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CARNQ'l'n'J RESOURC~ OF THE ~TY GROUP A.REA, 

MFSA COUNTY I CO~OaADO 

By 

H~ld K. Stag•r 

A:BSTRACT AND SUMMUY 

The Oa+amity group ar•a, which incl~des 28 unpateqted Gove~ent 

ol~s and ene~osed rr,ctions ~r public d~ain, liee along the east 

r~ pf Q,.J.amity Mesa, Mesa CoWlW,, Colo. From l9l.5 _thrpu.gh 1944, abou,t 

~0,000 tons of carnotite ore, avera~ing about 1.0 percent u
3
o
8 

and 2.50 

percent Vao5, was produced from mines in t,Jrl.s g~oup ~tons in th;s report 

~·short ton~). Pro~ction from this area fro:m. Aug\t~t l949·to 
~ 

Januar,y 1, 1951, totaled 8,100 tons of ore ~th an average grade of 

0.36 pero~nt u
3

oe and 1.66 p'roent v
2
o
5
, containing •bout 58 1 600 . 

pounds of u3o8 
and 268,600 pounds of v

2
o
5
• 

Most of the carnotite deposits in the ar•a are in a 'b:nead sand-

stone le~ near the top o! the .Salt Wa~h san~~to~e memoer of the 

Jurassic Morrison fo.rmat;i&n. 

The d~p9sits are ~ impregnations of sandstone by carnot~te 

an~ a van•dium.,.beairing DQ.oacequ,s miner~. Col1Jlllonl.y, the ·Q.eposits 

are irregular tabular layers, or pQd-like or cr~scentic •asses (•rol~s") 

have a dominant nertheaaterly t~en~o Sedimentar.y feature~ probably 

controlled the flow o£ the mine:ra.l-bearing ground .. water solutions a,n.d 
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the leoalizatie:q of the depasi~. 

Altered mudstone within, and at the base of the ore.,.~earing sand­

'tone, an~ concentr~tio~a of c~bopize~ plant foss~l~ ar, the most ~se~ul 

criteria for evll~ati.ng the favorability of sand~tone for (l)re. d.eposits. 

From June 17, 1948 to January 10, 1949'1 the U. S. Geolo,gieu Survey 

, <;irille~ 622 diauaend-ctrill holes, totaling 41,296 fee,t, in the Calamity 

grQup area. As a re~lt of this drilling, 26 c~rnotite depo~its were 

The indicated and inferred rese:r;rves of car~otite-beari.p.g material., 

an,d th• pounds of contained u3o8 an~ V 
2
o
5 

are StUTmlariz•d in table 1. 

, ~t th, highest th!ckness ~c;l gr•de cut~9,ffs (1 foot or JQ.ore thiek 

~4 0.1 percent u
3
o
8 

01:" l.O percent v
2

o_,)_. ~dicated ' an4 infer.red 

reserves tot~ 47,~00 tons:, avel'q~g o.;~ p,reent u3o8 and 1.52 pe:rc,nt 

v2o5. Of tijis total, 39,800 tons of reserves, averaging 0.34 percent 

U~o8 and 1 • .$2 percent v 2o5, was d;i.seovere~ by u. s. a-eolQgieLI:- StU"Vey 

clrilling. ~otential _ rese:ryes' wh~~· e,xist4!nce is ba,sed. on e;eologic 

evidence alone, are predicted to total ~out 1$,000 tons, averaging 

about 0.30 percent u
3
o

8 
an~ l.5 percent V~o,~ 

No additional exploration by the &eological Survey is planned, 

as the Government claims ~ave been leased by the Atomic Energy Commiss~on 
- ' -

to the u. s. Van•cU:um O<h (f<frroerly the u. s. Vanadium Corp.). Addir­

tipnal eJq>lQ_~atqry drilling by ' the claim opel"ators ~s recoinJnended, 

howe"fer, particularly in the favorable grolllld. in tbe C$ntral. part of 

the a,rea.. 
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Table l. --Summary of reserves, Cal.ami ty group are$., 
M•sa Co~ty, Colorado 

Grad~ Reserve Percent I Pound$ 
cut-of£ tQnnage 

l··u o 
.3 8 V205 l]3°8 

:I 

0 ~ 10% u3o8 or .33,300 ·o • .}4 1.53 226,500 
1.0% v2o.5 

0.05% 113°8 4.5,400 0.26 1.29 2.36,000 or 
0.5% v2o5_ 

. . 

·r·· 

0.10% u3o8 13,800 0.30 1.5 83,000 or 
l.O% V205 -

o·.o5% U30S 
qr . 19,500 0.2$ 1.2 97,500 

o.s% V205 
I 

OFFICIAL USE ONLY 

contained .J 

V20.5 
' to-• 

.. 

