
(~ 
T b'J~ 

(\b. [l2-~ __ ______:__ __ -!.--------------, 

UNITED STATES 
DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY 
WASHINGTON 

in the 
CHARLES T. AREA AND VI CINITY 
San 1liguel County, Colorado 

By A. L. Bush 

COIDRADO PLATEAU ffiOJECT EXPLORATION REFORT 1 

MARCH 1950 

U. 5 . GOVERNMENT PRINTING OFFICE 868002 

0 LY 



UNITED SfATEq DEPARTMENT pr• T:HE INTERIOR 

GEOL09l~ WRV_BY 

·,... . . 

. , . 

. . 

. CARNOTITE RESOURCES IN THE CHARLES T_, AREA AND VICINITY, 

SAN MI Gf.!EL C9UNTY, C9LQ.RADO . 

By Alfred L. Bqsh 

COLOR4DO IJLATEAV PROJ~CT EXPLORATION REPORT l . 

MARCH f950 



2 

I . 

U~GS ,... Colorado Plateau Project 
~plo~e,tion Report ~; Ma.roh, . 
1950. 

Consisting of .2o · p~gee 
Copy No. · ~ 6£ 1 1 

/' copies 
$eries A-
Issl:le~ ~o · (S~e b~ low) 

The distribut~on (Series .A) of this report i~ as follows s 

Copies 1 and 2 

Copies 3 through 7 

. . . 
. ~ . . 

• AE,C, Washipgto~ (J, c. John~on) 

A~C, New York (P. L. Merritt) 

Copy 8 •• , • · ~ ••• , •• AEC, penver, Colorf;l.d.Q (C. C• Towle, J;r.) 

Copy 9 • • • • • • • • • , 11 AEC, Spo~ane ·, Tfashintgton (E. ·1, Th~r~ow) 

Copy 10 • • • • · • • • • • • AEC, Grand JunctiQn, Colorado 
( W', G.i Fetzer) 

Copies 11 thrbugh 16 • • , • 
(Including Master Copy.) 



3 

· QONTEl\{TS 

A.bstre.yt .. 
Introductiop 9 

Purpose of work 
. ' 9 

Loca.tion 9 

Previous exp~q:ration 9 

Histor:l and product ~·on 10 

Geology 10 

Ore~bearing - san4stone 10 

11 

Ore ·deposits 
. ' - .. 12 

Mineralogy 

Charaoter of or~ deposits .. 12 

Origin l4 

Guides to ore ·and su ggestion~ for pros~e~ting ' . 14 

Geolog~cf3.1 Survey exploration . • . .. 
General pl~n ... 15 

Re sults 17 

Reserves •. ).8 

Indicated and inferred reserves 1~ 

Res~rve cl.asse~ 18 

Th ickne~s 9ut-pff . .. 20 

Grade cut-off 20 

C$-lcule.tion of tonna ge 21 

Calqul~tion of grade .. 23 



. CONTSN';L'S-,.<;on tin~ ed 

Potenti~l ·reserves . . 
·Res~rve blocks . . . . . 

Descri~tion . . • ' !I . . ~ . • 

Reqom.raende.tions ~"or further work . . • .•. • 

Surnmary • • . , • 

• 

. 
• 

• • I 
. . .. 

. . •. . . . 
• .. .• ·' 

• • • . . 
. • • 

.Page . 
24 

25 

28 

29 



Ilp] ST:Rf\ TIONS 

Fig~r~ ],.. Index map, part. of the Colorado P~ateau, ,s(lO)Ving 

the locatipn of the Charla~ T· area and vicinity, 

San Mi{S\lel County, Colorado . • . ~ . . . 
2. Index map, snowing ravore. bi ~ i ty of ground and 

d tstri bu t:}.on of carnotite ~eposits . . . . . 
3. Ge9lpgic map of tne Charles T. area and vicinity 

4~ De~e.il map of the ·qharles T. group . • . . . . . 
5- D~tail map qf the Ownbey e,nd Easton B~ group.s . • 

6. Detail me.p of the area between the Che,rles ~. and 

. 

' 

• 

• 

Baston B. groups • . . . . . . . . . . • ... . • . 
7. Detail map of the ar~a between the Charles T. a;nd 

<;rolden Rod groups . ~ . . . . . . • • . . • . . ' . 
a·. Detail map of the Golden Rod group . • . 
9. Detail map of the area ~outh of. the GolP.en Rod 

greup . . . . .. . . . . . . . . . . .. . . . . . . . ~ 

lO. G~oJ,.ogic sections in the Ch~r~es '1;. are e. and 

v~einity . . . . . . . . . . . . • ' 
. . . . ~ . 

TAl3~ 

Table l. Production in the Charles T. afea and v~oinity . . ... 
2, Drill hole assay data ~ . . . . . . ' . . . . ~ . 

Page 

9a 

In foldrer 

In folder 

In folder 

l!n folder 

In folder 

In folder 

In r9~der 

In fol,.4er. 

In folder 

lOa 

In folder 

3. Ind~cated .and inf~rre~ r.eserve~ . . ~ • r ~ . • In , folder · 



6 

CARNOTI~E RESOURC~S IN TliE CHA.RIJ;S T. AREA AND VICINITY 

SAN MIGUEL QOUNTY, CO~ORAPO 

By Alfred L. Bush 

ABSTRACT 

Betwee~ November 1947 and September 1949-, the United S~at~s 

Geolog~cal Survey, at the request of the Atomic Energy Commiss~on, coQduoted 

an ~xploratory drilling program in the Charles T. area and vtcinity. The 

purpose of ttle exploratioq was to di~cover new carnotite deposits to 

support milling operations on i:;he Colorado :Jllateau~ apd to t\ppr,li.se the 

uranium and vanadium _resources of the ~rea explo;r~d- . 

The Charles T. ar~a and vicinity ~s in the western part pf 

San ~iguel County, Colorado, It comprises the ~bey, Easton B., Charles 

T., and Golgen Rod groups of claims and th~ adjacent grouoo. 

