

5.4.1 Land

An average value for total land requirements for domestic under

ground vein mining is in the vicinity of 6 acres per TPD (ton per day) 

total production. Space is required for the placement of attendant 

facilities (shops, dry, compressor house, maintenance, offices, ware

house, storage bins, parking, etc.), for mill tailings if the mill is 

onsite, for access roads, for a small reservoir to impound surface water, 

and, occasionally, for surface exploration. Space is also required for 

a mill, if one is at the mine site; in this instance, offices, warehouse, 

maintenance, parking, and so forth, may be combined with the mine 

facilities.

Because the model orebbdy is in a rugged mountainous area, suit

able land is scarce, and its conservation will be imperative. Selection 

of a cut-and-fill mining method will aid in land, optimization. If 

active workings, can be driven in ore, waste rock disposal requirements 

will be minimized. Where the orebbdy is narrow and resuing is required, 

the wallrock waste can be left in the stope. If the mill can be 

constructed near the mine site, mill tailings can readily be placed in 

the stope hydraulically as backfill. Non—radioactive waste rock not
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Table 5.4 Thorium Model Mine Requirements

Mine Life: ' 15 years

Production; 500—750 short tons per days 250 days
per year.

Mining Method; Underground; 90% cut-and-fill stoplog,
10% square-set stoping where required; 
70% access by adit, 30% access by 
shaft:.

Labor; • 34-66 man—shifts per day

Land: Directly impacted, 200-400 acres;
disturbed, up to 750 acres

Water; 30 million gallons per year

Supplies; Timber (3500 bd-ft/day)
, Explo s ives-ANPO -300 lb per day
Lubricants, drill steel and bits, 
hose, pipe, rock bolts.

Production Costs;
Basic Capital 
Exploration
Development, Feasibility, 
Engineering 

Total

Operating Costs;

Milling Costs; 

Basic Capital;

(Plant and equipment) $2.0 million
1.5 million

1.0 million 
$4.5 million

$2.0 million 
per year

(See Section 5.4.6 of text)

$ 5 million to $8 million per model 
mine supported, depending on process 
used.

Operating; $10 to $12 per ton feed, depending on 
process used....................
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disposable in the mine may be put to use as fill for roads and founda

tions, or as material for the construction of tailings and reservoir 

dams. Crushed waste rock may be suitable as aggregate for concrete used 

in surface and underground construction.

Attendant facilities are expected to be as compact in construe-̂  

tlon as practical. Land requirements may therefore be expected to be 

near the low end of the range for underground vein mines. These are 

estimated as 200-400 acres of land directly impacted by the mining 

operation, and up to 750 acres indirectly impacted (disturbed). A 

further discussion of surface disturbance appears in 5.5.1.

5.4.2 Energy '

Mines use energy in the forms of electric power, natural gas, 

and fuels such as gasoline, diesel, and occasionally, coal.. Thorium 

mines are not expected tor be much different in energy requirements than 

other underground vein mines of comparable type. Access to the model 

mine will be by- adit, so that power consumption due to routine hoisting, 

etc., in a shaft operation will not immediately be a factor. These 

savings will tend to be offset by power consumption during pumping of 

hydraulic backfill, heating of ventilating air, and other general 

heating costs during the severe winter cold expected at the model mine 

site.

Later exploration from the underground workings may demonstrate 

vein extensions at depth.. Access to this ore would either be by shaft, 

or by raise from underground, with ore transferred to an adit for
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haulage out.' At such a time, hoisting costs will increase while slurry 

pumping costs associated with stope backfill will decline.

The extent of the energy requirement for the model mine also 

depends to a large degree on the manner of ore transport underground. 

Rubber-tired, diesel-powered vehicles are preferred because of their 

versatility and ease of operation. These require petroleum-based fuels, 

but reduce somewhat the requirement for electric power ordinarily used 

to power ore trains, etc. underground.

5.4.3 Equipment and Supplies

Mining equipment consists of a variety of machinery for rock 

drilling, loading, hauling and construction. Principal supplies are 

timber, AN FO  for blasting, concrete, burlap and poultry netting for fill 

lining, either track or tires, depending on the mode of haulage under

ground, and a few other items requiring replenishment.

Supplies required by the model mine are principally timber, 

explosives, and major maintenance items such as drill steel, lubricants, 

ductwork, electrical wire, pipe, tires, and so forth. Because of the 

shattered and gougy nature of the ore, blasting requirements are 

expected to be somewhat lower than the average, and support requirements 

somewhat higher. Timber is estimated at 3500 boardfeet per 24-hour day, 

and ANFO explosives at 300 lb. per day.

5.4.4 Labor

Because labor costs are commonly 50% of the basic stoping cost, 

and may range as high as 75%, present trends are towards mechanization 

in mining processes. This results in a smaller mine labor force.
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Depending on the degree of mechanization achieved, the mine 

operating labor force required per (2-shift) day will be between 34 and 

56 man-shlfts.. This is broken down as follows: mine labor, 20-30 man

shifts total; maintenance 8-14,man-shifts; and administrative/supervi-• 

sory, 8 - 1 2  man-shifts.

5.4=5 Water

The largest portion of water committed to the model mine will 

be that needed for backfill installation. Assuming a backfill require

ment of 50,000-95,000 yd^ per year and a 50% slurry mixture, approxi- 

mately 25 million gallons of water would be required per year, by the 

filling operation alone. This represents an average flow of 46 gallons 

per minute. Under optimal conditions, most of this water could be 

returned to the surface and recycled, if necessary.

The other notable water requirements are for drilling during 

exploration, development, and mining and for surface uses. Volumes 

needed for these are small, however, and may add a million gallons or -- 

so -per year.

5.4.6 Capital

Because thorium would be a new commodity without widely estab

lished market characteristics, the financing of the mining operation

would be subject to a degree of uncertainty. It does not seem probable,
, '

at least in the beginning of thorium mining, that capital-intensive 

situations would be favored by potential investors. For example, a 

large-scale open pit operation would likely carry a capital outlay in
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the vicinity of $300 million and a ten-year lead time. Although such 

a scheme may be economically viable from a return-on-investment stand

point on paper, it does not seem, in light of thorium market uncer

tainties and the consequent difficulty in obtaining financing, that 

such an open pit would receive initial preference over mining of the 

smaller, high-grade, vein deposits.

It is also likely that thorium mining would attract the greatest 

attention from sectors already involved in energy production and/or 

radioactive mineral mining. The large portion of this interest would be. 

maintained by energy-oriented companies well acquainted with the 

inherent risks of the mineral extraction business, who have the finan

cial capabilityvto carry the uncertain market conditions expected to 

exist at the outset of thorium production, who have experience with the 

extraction, refinement, and marketing of nuclear raw materials, and who 

have expertise in the regulation and licensing, etc., of the production 

of such materials.

The model mine,less any milling and refining facilities, will 

require a pfe-ptoduction investment in the vicinity of $4.5 million.

Of this, half would be basic capital cost; the rest, exploration, 

engineering, and development. Operating costs will be in the range of 

$11 to $13 per ton of ore, or $2 .0 -$2,5 million per 250 day year of 

operation. The capital requirement for a milling and processing opera

tion would add between $20 million and $30 million, based on uranium 

milling costs for a 2000 TPD facility, which would support 3 or 4 model
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mines„ Acid leach plants are near the lower end of. the range; alkaline 

leach, the high end.

.5.5 Aesthetic Effects 

The model mine is located in a remote, mountainous area which 

may have significant aesthetic characteristics. Present uses are 

recreational (mainly huhting), and ranching; occasionally, farming is 

practiced in nearby. valleys. The site is not presently in an "unspoiled" 

state, owing to trenches, pits, shafts, and cuts from prior prospecting 

work.

5.5.1 Surface Disturbance

Inasmuch as the model thorium mine is underground cut-and-fill, 

there is no expected surface disturbance or subsidence resulting 

directly from mining. The disturbance that will exist will result 

principally from the siting of attendant facilities— office, warehouse, 

shop, etc., and from roads for drillsites, mine access, and so on.

All acreage enclosed or characterized by man-made improvements, 

associated with the model mine is considered to be "disturbed." 

though there will be areas that have not experienced direct impact, it 

is felt that the presence of impacts in the near vicinity of such areas 

disturbs their inherent aesthetic qualities. It should be noted, how

ever, that these "disturbed" areas will not require reclamation after 

mining.

The model mine site is expected to directly impact between 200 

and 400 acres, or about half a section. Land "disturbed" (as defined
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above) is expected to amount to between 500 and 750 additional acres, 

depending on efficiency of land use. About 2 miles of improved gravel 

road provides access to the property from existing gravel or hard 

surface roads. Existing roads providing access to the property will 

need to be upgraded to at least all-weather status. As much as two 

more miles of new unimproved dirt roadway may be required for explora

tion and access on the property itself. ,

It is recommended that reclamation be planned from the outset.

At the cessation of mining, the topography should be returned as nearly
/

as possible to its original configuration, dumps and bare areas needed, 

streams returned to their original states and so on, according to 

conventional reclamation practice.

5.5.2 Population impact to Surroundings

The model mine site is 30 miles from the nearest town, which has 

a population of 5000 or less. ThiS townsite may serve as the base of 

support for several mines. Salmon, Idaho is the nearest population 

center to Lemhi Pass and may have to support as many as six separate 

model mine operations. This would imply a population increase of up to 

30% to the Salmon area, and considerable monetary flow to both to and 

away from the community.

In addition, the temporary presence of the mine labor force of 

about 7 5 persons per day constitutes a significant population impact 

to the mine site. Wastewater effluent from showers and sanitary 

facilities is estimated to be between 1000 and 1400 gallons per day.
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Sewage effluent should be recovered and treated; solid residues might 

be of use as fertilizer for nearby farms.

5.6 Alternative Model Mine Concepts

The basic mining method selected for thorium veins is cut=and= 

fill, but it must be borne in mind that the actual scheme employed will 

be highly site-specific and will reflect the cheapest and most workable 

combination of processes the operator can find. In certain sections o 

of the mine, methods other than cut-and-fill may be used, although 

eventual backfilling of the workings is probable. As long as the 

alternative is an underground method, the character of effluents 

released from the mine as a whole will not be appreciably different. 

Industrial hygiene factors within the mine environment may change; how

ever, consequent changes must occur in control, tactics to ensure that 

the mine environment is maintained at safe levels. Although the ease 

of control may vary with mining method, this study has indicated that 

present techniques for maintaining the mine environment are capable of 

functioning effectively for all realistic underground mining method 

alternatives.

Initially, some production from the less important thorium 

veins will doubtless be attempted by individuals. Mining of these may 

be widespread, but not extensive or systematic; probably some form of 

small open cut would be used. These may. be, for some veins, preludes 

to later, larger-scale systematic underground mining operations which 

may conform to the model mine scheme. Production and total impacts 

from these surface pits would be small.
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Another alternative thorium recovery scheme would be dredging 

of inland placers such as the Piedmont gravels and central Idaho placers, 

As indicated in Chapter 1, changes in the value of thorium will not 

greatly impact the economics of typical placer operations, unless 

improvements occur in the markets for rare earths, titanium, and 

zirconium. Although reevaluation of placet deposits will certainly 

occur should demand for thorium substantially increase, it is not 

anticipated that more than a few dredging operations would begin produc

tion.

Mention should again be made of the possible future importance 

of large-scale open pit mining of extensive low-grade thorium deposits 

such as the Conway Granite of Mew Hampshire, the Iron Hill carbonatite 

of southern Colorado, and the Goodrich Qudrtzite near Palmer, Michigan. 

Because of long lead times and financial factors, the alternative of 

thorium mining from large open pits is not considered One that will 

play a role ‘during the period of validity of the present assessment.
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CHAPTER 6

ENVIRONMENTAL FACTORS FOR THE MODEL MINE

Essentially no useful experience with thorite mining technology 

exists. Experience gained in industrial hygiene in uranium mining was 

helpful9 however$ certain important differences suggested a more 

fundamental approach than simple analogy for estimating environmental 

hazards at the thorium model mine. Since the nature and magnitude of 

hazards from thorium mining are highly site-specific $ it is recommended 

that such a fundamental approach as that used in the ensuing disucssion 

also be adopted hy future thorium mine operators» until a technology 

develops that is distinct from that currently in use in uranium mining.

Hazardous factors produced by thorium mining ate herein general

ized into two groups: radiological and chemical. It should be noted,

however, that interest is growing in the health physics of 

chemical/radioactive substances acting in combination. Examples of 

chemical "radiosensitizers" are certain aatiboties, and halogenated 

hydrocarbons; elevated temperatures may produce similar effects.