1,019,000 

1,171,000 

I 

414,000 

468,(,)00 



OFFICIAL USE ONLY 

INTRODUCTION 

The Calamity ~roup area is in sees. 2, 10, 11, 14, and 15, 

T. 5o N., R. 18 w., New Mexico principal meridian. It consists of 

28 unpatented Government clailqs and enclosed fractiQns of p-q.blic 

domain along the east rim of Calamity Mesa, Mesa County, ColQ. 

(.figs .. 1, 2, and .3). Altitudes ;ln tJte Calamity group area range 

from 6,300 £o 6,700 feet. The ~ea is covered with a sparse to 

thick -growth of juniper, pinon pine, and other low scrubbs brq~h. 

Water is scarce e~cept after rain storms or during the melt -of snow 

in winter and spring. 

Mo$t of the !pines an~ claims in the Calamity group area are 

accessible by a networ~ of true~ trails that connect with Colorado 

Higbway 141 by 3 unimprov~ci :re>ad$. One of tbese roads extends 

3Q miles across Outlaw and Blue Mesas to Colorado Highw~ 141 at 

_ Mesa Cr$ek, lO miles northwest o! Uravan. Another e~ends abput 

20 miles, with grades as steep as 24 p~rcent, ~o Colorado Highw~ 

141 at a point 4 miles northeast of Gat~w~. A third road, completed 

in 1950, extends via Indian Creek to the Forest Service road that 

traverses the Unc~Jri)ahgre . Plateau, ~d. joins Colorado Highway 141 

at a point 15 D'Q.les southvest of Whitewa:~er. The unimproved road~ 

require fre~ent filling and grading, and haulage ip winter is 

particularly difficult e~eept when the ground is !rozeno 
. I 

Ca:rnotite was discovered on Calamity Mesa . about 1911 and the 

first organized mining commenced in 1914. Only high-gra~e carnotite 
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Figure 1.--Index map of part 
of the Colorado Plateau, 
showing the location of 
the Calamity group area, 
Mesa County, Colorado 

EXPLANATION 

Uranium-vanadium mill 

Significant uranium-vanadium 
mine or group of mines 



. o;r~ waf3 mill.'d until 19.38, Vlhell the inQrea.•e~ demand for vs.nadium ea~sed 

:r~newed activity 1rt th~ district. Producti'j'n for the period from 1914 

to 1944 total•d abo~t 10,000 tpns of ore (table 2). As a result of 

O~!olo~iQal S'UI'Vey_ exploration, minm.g was resumed in Au.gust 194911 and 

. the proq11ction f:rom then until January 1, 19Sl, totaled 8,100 tons o.f' 

ore (table 3), inclu4ng several pundr$d tons or h~d- sorted and 

screened baekfi~l a,J1d ~wtlf> mat•rtal i;r0~ Qld. werldng,. 

During 1921 and ~922, the Radi~ -00. ot Colora4o ~lled several 

hundred. diam~nd..d;Jl'ill hol•s in the Qal&ltlitr group area.. MU.oh ef th• 

int'orma.tion gaine9. by tl'\:le earzy ~ill~ cannot be used, n•wever 1 - . . 

tbe records are mixed. 

ln 1~43, wben t~e Geol,og1c~ $urve~ -~~ t~e Bur•au ~f Mines QQ• 

oper~ted in a dri~ling project to devel~p van~dium ore for w~tme 
i 

· needs, 14l holes were <;lrilled . on -the Cal~ty group J• 'J.'he l~cat:ton 

. _ J F.i.scher, lt. ·-p., Duncan; ·ll· Q, ~ S~~k-s, 1t!~ · L., Fltlcl _ Rominger~ 
J. r. I Federal eXplorati~n (o't' VQ.nA\~u:m in soutlieastern Ut~ and 
~Ottthwestern Co+orado: u.s. Qeol. S~ey manuscript repto, .PP· 28·37, 
1944. . 

Hulea.tt, W11 P., Hazen, S~ W~,. Jr.~ and. Tr.ver, W • . M._, ,Jr., 
Expl9:rat1on of vahad.ium region of westeVI+ Oolor-.<1o and eastern Ut~: · 
U. s. l3ur . .. ~n;e.s, . ;Re,.t • . ;Inv, .J9.3.P~ pp • . l.3.--l5, l946 •. 

of these hol and. the as1aj7 data -.re · h wn on figures 2, 3, and 4 an(i 

tabl 4. Re e:t'Ve tound. P1 tbJ.s ~illing ar given ln table 5, as 

oaloul~tad. br the Ge(l)l.Ogio~ Survey £r0m the Bv1au of ~euJ assay data~ 
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Table 2. .. ,.. ... Production of carnotite ere f:rom th~ 
Cal~ty group a:re•, 1914-44 

I . I Ore I . Gr$.de ' in pere~nt 
Period (short tons) -o-3~8 I Vzo5 

:·. 