Production from 191~ to November l, 1949, totall~d about 

11,000 short tons of or~, with an average grade of about 0.20 to 0.25 

percent U 3o8 and 2~0 perQent V 2o5• 

fhe carnotite deJ?OSits tie near the top of the Salt w~~h 

s~ndsto~e member of the Morrison formation. The ore minerals, carnotite 

and a micaceous vanadium mineral, ·occur mainly as impregnations in sand-

stone. The ore deposits are commonly tabular layers of min~ralized 

sandstone, but locally th'-o.ke:q into ~od-like masses qe.lled "rolls". In 

gen~re.l the long dimensions of the layers are parallel to the bedding, but 

in detai~ t~e layers cut across the bedding in many places. Most of the · 

I 
ore has been produced from ro[ls. 
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The ore minerals are believed to have been 4eposited 

from grou~d-water solQtions during a. peJ;iod of active circulation 

shortly after deposition of the ore~bearing sandstone. 

Certain lithologic features, characteristically associ~ 

a ted wl.th ore deposits, are considered -to be guides to ground favort;a.ble 

for ore deposits. These features include alteration of mudstone 

associateo witq the sandstone; the presence of cross-bedded, me~iu~­

grained, thick, light-brown sandstones; and concentrations of carbon1~ed 

plant fossils. 

Geological Survey exp+oration comprised thr~e stages o;' 

drilling: 1) wide .. spacec;l holes, to obtain geologic inforiJ1fttion for 

- d~termining the favorability of the ore .. bearing sandstoQe; 2) moderately 

spaced holes in favora"Qle ground to discov~r ore deposits; 3) closely 

spaced holes, to outline approximately -the ore deposits found in the ot~er 

stages of drilling. 

Seven hundred and forty-two holes were completed; tota~liQg 

.40, ~8~ f~et of drilling. Three major belts o~f fa,vora ble, semi-favoraol~, 

and unfavorable ground were defined by the dr~lling. Mineralize~ rock 

was cut in 110 holes, in 10 major and 28 minor deposits. Ap.pro~imately 

1 toq of indicated ore was found for each 3,7 feet of hole drilled. No 

large-tonnage, low-grade ore deposits w~re fo1,1nd. 

Reserves are classed as ind~cated,. inf~rred, or potential, 

d~.p~n~i!lg 1l¥'on the amount of information available for each deposit. 

Reserves are further classified according to three grade cut-offs for 
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mineralized rock 1 foot or more thick , e.nd one grade cut-off for 

mineraliz~d rock less than ~ foot thicko 

Indicated reserves total 14 , 000 short tons of ore, with 

an a~e~age grade of 0 .16 percent u3oa and 1,7 percent V205, equivalent 

to 44,eoo pounds of u 3o8 and 476,000 pounds of v2o5 • Inferreq reserves 

are estimated to be 4, 000 sho--rt tons of ore, with ap. average grade of 

about 0.22 percent u3oa .and 2.1 percent v2o5 , eqtiivalent to 17,600 pounds 

of ~308 and 168,000 ~ounds of v2o5 • Potential reserves, whose existence 

is pred~cted on geologic ev~dence e,lone, are eetime.ted to be in the order 

of 1,500 to 3,000 short tons, with an estimated grade of 0.20 to 0.26 

per~ent u 3a~ a~d 2.0 perc~ntv2o5 , equivalent to 6,000 to 15.,000 pounds 

of U30a and 60,000 to 120,000 pounds of V205 • 

. Most of the reserves are expected to be in eesent i ally 

tabular layers, commonly with one' or more contained rolls. The bulk o,f 

the production is expected to be from these roll~. 

No furt~e r diamond drilling is recommended in the Charles T. 

area and vicinity. The e~ploration is complete within the scope desired 

by the Atg~ic Energy Corruni~sion. On the other hand, the und:rilled northern. 

half of the Golden Rod group is believed to contain several small deposits 

that do not now warrant diamond-drilling , with a total of 500 to 1,,000 

short tons of ore. These deposits lie 1 to 25 fe~t below the surface, 

because the up!?er part qf the ore-bearing sandstone has been removed by 

recent erosion. }uture exp~o:ration by i ndustry, using jackha~~er-drilling 
" . 

or wa gon-drill in~~ is reco;mrnended. The ground south of t he Charles T. 

area and vicinity is consi~e:red to be unfavorable, and no intepsive ex-

ploration is recom;mended. 
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INTRODUCTION 

Purpose of work 

Exploration was undertaken by the Geological Survey, at the 

request of the Atomic ~ergy Conunission, to discover carnotite deposits 

and to apprais~ .the uranium and vanadium resources in the Charles T. 

area and vic~nity. This area contains deposits from which there has 

been some important production and affords a large acreage suitable 

for exploration by shallow diamond~drilling. 

Location 

The Charles T. area and vicinity is in the western part of 

San Miguel County, Colorado (fig. 1), in sections 14, 15, 16, and parts 

of sections 10 and 11, T. 43 N., R. 19 w., of the New Mexico principal 

meridian. The Charles T • . area and vicinity includes the Ownbey, Easton 

B., Charles T., and Gold,en Rod · cla.im groups (fig. 2). Altitudes range 

from 7,100 feet to 7, 350 feet. The area i~ 42 miles from the Atomic 

Energy Corrunission mill at Montiqello., Utah, and 47 miles from the 

Vanad~um Corporation of Arnerica mill at Naturita, Colorado. 

Pr~vious Exploration 

In 1943 the Geological Survey and the Bureau of Mines 

diamond-drilled parts of the Charles T. and Ownbey groups, in the vicinity 

of known deposits, to develop reserves of carnot~te ores for newly 

opened mills on the Colorado Plateau. 
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Figure 1 • IHDEX liAP 

Part of the Colorado Plateau, 
showing the location of the 
Charles T. area and vicinity, 
San M1guel County, Colorado 

, , 
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-' Uranium-vanadium mill 

Significant uranium-vanadium • mine or group of J:dnea 
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History and Production 

From 1914 to 1923, the carno1:;i te depos').. ts were mined for their 

radium content. Mining was resumed in the late thirties, for the 

vanadium content of the ores, and continued to the end of the ore-buying 

program of the Metals Reserve Company in early 1944. Production was 

reS\llned in ~949, for uranium a nd vanadium, under the ore-buying program 

of the Atomic Energy Coriunission. 1'he production data for the several 

groups in the Charles T· area and vicinity (tablQ l) is indic~tive of 

the trend of production and the relative importance of the groups o 

GEOLOGY 

The sedimentary b~ds exposed in the Charles •r. area and vicinity 

are of Mesozoic a.ge. Tnese beds are nearly flat-lying. They are on 

the crest of a broad, northwest-trending arch, whose axis approximately 

biseets the C~arl~s T. area and vicinity. 