6.1/'Radiological Hazards

The industrial hygiene factors currently receiving the most 

attention in uranium mining are those associated with the decay of 

radon and its daughter products. There is an analogous situation of 

possible importance in thorium mining. A discussion will be presented 

on the radiological hazards from the folio wing sources: direct

60
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Irradiation from ore dust* from Inhalation of long-lived alpha emitters9 

from resuspended dusts„ and from radionuclides on workings and equip

ment,

6,1.1 Radon-220 (Thofon)

The thorium decay series (Fig. 6.1) contains an inert gas9 

Rn-220 (thoron), which presents a potentially similar situation to that 

encountered with the troublesome Rn—222 of the uranium decay series 

(Fig. 6.2). Rn-220„ like Rn-222$ is produced continually by radioactive

decay in the ore. It may be liberated into the mine workings after 

blasting, and continually through the rock by diffusion mechanisms, and 

through fissures, cracks, and pores. Normal mining operations, such as 

blasting and mucking, expose hew faces of the rock fabric and promote 

thoron liberation.

The degree of gaseous emanation from the model thorium ore body 

can only be estimated because numerous factors can influence emanation.

° These factors summarized as follows:

a. Grade of ore: Higher grades increase thoron availability from

ores in secular equilbrium. 

h. Porosity/permeability of ore: This permits thoron diffusion

through the ore,

e. Mineralogy: Characterizes thofon production from molecular

lattice sites. Type and distribution of minerals, crystal 

integrity and form, and atomic impurities all have effects. 

Experience acquired in uranium mining has shown that emanation 

rates are lower from discrete mineral grains than from ;
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uranium-bearing coatings or form interstitial fillings„ Data 

on emanation from thorite would be helpful, since most tabu

lated. data is for rock forming minerals, uranium minerals and 

mbnazite. Metamictic minerals (thorite is one) exhibit the 

strongest emanation rates.

dv Diffusion length of nuclide: Half-life and kinetic recoil

energies affect the diffusion length. This is fairly constant

for each nuclide and is well characterized in the literature.

The diffusion length for Bn-220 is 1/80 of that for Rn-222 

because Rn-220 has a shorter half-life.

e. Water in pores: Diffusion lengths in water are an order of

magnitude less than in air; this results in an increased likeli

hood that a recoil ion will stop in an interstitial filling and 

not in a mineral grain. Although diffusion is retarded by the 

water in pores, studies of soil gas have Shown emanation rates 

to be higher in moist ground. The relative importance of this 

effect in mines is uncertain.

f. Geologic structure: This factor will be Of importance for

thorium ore bodies, which characteristically are strongly 

sheared and gdugy. Diffusion of nuclides increases with 

increasing degree of rock fracturing and increases the poten

tial availability of groundwater for thoron transport into the 

mine atmosphere.

g. Ore fabric: Distribution and size of mineral grains is a strong

determinant of thoron emanation rate. Radiogenic particles
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important from an industrial hygiene standpoint are those which 

are freed from the mineral grain; these must originate from 

sites no deeper than the recoil length of the nuclide, Thus, 

the smaller the grain, the greater the proportion of particles 

released.

h. Barometric Pressure: The pressurization of mine atmospheres

has received considerable attention as a possible method for 

radon control in uranium mining, because it tends to retard 

nuclide transport.

1. Minerals containing radium: When barite (a common gangue

mineral in thorite ores) contains radium, it is called radio-

hafite. This mineral can also produce radon or thoron, but its

contribution to emanation is expected to be negligible.

Although it is impossible to estimate thoron emanation rates 

accurately, and thus quantify the thoron problem for the model mine, 

certain inferences about thoron behavior in air can be made based on 

experiences with uranium. During uranium mining, Rny222 diffuses or is 

transported into the mine atmosphere, where it decays into heavy-metal 

nuclides: Po-214 (RaA)Pb-214 (RaB), Bi-214 (RaC), Po-214 (RaC ) and

others. These can become attached to minus 0 .3-micron dust particles, 

which can be inhaled by the mine worker. The particles can lodge in 

the lungs, decay, and thus deliver a considerable alpha dose to the

epthelial lining. Some of the daughters may not adhere to dust

particles; these "unattached daughters" may lodge in the upper bronchi 

and decay, posing a subtler alpha exposure hazard. There is a
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generally-accepted positive correlation of such phenomena as the above 

with lung cancer incidence among uranium miners.

The decay of thoron and thoron daughters is quite different from 

that of radon and its daughters. The half-lives of thoron and its 

parent Ra-224 are much shorter than those of the equivalent isotopes in 

the uranium series. Transient equilibrium conditions between Ra-226 

and. thoron will be approached in the rock almost continuously during 

thorium mining. However, the 10,6-hr half-life of Pb-212 (ThB) is very 

long, as compared to the 26.8 minute half-life of its uranium series 

analog, Pb-214 (RaB.) . This has important consequences in both creation 

of hazards and in their control.

One working level Of.L„) of Rn-222 daughters is defined as any

combination of RaA, RaB, and RaC per liter of air resulting in the
" 5emission of 1.3 x 10 MeV of alpha energy in decaying completely to Hat? » 

This is also the amount of alpha energy present in a liter of air con-
itaining 100 pCi each of RaA, RaB, and RaC. The same amount of alpha 

energy is provided by only 8 pCi per liter of thoron daughters.

Most of the alpha energy. (91%) is contributed by the long-lived 

ThB during its decay through ThC and ThC*. ThB responds readily to 

control by ventilation. Because of its relatively long-half-life, its 

concentration is reduced to 1 0 % of equilibrium levels by a little less 

than an air change per hour. Rock (1975) reports that six air changes 

per hour limits Rn-220 daughters * potential alpha activity to 1% of 

its maximum, as opposed to 18% for Rn-222 daughters. Thus, in almost 

all practical mining situations it would appear that the inhalation
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hazard from airborne thoron daughters should be readily controllable by 

ventilation, It should be mentioned, however, that ventilation require

ments are almost always greater, than theory would predict; factors of 

safety from 2 to 4 are usually employed.

Ventilation is almost completely ineffective for removing ThA 

and thoron from mine air, because of their short half lives. At one 

air change per hour, essentially 1 0 0 % of the original concentration of 

ThA and thoron may be expected to remain. It can be shown that alpha 

doses for ThA, ThB, ThC and thoron will be about equal for some practi

cal situations; it remains to be determined if these situations are 

likely to arise during mining.

Another consequence of the short half-life of thoron is that 

very high thoron gradients may exist geographically in the work areas.

In the vicinity of local sources of thoron (near muck piles, high-grade 

pods of ore, and so on), a worker may be exposed to thoron cohcentration 

as much as an order of magnitude greater than the average. In such 

situations, the contribution from inhaled thoron itself may provide a 

substantial lung dose, despite the fact that it does not build up in 

the lungs. Therefore It is important that the daughter radionuclides 

(in ThA, ThB, ThC) of Ba—224 be measured, and that theSe measurements 

he made at the range of possible ventilation conditions, to assure 

adequate assessment of the actual mine atmospheric situation.

Emanation from the hydraulic backfill is expected to be very 

low. After discharge from the mill, the tailings will contain some 

unrecovered thorium and daughter radionuclides, With the exception of
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Ra-̂ 228 and Ra-224 3 the daughters will completely decay prior to or 

during backfill placement and consolidation. The total activity of the 

unrecovered Th-232 is expected to be negligible because of its long 

half-life; Ra-228, Ra-224 and unrecovered Th-228 will exist in such low 

concentrations as to be likewise negligible. Reduction of the slime 

content prior to fill emplacement is a necessary procedure for engi

neering purposes, and will further serve to reduce the radionuclide 

burden of the backfill.

Available information concerning thorium daughters in industrial 

environments has been primarily acquired in gas mantle factories. A 

few measurements in mines have been carried out, but these are nonsys- 

tematic and cannot be reliably extrapolated to the model thorium mine. 

United States uranium mines do not contain thorium; certain Canadian 

uranium ores may have appreciable thorium values, such as those of the 

Elliott Lake and Blind River areas. However, mine operators contacted 

there did not maintain separate thoron measurement programs.

Procedures for radon/thoron measurements as made by the Bureau 

of Mines at an Alaskan uranium—thorium mine have been reported (Rock, 

1975). Although ore grade determinations were not carried out along 

with radon/thorium measurements, the grade was at least 1 % U^Og and 

about 1 % ThOg. This paper, which deals basically with methods of 

radon/thoron measurements, mentions thoron daughter concentrations as 

high as 0.6 working levels. The degree of equilibrium cannot be 

estimated because neither thoron nor radon gas concentrations was 

measured.
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6.1.2 Direct Radiation

Intact ore and mineral dusts are possible sources of direct 

alpha, beta, and gamma radiation hazards.

Gamma Radiation. Direct gamma radiation hazards from uranium 

mine workings are usually assumed to be very low because of the low 

grade nature of the ores. This assumption is probably not applicable 

in instances where ores are locally high-grade (greater than 0.5% U^Og)= 

Spot checks of a variety of uranium mines revealed gamma radiation 

intensities often approaching 2.5 mr/hr., a figure that is indicative 

of exposures approaching the RPG of 5 REMs per 12 months (Bock and 

Beckman, 1977). Some reports on gamma emissions and average UgOg grades 

for various underground uranium mines have been reported (Schwebel,

1969)= At the Schwaftzwalder mine (1% UgOg), stopes run 5-10 mr/hr 

and haulageways 1 mr/hr. The Sandy Mine's (0.2% UgOg) haulageways had 

fluxes of 0«5-1.0 mr/hr, and stopes, fluxes of 2-3 mr/hr. The Anna Lee 

Mine, Ambrosia Lake, N. M. (0.2-0,6% UgOg) ran 1 - 2.5 mr/hr in haulage

ways. and 1-5 mr/hr in stopes. Values of 2-3 mr/hr are reported for ore 

stockpile areas in Union Carbide Nuclear's facilities| gamma exposures 

in mines are "well below" the 5 rem per year level (Beverly, 1961). It 

is implied that gamma exposures may be of concern in "high grade" ore 

pockets.

The uranium̂ -238 decay series emits about 3.8 gamma quanta per 

complete individual decay from U—238 to Pb-206, emitting a total energy 

of 2.11 MeV. The strong gamma emitter in the series is Bi-214 (RaC) 

which emits 0.81 quanta of gamma radiation at a (weighted) average
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of 1.977 MeV. The Th-232 decay serj.es emits about 2.81 gammas per total 

Individual decay, with a total overall energy of about 2.14 MeV. A 

very strong gamma emitter occurs at the end of the series, with Tl-208 

emitting radiation with energies up to 2.62 MeV in decaying to Ph-208. 

Overall the total weighted gamma energies per disintegration of the two 

decay series are about equal.

It appears at present that certain domestic orebodies may 

average about one percent of thorium, with richer high-grade shoots 

expected. Furthermore, the workings will probably tend to be narrower 

than typical underground uranium mine workings. (Measurements in one 

underground thorium mine in South Africa showed radiation levels as 

high as 25 mr/hr; 10% of employees received exposures of 1 r/wk or more. 

The ore grade was 6 % Th.) Spot checks near outcrops of Idaho thorite 

veins (1-2% ThO^) range up to 15 mr/hr. Gamma radiation from the ore 

may pose an external radiation hazard and should be evaluated.

It is worth noting that the strongest gamma emitters occur near 

the tail end of1 the Th-232 decay chain, after the relatively long-lived 

Ph-212. Although the activity of this isotope and its daughters is 

readily controlled by ventilation, areas in the mine where air stag* 

nates will he Subject to atmospheric gamma buildup while ThC, ThC?, and 

ThG" (Tl-208) build into transient equilibrium.

Alpha’ Radiation. The most energetic alpha particles found in 

the Th-232 decay series have a maximum range in air of only 9 cm., so 

it is unlikely that direct alpha radiation from ore would be a serious 

hazard in any but the most exceptional circumstances.



. 71
Beta Radiation. Bl-212 is a rather strong beta emitter (2.25 

MeV) as is Tl—208 (1.8 MeV), and beta particles of this energy have a 

range in air of between 5 and 8 meters. However, similar beta energies 

are found in the uranium decay series, and the radiation exposures in 

uranium mines due to beta particles are often quite similar to the 

gamma exposures. Evaluation of the role of direct beta radiation 

apparently must await further research.

All types of internal radiation may be produced during the 

decay of thofon daughters that plate out on mine surfaces and equipment, 

including miners'clothing. The contribution from thiS effect should not 

be great if clothing is laundered regularly, if equipment is examined 

before leaving the mine for maintenance, and if the other routine 

practices of mining hygiene are observed.

6.1.3 Radioactive Dusts

Considerable quantities of dust may be generated during under

ground mining operations. This is a consideration in industrial hygiene 

programs for all types'of mining, but is complicated by radioactivity 

of the ores in uranium and thorium mining.