1915-.38 ;,ooo !I 2.25 Pi 2.75 £1 
1939 908 0.30 !I 2.25 !I 
1940 519 0 • .30 !I 2.25 !I 
l94l 874 0.,30 !I 2.25 !/ 
1942 1,l59 o • .;o !I 2.25 !I 
1943 2,703 0.28 2.68 

l944 9~3 o.Jo :f 2.62 

T~tU, or averages 10,096 . 1.00 '!/ 2.50 !I 

!f ~stilpate. 

Ef EstU.,te based - ~n oral c~cat,ion :f'~om J. E. Weston, 
C1tmax Uranium Co. · 

.. 
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Table ;B , -~Prod~ction of carnotite ore from the 
Cl.fami~y group ax-ea, 1~49-50 • ../ 

' i I. I Ore . I I ~onteni ;r U3oa centeat.·~ ·~V2oz 
ClaiiQ.s (~ ihorj ton•) Perc en~ I.Pounc;is Perc~rit;~~ ·:P:unds 

Calamitr No. l 492 0.2$ 2,465 1.47 J.4,487 

Calamity No. 2 · 968 0.16 3,010 1.58 30,615 

CalanQ.ty No. 9 uo 0.39 855 1.54 3,391 

Cal~ty N~. 13 913 0 • .33 6,4.33 1.39 26,942 

. Calamity No. 17 1,139 o.5l U,658 1.81 41,213 

Cal~ty No. ~8 745 O.Jl 4,593 1.34 19,945 

Ca;Lami ty No. 2). 1,431 0.38 11,022 l.78 51,069 

Calamity No, 27 2,24~ 0.41 18,528 1.81 80,966 

'' --. ~ 

T~tais ·~d averag•s .:8,100 0.36 58,564 1.66 268~628 

.J Fro~ ~ugust. 1949 through Deo•ber 1950, inclusive. 
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1h• Geqlo~ical Surve? began di~o~~-dr~l~ exploration of the 

Gove%1Went e;Laims on OsJ_e,mity Mesa ip. June l948, and explora-t;,ion 

was ctpTied on si.IrmJ.tanews;Ly in the Calamity greu.~ area and on 

the Maverick . ~roup ar•a util J an-q.az;y l949. This :report S'UirliQ.arizea 

tbre results of the ex;plorat4-on in the Gal-ty ~roup area o~. 

Jif,esul ts of the expl.G>rat!on on the Maver:i.ck group area were pre~ented 

in a s_ep-.rate ;report J. Tlle Geological Surve,y cm:t.~ed 622 diaJD.ond-

. I Stager aarold. K., Carnotite resources of the Maverick group 
._re.·; ""'Mesa CaQ.nty~ ColoraAo: U. S. Geol, S~ey Trace Elem•nts 
Inves~igati.P.ns !tept. .U7, June 1950. · 

dri:U holes, tota~ng 41,296 feet, in the C,J.am:Lty gl',up area. 

The :pr~ _:f?urpO$e of the . exp:Jro:rato:w dri,Uing by the Geological 

S\!M'~Y was to di~qover deposits _and ap~raise the carnotite r$serv•s 

-~ t.h- CaluQ.ty_ ';roup area. Pr$11minafY result~ of ~is work were 

di$c~saed in a previous report _/. ~lor~tion by the Geolo~ic$1 

J Stager, H~old IC., Carnotite del'os~t, on Government-ewned 
claims, Cal~ty Ivlesa, Mesa County; ColoDadoJ ~t- V. s. Geol. Survey 
Trace Elements M~o;r;-.an~ Rept. 79, May 1949. 

Survey w•s discontinued ~ter complet~on e£ -.baut 60 percent e£ the 

Q:rill~ng p~apned, when tije Gove~ent ol~s ~ere lea~ed t9 the 

U. S. Vanacij.Ulll Oo. by the ~tomip Energy Commission. 

OFFIC!M USJ ONLY . 
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GEOLOGY 

Rock$ exposed in ·the Calamity group ~ea cons~st of seqiment~ 

't;>$dS of the 1-lorr:tson formation of Jurassic ~e. Th••e bed~ dip .about 

3° sw. 

The Morrieon formation probably was depo$ited by shall€»w streP!s 

of ~ow gradient tb't ~eandered across flood plains in a broad basin 

ef low rell•f. The formation is divided into the SaJ.t ·wash $andstone 

metpber and the overlying Brushy Basin shal' member. Th' Brushy Basin 

sh~e member consists of varicolored shales and lenticular beds of 

light~colore~ sandstone, Which are partly conglomeratic. It cro~s o~t 

in steep slope' that are acc•ssible to drill, rigs only with difficulty. 

The Salt Wasbr sandstone member is compQsed of lenses of light­

colored sandstope int•rbedded with dominantly red· mudstone. Most ot 

the carnotite deposits in sQuthwestern C9lorado are in sandstones near 

the top of the Salt Wash membeJ". In the ar,a ~ounding. the Calamity 

group these sandstones ferm cliseontinuo"s, though broad lenses. ~11 

of the l~ge known deposits in the area are contained in a single 

~andstone lens~ o$lled the "ore-bearing sandstone." The sandstone 
- .• 

ranges from 30 to 80 teet in thick;n••s and aver~es about 55 feet 

thick. Tlle approx;im.ate out_crep or its top and base is shown on 

figures 2 and 3. A b•nch has developed on the sandstone over moat 

of the area, so that ~ost of the ·ground is easily accessible to drill 

rigs, and it ;i.s possible to test the sandstone with r~latively shallow 

hQles drilled from the surface. 