Ore-bearing sandstone 

The carnotite deposits are i n ~andstone lenses near the top 

of the Salt Wash sandstone member of the Mo;rrison form.ationo Younger beds 

of ¥orrison ·a. §e overlie the sandstone in the central and southern parts 

of' the Charles T. a;rea and vicinity. The a pproxi:m.e.te outcrop of the top 

a!ld th~ ?a~o ~f - ~~1e ~re-:-bearing sandstone lenses are shown on figure 3. 

Structure contours on the base of the ore-.bearing sandstone lenses are 

also shown. These lenses are a fevr hund'rsd to several thousand feet lone;. 

The total thickness of t he ore-bearing, sandstone ranges from 



Table 1.--ProduetiQn in the Charles T. area and vicini tyl/ 

Ownbey groa.p !'aston :S. group -Charles T. group Golden Rod group" 
-

Year Short Percent Short Percent Shor.t · Percent· Sbor·t Percent 
· tons U30S v2o5_ . . tons U308 V205 tons" u3og V205 

tons - u3og V205 

-

3oo31 1914- Ho llo -
I 

19.34 
. o . 0 

data data 0 

1~35- 0 1939 
'. 

1940 l,ooo3/ ITo llo 
data da·ta - .-

llo llo 230 No lTo 1,867 0.25 ·2.50 1,133 No 1.50 1941 1,400 data data data data data 

194-2 1,682 lio 
1. 75 data 

1943 730 o.21 1.88 6 llo llo 1,6o.f-1 o. 253/ 2.25 88 llo', 1lo 
data data data data 

1944 218 llo 1.99 0 0 0 data 

1945- 0 0 0 0 1948 

194951 302 0.20 1.88 467 0.42 2.29 0 0 

T-otals 5.332 ·o.20Jl 2.0~ 703 0.253./ 2-2r}i/ 3.774 -o. 253./ .2. 303.{ 1,221 0.153} 1. 5Qj) 
Grand 

11,030 short tons of rock, average grade 0.20 to 0.25 percent U30S and 2.0 percent V205. total 

!/ ·source: U. S. Geological Survey files, compiled frGm the . record~ of North Continent ~ines, Inc., 
Vanadium Corporation of America, Metals Reserve Company, and the Atomic Energy Comm\ssion. 

?J Include$ .production from the Snyder claims (Keystone, Santa Marie, and Rainbow). 
31 lstimated. 
fjj May -'include some tonriage from ~-he Sunflower claim. 
51 Period ending October ,1, 194,,. 

: 

t 
c 
\t· 
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20 to 78 feet, and the average thickness ~s about 46 feet, In places 

along the northern part of the Charles T. area and vicinity, · erosion 

has re(iuGed the residual thiekriess to le.ss than 5 feet. M.ldstone beds 

underlie the ore-bearing sandstone • 

. Lithology.--The sandstone lenses are fine- to meQ.ium­

grair;ted, and consist of well-sorted and well-rounded quartz graips, lVith 

some interstitial argillaceous ~terial. The rock ~s moderately cemented 

by calcareous material. The sandstone lenses are cro~s~lam~nated, with 

bo.th fore set (high-angle) and bottomset (low-angle) cross.,.b~dding. Parts 

qf ind ividua.l lenses, hovieve;r, are essentially ~ssive and s'tructureless. 

Thin, interbedded mudstone lenses and tzllldstone "trash pook~ta" 

are common. The trash poc~ets are characterized by mudstone galls an~ 

· pebbles •. aqd by carbonized plant fossils~ At the time of deposi t~on the 

nndstones were red or red-brown. Some of the interbedded !IIldstone lenses, 

galls, and pebbles, and parts of the muqstone unqerly~ng the ore~bear~ng 

sandstone, have oeen :Partly or wholly altered to shades of gray, green, 

and light b.rown. The exact process of alteration is not fu],.ly understood, 

but it may represent a change in the state of oxidation of' iron eompounds, 

or a base exchange in the clay minerals. ~ 

The lithologic associations suggest that the ore-bear~ng 

sands tope was deposited by broad, meandering streams, on a surface of low 

relief~ 



12 

ORE DEPOSITS 

Minera:logy 

The ore minerals impregnate sandstoQe, occur as coatings on 

the sand grains, and may completely fill· interstices between the graine. 

The principal ore minerals are carnotite and a micaceous vanadium mineral 

whose identity is· not definitely established~ The gap.gue minerals are 

quartz, clay minerals, and calcareous cement. 

The v2o5 content of the deposits ranges from less than 0.10 

percent to more .than 9.0 perc~nt, with an average grade, in the ore 

bodies that have been mined, of about 2.0 percent. The u3o8 content 

also yaries widely; the average grade as determined fro m production r~s 

been about 0.20 to Q.25 percent. 

Character of ore deposits 

~or the purpose of this report, the term "ore de~osit" is Lsed 

synonymously with "mineral deposit", to des i gnate the entire mass of 

mineralized sandstone, including the material too low grade or too thin 

to mine, as well as the minable rna.teri~l. The term "ore body" is used ~c 

designate the minable nasses of mineralized rock. 

The deposits are irregular in size, shape, thickness, and 

~is.tr~bU.~~on (figs. 2, 4, ;5, 6;7, 8, 9, and 10). In general the long 

dimensions of the deposits are parallel to the bedding, but in detai+ 

theJr cut across it in many places. The limits of mineralized rock may 

be well- or poorly~defined. The well-defined limits usually cut· across 

t_!l~ . bed~ing in smooth surfaces, and enclose pod-like or sinuous, elongate 

masses of o:r-e, commonly called ttrolls". Tabular deposits with one 
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well-defined limit, at top or base, are common. Where the limits are 

poorly defined, the grade and thicknesa of ~ineralized rock commDnly 

decreases outward from the central p~rt of the deposit. The ore 

bodies, or masses of minera~ized rock of minable grade and thickness, 

are commonly __ ~~ll~~ .. than the mineral deposits in which they lie • 

. ~~se deposits _lie __ ~t __ several stratigraphi-c positions within 

thick parts of the ore-bearing -sandstone. In gener~l, those near the 

top of the sandstone are small and high grade, whereas those near the 

center and at th~ base _ are ).a.rger and sonte"hat lower grade. However, 
l.-

there are no - large~tonnaget ~ow-grade ore deposits in the C~rles T. 

area and vicin~ty. 