In uranium mining, ventilation required for the control of 

radon daughters is ordinarily sufficient to keep radiological hazards 

from mineral dusts to safe levels. This is in part because ventilation 

requirements are relatively high and in part because the mineral dusts 

are low in activity. The nuclides of interest here are principally 

the long-lived alpha emitters at the head end of the decay series.



72
The. alpha activity of natural uranium remains essentially

7constant for long periods9. at 7 , 5  % 1 0  alpha particles per second per

milllcurie; the total energy associated with alpha particles is

33.87 x 10^ MeV per second (Gopinath and Singh, 1972). One milllcurie
7 'of natural thorium, in equilibrium with its daughters, emits 2 2 . 2  x 1 0

7alpha particles per second; total energy is 132.90 x: 10 MeV per second

(Gopinath and Singh, 1972). it may be expected, if the above conditions

apply to ores of uranium and thorium, that the alpha activity for long-

lived nuclides of thorium will be somewhat higher than for equivalent

amounts of the long-lived nuclides of uranium. It follows from this,

and from the notion that thorium ores are generally of higher working

grade than uranium ores, that hazards from alpha-emitting nuclides in

thorium mine dusts will be greater than those from uranium mine dust.

Dust levels measured in the ore treatment plant of the afore-
3mentioned South African thorium mine were as high as 14 >pg/m before

3 3improvement to a range of 10 p.g/m to 2 mg/m . Underground dust levels
3after reduction, ranged from 7 to 70 hg/m . Standards for atmospheric

dust are mentioned in 6.3.1 (Dust in Ventilation Air).

In addition to secondary air contamination, dusts can give rise 

to a beta hazard from skin contamination. This can be minimized through 

the consistent maintenance of standard hygiene practices, including 

the use of gloves.

6.2 Other Hazards 

The usual hazards present in underground mining are also

expected to be encountered during thorium mining;, those relating to mine



73
safety are controlled using standard Industrial techniques. Howevers 

certain hazardous substances formed during routine mining activity may 

be important in their environmental impact and are therefore addressed 

in this study,

6.2,1 Blasting Gases

The explosive selected for the model mine is ANFO (ammonium 

nitrate-fuel oil), a low-cost, safe, effective blasting agent currently 

in widespread use. Upon combustion, certain gases are produced; these 

(or combinations of these) and their effects are listed as follows:

CO 2 s Asphyxiating

CO: Toxic, explosive

CH4: Explosive, Asphyxiating

NO 2: Toxic

HgS: . Toxic and Explosive

S02: Toxic

H2: Toxic

Ordinarily, these gases are controlled readily by standard ventilation 

practiee. They are produced during blasting, when workers are in remote 

areas or are out of the mine (during shift changes). The risk of after 

damp buildup is only appreciable in certain dead-end headings at times 

soon after blasting; the hazard may be circumvented merely by allowing 

time for the area to clear.
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6=2,2 Diesel Exhaust

Diesel-powered, rubber-tired vehicles are desirable for the 

model mine because of their flexibility and suitability for use on sand- 

fill surfaces. Exhaust contains CC^, CO, CĤ , NÔ ., SÔ , and aldehydes 

as undesirable constituents. The technique, for controlling exhaust 

gases are well known and effective.

6.2.3 Silica Dust

Aside from radioactive mineral dusts, the gangue in the model 

orebpdy poses a threat of silicosis from inhaled, silica dust. Such 

problems have responded well to the attention given them: early (pre—

1950) studies showed that less than 25% of the work force were 

afflicted, but in some cases 60% was observed; studies from 1958-1961 

showed the percentage to have decreased to 3%. Precautions will be 

necessary in thorite mining because the ore contains 40%.quartz (the 

model thorium orebody is about 40% quartz).

With adequate ventilation, this problem is not expected to be 

serious for the model thorium mine. In fact, silicosis is readily 

controlled in underground sandstone uranium mines, where the host rock 

imparts a high quartz content to the ore, by the ventilation necessary 

for the control of radon daughters.

6.2.4 Chemical Hazards

Possibilities exist for the introduction of hazardous chemicals 

into the model mine environment from two sources: the ore itself, and

liquid drainage from hydraulic backfill. Analysis of thorium samples
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taken during.the course of this study provide information on trace 

element content in the model orebody. Average, high, and low values 

for trace elements from 47 chip/channel samples are given in Table 6.1« 

Thorium and rare earth contents are reported in Appendix A,

It should be pointed out that there is a wide variation in trace- 

element suite among and within both veins and districts. For example, 

the highest barium contents are found in the west Powderhorn area (other 

districts also have high barium values); the highest titanium values 

come from samples of the magnetite-ilmenite-perovskite. dikes in the 

eastern Powderhorn district near Iron Hill. Elsewhere, high titanium 

probably is due principally to rutile, rather than ilmenite or 

perovskite.

As can be seen from the table, thorium veins contain trace 

amounts of a variety of elements. Major constituents are iron, barium 

and titanium; common constituents of lesser concentration are strontium, 

copper, zinc, zirconium, manganese, columbium, and rubidium.. Occasional 

trace constituents are arsenic, lead, nickel, selenium, and uranium.

Rare are molybdenum, chromium, tantalum, silver, and iodine.

With the exception of iron and barium, none of the trace elements 

found in the 47 thorium vein samples is expected to be common in 

concentrations greater than a few hundred parts per million in the Ore. 

If dust levels during mining are kept at or below required levels and 

the other standard industrial hygiene practice are observed by the mine 

operator, there is no present indication that these trace elements will 

pose significant environmental hazards within or away from the mine 

operation.
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Table 6=1 Elemental Distribution in 47 Thorium Samples

Percent of Content, ppm (wt%)
Element Samples Containing Average Low High

Cu 100 110 20 500
Zn 100 282 • 10 2500
Pb 65 406 20 6000
As 53 46 10 430
Fe 100 39,700 1800 290,000 (29%)
Mi 65 44 10 320
Rb 71 94 10 490
Ba 90 15,700 30 200,000 (20%)(2)
Sr 94 398 10 3100
Zr 82 264 10 1400
Ti 80 3170 100 39,000 (3=9%)
Mb 78 265 10 1800
U 33 49 20 660
Mn 96 1545 20 . 1800

Also Detected
Average Content

Element Mo= Samples. . . Per Sample, ppm

Sn 1 59
Se 8 58
I 1 72
Ag 1 26
Ta 1 80
Mo 4 357 (101200)
Cr 1 100

Below detection limits: Au, Cd, Eg, Ga, In, Tl, Ge, Sb, Bi, Te, Br
Co, Cs, Hf, V, W.
All elements checked by x-ray fluorescence.
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Since the model mine method requires the use of backfills which 

would preferably be hydraulically-emplaced mill tailings, there is the 

possibility of the introduction of chemical contaminants from the back

fill drainage. Drainage liquids, along with mine water, are collected 

in a sump somewhere in the mine and pumped to the surface, where they 

are either recycled into the ore beneficiation process or treated and 

released.

One of the uncertainties still existing in the ore processing 

scheme is the exact chemical/radiological makeup of the mill effluent. 

This depends on the process used and its efficiency, the nature of the 

ore, and whatever program is employed prior to the release of milling 

wastes to recover any desirable by-products (rare earths, titanium, etc.) 

not recovered during direct thorium processing. The effluent would be 

of a low pH, would contain a very small amount of unrecovered thorium 

(.00X%) and small quantities of radium isotopes, trace element residues, 

and amines and other organic compounds left over from the extraction 

process. Although precise determinations of these contaminants will 

need to await pilot plant studies, it is felt that classification and 

dilution prior to emplacement of backfill will lower the concentrations 

to safe or at least readily controllable levels.

6.3 ' Effluents from the Model Mine

Essentially four pathways exist for release to the environment 

of substances evolved during underground thorium mining, and are 

considered in this section: atmospheric (ventilation exhaust), ground

water, mine employees, and equipment that leaves the mine for
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maintenance or replacement = Hazardous effluents and sources are given 

in Table 6.2. Disposal of milling wastes (tailings) and of mine waste 

rock is the subject of Appendix D.

6.3.1 Ventilation Exhaust

Fresh air enters the mine through a tunnel or shaft and is 

distributed along the workings and into the stopes and dead-end headings 

with fans and flexible ductwork. Exhaust is through tunnels or raises 

driven for the purpose. Where winter cold is severe, as it will be at 

the model mine site, heating of the ventilation air will be necessary.

In underground mines in radioactive deposits, it is desirable 

to keep the air away from sources of radiation until it is delivered to 

the working face and to generally exhaust air towards worked out areas. 

Thus ventilation of stopes is in parallel, rather than in series, and 

incoming air is routed through barren rock where possible. Worked out 

areas are sealed, under negative pressure, with airtight bulkheads. 

Remote areas may be ventilated with filtered air.

Exhausted ventilation air from the model mine will contain, 

principally, blasting gas products, internal combusion products, dusts 

of silica and other minerals, and radioactive decay products.

'Dust fn Ventilation Air. Dust content is not large--total dust
qcontent must not exceed 0.7 mg/m . Silica dust in ventilation air must 

be maintained below 6 million parts per cubic foot of air. Dust gener

ation is considerably lessened in wet or damp mines.

Non-RadioAcfive Gaseous Contaminants. Internal combustion 

engines and blasting produce potentially harmful substances. Threshold



79
Table 6=2 Hazardous Wastes from the Model Mine

Source
Ventilation Exhaust 
Blasting Gases

Internal Combustion
Electrical
Dust
Radionuclides

Mine Water
Backfill Drainage

Mine Water

Effluent

H2S S0O9 CO, CO, NO2 H, CH429 vv2
(periodic after blasting)
co2 » CO, ch4 
H, 0o

no2, so2. aldehydes

mixed silica and mineral 
Pb-212, Bi-212, Po-212, Ti-208 
(thoron daughters)

Complex: acids, amines, Ra-228 and
daughters, unrecovered Th, other 
reagents
Dissolved mineral constituents except 
Th, suspended particles, spillage 
from various sources

Gases 
H2S (air)
S02 (air)
C02 (air)
CO (air)
NO2 (air)
CH4 (air)
Dust (air)
Thoron daughters (air) 
Ra-228 (air)
Th-232 (water)

Concentration Estimate
10 ppm max
5 ppm max .

5000 ppm max
50 ppm max
25 ppm max 

310 ppm 
30.7 mg/m max 

2=4 pCi/1 
parts per billion 
parts per billion
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limit values (TLV's) for these, which must be observed by the mine 

operator, are as follows:

H2s 15 mg/m^ or 10 ppm

S02 13 mg/m^ or 5 ppm

co2 9000 mg/rn̂ or 5000 ppm

GO 55 mg/m^ or 50 ppm

N.°2 30 mg/m^ or 25 ppm

In addition, methane (TLV 1%) may be formed by internal combus

tion engines or during blasting, and is occasionally found naturally in 

non-coal mines; diatomic hydrogen may also remain from blasting or 

internal combustion and is released during battery charging, Both are 

asphyxiating and explosive, but neither is expected to pose a problem 

during thorium mining.

Radioactive Contaminants <, Ventilation exhaust will also contain 

products of the radioactive decay of thorium. As discussed in the 

section on radiological hazards (6.1) , thoron liberated in the mine 

workings is swept away from the face by ventilation air. Thoron may be 

considered to decay almost instantaneously with an alpha emission to 

Pb-212 (ThB).after liberation into the mine air. Fb-212 decays through

a beta emission to Bi-212 (ThC); the strong alpha emissions are after 

this step.
It is worth noting, though, that the mean life of Pb-212 is long 

enough to permit travel of several hundred meters before decay, assuming 

a mean air velocity of 1 m/sec. Plate-out on exhaust passageway sur

faces will lessen the radioactive burden somewhat before discharge to
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the atmosphere» Considering this and the half life of Bi-212s it is 

apparent that nearly all of the alpha emissions from the airborne thoron 

daughters will take place in the exhaust system en route to, or after 

discharge into, the open air. Unless outside conditions are very 

turbulent, decay to stable lead should be essentially complete before 

the radionuclides can migrate more than a hundred meters or so from the 

exhaust port. It is advisable that this situation be confirmed under 

actual operating conditions and that access to the exhaust vicinity be 

restricted as necessary.

An upper bound on radioactivity per unit volume of mine ventila^ 

tion exhaust is given by the maximum permissible exposure standard for 

mine atmospheres, which is one working level. The recommended standard 

is four working level months per consecutive 12-month period. Working 

levels for thorium and uranium were given in Section 6.1.1. Assuming 

that the recommended exposure of 4 WLM (working level months) per 

consecutive 12-month period is followed by the mine operator, the level 

of radioactivity for a uranium mine would be 30 picocuries per liter of 

air for each Of Po—218, Pb-214, and Bi—214. Since a working level for 

thoron daughters in equilibrium amounts to only 8 picocuries per liter, 

adherence to recommended exposure levels would imply a burden of 2»4 

picocuries per liter of each of Bo-216, Pb-212, and Bi—212 in ventila

tion exhaust from the model thorium mine. It is important to note, 

however, that thoron daughters are almost never in equilibrium and most 

of the ThB atoms will be cleared from the lungs before decay; thus, the 

concept of working level may require some modification before it is 

applicable to thorium mine atmospheres.