OFFfC~ USE, O&f 



OFFIGlAL USE ONLY 

15 

The ~re~beari~g sandstone gen,rally is croa$•bed~ed or i~regu­

~arl.f bedded. It is dominantly medium- ~o mediUI!l-fine-grained, 

though ~n places it is fine-grained. It is m$inly light- to pale-

brown, sp~ckled ~th small spots (l to 2 mm in diamet•r) Qf limenite 

stain, but in places it has a light reddish cast or is red-brown. 

The sandston~ contains ~ome ~c;istqne, which occ-q.rs as thin lens•s 

anQ. se-.ms ~ and as j,rregular lenses of mudstone-pebble conglomerates, 

;Fossil p~ant ~e~s .x-e c<;>mmon, e~p~cially in ol.ose associa1;ion with 

the o:r;-e deposits. The plant IPema:Uls consist of .f'ra,gm~nts of ~Qs.sil 

tree trunks and branches, reeds, and leaves1 as weU. as fin,ely ctf.vided 

Pa+ticles. 

The mu.~atpne, tllat :lr!e abov$ and below the ore-bearing sandstone, 

as we~l as the mudstone p~bples an~ lenses ~thi~ the sandstone, are 

do~ap.tly red. Fi,eld relations suggest that this was their Ofigin~ . 

co~~r. N'ar ore depo~i ts, howev•r, tl'le f~~Ud.stene wi tllin the ore-bearing 

sanqstone an~ tbe uppe~ few, inch~s to few teet of mudstone peneath t~e 

ore-bearing s~d.stone . are alter'd ~o gray· (the f$·o.,-c~e~ "blue-clay" of 

the miners). Tnis alter~tion Q~ color appare:Q.tly was caused by the 

mine;ral,..bea.J;'ing solutions that formed the deposits, oF by other solu­

tions that follow~d th• ~ame c~~·l~ &$ the ~eral-bearing ~olutions, 

. because the alteration was most ~ntense around the ore d~posits. In 

the C~amity group &):'ea, the thic~ess of altered mudst~ne av~I'age~ 

3.5 .feet in holes th~t cut miner.Uized ;rook, and :1;.5 feet ;in holes 

,that cut only barren sandstone. Fe~ this :reason, the thickness of the 

altered ~Q.~tone is u,e.f'ul as a guide to sandstone tl;lat pos$i'bly might 

contain oJ;'e deposits. 

OFFIClAL USE ONLY 
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~ geperal disc~ssion of the geology and character of the carno­

t~te depo~its of southwestern Colorado ~d adjoining states ~s given 

by Fischer_/. 

I Fischer, R, P.1_ V~Ul~dium deposits of Colorado ~-dU~ah, 
a pre!iminary report: u. S. Geol. Survey B~l. 9 36~P, 1942. 

ORE DEPOSITS 

The ore consists mainly · of sandstone impregnated w:L tb uranium~ 

and vanadi'q.m-bearing minerals. In a~ditiGn tej) . the san,d•tone type 

of ore, some o:f th~ fos~il pl~t rezn4ns h"ve been replaced. \Q.th 

rich concentrations of ore mineral~, apd the mudstone p$bbles within 

the qr~ have a high vanadium content. 

C~oti te._ ( K20. auo .3. V 
2 
0 S. 2H 

2 
0) i$ the principal uram,Ulli-bearing 

~neral. It is yeUow and (j)CCurl$ dissemin~rt.e<;i in t:P.e sand~tone or 
-. 

as a replacement _of fossil wo~d. 

The principal vana9.ium .. bearing mineral is !~el.y divided and 
I 

micaceous, and is ~enerally ~eferred to &$ •rosQoelite.• It occurs 

as an aggregat• Qf minute flakes coating the sand grains and filli:qg 

the tnte~stic~s betwee~ the grains. This mineral gives the sand,tene 

a gray to d~k-g:reep~sh-gray color, which is darker where the vanadium 

co~tent is greater. 
I 

Ca~bqnaceous material ~~ cpmmQn. It c.onsists of fr~ents Qf 

foe~il tree trunks and branches, reeds, :Ireav~s, and finely divided 

parti~les as well as ~sses of ·coaly ·material several ~ahes thick. 

OFFicpq. USE ONLY 
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In the ore deposits, some of this carbo:p.aceous materi$l contains 

considerable amounts of 'q.raniu.m- and vanadium.-bearing minerals, 

either as replacem,nts, or as coatings in open fractures. 