In the . vicinity of the o~e deposits, the mudstone lenses within 

the ore-bearing sandstone, and the upper ~art of the mudstones that 

un~erlie the ore-bearing ~and stone, are characteristically altered from 

red or brown to gray or green. In ~eneral, the inte~sity of this 

alteration appears to decrease away from the ore deposits • 

. The ore bodies range from small masses a few feet · across, 

~?l':l~~~nin(5 _ _l~ _ss ~~a~ _o~e _ h~ndred l _tons of ore, . to large tabular layers 

several hundred feet ac:oss, _ containi£-,9 several thousand tons of ore. 

'X:'le thickness ranges from less than l toot to 8 or 9 fee1;, The largest 

~~n~? ore - ~ody i~ the Charles T. ~rea and vicinity (Hawk mine, Ownbey 

gr?.up_.' .. ~_i(?~ - 5~ - ~s ~~9 - feet ~-o~g, 125 ·feet wide, and is 1 to 4 feet thick. 

The largest roll deposit (Charles T. mine, Ch~rles T. group, fig. 4) is 

~~~ -- ~eet lo~g, 10 to 25 feet wide, with a me.xiwm thickness of about 17 

feet. The average roll is probably one-fifth to one-third as large as 

this roll. 
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Uranium is more solubte than vanadium in the gro4fld we,ter, · 

and has migrated for short distances peyond. the Ol'iginal limits of._ somi 
. . 

of the de~osits. , · In a few places, _ spar.sel¥ disseminated carnotite ~~tends · 
. . 

. a shor.t distance aQove, b~low~ or to _the si~es of mpre stronglr· mineralized .. · 

layers • . Carnotite is also conQentrate~ as films along jo~nts Which cut 

~he m~neralized layers, 

.Orig-11:1 

Ground-water solutio~s. wh~ch flowed throu~h t~~ tt,ick, 

central patts of the sandstone lf'n&es, are beli~ved to be the media from . 
. . . ll 

. ~h~~h the ore minerals we~~ pl?eoipitated, : J;t is believ-d that the ore 

• ~neralis were pre·9~pitate:d !';rom the sC1)lu~ions at a 't(ime _of ~c_tive ·91rcu~ · .. _. 

lation, shQrtiy after the deposition qf the s.,_nd~to~e ~enses, an6· _probaqly 
.·• . ·, · . .. ,. . , , 

befor.e coiQ.plete opn~clidatipq had ~ken plao~~ Slight ·changes in t~~'­

·oo~osition of _the sol\.\tioflS may hE\ve· caused 'the preoipita1iio~, - }'hese , 

s9l~tions my also have oaus~cl th,e . alt~ra~ion of the llll¢stone _ ~nterbe4qed 
'• . ' . 

. . : . 

witll, and q.rider lying, the · o.re-bearing sands tone,: in the vicinitY. of . tl\~ ·. 

ore d~posits, Thus the altered +nUd.stone ~~- a usable g~i4e tp· ground· 

favorable for o~e d~posits. 

GUIDES TO ORE AND SUGGESTIONS .'f'Ofi PROSfECTI~G 

~ertain lithologic features are ohar-.oteristlo of ~he, o.re~ ·· 

bearing sanqstone iq the viclp1ty of or~ deposita in ~h~ Charles T, area 

anq vicinity. /4way from o~e (iepo~its, the sa., featllres may be · pr~se~ ,: .· 

to a leoser degree, or be entirely absent. . TRe following "~i~es tQ. ore~ '·. 

aro guides to gl'ound ·thought to ~ te.vorable for the prt;senoe of ore 

de,posits, \~the.r ·than gui(,ies to ore its,lt .• 
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1. In ·the vicinity of JnOSt ora deposits, th~ o:re-bearipg 

sandstone is u~der~ain by one foot or more of e.l tered ltlldstone. 

2. Many of the ore deposit~ l~e near the fea ~her edges 

of ~ltered wdstone lenses within thE;~ ore.,.bee.ring sands1:;one, or near 

concentrations of altered muqstone pebbles and galls. 

3. Th~ ore-bearing sandsto!le, in the vicinity of most 

.. of the deposits, n~s an original thickness of 35 to 50 feet (fi&· 3). 

4. Concentrations of carbonized p~ant fossi~s are present 

in and near many of the ore depo~its. 

~· Sandstone with foresf;Jt (high-angle) ~ross,.bedding appears . . · 

to be xnore favor.ablfi' ground for depo~i ts than structure less or tapgfJqt+all.Ly 

(low-e.ngle) cross-bedded ~and~ tone. 

6. Almost ~11 of the known ore· deposits are ~n pale•bJiOWn 

and li~ht-~;ro'Ml ~an9-s.tone. Only a few s~ll deposits are in red or r.e~- ·. 

broym sandstone. 

7 .' Most of the ore depoe its, both la;rge and ~mall, al'e 

in medium-fine~ an~ mediu~-grain~d sandst~n~ • . 

GEOLOGICAL WRVEY BXPWRAl'ION 

~neral plan · 

. · The drilling was · planned principally to exp~ore ~or Qfe 

deposits, rath~r than to develop ~own ore deposits by close-spaced drill~ng. 

The dril~ing main~y followed the three stages outlined · below, although . 1 

.. . .. . . . . I . . , 

. so~ deviations from the general plan were n,.cle beoau~u;~ . of difficult acce.sa · 

during the winter ~nd spring ~onths. · 
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, In ~tage 1, hol~s were drilled on ce~ters of 800 to 1,000 

ft;~et, to obtain geofogio information rE;~garding the thickness and character .· 

of the ore-bearing sa.ndstone, in order to df,ttermine the favora ~ili ty ~f. 

tl'\e ore-bearing sands tope for the presence of ore deposits. ·~though ~t 

was not expected :that man¥ ore deposits would be discovered in thi~ ~tage 

of the drilling, four deposit~ were out by drill holes. 

In stage 2, hole~ were drilled in the more favorable 

@round on approximately 200-fo0t centers. This spacing was selected 

beq~use the known deposits, from whiph there he,d been sigllificant prQ­

duction, h~d one horizontal di~en~ion of about 200 feet or more, · It is 

unlikely that depos~ts of this size or larger were missed in this stage 

of the chrilling. 

In stage 3, four offset hole~ were drilled at a distance 

of about 50 feet aro\,lnd most discovery ho~es, to determine the t ·rend and 

the extent of t(le deposit, If any of these holes out ~ineralized sands~one, 

other hole~ were crilled on about 100-f'oot center's to deter~ine the trend 

and appro~imate outline of' the deposit. 

pri lling spec~fic~ tions requ~red good core recovery, anq. 

~ore was taken as often ~s every 6 inches when drilling miqeralized rock, 

_to insure accurate footages and · good recovery, All core was logge4 v~su.,. 

ally by the geol_Qgi~_t, ~nd logged re,diometrioal~y with a Geiger-Wel,J.er 

counter in the l-abor,.tory, All mineralized core was ~esayed chemically 

for u3o8 , v~o5 , and ce.co3• The drill hole assay data are shown in taple 2. · 
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Re~1,1lts 

Drilling began in the Charla~ T. area and vicinity on 

· November 10, 1947, and was completed on S~ptember 13, ].949. The drtl-ling . 

was recessed for eight W6eks from March to May 1948, ~nd for six months 

from Feb,ruary to A~gust 1949. Seven hundred and ~ortr-two holes ~ere 

completed, totalling 40, 9f,39 feet of drilling. This drilling was divid'ed 

as fo~lawss ~tage 1) 120 drill-holea, 6600 feet; stage 2) 422 drill-holes, 

23,400 feet; stage 3) 200 dr~ll-holes, 11,000 feet. The average cpre 

.recovery for all holes dr i lled was about 80 percent. Th.e ~verage depth 

of hole was about 55 f~et, and the range in depth was from 24 feet to 

160 feet. 

Three major belt~ of favorabl~, semi-favor~ble, and 

unfavoral,lle ground were defined by the drilling. These are shown on 

figure 2. 

Minera~ized sandstone was cut in 110 holes. The drilling 

resulted in the discovery of 6 major and 27 minor deposits, aqd extended 

4 major and 1 minor know~ deposits, The drill holes and the ground under­

lain by carnotite-b~a~ing rook are shown on fi~ures 4, 5, 6, 7, 8, e.nd 9. 