6,3.2 Groundwater

The model orebody is in a mountainous area where snowfall is 

.moderates so that the ground is saturated until quite late in the spring 

or into early summer. Consequently, although precipitation is not high 

(fifteen inches per year), ground-water tables remain high and most 

third-order drainages in the area are perennial« Of the few under

ground workings accessible in thorium districts, most of those visited 

were at least muddy; at Hall Mountain, the Golden Scepter Mine is so 

wet that some fractures gush several feet in the air.

In wet mines, a sump may be required, such as a winze on the 

lowest level, where mine water can be collected and pumped to the Sur

face. The migration of mine water through the mine and in the sump 

itself constitutes a pathway for effluent release to the environment.

Mine water will contain trace contaminants from backfill drain

age, and whatever trace elements are picked up from the ore and sur

rounding rocks.

Natural Contaminants. Since thorium compounds are practically

insoluble in water, the contribution of thorium leached from the ore

is considered negligible. The only other nuclide with a long enough

half-life to be transported in groundwater for any distance is Ra-228.

Concentrations of Ra-228 in a 0.5% ThOg ore in equilibrium will be on 
-10the order of 10 percent. Even assuming complete leaching, this 

represents a very small amount— less by several orders of magnitude 

than the Ra-226 present in the uranium decay chain.
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The chemical processes that operate to produce acid groundwater 

contamination as observed in some coal and base metal mines involve 

the. sudden availability of oxygen to the rock when the ground is., 

excavated. In thorium ores„ however, most of the contaminants already 

exist as oxides or silicates and are essentially stable in oxidizing 

conditions. Autogenous leaching in the orebody should be greatly 

restricted due to the apparent absence of sulfide ion and other 

chemical species known to be responsible for acid formation; thus a 

natural pathway does not seem to exist for mining-related trace-element 

release to groundwater. To this end, acidity or other chemical activity 

of the backfill fluid may need to be neutralized prior to fill emplace

ment, in order to prevent unnecessary groundwater contamination. 

Carbonate in the wallrock, or as gangue in the ore (as is-d.£ ten observed) 

may have a positive effect on acid neutralization in this respect.

Introduced Contaminants ° The contribution from backfill drain

age cannot be assessed until more specifics are known of the extraction 

process and ore content. It appears possible for Râ -228, some unrecov

ered thorium, and extraction reagents to be released from the backfill, 

unless pretreatment is practiced. Technology for precipitating radium 

is well known in uranium extraction; available unrecovered thorium 

would be less than .05 lb per ton of backfill (depending on process 

efficiency) and would carry a very low activity. Acidity can be 

neutralized with lime. It may be found that pretreatment of mill 

tailings will not be necessary because of high dilution at the mill due 

to conversion to slurry and dilution in the mine by mine water.
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In addition, some spillage of explosives, diesel fuel, hydrau

lic oil, drilling mud, arid the like, are unavoidable in mining. The 

contribution from sources of this type is expected to be negligible.

6.3.3 Employee Contamination

A pathway for environmental contamination exists when employees 

leave the mine, after exposure to the underground environment. Such 

standard practices as frequent laundering of work clothes provided 

by the mine operator , provision of a dry near the mine entry with shower 

facilities and lockers for boots, etc., and observance of common 

industrial hygiene practices such as first aid and regular physical 

checkups will ensure that this pathway will not pose significant 

environmental consequences.

6.3.4 Equipment Maintenance

Drill jumbos, ore haulage equipment, ventilation equipment 

(especially exhaust fans) hoists, slushers, and other equipment that 

leaves the mine for maintenance or replacement may be contaminated by 

plateout of radionuclides. To prevent exposure of the maintenance 

sectiori or the outside world to the source of radiation, all equipment 

leaving the mine should be checked and decontaminated as necessary.



CHAPTER 7

SUMMARY AND CONCLUSIONS

Present domestic capacity for ThO^ production appears to be 

inadequate for support of a widespread nuclear energy industry, without 

dependence on foreign sources and unrelated markets for titanium. 

Zirconium, and rare earths.. Thus, direct' production of thorium is 

indicated.

The resource to be exploited for direct large-scale thorium 

production must be capable of withstanding initial market uncertainties, 

it must be readily recoverabble in large quantities, and at fairly low 

cost, and it must be relatively well explored. The thorium resources 

fitting these criteria are the hydrothermal veins in the western U. S.

The model orebody selected for this study is a steeply dipping 

vein, occupying shear or breccia zones in metamorphic or crystalline 

rocks, in a rugged, mountainous area. The vein dimensions are 3 feet 

in thickness and 2 0 0 0  feet in length; the grade is erratic but averages 

0.5% Tb@ 2  and 0.5% rare-earth oxides• Mineralogy is quartz-carbonate- 

limonite microcline; thorite is the main ore mineral, along with lesser 

monazite.

The vein would be mined underground by a cut-and-fill method 

which has the advantages of a reduced radioactivity hazard, complete 

extraction with flexibility, full ground support, and a reduced waste 

disposal requirement. The production capacity of the model mine is

85
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between 500 and 750 short tons per day, over a projected life of 15 

years. The capital requirement, a major consideration, is in the; viein^ 

ity of $4.5 million without a milling facility. Such a facility might 

support several mine models, and would cost between $5 and $ 8 million 

per model mine supported, depending on the ThO^ recovery process used.

Thorium vein prospecting is highly dependent on surface radio

activity; if radioactivity cannot be detected at the surface, conven

tional reconnaissance prospecting techniques are expected to have only 

limited application. Drilling is difficult and slow, although present 

indications are that thorium veins do persist at depth.

Important thorium vein districts were visited in Colorado, Idaho, 

Arizona, and New Mexico, to check model mine compliance. Some sampling 

was done, and it was found that veins near Lemhi Pass, Idaho, would be 

the most important for. direct thorium production. There are also a 

couple of important occurrences in the Wet Mountains, and near
i

Powderhorn, Colorado; and at Hall Mountain, Idaho.

Problems connected with radioactivity in the thorium mining envi

ronment are potentially mote serious but more easily controlled than sim

ilar problems encountered in uranium mining. The hazard connected with, 

airborne radionuclides is expected to be less critical in thorium mining, 

but direct radiation will be more intense and of higher energy. Due to 

the immobility of thorium in aqueous.environments and the short half- 

lives of the soluble daughters, the chemical hazard in the mine environ-? 

ment is expected to be minimal but may be influenced by the backfill 

drainage, the composition of which still awaits quantification. The air

borne and aqueous effluent aspects are likewise expected to be low.
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I.ocat Ion

|
f
| Sample

Length, ft
Vein 

Width, ft ThOj.X TREO.X u,o,.x Other S* Comment

Cnptton Mountain*
0.1 ml N2IK from 
corner Sec*. 21, 22, 
1>, 16, T.8S, R 15C

301
302

8
8

3.8
4.5

1-2 
0.5-1.5

MW.

.52

.71

w m a

.051

.060
<.002
<.002

1
1

Spotty eonee In bleached, 
pitted elaeklte, 200 ft. 
trench on ridge.

KIhh Pro*|»«cl on 
alili'li 111, 8000 «!.,
Iioiimlnry of Sec*. 22 
mid 15.

304 C ? .036 .029 <.002 1

Isolated, epotty radioactive 
tonea In aloaklte. 304 le a 
compoelte.

Or inner Proapect 
7550 el., in NW \ 
Sec. 22, near bdy 
Sec. 15.

305 B 2 2 .004 1
Locally up to 0.3 mr/hr at 
eaet end of shallow trench.

harry Prospect SW 
t Sec. 14, T. 86,
II I5K, In canyon near 
lidy. Sec. 15.

306
307

B
0

12 2-4(7) .003
<.002

.006

.015
<.002
<.002

1
1

Bulk Chip acroaa breccia eonee
Material from weakly rad lo
a d  Ive (0.1-0.2 mr/hr) brec
cia eonee In alaaklte.

let Mountain* 
it Inkliol• 1 2  

309 B 5.0 2.0

P1JJ

.21)

•WWtft

4.65 < .002 0.23 Ph, 
0.38 Mn, 
0.11 8r

1 E. cut, S. aide 
Hellgate Gulch

StInkhole Claim
All 2 
All 3 
316

0
n
B

2.0
3.3

2
2

1.67
.15
.043 .040

.001

.001
<.002 .086 8r,

26 Tl, ,05< 
Nb.

2
2
1

Shaft, N. aide of 
Hellgate gulch.
IS* Deep In ahaft.



l.ocat ion
Sample
Type

Sample 
Length, ft

Vein 
Width, ft TU02,Z

Charleston
310
311

312
llomestake 6 

314

LD 7a 
LD 8a 
LD 9a 
LD 10a 
LD 11a 
LD 13a 
Ra 102 
Ra 102 
Ra 103a 
Ra 104a

Dreamer's Hope 
315

LD 12a

Iron Hill Area
0.85 mi. S86F. from 
Iron Hill Summit 
(el. 9245)

317 

Locality 5

1.0 mi N63E from 
pt. 9245

325 

Locality 8

B

ND

B

ND

7'

3.5

6.6

4.5

5

ND

2@2'-3'

1.5

1.5-2

0.5-3.5

1-2

.050
1.59

0.51

.054

.06

.35

.10

.10

.12

.08

.03

.13

.17

.72

.53 

.13

Powderhorn Dlstrl

<.002
0.02-0.36 
(8 samples) 
Avg.=0.12

.034

ND

u308 ,z Other S2 Comment

<.002 1 S adj. to 311.
<.002 .065 Ti, 1 N-S trench E of road.

.047 Sr,.13
n ,  .02 Rb,
,003 Nb

.011 1 N. adj. to 311.

<.002 3.6 Pb, 1 Upper cut, S. of road.
.12 Ho, .16
ri, .056 Sr

.001 2

.001 2 \

.001 2

.001 2 ? Exact location not given.

.003 2

.001 2 /

.001 2 /

.001 3 )

.001 3 ( Dump samples.

.001 3 )

.007 .11 Sr, .11 1 Visible base-roetal sulfides
r i ,  .06 cu (tr.); carb. vn.

.001 2

<.002 .0 5 -0 .1 1 Wide, mt,-il.-perov.-verm.
mr/hr zone w/ multiple carbonate

<.005 4 veins

<.002 0.36 Ti 1 Composite of vein material
from mt,-il.-perov. dike.

<.005 4 0 .2  mr/hr 00
VO



Location
Sample
Type1

Sample 
Length, ft

Vein 
Width, ft Th02,X

1.0 ml N65E from 
Pt. 9245

326 B 5 2.5-3 <.002

1.2 ml N65E from 
Pt. 9245

327 B 12 <15 .047

328 B 4.5 0.7-1 .068

Locality 7 NO NO 3-5 .08-.17
1.2 ml. N62E from 
Pt. 9245

329 B 12 <15 .050

330 B 5 2 .17

Locality 24, SW h  
Sec. 10, T47N, R3W NO NO 6
JRS-4

320 B 5 1.5-2 .10
Locality 31 

JBS-3, SE k SE k, 
Sec. 34, T48N, R3W

321 B 7 8 .20

0.2 ml. ENE of center 
of Sec. 2, T47W,
R3W, Goose Creek.

Locality 29 NO NO NO 1.3, 0.48

Little Johnny Area 
Little Johnny Adit 

322 B 6 6—8 .026
Locality 18 NO NO 0.5-5 .08-4.9

TREO.Z u 3o8 ,z Other S2 Comment

.229 .0051 0.2 mr/hr 1 Shear zone over small adit on 
side hill.

1.15 .010 2.8 Ti, 
.09 Nb

1 Radioactive mt.-il.-perov. 
dike in large trench.

1.38 <.002 3.9 Ti, 
.13 Nb

Radioactive gg zone at S. end 
of pit of 327

. . . <.005 Avg ThOg 
.13

4 Carbonate vn. in 2 pits.

1.61 .0067 3.6 Ti, 
.18 Nb,
.05 Cu

1 Punky, ochrous to white clayey 
material in lafge cut 150 ft. 
N. of ridgecrest.

5.22 <.002 .25 Zn, 
<.01 Ti

1 Ochrous, radioactive zone 
within 329.

----- ----- .05-0.3
mr/hr

4 Vn in 3 pits.

.03 <.002> 20% Ba Shallow, sm. shaft 
Jaspered vn..in granite

.152 .004 0.11 Nb, 
1.8 Ba, 
.098 Ti

1 350 N16E of JBS-4 in low saddle. 
Jasperold vn. in granite.

----- <.005 sph., gal. 4 Carbonate vein in adit.