The ore depo~its occur in irregular tabular or lens-shaped 

·masses. The tabular ~ayera lie nearly- parillel to -~the sandstone 

b,dding, although ther do not follow the bedding in detail. The 

thicker pa;rts of the tabular 4yers may form pod-like or elongate 

crescent-shaped masses, called nrolls". These rolls range from 

10 to lOO feet or mor~ in length and ~rom 5 to 15 !e~t in thickness. 

The rQlls and fossil logs have a dominant northeasterly trend 

(figures 2 and 3) • An ore deposit may comprise one or more rolls, 

conunon~y connected by thin, tabular laye;rs of mineralized rock. 

The thin layers that connect the rolls, altho1J.gh commonly of high 

gra~e, are usually too th~n to be mined at a profit, In places 

mineralized layers too thin ar too low ' in grade to be mined also 

extend outward from a few feet to nearly 100 feet from qre bodies. 

These ext~sions, and the thin layers that connect the rQlls, 

increase the size of the dJ:'illing target and serve as a ~- to 

ore bodies that ~ght be present. 

The deposits in the Calamity group area are noted for the 

abundance of fossil trees that -.re richly replaced by uranium. 

$!1d vanadium .. be;tT:ing minerals. 

The ratio of uranium to v•nadium is higher than in most de­

posits on "'he Colorado 'Pliteau, which in general averages abQut 1 

part U308 to 8 or 10 p•rts V 
2
o
5

. The average g:,rade of tbe or' pro-
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duced from August 1949, when mining was resumed, through Dec~mber 

1950, was 0.36 percent u)o8 and 1.66 percent v2o5, a ratio of a)>Qut 

1 part u3o8 to 4.6 pa~ts V2o,. This ratio ranges progressively 

w;l.thin th• Calamity group area from 1:3.5 in the nerthern p-.rt 

(Calamity No. 17 cl~im) to 1:10.5 ~n the southern part (Calamity 

No. 2 claim). 

The known ore deposits ~n the area are clo~e to the surface, 

owing to erosi<Dn of much of the overlying material. Some mining 

has been done by open-pit ;methods. Deposits that crop out ~long 

the rims have been developed by adits and drifts. O~er deposits 

found by drilling are mined by shallow shafts and inclines. The 

maximwn dep~h of deposits in the area is .. about 65 feet below the 

surface. 

There are no larg•-tonn•~e, low~grade deposits in the area. 

A deposit thick •nough to be mined (ab~ut l foot or more thick) 

generally is of min•ble grade and the ,ntire d'Pesit c-.n be class•d 

a~ "o~e" and mined to its limits. The limit between high-grade ore 

al).d qarren sandstone is commonly clearly defined -- ~ fa.oe ot good 

ore 5 feet thick may change to barren rock ~n a horizontal dista,nce 

Qf l foot. 

Sediment~ features apparently centrolle~ the loc~zation of 

the deposits, which probably were precipitat•d !rom ground-water 

solutions that migrated principally along the thicker and more perme~ 

~'ble p~t~ of the beds s:Q.o;rtly after the sands accumulat,d. The 

light-brown color of the sandstone and the gr~ or green color of 
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the mudstone in the vicinity of the ore ciepc;:>si ts may be etfects 

of the ~neralizing •elutions. Precipitation of the ere ~erals 

probably res~ted from changes in composition of tbe solutions, 

perhaps ~ the enV'iromnent of deeay4.ng plant material. 

GUII$S TO ORE AND SUGGESTIONS FOR · PRosrECTING 

The following geologic features ar• listed in their order of 

use{ulness as guides to ere and to sandstone t,llat possibly might 

· contain ore deposits. }4e$t of these f•atu.res are subtle and should 

be evaluated together in appraising the gro~d being prof.Peoted, 

and no single qne is sufficie~tly W$ll defin•d to be used alone. 

A more detaile4 discussion on the guides to ore deposits ~s given 

.J Blackman, ~r.is H., Geologic guides to carnotite (ieposits 
on t4le Color$-do-Pla,teau: u. S, Geol. · Survey Trace Elements 
Memor~dum. lu.apt. _, :1,70., ~u~st. 19.$0. 

1. The upper few feet o:( mudstone beneath the ere-bearing 

sandstone, and the mu.dstoDr• pebbles · a;nd . seams within the •r.• zone, 

have been altered: frQJTl red to gray in th• vic;!nity Gf ore depos~ta, 

and the amo~t of altered mudstone generally decreases outward frQm 

2. Carbenized plant r,mains are more abundant n~uu· deposits 

th.,n in ground away from thEtm, In most places where abundant carbon• 

a~:Haous materi$l. n.s out by the drill, an ore depqsit was found nearby. 
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3. T:Q.e sandstone in th' vicinity of Q.eposi ts is deminantly 

light-brown, with little or none of the reddish cast that is common 

a few hundred feet away from deposits. 