~e re~erve blocks and the tonnages o~ ore indicated or inferred for th~ 

several grade and thickn~ss cu~-offs are discussed in the section on 

res~rves. The reserves are tabul~ted in table 3. Approxi~t~ly 1 ton 

of indicated ore, 1 foot or more thick, of 0.10 percent o~ more U30~ . or 

1.0 percent or more v2o5, was found for each 3.7 feet of hole dr~lled. In 

comparison, approximately 1 ton of indicated and inferred ore, 1 foot or 

more thick, of 0.02 percent or more U 3o8 or 0.2 percent or more Y205, w~' 

found for each 1.2 feet of hole drilled. 
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RESERVES 

The terms "indicated" and "inferred" r~serves are applied 
I 

to the uranium~ or vanadium~bearin g materia~ in the deposits that a~e 
I 

known from exposures in natural outcrops, m:ilne workings, or dri 11 h() lErs. 

These reserves are subdivided by thickness dnd grade cut-offsf and the 

method used in calculating them is expla1ne1 below, The tonna·ge 11nd 

grade of .the indicateQ. and inferred reserves, :('or each reserve block, are 
. I 

given ~n table 3. The ground contain:i.ng thJ resE;~rve l;llocks is shown ·on 

the maps, f~gures 4 to ~· 
I 

In addition to the known dep f sits, it is believed that 

there are other deposits w:~ich have not yet /been found. These addition11l 

deposits are predicted solely on the basis of interpretation of zeolo~io 

eviqence, for t here is no physical proof of / their existence. The term 

"potential" rese rves is applied to the mineralized material in these 

deposits. · . · I 

lndicated and :i.nferred reserves 

Reserve cla~ses.~-Known rese r ves are classed as ~ndicated 
I 

and inferred, Owing to the erratic variatibns in thickness and grade Qf 

carncti te ore within ~hort distances, and the general lack of ~ bundant 

sample de. ta for irid ividual re~erve blocks, 
1

the amount of reserves th~t 

can be calculated with a small limit of errror, and thus can be 'classed as 

measured, is so small as to be nearly negli/gible; therefore, reserves of 

t~is class are inoluded with indicated 
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It is believed t hat the calculated tonnage of indicated 

res~rves in any single reserve block r~y be as much a~ 100 percent too 

low or as much as 90 percent too high. The limit of error of total 

t?~nag~ for several blocks, however, is apt to be considerably lower, 

perhaps not over 25 pe~cent. The limit of error in tne tonnage figures 

for. . ~~~-~rr~~ .. res~r~es, of course, is apt to be higher than for the 

indipateq r~serves. The possible limit of error ip the calculated or 

estimated grade for both indicated and inferred reserve.s probably is 

somewhat smaller than the possible limit of error in the tonnage figures. 

The - indicated and inferred reserves are subdivided ~nto groups 

according to e. thickness cut-off and several grade cut-offs. Reserves 

are not classified in this report according to their availability for 

?.~.r.:ti~f,?;~ ~n a~ effo:-t, however, to obtain reserve figures that would 

express as nearly as possible the 'tonnage and gra~e of the material that · 

might actually be mined from these de posits un~er current conditions, 

consideration was given to the 1949 mining and milling practices in 

selecting the thickness and the high.est grade cut...:offs. 

Indicated reserves _/are those for whiQh the grade is oomput~d 

_I The definitions used here for indica ted and inferred reserves ar~ 

abstracted from the definitions adopted by the Bureau of Mines and . 

the Geological Survey in ·April 1943. 

from drill-hole samples, exposures in mine workings and natural ou~9rops, 

apd production data, and for which the tonnage is computed by projection 

for a reasonable distance on geolog~c evidence from poipts of expos~re 

(drill holes, mine workings, and natural outcrops). 
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Inferred reservef are those for which quantitative estimates are 
i~·· 

based lti'rgely on broad knowledge of the geologic character of the deposits 

aqd for which there are few samples or measurements. 

Th~ckness cut-off.--Althol).gh mining practices vary from place 

· ~o ~~ace in _ ~he .region as well e.s with i ndividual operators, with the 

p:e~ent price ~chedules_ most ore bodies of average grade are being mined 

to where they pinch to a layer about 1 foot thick. Layers of ore less 

than 1 foot thick are mined in places if the grade of the ore is high. 

Reserves, therefore, are classified by thickness as those that are 1 foot 

or mo,re thick and those that are less than 1 foot th~ck. 

Grade cut-off.--~The deposits contain two metals of value, 
I' ~ , 

uranium and vanadium, and these metals occur · in e.n average ratio of about 

1 part u3o8 to 8 or 10 parts v2o5• Within the deposits, however, these 

metals are so erratically distributed that a single sample, such as 

obtained fro m a drill hole, is not necessarily representative of the 

grade or metal ratio of ore near the po~nt sampled. Knowing this or 
experience, the miner will drive to a drill hole that shows a good vanadium 

value, even though the uranium content of the sample might be negligible. 

Thus the material in the vicinity of t;his sample must be c~assed as an 

ore reserve, even though the sample shows a value for only one m~te.l. 

Furthermore, with the present price schedules .for ore, the van~dium content 

of Jre containing the normal metal ratio is as valuable, to the miner as 

is the uranium content. Thus both metals must be considered in re~erve 

ippraisals ~nd in selecting a grade cut-off. 
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Reserves 1 foot or more thick are classified by three grade 

cut-offs. The highest cut-off used -- 0.10 percent u3o8 or 1.00 pero~nt 

v2o5 -- corresponds to the Atomic Energy Commission p~rchase cut-of£ f9r 

~ra~\uz.n and .. ~h~ Monticello, Utah mill cut-off for vanadium. Reserves 

are a~~o figured on a lower cut-off -- Oo06 percent u3o8 or 0.50 percent 

V?05 -- on the possibility that conditions in the future might req~ire 

or permit the mille to accept lower grade ore. The calculation of . 

res~rves at a stil! lower 9ut-off -~ o.o2 percent u 3o8 or 0.20 percent 

V205 -• has little or ng, i,mmediate value, but it i~ done to obta\n a 
I I_.J 1 • 

better idea of the tonnage of this weakly mineralized material and the 

~mount of met~l contained in it. In the Charles T~ area and viciAity, 

the r-eserves calculated at the lowest grade cut-off contain only 20 to 

30 percent more U 3o8 and 30 to 40 percent more V 2o5 than the reserves 

calculated at the highest grade cut-off. 

Reserves less than 1 foot thick are grouped in one class and a 

grade-times-thickness factor is applied. The class is calculated a~ a . 

cut-off equivalent to a 1-foot layer cont~ining OolO percent p3o8 or 

Calculation of tonnage.--Th·e methods u~ed .for calculating the 

volume, and ~ence tonnage, of a deposit l foot or more thick differ with 

the geologic interpretation of the form of the deposit. So~e deposita 

are _ro~ghly ~abular or lenticular so that projections can reasona,bly 

be made between dr~ll holes, and the average thickness of the ore s~mple~ 