.013 <.002 0.14 Ti 1 Radioactive gouge over main adit.
<.005 Avg. Th02= 

.80
4 13 Samples on Little Johnny 

Claims.



Location
Sample
Type*

Sample 
Length, ft

Vein 
Width, ft Th02,Z

NW >t. Sec. 15, TUN, 
R2E, .18 ml S44W frun 
radio tower

323 B 4-5 0.15

Locality 16 ND ND 1-2.5 .03-.1
(Jeanie #6)

0.17 ml. S53W from 
center Sec. 16, T47N, 
R2E

324 B 8 8 .021

Locality 17 
(Jeanie #2) NO ND 1-5 .05-.1

Gatevlew Area
Little Red 115 NW h  
Sec. 14, T47N, R3W

318 B 5 4 0.16

Locality 20, SE 't ND ND 10 .02
Sec. 15, T47N, R3W
Locality 21, just S. 
of center. Sec. 15, 
T4 7N, R3W ND ND 3-4

Locality 22, on rd. 
ENE of Sec. 15 ND ND 1-2
Little Red #1, 0.4 
ml S60W of pt. 8828, 
Sec. 10, T47N, R3W

319 G ? .10

Locality 23 ND ND ND

TREO.Z u3o8,z Other S2 Comment

.008 <.002 .03 Nb, .11 
r i

1 Composite of vn. mat'l. N50E 
vert. shr. zone, shallow shaft 
and pits

<.005 \vg. Th02 
(3) .07

4 7 pits, >600' long

.357 <.002 .058 Nb, 
.61 Ti

1 N55E 75SE Breccia in schist; 
visible clots thorite, 0.5 mr/hr

<.005 Avg. Th02 
(3) .08

4 5 pits, N55E structure.

.404 .061 0.31 Sr, 
.011 Se

1 Weakly radioactive vein. Trend
ing roughly north, exposed in 
shallow pit on ridgecrest.

<.005 .09-0.5
mr/hr

4 Qtz/jasper/hem. vn, exposed 
In shaft.

- - .09-0.2 mr/ 
hr

4 Vn, exposed in pit.

- - <.02 mr/hr 4 — Do —

.016 <.022 20 Ba 1 Loose vn. mat'l at sides of 
shallow cuts. No exposures.

.05-0.25mr, 
hr

4

!

Vn exposed in pit.



Location
Sample
Type*

Sample 
Length, ft

Vein 
Width, ft Th02,Z

Hall Mountain

T.M.U. #1 (1950 ft.
N83E from Golden 
Scepter)

331 G .107

6 B 9 ,4-8.5 4.42
22-70 4.76

Wawa No. 1
332 B 5 4 3.5

333 B 9 .011
334 B 6 .023
335 B 3.5 6.8

11 B 1.3 .07-2 5.91
12 B 2.0 do 7.81
13 B 1.5 do 1.14

25-70 1.12
1550 ft S69E from 
Golden Scepter

336 G 0.5 4.52

7 B 0.3 0.4 1.37
28-70 1.22

Lemhi Pass
Buffalo Claims

337 (adit) B 1 .016
74-69 B 2 0.37

141-68 (adit) B 11 .098
142-68 (-do-) B 1.5 0.48

B-Ad-1 G .34

TRE0.Z U308,% Other S2 Comment

.093 <.002 1 Vuggy, black qtz bx. From side 
of pit.

NO ND 5 Irregular breccia zone.
.197 ND 7

.086 <.002 .15 Tl, 
.08 Pb

1 332 across shr. zone (main 
vn.)

.007 <.002 .18 Tl 1 Adj. to 332.

.013 <.002 .13 Tl 1 Adj. to 333.

.15 .066 .22 Pb; .10 
ri

1 In colluvlum 1 mined. overlying 
334.

ND ND 5 Across vn. in cut.
NO ND 5 Do.
ND ND 5 Across vn. in small pit.
.019 ND 7

.25 .029 .14 Zr, .21 
Pb

1 Illgh-sulfide vein poorly exposed 
in quartzite.

ND ND 5
.021 ND 7

.005 <.002 1 Spec. hem. near wall of adit.
ND ND 6 Vn. in west trench.
.117 ND 6 Above adit mouth.
.073 ND .38 oz. Ag; 

.0017 ozAu.
6 High-grade in adit.

ND .001 8

1

Grab of vn. in adit.



Location
Sample
Type1

Sample 
Length, ft

Vein 
Width, ft Th02,X

B-192 B 28 28 .04
AFT-B1 G 0.5 .45
B-A-150 G .056
AFT-S15-50 G 1.0

Black Bull #3
338 B 6 • 1-2 .09
BlBu-136 G .03
122-68 B 0.7 .80

Wonder Lode
339 B 5.5 1 0.13

340 B 5.0 .064

19-69 B 2.0 .066

59-69 B 0.7 .34
60-69 B 9.8 .34

Won—C—1 B 5.0 .23

Won-C-2 B 2.0 .14
Won-C-3 B 4.0 .27
Won-C-4 B 8.0 1.20
Won-C-5 B 2.5 .03
Won-C-6 B 1.0 .96
Won-C-7 B 0.5 .90
Won—C—8 B 1.0 1.50
Won-C-9 B 1.5 1.20
AFT-S18-50 G .17
AFT-S19-50 G .67
AFT-S20-50 G .67

TREO.Z U306,X Other S2 Comment

ND .001 8 In cut above adit.
ND .006 8 Buffalo HI claim
ND .001 8 -do-
ND .008 8 -do-, discovery pit.

.011 <.002 2.8% Ba 1 Multiple veins.

.09 .003 8 Fluorescent coating.
ND ND 6 Back of cut.

.018 .013 .14 Sr; 
.16 Tl; 
.15 Zn

1 6890 elev.; S. vn.

.014 <.002 .04 Nb; 
.14 Tl

1 Near Won-C-7

ND ND .99 oz Ag; 
.42 Cu

6 Pit 100 ft W of creek

ND ND 3.7 Zn 6 7180 ft. elev.
ND ND .02 oz Au ; 

.44 Cu
6 6860 ft. elev. (N. of 339).

ND .002 .40 Zn;
.52 ozAvg.

8 6620 ft. elev.

ND <.001 8 6670 elev.
ND .001 8 6760 elev.
ND .001 8 6820 elev.
ND .001 8 6900 elev.
ND .001 8 6980 elev.
ND .001 8 7040 elev.
ND .001 8 7100 elev.
ND .001 8 7160 elev. "
ND .003 8 Adit 60 ft. W. of ck.
ND .002 8 Adit 75 ft. W. of ck.
ND .004 8 Adit 130 ft. W. of ck.



Location
Sample
Type*

Sample 
Length, ft

Vein 
Width, ft Th02,Z

AFT-S21-50 C 3.2
W-l22-50 B 3.5 .03
W-124-50 B 1.5 2.56

Black Bull 
Fraction #4

341 B 7.0 .42
BB-A-149 C 4 .04
BB-A-149C B 40 .08
123-68 B 4 .13

Deer Fraction
342 B 5.5 5-7 .13

55-69 B 0.4 0.4 .59

Thorite No. 3
343 B 5 0.5 .15

Divide No. 4
344 G 1-2 .11

SW I* Sec. 26, 
T18NR25E

345 G .004
I’attee Creek (Silver 
SW h Sec. 12, T19N, 
R24E

)n.)

346 B 5 4.5 3.90

347 B 4.5 1.5 .50
348 B 4 1-1.6 .30
349 G .047

Last Chance Varies 7-30
149-68 B 12.5 .36
150-68 B 10 .26
148-68
147-68

B
B

6.9
5.9

1.45
.35

TREO.Z U30g,Z Other S2 Comment

HI) .002 8 Adit 100 ft. E. of ck.
.003 8 Pit near 519-50.
.001 8 Near Won-C-4 and 339.

.018 <.002 .17 Ti 1 Irreg. zones.

.03 <.001 8 Quartzose rock.
ND <.001 8 Composite.
.344 ND 6 Most radioactive part.

.067 <.002 .13 Ti 1 NW-trendlng shr. zone.
ND ND 6 Southeast trench.

.043 <.002 1 Spotty radioactivity.

.046 .009 1 Composite; west trench.

.006 <.002 1 Loose Vn. material in trench.

.38 <.002 .15 Pb; 2.3 1 SE part of exposure.
Mn

.031 .013 1 Central part.

.015 .004 1 NW part.

.009 <.002 29 Fe; .01 1 Massive spec, near vn. foot-
Cr wall.

.199 ND 6 W. adit; footwall.

.178 ND 6 W. adit; hanglngwal1.
1.34 ND 6 W. adit; back.
ND ND .2 oz Ag 6 W. adit.



63-69
155-67
156-67
157-67
158-67
159-67
151-68
152-68
153-68

Black Rock 
63-68 
62-68

Cago No. 12
28-69
29-69
30-69

Trapper No. 1
47-69
48-69 

T-WA-1
AFT-S36-50
AFT-S37-50
AFT-S38-50
AFT-S39-50
AFT-S40-50
AFT-S46-50
AFT-S47-50
AFT-S48-50
AFT-S49-50

SampIe
1 yp'

B
B
B
B
B
B
B
B
B

B
B

B
B
B

G
B
B
B
B
B
B
B
B
G
G
G

Sample 
Length, ft

6.8
2.2
3.2 
5.7
5.2 
2.0

10.0

14.0
14.8

1.3 
0.7

13
12
1

2.6
HD
ND
ND
ND
ND
ND
ND

Vein 
Width, ft

2-6
.7-1

Varies 0.3-13

5-11

T!.02,%

.54

.30

.43

.61

.15

.017

.16

.20

.074

2.19
1.70

.085

.29

.12

.28 

.97 
3.1 
. 66 
.1 

.56 

.68 

.15 

.07 

.14 

.01 

.40

TREO.Z u3o6,z Other S2 Comment

ND ND .017 oz Ag 6 Near ridgecrest.
.282 ND 6 NW of shaft.
.808 ND 6 Adj. to 155-67.
.606 ND 6 Adj. to 156-67.
.207 ND 6 Adj. to 157-67.
ND ND 6 Adj. to 158-67.
.185 ND 6 E. adit.
.281 ND .012 oz Au 6 E. adit.
ND ND 6 E. adit.

.105 ND .23 oz Ag; 6 W. end, long trench.
ND ND 1.1 Zn 6 Center of trench.

ND ND 6
ND ND 6
ND ND 6

ND ND 6 NE vn. exposure.
ND ND 6 140' SSW of 47-69.
ND <.001 8 Very radioactive zone.
ND .006 8
ND .002 8 Composite
ND .006 8 E. part of vein.
ND .006 8 W. part of vein.
ND .002 8 Composite.
ND .001 8 Composite h.w.
ND .001 8 Composite.
ND .002 8 Gouge on h.w.
ND .002 8 Small vn.



L o c a t i o n
Sample
Type1

Sample 
Length, ft

Vein 
Width, ft Th02,Z TREO.Z U j O a . z Other S2 Comment

Beaverhead
46-69 B 6 .48 ND ND 6 120 ft. from F.. end.

49-69 B 7 .03 ND ND 6 E. end of vn.

Shear Zone
7-69 B 1 .56 ND 6 800' NNE of 7685

163-67 B 0.8 2.49 .981 . 14Pb 6 Adit near S.E. end.
164-67 B 0.3 .008 ND 6 End of adit.

G&C ft 6 , 8

34-68 G

3 5 - 6 8 G .65 .368 ND 6 NW end, SE trench.

G&C f  1 , 2 , 5

29-68 B . 8 .33 ND ND 6 NE end, on ridge.

33-68 B 2.0 .20 .110 ND 6 NW end, E. trench.

Type of sample: B = Bulk (chip or channel); G = grab.

 ̂ Sources of data: 1. This writer
2. Christman, et.al., 1953.
3. Christman, et.al., 1959
4. Olson and Wallace, 1956
5. Staatz, 1972 b
6. Staatz, 1972 a
7. Staatz, 1979
8. Sharp and Cavender, 1962

N.D.: Not determined, not distinguished, or not reported.
All values in percent, unless otherwise noted.
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APPENDIX B

THORIUM PROSPECTS

During the course of the present study, an effort was made to 

visit the major Western United States thorium vein districts— Mountain 

Pass, California; Lemhi Pass, Idaho; Hall Mountain, Idaho; Powderhorn 

and the Wet Mountains, Colorado; and Bear Lodge, Wyoming. A planned 

visit to Mountain Pass was called off indefinitely because of company 

policies; because of time constraints on funding for the parent study, 

inclement weather, and the shortness of the field season at most 

localities, it was not possible to study each of the above districts in 

detail and one. Bear Lodge, had to be skipped. Logistics did, however, 

permit visits to minor deposits at Cottonwood, Arizona, Capitan Moun

tains, New Mexico, and Diamond Creek, Idaho.