Using these criteria aa guides, it is possible to evaluate the 

f•vorab~ty of ground with tnrermatton obtained from moderately wide­

spaced driUing alone. Further drilling around the holes that cut 

weakly miner~ized roQk ip the Calamity group area, as s~own on figure~ 

2 and 3, should result in the finding of additional ere bodies. 

Offset drilling by ~e cla:iJn, operators is recommended to be done on 

about 50-foot centers around the margins o:f the deposits found by 

Geologica.;L Survey drilling to test for extensions of the depos~ts, 

particul,.rly along the local trend o! the logs and rolls. 

Much of the ground in the area can be tested ~ore economically 

by use of jackhammers or wagon drill~. 

OEOLOGICAL BUaVEI EXPLO~TION 

The Geologic;a.l Survey started expl~ration of the Maverick and 

Cal-ty groups of claims on Cal.amity M;eaa in June 1948 J. The first 

_/ As a result of conflict of plJns for expleration on Calamity 
Mesa, an infCl>rmal agreement on areas of explorat:i,on was made between 
the Geological Survey and the Atomic Energy Commi•sion, New York Raw 
Materials O~erations, Colorado Exploration Branch. It was agreed that 
the Geological Survey would explore only that part of the ground west 
of Ind;l.an Creek that .lies in the Maverick and Calamity groups ef claims. 
Other ground on C•~amity Mesa was explored i~ 1949-50 by the Commissi0n. 
For a description of the Commission drilling see: Waulters, Ervin i~, 
Diamond dri,ll exploration for uranium-vanadium deposits in the Morriso:n 
formation-Salt Wash . me~er o! Calamity Mes,, Colorado., u. s. Atomic 
Energy Commissi,on, Grand Junotion, Col~., January 1951. 
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10 holes were drilled on the Maverick group, to fulfill assessment 

work requir~ents for that g~oup of claims. Af~er these lO _ ho~es 

were Qrilled, operations were moved to the Cal~ty group and dr~l­

ing continued until mid-Januar,y 1949. · 

From June 17, 1948 to Januar.y 10, 1949, the Geo+ogical Survey 

drilled 622 holes, totaling 41,296 feet, in the Calamity group area. 

Fqur of these holes were drilled in the fraction of public land 

· between the Calamity No$. 5, 21, and 27 claims (fig. 3). Of the 

622 holes dri~led, 225 cut uranium- or van•dium-Qearing rock. 

At the st~t o! the drilling, much of the ground was consid~red 

;favorable, on "Ghe ba$is of rim exposvres and min,e world,ngs. DrilU.ng 

was planned on abo'U.t 2QO .. fo(llt centers, except that, in ~eas where 

unfavorable ground was encount,red1 tbe spacing was increased to, 300 

feet. ·Where ore deposits were cut, offset holes were drilled en 

about 50-foot c,nte:rs to p&,ftly define the deposits. Holes ranged 

in depth !rom 30 to 130 feet and averaged about 65 feet. Apout 

. qne-half of the_ total nwnl:>er o~ ~ol~s and f'oetage were "Q.sed to ap­

p~aise the ground. The rem~ng holes and footage were used in 

offset drilling to deli~t the ore deposits !Qund. 

On Janu,ary 10, l94l, drUlin.g operations w~re moved ta the 

Maverick group •rea, and on Jan~ar.y 19, 1949, to Outlaw Mesa, 

because of diff~cult access to the Calamity-M•verick area. Addi-

tional dri+ling was pl.anned for the Calamity group area during 

t]te summ.er o:f 1949, but these plans were abandoned when the Atom;ic 

Energy CQmrn.issio:p. leased the G()vernment cla.i.m.s to the U. s. 

Vanadium Co, in June 1949. 
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RESERVES 

The terms "indicated" and "inferred11 reserves are ~pplied to 

the uranium- and vanadium""bea.ring m.at~rial in the deposits that are 

known from exposures in natural outcrops, mine workings, Gr drill 

holes~ These reserves are subdivided by thickness and grada cut­

offs, and the method used in calc~ating them is explained below. 

Figures expressing the calculated tonnage and grade of the indicated 

and inferred reserves for each reserve block, and for each grade 

cut-off, are given in table 5. The ground containing the reserve 

blocks and several geologic sections showing the position of the 

mineral~zed rock in the ground are shown on figures 2, 3, and 4o 

In additipn to the known deposits, there probably are other 

deposits which have not yet been found. These deposits are predicted 

solely on _interpretation of geologic evidence, for there is no 

physical proof of their existence. The term 11potential" reserves 

i~ applied to the material in these deposits. Potential reserves 

are described on page 29o . 

Although reserves are net classified 1n this report according 

to thei:r availability for mining, consideration was given to the 1950 

mining and milling practices in $electing the higher grade and thic~~ 

~ess cut-offs. This was done to obtain figures for one category of 

reserves that would express as nearly as possible the tonnage and 

grade of t}+e material that might actuaJ.ly be mined from these de­

posits under 1950 conditions. A summary of indicated and inferred_ 

~eserves in this categor.y, ~d in an additional lower-grade category, 
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~s given in table !. A more detailed breakdown, by grade and 

th!clq:less cut-offs, and by unit, or block number, is given in .,. 

table 5. 