oa.~ - ~e assume4 to be the average thickness of the deposit. Other 

deposits consist of small bodies of ore of minable thickness connected 
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by layers of mineralized sandstone that are too thin to mine. Reserves 

-are estimated by assuming that each ·drill hole in ore .indicates a single 

mine. ble body that is comparable in tonnage to the average s·ize of the ore 
. 

bodies thet have been mined nearby, or that the deposit contains a 

comparable tonnage per unit area. to that of a deposit that has been mined 

nearby. 

By iiefiniti~n, the tonnage ·of indicated reserves "is comp\lted 

by projection for e. rea$one.ble distance on geologic evidence.'' In most 

places in the Charles T. area and vicinity indicated reserves are proj~cted. 

between drill .holes and other sample points that are not more than lOO 

feet apart, though _in a few places they are proj acted between points as 

much as 150 feet apart. Similarly, indicated rese~es are not projected 

more than 25 feet beyond sample points, where the edge -of the deposit has 

not been lpcated. Reserves are classed as inferred rathe:t than indicated 

if the projection exceeds these lengths. Inferred reserves are projected 

to the assumed limits of the deposit~ as determined by geologic evideno' 

and interpretation. 

Although a single drill hole in ore obviously permits the 

designation of some tonnage of indicated reserves, there is no reasonable 

ba~is _ for projecting an indicated reserve block more than a few feet from 

~ _.si~~l~ _h·~le _. __ Rather than calculating such an indicated block separate+y, 

or ~ssig.r:'-ing e. small but e.rbitr.e.rily selected amount of indicated reserve 

to a __ sin~l~ h_~le, the reserve block is projects~ to its assumed limits 

and the ore calculated and classed as inferred. 

A factor of 14 cubic feet per ton is used to calculate tonnage. 
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Calculation of grade.-·The grade of indtcated reserve~ in a 

single block is calculated by w~ighting the assay grades by lengths of 

the samples. If the deposit has been partly mined, the gr~d~ of the 

ore ~roduced is also considered in establishing the grade of the adjoining 

reserve blocko In reserve blocks conta.ining only one or twq qr!i.l;l. ho~es, 

however, if the core assays (table 2) are appreciab~y ~igher than the 

average grade of the ore mined nearby, it is assumed that the drill 

penetrated abnormally high-grade parts of the body, and an estimated 

grade is given (table 3). Although the grade of the samples . is given 

in table 2, the grade assigned to a block containing inferred re~erves 

(table 3) is obtained fro m the records of production from nearby mines 

or from the district as a whole. 

Strict grade cut ... offs are used in calculating reserves more 

than 1 foot thick. Except as noted in the following paragraph, ~p 

~teri~l be].onging to a class with a lower cut-off grad~ is i~c~uded 

. w~th material of a hi gher cut-off class, even though the weighted ~vere.~e 

. grade of the whole is above the cut-off grade of the higher class. . ; 

Where a layer of waste not more than 1 foot tlj.ick lies betwe~n 

two layers of ore, the three layers totalling l foot or more thick, the 

waste is included in the reserve calculations, thereby increasing ~he 

thickness of ·ore and decreasing the grade pro;portionate;Ly, and the ore 

is cle,~sed according to the grade of the weighted average. For example, 

if two layers of ore each 6 inches thick and containing 0.30 percent 

~ 3~6 are separated by 1 foot of waste, the three layer~!) are calculated, 

togethe~, yielaing 2 feet of ore averaging Ool5 percent u3o8 • Iq miniqg, . 



although some -of the waste might be picked out byr hand, most of it would 

go to the mill with the ore • 

. If the waste is mo~e than 1 foot thick, it would prpbably be 

blasted separately from the ore layers in mining, and thus ore layers more 

than 1 foot apart, with waste between, are calculated as se~are.te ore bodies. 

:Layers of ore less thap l foot thick are classed as reserves 

only _if the r;rede-times-thiokness factor shows at least as much U 3o8 or 

v2o5 _as e. lr~foot thfck layer containing 0 .. 10 percent U 3o8 or 1.0 percent 

VzOs• The actual thickness and grade of the sample, however, rather th,n 

th~ _ wei~~ted faotor, are used in calculating tonnage and grade of these 

reserves. 

In order to prevent duplication in the computatiqn of the 

reserves, strict care must be exercised in assigning sample intervals to the 

cle.ss of ore equivalent to one foot of 0 .. 10 percen.t u3o8 or ~.0 percent v2o
5

, 

A sample is used in computation of reserves less than l foot thick only if 

it cannot be used in any one of the three grade classes of reserves one foot 

or more thick. 

Potential reserves 

Few potential reserves are calculated for the Charles T. area 

and vicinity. As this area was the first of the exploratory drilling pro­

jeo~~~ more effort was made to investigate the three types of ground 

ta,yor~bi~i~y ~han has -been done elsewhere. As a result, a large part of 

t~e Ch.ar~~s .. _ T~ a~ea _ a~d vicinity, which had been classed as "semi-favorable" 

o~ . the 'ba~i_s o!' wi~ely spaced drilling (fig. 2), was rather intensively 

drilled at an aP.pro:xima~e 2?~-fo?t spacing. As no deposits were eut in 

thi.S phase of the e~ploration, it is believed that there are no large 
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deposits in the ''semi-favorable" ground. S~ll deposits may be preeent, but 

their number is considered to be few. In the southern part of the Charl~~ T. 

~rea and .vicinity, favorable litholo~ic features are partly or wholly absept~ 

and the ground is considered unfavorable for the disyovery of large deposits. 

, A few small deposits may be present. One to two thousand ~hort tons of rpck, 

~ith an estimated grade of 0.20 to Oo25 percent u3o8 and 2.0 pepcent V~O~ 

are ~~~~~~~-d _ ._t? _h~ present, probably in small (10- to 100-ton) bodies. 

The northern part .of the -Golden :Rod group lies in a telt of favoraole ground, 

but l~~~l~ exp~?!ation was conducted because the ore-bearing sandstone is 

th~I?' .. as t~e _u~)per pa~t of the ore - bearing sandstone has b~en removed by 

recent erosion. · It is eeti:cy;.ted that about 500 to 1,000 short tons of rook, 
6 . -- ••• - -- __ .,. ~ .. - - • 

'IJVith_an est~mated grade of 0.20 to 0.25 percent u3o8 .and 2.0 percent v2o5 , 

are present, probably irt small (10- to 100-ton) bodies. This area is 

described more fully in the section on reco~endat~ons for future work. 

These estimates are based on an appraisal of the geologic evidence, and a 

study of the calculated grade and size of the known deposits. 

RESERVE BLOCKS 

Masses of mineralized rock that constitute an indicated or 

inferred reserve, as defined by the thickness and grade cut-,offs, are call~d 

reserve blocks (see table 3). The geometric limits of the reserve blocks 

are determined by the rules used in calculating reserves (see pp. 18 to 24 ). 

The ~?C~~t )??.~i t~ons of _ the blocks are not shown on the detailed maps, though 