The purpose of these visits was to check the suitability of the 

conceptualized model orebody. To this end, pertinent information on 

previous work was reviewed, claim holders were contacted where possible 

limited sampling was done, and an examination was made of the most 

promising prospects in each district. In addition to the confirmation 

of the orebody model, personal familiarity with the nature of thorium 

veins was gained which proved to be of the utmost aid during the 

remainder of the study.

Only the most promising prospects in each district were visited 

and, of these, only those were sampled where previous work was
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inadequate to determine model mine compliance. Samples were bulk 

channel or chip, and were intended only to suggest the ThO^ grade over 

a practical stoping width and not to measure ore grade. At some local

ities, sampling was not possible because recent activity had obscured 

the vein, or because the radioactive source could not be positively 

located in place. At others, prior work could not be improved upon, or 

the presence of inaccessible underground workings or drillholes rendered 

surface sampling inappropriate. The Last Chance, Shear Zone, and Cago 

No. 12, veins at Lemhi Pass; the Little Johnnie at Powderhorn, and the 

Anna Lee Lode and Haputa property in the Wet Mountains are examples of 

the latter condition. Sample data from the present study is assembled, 

together with previously reported work, in Appendix A.

Inasmuch as the state of development at many important prospects 

is now somewhat different than reported in the literature, the following 

discussion is presented on the most important localities.

Colorado Thorium Districts

Wet Mountains, Colorado

Thorium veins are widespread along the western flank of the Wet 

Mountains, in an area of about 300 square miles, centered about 15 miles 

south-southwest of Canon City. The thorium veins occupy shear and 

breccia zones in Precambrian metasedimentary and other gneisses of 

various compositions ranging from granitic to granodioritic. Other 

rocks in the area include pegmatites, syenites, breccias of various 

types, metamorphosed gabbro and ultramafic rocks, and dikes of syenitic.
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andesitic, basaltic, and gabbroic composition [Christman et al.,(I960) 

and Christman et al., (1953) give discussions of the thorium prospects 

mentioned here, as well as the general geology of the district].

Thorium prospects visited by the author during June of 1978 

included, among others, the Dreamer’s Hope, Homestake 6 , Unnamed, 

Stinkhole, Haputa, Anna Lee, Nightingale, and Charleston prospects.

Other prospects which appear, on the basis of published work, to merit 

further attention, are in the Darby Extension, Starbuck, Antrim and 

G. W. Lode, Watters Ranch (contains some uranium), Atomic Mountain, and 

Swartz. There are numerous other occurrences, most unnamed, that do 

not merit further interest for the forseeable future.

Unnamed Prospects. The Unnamed Prospects are in the area of 

the Charleston and Nightingale properties, on a hill 300 feet west of 

the road fork in Section 22, east of Querida.

Seven prospects pits and shallow trenches expose weathered 

granite and gneisses. Only two expose vein material: one is a 1.5 foot

structure with 0.25 mr/hr radioactivity; the other, a ten-inch clayey 

shear zone registering 0.04 mr/hr. Neither is well enough exposed for 

detailed description, but both appear to trend northwest and are similar 

in gross characteristics to the Charleston and Nightingale occurrences.

Nightingale. The Nightingale prospect is on a hillcrest across 

the draw south of the Unnamed Prospect. Facilities include a small 

hoist house with a hoist, and a small powderhouse. Workings consist of 

a timbered, lagged 4’ x 4’ inclined shaft and one level at about thirty 

feet; pits, and trenches. The underground workings were not examined.



100

but the small size of the dump and conversations with local ranchers 

indicate they are not extensive.

A partially caved, fifteen foot pit five to eight feet deep, 

near the shaft, exposes altered and brecciated granite gneiss that is 

high in silica and iron oxides. The vein is about two feet thick and 

appears to strike northwest, dipping moderately northeast. An align

ment of radioactive zones in shallow trenches and soil mantle suggests 

the vein continues for several hundred feet in a northwesterly direction.

The only published analyses are from a grab sample which ran 

1.43% ThO^ and 0.57% REO (rare-earth oxides) and a 5-foot channel 

containing 0.27% ThO^ with no rare earth analysis (Christman et al., 

1953, Table 10). The author recorded radioactivity of at least 

0.6 mr/hr in the caved pit; readings as high as 1.3 mr/hr are reported 

(Christman et al., 1953, p. 26).

Charleston. The Charleston property is on the crest of a low 

hill northwest of the intersection of the south Rosita road with the 

Junkins Park Creek Road. The workings on the Charleston property 

consist of several trenches ranging up to 1 0 0  feet or so in length, and 

up to 6 feet deep. These expose two two-to-three-foot vertical shear 

zones in red, pitted altered rock of trachytic texture, the original 

composition of which is uncertain. The shear zone trends north- 

northwest and is probably a few hundred feet long, as indicated by soil 

radioactivity. Country rock is granite gneiss.

The radioactivity is most intense in the most strongly sheared 

zones but, atypically for thorium veins, it tapers off towards the
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country rock. The margins of the mineralized zone are indistinct: the

radioactivity varies from between 0.25 mr/hr to well over 0.6 mr/hr at 

the middle to .05 mr/hr ten feet to either side. Values as high as 

4.9 mr/hr have been reported (Christman et al., 1953, p. 25). A series 

fo three channel samples (310, 311, 312) was taken in the north-south 

trench; the nine-foot sample at the middle ran 1.59% and 0.104% REO.

Stinkhole. The Stinkhole claims are in the northern part of 

the Wet Mountains district, about 2% miles northwest of the junction of 

State routes 143 and 277. The claims cover workings on both sides of 

Hellgate Gulch.

The easternmost workings on the south side of Hellgate Gulch 

consist of a cut which exposes a quartz-siderite vein cutting hornblende- 

plagioclase gneiss. The vein pinches and swells, averaging 24 inches 

and narrowing to four inches near a small vertical cross fault. The 

attitude of the vein is N70W 55NE, nearly orthogonal to the foliation. 

Maximum scintillometer readings obtained were 0.25 mr/hr; a 5-foot 

sample (309) ran .20% Th02 and 4.65% REO.

A few hundred feet down Hellgate Gulch is a large (30 feet wide 

by 2 0 feet high) cut which exposes a 7-foot vertical shear zone 

(Fig. B-l). The zone is lightly iron stained and strikes N55W. Three 

cuts cross the vein up the hill, and another follows its trend for 

100 ft. or so. Radioactivity is sparse, locally reaching only .02 to 

.05 mr/hr, so that sampling or other further work was not indicated.

Across Hellgate Gulch to the north of the above prospects is 

what appears to be the main Stinkhole claim. It is developed by a
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Fig. B-l Large Cut Near Stinkhole Claims, Wet Mountains, Colorado. —  
Little radioactivity was noted at the face. Country rocks 
are metasedimentary gneisses.
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shallow (2 0 -feet;) shaft near the ridgecrest and. an adjacent pit just 

downslope= A 2 to 2.5 foot vein is exposed in the shaft and the pit, 

trenching N30W and dipping essentially vertically. Radioactivity is 

near 0.2 mr/hr; a 3.5 ft. sample (316) was cut 15 ft. deep in the shaft.

The country rocks are granite, granite gneiss, and hornblende-

plagiociase gneiss.

Anna Lee Lode. One of the most impressive prospects in the 

Wet Mountains district is the Anna Lee, which is in a side gulch near 

the head of Brush Hollow Creek, about 0.3 mi southwest of the Dry Lake 

School.

The vein occurs in a ten-ft. zone of sheared, altered syenite; 

the radioactivity is concentrated in a four-ft. ferruginous zone near 

the hahgingwall. The vein attitude is approximately N40W 7ONE, but

probably changes away from the surface workings.

Within the limonite-hematite zone are several individual bodies, 

eight to ten inches wide, of strong (0 . 2  mr/hr to more than 0 . 6  mr/hr)

radioactivity. Radioactivity as high as 20 mr/hr was found in an early
(

study; samples taken at that time contained 4.02, 1.20, and 6 .6 8 % ThO^ 

(Christman et al., 1953, p. 21). 1 -

Since the 1953 report, the property has evidently received much 

attention. A S' by 10* two-compartment inclined shaft lies fifty ft. 

from the high cut that exposes the vein. A small, empty hoist house 

stands nearby, but the shaft headframe has partially fallen into the 

shaft (Fig. B-2). Figures B-3 and B-4 show the vein material in greater 

detail.
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Fig. B-2 Anna Lee Workings in Wet Mountains, Colo. —  Note caved head
frame. Vein is behind it, dipping steeply to the left.
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Fig. B-3 Anna Lee Vein. —  View of side of cut exposing vein along 
strike showing ferruginous nature of ore and brecciation.

Fig. B-4 Closeup of Anna Lee Vein Material. —  High grade mineral
ization, running well over 1 mr/hr. Thorium is concentrated 
in the reddish-brown material.
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Evidence of more recent activity is seen in three lightly over

grown. drill pads and a few shallow cuts, which explore for southeast 

extensions of the vein.. Surface radioactivity is seldom above back

ground.

Haputa. Thorite veins on the Haputa property are roughly 

colinear with those at the Anna Lee. These two occurrences, the richest 

in the district, together with certain soil atiomalities between, define 

a trend which appears to be the most strongly mineralized in the 

district.

A meticulous description, together with drill logs and cross 

sections, of the Haputa thorium veins, may be found in Christman et al., 

(1953). According to Mr. Dennis Saydak, the local rancher who provided 

a tour of the mineralized area, strong interest in the Haputa property 

has been intermittent for the last 25 years. Nonetheless, the visit 

showed the 1953 report to be accurate and remarkably up-to-date as a 

description of the present state of the claims.

The five mineralized shear zones on the Haputa properties 

generally tend N50W and dip essentially vertically. Widths vary from 

a few inches to as much as 26 feet, although radioactivity is by no 

means uniform in cross-section. Assays of ThC^s together with gammas 

ray logs of the drillholes, indicated several localized occurrences in 

excess of 5% ThC^S the richest channel sample was 4.47% ThOg over 3.7 

feet (Christman et al., 1953).

Home stake. The highest rare-earth concentrations in the pub̂ = 

lished literature were at the Homestake No. 6 claim, one of three claim
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groups near Lookout Mountain In the northwest part of the region. The 

Homestake Mo. 6 Is about 4 miles east of Texas Greek just off the south 

side of Road Gulch. '

Workings consist of a straight 200 foot bulldozer cut just 

above the slope break, which exposes a ferruginous 1.5 foot vein cutting 

the foliation of the metamorphic country rock. Radioactivity is not 

especially high— about 0.1 mr/hr with a scintillation detector. A 

3.5 foot chip sample (314) cut across the vein ran 0.84% RE0 and 

0.05% ThO2 . The analysis of the sample also indicated concentrations 

of Pb and Mo. Base metals, not found in such quantity in thorium veins 

of the Wet Mountains district proper, were also indicated at the 

Dreamer’s Hope prospect, and raise the possibility that mineral zoning 

exists away from the syenite stocks.

Dreamer’s Hope. On the north side of Road Gulch, in a side 

draw about 0.3 miles east of the Homestake No. 6 is the Dreamer’s Hope 

prospect. Workings consist of a 3* by 4’, timbered.shaft about 40 feet 

deep, and several shallow trenches and cuts. The best exposure is in 

a cut at the creek level. The mineralization occupies a fracture zone 

in coarse granite, and consists of a 1.5 foot competent dike of crystal

line red feldspar, barite, and carbonate. Tetrahedrite, pyrite, and 

galena are apparent, though scarce. Radioactivity is 0.1 to 0.2 mr/hr.

A 4.5’ chip sample (315) ran 0.53% ThO^ and 0.08% KBO.

Powderhorn District, Colorado

Numerous thorium occurrences are found in spatial and genetic 

association with the alkalic complex and carbonatite of Iron Hill, near
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Powderhonij Gunnison County9 Colorado (Fig. B-5).. Thorium has been 

found in at least four modest with rare earths in thorium veins such 

as the Little Johnnie; as a. constituent, associated with titanium, of 

magnet!te-ilmenite-petovs,kite bodies; in trachyte porphyry dikes, and 

in carbonatite and carbonatite dikes of Iron Hill.

The development of the various properties of thorium has not 

been as extensive as in the Wet Mountains or a Lemhi Pass. The Little 

Johnnie is the only prospect visited where any underground workings 

were constructed to explore primarily for thorium. In fact, the veins 

are of generally lower grade than elsewhere, and most of the activity 

in the district was evidently conducted in the search for base metals, 

titanium, and vermiculite.

Although the area is covered by geologic mapping at 1:24,000 

scale and is fairly well known, the economic geology of the area does 

not receive much attention in the literature, compared to other thorium 

districts. For this reason, more sampling was required than at the 

other districts visited during the course of the study with a commen-* 

.Surate reduction in time available for complete coverage. Few of the 

thorium occurrences visited are named in the literature, and the 

reader is referred to Olson and Wallace, (1956), or to Appendix A for 

locations of the numbered prospects in the following discussion.