Indi<Hlted and inferred reserves 

De.tinition$ 

Khown res,rves ar• classed as indicated and in.ferr,d. Owing 

to the erratic v~iations in thiokness _and grade of carnQtite ere 

wit~ short <U.stanc:;es, and the general lack of abundant sample 

data for indi~dual ~eserve bJ,ocks, the am0unt pi' reserves ~at 

can be calculated within a small limit sf error, and th~s can be 

cl•ssed as nmeasured"~ is so small as t~ be nearly negligible. 

Theretore, reserves that might be classed as measured ar• included 

with indicated re,ervesf 

Indicated. reserves .J ~· tbose for which the grade is compl;lted 

_/ The definitions used here for indicated and inferred r~serves 
are ab~traoted from the de!initicop,~ adopted by the Bureau of ~nes and 

.tp~ ,Q.e.ol:.~g~~.al. :~:ur:v:ey .i .P:. _Ap,~i:L ;1..94.3... . . .. . . . . .· ... , 

f';rom. drill-hole samples 1 exposures in mine we:vld.ngs and natural out .. 

crops~ gamma-r~ logs, and production data, and for which the tonnage 

is computed by projectipn for a reasonable distance Qn geologic evi­

dence !rom points of exposure (drill holes, mine worldngs, and 

natural outcrop$)~ Inferred reserves are thG>·se for which quantita-

tiv, estimates ~re based largely o~ broad knowl~dge of the geologic 

OFFICIAL USE ONLY 



OrFfCf.Ak USE ONLY 

character of the deposits and for which there are few, if ~,. samples 

or measu.remente. · 

Because of the vari-ations in thickn,ss and grade o! ore and the · 

scarc~ty of sample data, the indicated reserves in any single r~serve 

block might actuall;y amaunt to as much as twice the calc'Ulated toJUl.age 

or as little as one-half the calculated tonnage. The l~t of error 

.9f the total tonnage for several bl~cks, however, is apt to be con­

sideral)ly l ower, perhaps not more than 2.5 percent of the calculated 

tp~age. The limit of error in the to~age figures fo+ interred re­

serves, of course, is apt to be h;Lgller tll8Pr for the j,.ndicat$d reserve~. 

The po~sible limit of error in: tll,e calculated or estimated grade for 

both ~~c;iiQated and infer~ed reserves probably is somewhat smaller than 

the p()s~ible limit o.f ~rror in the tonnag~ figures. 

f,hic~ess cut-off 

Although mining practices VarY fr~m plac~ to place in the region 

as we~ as ~~ individual operators, under 1950·5~ mining conditions 

most ore . boc+Les of -.ve;rage grade are being mined to where the;y pinch 

to a ~~er about l foot thick. Reserves, tbe~efore, are calculated with 

a thiclme~s cut-off of 1 foot. Layers p:f matei'ial less than 1 foot 

thiqk are mined in places if the grade is hig~. As only a few drill 

holes in the Calam;it,y gro"Q.p area, how~ver, ar' in high~grade layers of 

mater~al ·less than 1 foot thick, the tonnage of minable m~t,rial le~s 

than 1 !oot thick i~ ~o ~11 as to l:;>e negligible, and for that rea~on 

no reserves less than l foot thick are calculated. 
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Grade cut-offs 

Tll,e deposits contain two metals ef value 1 ~anium and V$lladium. 

The oxides E>.f these metals, u
3

oe and v
2
o
5
, occur in an average ratio 

of about 1:4.5 as estimated from the assays of the Ge0logical Survey 

drill core from the Cala.mi ty group · area. Within '\;he deposits 1 however, 

the twQ metals are so erratipally distributed that a single sample, 

such as obtained from a drill hole, is net necessarily representative 

of the grade or met~ ratio of the material near the point sampled. 

Knowing this by experience, the miner will drive tQ a drill hole that 

shows a good value in vanadium, even though the uranium content of 

the sample mihght be negligible. Tllus the matre:rial in the vicinity of 

this sample must be Qlas~ed as a reserve, even though the sampl~ snows 

a value for only one metal. Furth,rmore, with the l95l price 

schedules .J for ore, the vanadium content of ore containing the normal 

J Domestic Uranium Program Circular 5 Revised, Part 60 -- Domestic 
Ur~um Program, AtonQ.o Energy Commission, Washington, D. c., February 26, 

. 1951. ' 

metal ratiQ constitute• about one-fourth of the market value of the ore. 

Thus both metals musiJ be oQnsidered in reserve appraisals and in 

selecting grade out-.offs. 

~eserves 1 foot or more thick are classified by two grade cut~offs. 