~~~ - c~:no~ite-be_aring ground the.t contains the blocks is designated by block 

~-uill~~s on th~ r~ps (see figs. 4, 5, 6, 7 ~ 8 and 9). Where mineralized 

layers overlap, even though they contain two or more masses of reserves, a -

s~ngle blqck number is assignedt and the total tonnage of these masses, as 

well as the~r average wei~hted grade, is shown on table 3. 
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Descriptiqn 

Most of the production in the Charles T. area and vicinity has 

been from deposits containing large r olls. There are, however, more 

tabular or blanket-like d~posits than roll deposits. 

t{ost of the deposits contain less th~n 1,000 tons of res,erves 

each. In general, they are small tabular le,yers of mineralized sandstone, 

or small, flat or steeply dippin g rollso The tabu~ar layers contain small 

ore bodies, either as rolls, or as local thickenings or pods that are 

aboV'e specified thickness and grade cut-offs. These deposits are not 

confined to any ~tratigraphic horizon within the ore-bearing sandstone. 

Several of these small deposits are shown in the geologic sections (fig. 

10). 

The major deposits in the Ownbey and Easton B. groups are 

tabular layers of mineralized\ rock (sections A-A' through H-H', fig. 10). 

Thick tabular- ore bodies, u~11ally bounded by a well-developed roll 

surface at the top, are copnected by thin or weakly mineralized layers. 

Some of the ~epos~ts, although essentially tabular in form, transgress 

the bedding of the ore-bearing sandstone (sections A-A 1 , G~G', and H-H', 

f~g. 10). This transgression is most pronounced in Block 19 (fig. ~; 

als~ sectio~s G~G' and H-H', fig. lO)o In the Michael Bray mine, a 27° 

incline cuts a mineralized layer close to the surface 9 and follows the 

_ sout~-dipping layer to a depth of 15 feet (section H-B'_) fig. 10). South 

and southwest ___ ?f ~he ~orkings, the dip of the mineralized layer contintles, 

~ut is ~~--~s - -~~eep. At its southwest end, the deposit lies at the base 

of the ore-bearing sandstone. Two or three rolls, :· similar to the roll 
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exposed in the Michael Bray mine, are believed to occur in the deposit 

(sections G-G' and H-ll', fig. 10). An i nferred reserve of 600 short tons 
I 

has been assigned to the rolls assum.ed to be present .(table 3). The rol~ 

in the lt'r.ankie mine (fig. 5 and section B-B', figo 10) is exceptional 

in that the ore body, as mined, was nearly as large as the ore _deposit 

that contained it. Mineral i zed rock too low in grade to be minable, does 

not extend for more than a few feet from the roll except along the trend 

of the body. 