Locality 5. The workings were apparently intended to explore 

for vermiculite, and consist of a 40-foot wide rectangular cut into the 

hillside. A wide, magnetite^ilmenite-bearing pyroxenite is exposed 

which contains dark brown vermiculite plates, commonly several inches
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Fig. B-5 Iron Hill, Near Powderhorn, Colo. —  The hill is composed of 
the Iron Hill carbonatite; the view is to the northwest.
Most of the important thorium veins lie in this direction, to 
the north and northwest of Iron Hill.
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across 9 carbonate veinlets $ and a N75E 80NW radioactive gouge zone 

three feet across, The gouge is strongly ferruginous and low in 

densityI radioactivity is not intense, and the dilution for the five- 

foot sample obtained (317) apparently put the thorium content below 

detection limits.

'Locality 8 . A vertical shear zone trending N80E in vermicu- 

lized pyroxenite has been exposed in three crosscutting trenches and 

a 6 -foot deep longitudinal trench. Deterioration of the easily- 

weathered workings has obscured the vein, which is probably one or two 

feet wide. The occurrence is similar in appearance to most of the . 

radioactive bodies in its vicinity on the ridge between the easternmost 

branches of Delorado Greek (Fig. B-6 ).

A composite of the most radioactive vein material (325) was 

0.03% ThOg and 0.76% REO. The thorium-perovskite association is 

suggested by the 0,36% Ti found in the same sample.

Nearby, a small caved adit and cut on the hillside reveal a 

radioactive (0.05-0.25 mr/hr) east-west carbonate vein dipping 80° to 

the north. The vein is bounded by orange gouge; the country rock is 

vermiculized pyrostenite. The gouge is 2-3 feet wide, and the most 

intense radioactivity is in a one-foot width bn the footwall.

Thorium values are below detection limits in the sample taken 

(326) and the uranium found does not seem sufficient to explain the 

surface radioactivity; possibly some sort of mass effect from the 

surroundings is the cause.

Locality 7. Uphill from Locality 8 (Fig. B-6 ), just off the 

south side of the same ridge, a deep cut into the hillside exposes
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Fig. B-6 Ridge of Localities 7 and 8, Powderhorn District, Colo
rado. —  The low ridge separates tree-filled limbs of the 
easternmost fork of Deldorado Creek. Locality 8 is nearest 
the confluence; locality 7 is towards the mountain front on 
the right side of the ridge. View northeast.
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essentially homogeneous pyroxenite with isolated zones of magnetite and 

vermiculite„ The pyroxenite is cut by a few radioactive faults; the 

most notable being a N60W near-vertical 8-12 inch gouge zone near the 

face. The yellow-orange gouge is strongly ferruginous, cuts structures 

in the pyroxenite, and is radioactive to 0.25 mr/hr; the pyroxenite 

averaged 0.01 to 0.25 mr/hr. A 12-foot channel sample (327, in the _ 

pyroxenite only) ran 0.05% and 1.15% RED; 2.8% Ti attests to the

presence of ilmenite or perovskite. A little uranium (0.01% UgOg) is 

present in the pyroxenite, but not in the gouge. The gouge zone was 

substantially richer: a 4.5 foot channel sample across it (328), which

included some pyroxenite, ran 0.068% ThO^, 1.38% KE0, and 3.9% Ti, This 

reduces to 0.13% ThO^, 2.2% RE0, and 7.8% Ti in the contained 1-foot 

gouge, which suggests that the. perovskite-thorium association known, 

throughout the area is operative in this locality as well.

Directly across the ridgeerest from the above workings is a 

IS^foot deep cut 40 feet into the hillside, which exposes a wide (at 

least 15 feet) zone of altered, soft, low density white to yellow 

material and vermiculite. Radioactivity varies from 0.04 to 0.25 mr/hr. 

A 12-foot sample (329), wholly within the altered material, ran 0.05% 

ThÔ , 1.61% REO, and 3,6% Ti. Within the above channel, a bright yellow, 

a two-foot altered zone of 0.25 mr/hr is oriented E-W, dipping 60° 

south. A five-foot sample (330) across this was 0.17% ThOj, 5,22% REO, 

and, oddly, below detection limits (less than 0.01%) in Ti.

Little Johnnie. The workings of the Little Johnnie mine, 

representing the principal thorium vein occurrence in the district, lie
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about five miles NHW of Iron Hill in the Precambrian Tolvar Peak 

Granite. The vein is a mineralized fault, at least 3500 feet long, 

trending N65E and dipping within ten degrees of vertical. Thorite and 

thorogummite are the principal radioactive minerals in the shear zone, 

which ranges in thickness from 0.5 to five feet (Olson and Wallace,

1956, p. 715). Data on samples (apparently of various types and sizes) 

given in the above report (p. 719) range from 0.08 to 4.9% ThO^, aver

aging 0.08% ThO^. A sample (322) six feet long, taken over the main 

adit during the present study, was 0.03% ThO^ and 0.01% RE0. Radio

activity at the adit was 0.35 mr/hr. The workings at present consist 

of the adit, which is partially caved and was not examined, and a 

complex array of drill pads, cuts, and trenches, one of which appears 

to follow the vein for at least 2000 feet. Although diamond drilling 

has been done on the property, the logs are proprietary information and 

not available.

Locality 16. On the southwest flank of a hill north three- 

quarters of a mile from the Little Johnnie, identified by radio tower, 

are several groups of workings, the names of which are unknown.

Workings, at the site consist of a few trenches and pits, and one shallow 

shaft about midway down the hill. Radioactivities at the workings near 

the hilltop are less than 0.01 mr/hr, but are slightly higher 0.025 

mr/hr, in the vicinity of the shaft. A N50E.vertical shear zone, 4-5 

feet wide at the shaft, was not sampled, but a composite of vein mate

rial (323) from the dump was 0.015% ThO^.
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Locality 17 <■ Across Highway 149 from Locality 16. and the Little 

Johnnie9 a series of pits and trenches expose a brecciated zone eight 

feet wide which is. moderately (0.25 to 0.45 mr/hr) radioactive. The 

zone trends N55ES dipping 75SE and consists of fragments of light pink9 

aphanitic rock (rhyolite or felsite) in a matrix of jasper, goethite, 

hematite, quartz, barite, and thorite. According to Hedluhd and Olson 

(Geologic Map of the Powderhorn Quadrangle, USGS Map GQ-1178, 1975) 

these thorium prospects lie along a northeast trending structural break 

almost 3 miles long, which cuts Tolvar Peak Granite and felsite, both 

Precambrian, but is offset slightly along one small dike of Precambrian 

Dubois Greenstone, and disappears at its northeast end beneath a contact 

with the same unit. The fault is intermittently prospected for thorium 

along its exposed length.

Despite the substantial surface radioactivity at the site, the 

thorium content of the 8 -foot chip sample taken there (324) was sur

prisingly low, 0.021% ThO^, but rare earth values were present to 0.36% 

KB0.

West Powderhorn Area .

Six miles west and somewhat north of the Little Johnnie area,

between Dubois and Lake Fork, are numerous prospect pits for thorium.

Inasmuch as these are quite similar geologically and not generally very 
. ■ . ■ 

strongly mineralized, they are here treated in the aggregate. The most

important localities that were visited are included in Appendix A.

Most of the properties are poorly developed; many contain only 

shallow trenches, although a few have small, shallow shafts.
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Jasperization is poimnon and probably is a superficial effect, a result 

of weathering and leaching cycles prior to the deposition of the ter

tiary volcanic rocks (Olson and Wallace, 1956, p. 705).
%
The most impressive thorium prospect visited in the area is the 

JBS-3, one mile northwest of Dubois, where a 7-foot chip sample (321) 

collected across a N60W 85NE j asperized vein that cuts the Powdethorn 

Granite was 0.20% ThO^ and 0.152% REO. The vein reportedly is intermit

tently traceable for % mile.

Unfortunately, it was not possible to visit thorium occurrences 

in the immediate vicinity of Dubois, because of time limitations. The 

area is rather remote; although a road supposedly follows upper Goose 

Creek from the highway crossing downstream to the Dubois Mine, such a 

road does not appear on any map, and its existence was not confirmed.

Numerous quartz veins in the area have beeii prospected for 

thorium as well as base metals. Several were examined, including one 

bull quartz vein which can be readily traced for nearly a mile, but 

surface radioactivities were found to be very weak. ;

Idaho Thorium Districts

During the latter half of July and the first part of August, 

19.78, extended visits were paid to two principal thorium vein districts 

and one minor district in Idaho. Hall Mountain, near the U. S.-Canada 

border, are recognized as containing important vein resources of 

thorium; Lemhi Pass is by far the largest and richest thorium district 

known in the U. S. at present. Diamond Creek, north of Salmon at the 

mountain front along the weSt bank of the Salmon River, is a minor
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occurrence by comparison, although surface radioactivities were found 

there which are similar to most found in the Wet Mountains and 

Powderhorn districts. Diamond Greek will not be considered further in 

this discussion.

Fortunately, comprehensive and up-to-date reports on the Hall 

Mountain and Lemhi Pass districts exist in the literature and are 

readily available. The reader is referred to Staats (1972a, 1972b) 

Staatz, Shaw, and Wahlberg (1972, 1974), and Sharp and Cavender (1962), 

for further detail on the economic geology and general geology of each 

district.

Because of the amount and quality of information obtainable on 

Hall Mountain and Lemhi Pass thorium deposits, less original work was 

required than at other districts considered in this report. The pros

pects themselves will not be discussed in detail, but a few general 

points will be made.

At Hall Mountain, the thorium prospects,are in very early 

states of development. No underground workings exist (except for the 

Golden Scepter mine which, like the Copper Queen at Lemhi Pass, is a 

copper mine in which thorium was detected much later) and most prospects 

are shallow. Small pits or bulldozer cuts. The mountainside is steep 

and densely covered with spruce, Douglas fir, and undergrowth, which 

inhibit prospect development; farming of wheat and alfalfa is extensive 

in the nearby Kootenai River valley (Fig. B-7).

The most promising thorium deposit by far is the Wawa No. 2, a 

relatively thick high-grade vein which crops out along a road cut for
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Fig. B-7 Kootenai River Valley, Hall Mountain, Idaho. —  The farmland 
may be impacted by a thorium mining operation. View is west 
from Hall Mountain.
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700 feet, Analyses from Staatz. (1972b) of the Wawa No, 2 "average almost 

1,5% ThOg per foot of sample. The strike of the vein is roughly the 

same as the mountain front trends however5 it dips back into the moun

tain at the inconvenient angle of 35 degrees„ In this respect, it is 

somewhat atypical of thorium veins— it would be more readily minable 

if the dip were steeper, as is generally the case, or flatter.

Projecting through the Wawa No. 2 at its north end is the near- 

vertical Wawa No. 1 (Fig. B-8 ). Extremely high surface radioactivities 

at the Wawa No. 1 are supported by the high Tht^ assays obtained from 

chip samples (332, 333, 334, 335) across the vein and colluvial mate

rial over it. The possibility of an intersection at depth, and even of 

a genetic association, of the Wawa Nos. 1 and 2 is intriguing, and 

suggests that a substantial, steeply-dipping ore zone would exist at 

the intersection.

Also of geologic interest at Hall Mountain is the unnamed pros

pect which Staatz denotes as number 4. The very small prospect pit 

exposes a vein in quartzite which is as much as 40% 0.5—2 mm. euhedral 

cubes of pyrite in a shear zone a few inches wide. Reddish zones in 

the pyfitic vein are quite radioactive; one selected specimen (336) 

assayed 4.5% ThOg and almost 0.03% U^Og.

Any mine developed on Hall Mountain may be expected to be wet. 

The dense, lush vegetation attests to the annual precipitation. Hydro- 

logic conditions are suggested by the Golden Scepter mine where there 

is a continuous flow out the lower adit (Fig. B-9). Underground, the 

main vein and most fractures drip or gush water; water from one crack
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Fig. B-8 Wawa No. 1, Hall Mountain. —  Alluvium in slump at extreme 
left contains enough vein fragments to contain 6.8% ThC^• 
The main vein, vertical, at right; is 3.5% Th02•
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Fig. B-9 The Golden Scepter Mine, Lower Adit, Hall Mountain, Idaho. —  
Note water flow. The mine originally explored for copper, 
but contains a little thorium locally. Note also the vegeta
tion density, which inhibits exploration and development of 
the Hall Mountain prospects.
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in a flat fracture stirface squirts several feet. Although flow in the 

upper workings is not as dynamic, standing water is almost always 

present.

At Lemhi Pass, thorium prospects visited were the Buffalo, Black 

Bull No.. 3, Deer Fraction, Thorite No. 3, Wonder Lode, Wonder No. 3,

Cage No. 12, Contact, Lucky Horseshoe, Beaverhead, Trapper, Wonder 

No. 18, Shear Zone, Black Rocky Last Chance, Frying Pan, G&G Nos. 1,

2, 5, 6 , and 8 , Thorite No. 1, Divide No. A, Chief Tendoy, and a new 

prospect, the Silver Queen, not mentioned in the literature, on a hill

side south of a tributary to Pattee Creek.

The last locality in the above list is a siderite vein exposed 

in a cut for almost 300 feet, which is reminiscent in attitude and 

grade of the Wawa No. 2 (Fig. B-10). Activity at this occurrence is 

ongoing. The samples that were taken of the various parts of the vein 

are separated by fifty feet in each instance; 348 is a chip sample of 

a vein branch twelve feet below and parallel to the footwall of the 

main body. Outcrops of massive spectilarite with quartz, known else

where to be associated with thorium mineralization in the district 

(such as the Black Bull Fraction No. 4) is conspicuous, in isolated out" 

crops along the footwall of the Silver Queen workings. Generally 

specularite in the district is radioactive— at the Silver Queen the 

sample (349) was 0.05% ThO^.

The only underground workings in the parts of the district 

visited are at the Last Chance, Shear Zone, Buffalo, Wonder Lode,

Lucky Horseshoe, and Copper Queen properties. The Copper Queen was
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Fig. B-10 Silver Queen Vein Near Pattee Creek, Lemhi Pass District. —  
A 4.5 foot sample in the notch at the highest, widest part 
of the vein (346) was 8.9% ThC^. A branch of the main vein 
was also sampled (348).
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originally a mine for copper sulfides occurring in quartz veins, but 

the later discovery of radioactive material on the dump led to the 

recognition of thorium in some of, the veins. The workings containing 

thorium were inaccessible, however, due to flooding.

A few adits were driven on the Shear Zone property, but weak 

rock conditions have led to caving of these at their portals, rendering 

them inaccessible.

Adits were driven at the Wonder Lode., Lucky Horseshoe, and 

Buffalo properties. Those at the Wonder Lode were never very extensive, 

and are now completely caved (Fig. B-ll). There are two tunnels at the 

Lucky Horseshoe; the one driven in mineralization is caved at the portal. 

A newer, larger working at the same level, apparently unfinished, di

verges away from the main mineralized zone; the rock is fresh argillite 

and quartzite along the entire 125 feet or so of tunnel, and no anoma

lous radioactivity was noted. The adit at the Buffalo property is very 

short— at present, only about seventy feet— and the radioactivities 

observed inside Were not notably high (0.05 to 0.1 mr/hr range).

Workings at the Last Chance property develop the vein from both 

sides of the high ridge between North Frying Pan Greek and south Frying 

Pan Creek (Fig. B-12). The claim group which contains the Last Chance 

vein used to be held by the Sawyer Petroleum Company. Recently,

Tenneco Oil Company obtained the Sawyer holdings, which include the 

Trapper Nos. 1 and 4, Shady Tree, Brown Bear, Frying Pan Nos, 1 and 2 

and Beaverhead claims, and claims of the Last Chance, Last Chance 

Extension, Rsgand, and Shady Tree Oversight groups. Tenneco represen

tatives were kind enough to allow Access to the main adit, which opens
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Fig. B-ll Workings of the Wonder Lode, Lemhi Pass District. —  The 
vein runs between the wide places in the switchbacks.
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■ ■

Fig. B-12 Last Chance Vein, Lemhi Pass District. —  View across North 
Frying Pan Creek; South Frying Pan Creek is the drainage on 
the other side of the ridge. The adit portal is behind the 
dump shown at center.
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Fig. B-13 Shaft at Last Chance Property. —  These are old workings, 
facing South Frying Pan Creek.
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off the North Frying Pan Creek side of the ridge, and is in excellent 

condition. The adits and shaft (Fig. B-13) on the southside of the 

ridge, which, although not inaccessible, have not been restored, and 

were not examined underground, at company request.

Across the North Frying Pan Creek from the ridge containing the 

Last Chance, a second ridge comprising the Continental Divide contains 

the Contact, Beaverhead, Trapper No. 1, and the old Lucky Strike claims 

(Fig. B-14). All are included within the Tenneco holdings.

The persistence of thorium veins at depth was checked by diamond 

drilling during the late summer and early fall of 1978. Tenneco and 

the U. S. Department of Energy sponsored the drilling on the Last Chance 

vein; DOE also reportedly drilled the Black Rock vein to the northeast. 

The Last Chance was found to persist at depths well over 500 feet. 

Detailed information was not yet available for inclusion in this report.

On the basis of the reconnaissance of the Lemhi Pass district, 

the most attractive veins for systematic thorium mining appear to be 

the Black Rock, Cago No. 12, Last Chance, Trapper No. 1, Beaverhead, 

Wonder Lode, and portions of the Shear Zone, Lucky Horseshoe and Silver 

Queen properties.
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Fig. B-14 Trapper No. 1 and Beaverhead Claims. —  View of the Conti
nental Divide across North Frying Pan Creek from the Last 
Chance property at Lemhi Pass. Shown are the Trapper (below) 
and Beaverhead (above) properties; the Contact is on the 
ridgecrest off the photo to the left. The Cago No. 12 is 
across the Divide on the hillside, below the Contact.



APPENDIX C

THORIUM PROCESSING

Steps in the process of extraction of thorium from thorite ore 

are discussed by Bronson (1978). For the sake of completeness, the 

major processing steps are summarized below.

Thorium production after mining is basically a three-step . 

process: comminution and beneficiation, chemical treatment (leaching

and solvent extraction)s and refining to nuclear grade. Two types of 

thorium bearing ores are significant: (1 ) Monazite, from placers and

sands which will continue, to be exploited because of rare earths, and 

(2 ) Ihorite, from hydro thermal deposits.

In monazite processing, beneficiation plays a key role. Gravi

metric, magnetic, and electrostatic methods are employed, which.provide 

for separation of zirconium, titanium, and r a r e  earth minerals in the 

same processing stream. Extensive milling is ordinarily not required 

for placer sands, since the valuable minerals generally already exist 

as discrete grains. Various methods of beneficiation, including the 

above three and flotation as well, have been attempted on milled 

thorite ores, but none was very successful. .The problems arise 

because it is difficult to free the thorite grains form the closely 

allied gangue, resulting in interferences, primarily from quartz and 

iron in the form of limonite, specularite, and hematite.
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Thorium is extracted from monazite by leaching- Sulfuric acid 

is a cheap and effective dissolving agent, but caustic soda is pre

ferred if phosphate recovery is desired. Recovery of phosphate from 

the leach liquor minimizes its interference during the solvent extrac

tion step- Caustic soda also provides for a good thorium/lanthanum 

separation, but is expensive and subject to interferences by 

impurities.

The treatment of thorite ore requires a milling circuit to 

reduce the particle size and aid in leaching. Depending on the size 

of distribution of the mine-run.ore, autogenous grinding and/or pebble 

grinding may be advantageous'.

Thorite leaching is similar to the leaching of uranium ores
+4 : . . 'containing the U ion—-coffinite or uranothorite. . The reaction, of

interest is
+  - +Ih02 -nSi02+4H t ^ T h  nSi02+SH2Q '

+  ■ •Sources of H are HC1, HEOg, and H2 S0^ the latter is the most

economical. Acid consumption is dependent on iron and carbonate 

content, but may be expected to be between 400 and 700 pounds per ton 

of ore; tests with H2 S0^ on Powderhorn and Wet Mountains thorite ores 

showed that over 90% of the ThOg content was dissolved. Additional 

acid merely dissolves more iron; the best ThOg/FeO dissolving ratios 

can be expected if the reaction is carried out near room temperatures, 

although leach times may be somewhat longer than at elevated tempera

ture .
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Solvent extraction is used to separate thorium from the leach 

liquor. There are various methods, requiring the use of either a pri

mary amine or an alkylphosphate. The primary amines, such as Primene 

JH-T (PJMT) are not affected by high iron or phosphate levels, and are 

effective in the presence of sulfate ion. Its major disadvantage.is 

that it is subject to substantial solvent losses. Two alkylphosphates 

are di (2 -ethylhexyl) phosphoric acid (EHPA) and Tri-n-buty1-phosphate 

(TBP). EHPA requires the removal of iron, and is inhibited by sulfate 

and phosphate complexes, but is efficient for extraction of Sc, Y and 

rare earths. TBP is used when nitrate is present and sulfate and 

phosphate are absent, such as when nitric acid is. used as the leaching 

agent.

Thorium may be stripped from primary amines with alkaline solu

tions or weak acidified sulfate, chloride, or nitrate solutions. Amine 

regeneration is not necessary £f acidified chloride is used.

Two basic processes can be used to extract thorium from the 

leach liquor: oxalate and basic sulfate. In the former, oxalic acid

is added and the precipitate is removed by filtration. Sodiumhydiroxi'de- 

is added to produce thorium hydroxide which is filtered and washed with 

water. In the sulfate process, ferric ion is reduced with sodium 

hydrosulfate, and soda ash is added to reduce the pH. The precipitate, 

of approximate composition Na^Th^ (OH) g (SÔ .) ̂ ° iHgO» is acidified with 

sodium sulfate, reacted with sodium hydroxide, and the precipitate is 

filtered and washed with water.
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Because certain elements are parasitic neutron absorbers (limits$ 

per ppm thorium, are boron, 2, gadolinium, 5, dysprosium, 2, samarium,

5, and europium, 0.5) an intermediate refining step to thorium nitrate 

tetrahydrate (TNT) is necessary. This is accomplished through solvent 

extraction with tributyl phosphate in kerosene. Thorium dioxide is 

then produced again, by oxalate precipitation and calcination. The 

expense of oxalic acid can be avoided, with some operational inconve

nience, through substitution by ammonia.

It should be noted that isotopic enrichment, necessary in 

current uranium processing, is not required in the preparation of 

thorium for nuclear uses. Thus all the thorium present in the assay, 

less processing losses, is available for reactor fuel.



APPENDIX D

DISPOSAL OF WASTES FROM THORIUM MILLING

Environmental impacts from the milling of thorium ores have 

been identified by Klejbuk (1978)- Differences in mode of occurrence 

of thorium versus uranium ores, and differences fn radioactive daughter 

product characteristics result in a wide departure in the philosophy 

surrounding disposal of mill wastes for the two commodities.

Because the model mine is cut—and-fill and developed by adits 

driven in ore, the volume of waste rock produced is incidental and the 

consequent radioactivity minimal. Accordingly, the bulk of the radio

active waste from the mine-mill operation that must be stored above 

ground is in mill tailings.

Hydraulically classified mill tailings have excellent applica

tion as a backfill material in the underground mining operation. The 

finer fraction would be impounded at the surface in tailings ponds.

Mill tailings are expected to contain principally quartz, iron 

oxides, and feldspar. Essentially all the mill output will be released 

to tailings and about 70 percent of the tailings may be expected to be 

sand size (plus-200 mesh) which will be suitable for use as backfill.

A 2000 ton per day mill operating nine months per year for ten years 

on this basis may be expected to produce between one and two million 

tons of material, which would have to be disposed on the surface.
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A 2000 ton per day mill, treating a 0.5% ore,-would be

subjected to about 1 0  Cl per day of radioactiyity from thorium and . 

daughters. An important point is that the tailings will contain the 

untreated daughter products of thorium, which have a half-life of 6.7 

years (Ra-228 parent) as opposed to the uranium analog, Th-230, with a 

half-life of 8 x 10^ years. The entire chain, less the Th-232 parent 

which is assumed to be almost entirely removed during processing and is 

of very low activity in any event, has a mean life of 9.6 years, less 

than the projected life of the model mine. Thus, the radioactivity of 

thorium mill tailings, unlike those from uranium mills, should pose no . 

significant radiation hazards after two mine life periods (30 years).

Since the radioactivity hazard from thorium mill tailings is 

negligible over extended periods, the focus is on radiation control 

during actual operations. The short half-lives of the thorium daughters 

pose a short term radioactivity threat that is higher on a per-unit- 

parent basis than for uranium, but the original concentrations in the 

ore are much lower. Those portions of the tailings disposal area that 

are covered with water or earth will not be subject to releases of 

airborne particles. Precipitation of contained radium may be practiced 

prior to tailings emplacement, to prevent groundwater contamination; 

the radium content in thorium ores is lower by several orders of magni

tude than in uranium ores of equivalent grade.

Conventional methods of tailings disposal are suitable, and 

stabilization by covering with topsoil and reseeding is advocated.

There appear to be logistical problems associated with finding a
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disposal area in the rugged terrain close to the model mine site; these 

are highly site-specific and must be addressed on a per-operation basis.
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