The major deposits in the Charles T. group · are of two types 

(fi~. 4, and sections I-I' through 0-0', fig. lO)o Most of t,he pro-

duction has b~en from large, roll-type deposits, with connecting tabular 

la:rers (~locks 26 and 29, fig. 4, and sections L-L', M-M', and N-N', 

fig. 10). The connected, well-developed rolls in the Charles T. mine 

(Block 26) are 190 feet long, 10 to 25 feet wide, and as much as 17 feet 

thick. South and east of the Charlep ~T· mine, layers of mineralized sand­

stone were cut by diamond-drill holes at several stratigraphic h'orizons 

within the ore-bearing sandstone. It is believed that rolls connect these 

mineralized layers, between drill holes BM 915 and BM ' 920 or BM 921, and 

betwe.en BM 912 and CT 493 (section M-M', figo 10). A. total of 1,000 short 

tqns of inferred ore is estimated for these rolls (table 3). Two newly 

discovered deposits appear to be tabular layers Of mineralizf_3d sandstone, 

without rolls (Blocks 20 and 23, figo 4, and sections I-I', J-J'~ and 

K""'K', fig. 10). 

In the Golden Rod group, and in the area between the Charlee T. 

and Golden Rod groups (figs. 7, 8, and 9), production has been small anp. 
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hat$ come from small, flat or steeply Q ipping ·rolls, arid fr.o~ smEJ.l;t, 

essentially tabular deposits. However~ .the .newly discovered deposit 

on the Golden Rod No. 3 and adjacent claims (Block 45, fig. B) is 

considel!'ed tp be a rnaj or deposit. The deposit,- e~sentially a . ta'Qulaz-

layer, · transgresses the ore.,.bear.ing se.ndstpne (sec.tions ~..,p•, Q·~·, 

and R-~', fig. l.O). Because of the sim~iElrity petw~-en·· this dep.osit 

and the deposit in Block 19 (fig. 5), at least one roll and perhaps 

three .rolls are believed to be present. These rolls ~ie withi~ th~ 

la:rer, , or qonn~pt it wi'~h smp)ler tabular layers that ar~ i~clude4 ip.· . 
. . 

· Block 45. It ·is believed that the ro~ls lie .. :betwsen dr~ll hol~a QT 66~ 

. . •' 

and CT. 660 or CT 662, between CT 647 and CT 652, . and betrwe~n CT 931 .,nd 

CT ?_32 (B~ock _45, fig. 8, e,nd secifions p.,.p•, Q-Q', and R~R', fig. 10) • . . · 

As each roll f!l&Y contain 100 to 500 short tons ·of m~nere.lizeQ. rock, 

1, 000 .. ~ho;r_-t t cps of infe rrec:l ore are · included in tile re aerv~ e.stima tei 

_(table· 3). 

RECOMMENDATIO-NS FOR FURTHER WORK; 

No additional diamond-drilling is recommended · for ~he Ch,rl~s T• 

area and vicinity. The exploration, w~thin the scope tho~ght t .o '9• de~ired . 

by the 4tomic Energy Commiseion, is cof\sidered to be qompleted. 

In the porthern part of the Golden Rod group, tl)e \lp:pe:r part 

of the ore ... bearing sandstone has been remov~d by recent erosion. The · 
. . ' 

reJD&iniqg tl'\ickness of rock (15 to 26 fE!et) can be e4plored mofe eoono~~- . 

Cally, PY jackhammer-drilling, or by Wl;lgon-d,rill methods, tl:\~~ by d1amond- . 
.. 

dr~lling~ As a result, no exploration of the Golden ~od No. 1, FraQtion 

No. 4, . and Golden Rod No. 2 claims was undertaken. The · southern half 'ot. 
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the Golden Rod No. 3 claim was drilled adequately, but no drilling was 

done in the northern. half. A few holes were drill~d in the Golden Rod 

claim, principally for geologic information. 

Evaluation of this drilling, ,and the presence of small deposits, 

indicate that the northern part of the Golden Rod group lies in a belt 

• 
of favorable ground. It is believed that the chances of finding several 

' . 

small deposits by jackhammer-dri~ling, or wagon-drill methods, are good~ 

/ 

It i~ r~commended that this drilling be done by the claim operators. 

Only a few deposits are known for several thousand· feet south 

of· the Charles T. are~ and vicinity. In addit~on, the ground in the 

southern part of the Charles T. area and vicinity is considered doJilinantl;y 

unfavorable. Therefore, the ground iuuned~e.tely south of the Cha;r.les· T. 

area and vicinity is not believed to b~ worthy of int~p.sive exploration. 

SUMMARY 

Exploration in the Charles T~ area and vicinity has resulted 

in the discovery of 6 major and 27 minor deposits, anq has extended 4 

~~?rand 1 minor known deposits. An indicated res~rve of 14,00rn short 

tons of ore, with an average grade of 0.16 percent u 3o8 and 1.7 percent 

v2o5 ~ _eq~_iva.le~t to 44,800 po\}.nds of u3o8 and 476,000 pounds of v2o5, is 

calculated in ore bodies 1 foot or more thick, containing 0.10 percent or 

mor~ u3o8 o~ ~.0 percent or more v2o5• An inferred reserve of 4~000 snort 

tons of ore, with an average grade of about 0.22 perc~nt U~08 and 2.+ percent 

! 2?5, equ~valent to 17,000 pounds of u
3

o
8 

and 168,000 pounds of v 2o5, is 

estimated, in ore bodies 1 foot or more thick, containing 0.10 percent or 

more u3o8 or l.-0 percent or m<;>re v2o5• Potential reserves o~ .1,500 to 
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3,000 short tons of ore, with an average grade of about 0.20 to 0.25 

perceq.t U30a and 2.0 percent v2o5, equivalent to 6,000 to 16,000 pounds 

of U30s and 60,000 to 120,000 pounds of V205, are estimated. There ape 

no large~tonnage, low-grade ore deposits in the Charles T. area and 

vicinity~ 

According to the criteria being us~d. . by the Geologicfll Survey 

to guide e~ploration, the southern part of the Charles T. area and 

vicinity is classed as unfavorable, a central belt of semi-favorable 

ground l;i..es north of the unfavorable ground, and the western and northern 

p~:rts of the Ownbey, Eastort B., Charl s T., a nd GolO.en Rod groups are 
0. , 

favorable. ~· 

The most significant of the "guides to ore" appears to be the 

amount of alt~ration of t he mudstone nit t hat under.lies the ore-bearin~ 

sandstone, and the pr esence and alter tion of thin mudstone lenses within 

the ore-beflring sandstone. 

No further exploration by d r· amond ~drill methods is recommended 

in the Charles T. area and vicinity. It is believed that jaQkhanuner­

~ril~ing, or wagon-drilling, in the northern half of the Golden Rod 

gr9up, wi11 result in the discovery o several small deposits, containing 

500 to 1,000 short tons of ore. 
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