The higher cut-of! used-- O.lO percent u3oa or 1.00 percent v
2
o
5 

-­

corresponds to the Atomic ~erp- Commiss;lon purch-.se cut-off for uranium 

and the Mont4cello, Utah, mill cut""~eft for vanadium. Reserves also are 
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figured on a lower cut-off -- 0.05 percent u
3
o
8 

er OoSO percent v2o5 -· 

on the ;possibility that conditions in the future might demand or permit 

the mills to accept lewer-grade ore. 

Calculation of tonnage 

The ground near the known deposits in the Calamity group area was 

drill~d by the Geologica11Survey-Bu.reau of Mines exploration project in 

1943. The tonnage and grade of indicated reserves found by that 

drilling .J are included in the figU.res shown on table 5, although 

.J Fischer, R.~ P., Duncan, D. c., Stokes, W. Lo, and .Rominger, 
J. F., Federal exploration for vanadium in southea$tern Utah and 
southwestern Colorado: U o S. G~ol..1 Survey manuscript report, table 2, 
19!i4. 

they'.'are ~dtfied slightly to adjust for difference in grade cut-offs. 

The method used fer calculating the volume, and hence the tonnage, 

of a reserve unit l foot or more thick is based upon the premise that 

the reserve unit is a tabular .mass. The average thickness G>£ the 

drill-hole samples that can be combined within the specified grade 
. . 

class is assumed to be the average thickness of' the reserve unit. 

By definition, the tennage of indicated reserves "o o.o. o o o. is 

computed by projection for a reasonable distance on geologic evidence. n .: 

In most places in the Calamity group area, indicated reserves are 

projected between drill holes and other sample points that are not 

more than 5o feet apart. On the crther hand, indicated reserves are 

not projected more than 2'5 feet be.yond sample points, where the edge 
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of the deposit has not been lGcated. Reserves are classed as inferred 

rather than indio•ted if the projection exceeds these lengths. Inferred 

reserves are projecte~ to the ass~ed liudts of the deposit, as deter-

mined by geologie evidence and interpretat~on. 

A constant of 14 cubic feet per ton is used to calc~ate tonnage. 

Calculation of grade 

The average grade of the indicated reserves is calculated by 

weigll:t-jr.g the assay values of all s~les that qualify as reserves 

withtn the grade and thickness ltmits. As strict grade cut-off~ are 

used, it i~ generally expebted that the averag~ ~rade assign~d to the. 

re~erve blocks will be· somewhat higher than the average grade of the 

ore that will be eventually mined from them, owing to the unavoidable 

dilutiQn of the or- with l>f&Ste and low-grade material during mining. 

On the other hand, the tonnage assigned to the,e blocks should be 

som~what lower than the tonnage mined from them, owing to the increment 

of waste and low~grade material. It should be noted, however, that 

the 8,100 tons of ere mined in 1949-SO (table 3), has a weighted 
•. 

aver~e grade of 0.36 percent u
3
o
8 

and 1.66 percent v
2
o5, which is 

slightly higher than the calculated average grade of the reserves --

0~34 perc~nt U 
3
o
8 

and 1~53 percent V 
2
o
5

. This close correspondence 

ot gr•de, between production and reserves, is believed to be due 

largely to careful mining practices, including hand-sorting and 

$creenin~ of mach of the low-grade material. 
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The grade assigned to the inferred ;reserves is nearly the same 

as that calculated for the indicated reserves in the same block, ex• 

eept for the unit designated as blGck 20 (fig. 2 ~nd table 5)o The 

gfade ot the indicated reserves for block 20 was based on the assays for 

three "ore.bearing" holes, two of which (CA 163 and CA 171) showed an 

aqnorma.lly high uranium content. The graP,e of the interred reserves 

for blovk 20 was therefor~· decreased t.o about the same average gr~rde 

and metal ratio as that of the other deposits in the areao 

Wherever a discrepancy was feund between a urani~ ae$~ for a 

· sampled interval and the per9enta.ge of equivalent uranium, as shewn on 

th' gamma-ray log, an attf!llPt was made to adjust this difference by 

using tlle average ~r.,de of the deposit, as ba$ed on ether drill-core 

assays and/or produc~ion figqres. 

Reserve bl0cks-

Mas,es or ~ts of mineralized rock that co~stitute an indicated 

or inferred reserve, as defined by the thickness and gr•de cut-offs, 

are called reserve blocks •. The geometric ~ts of reserve blocks 

are determined by $e rule•·:tused in calcUlating reserves (see above). 

Th• exact positions of the blocks are not shown on ,figure$ 2 and 3, 

though the carnQti t•-bearing grol;Uld that contains the bl.ocks is 

qesignated by block numbers. Where mineralized layers ()Verlap, even 

though they contai~ two or ao~e : mae.ea , ; Of):rea,rvea~ .' ~~-i-si~e. blo.ck• ':.: 

numb&l'-- -~a c.qalgne•~ · ;&14 l1~he"L1o•aJ, :.. -t.o~age :.;of, ~~aae ma••••~.J-&a ; well:i_ae 

theU' ; weip$84. av,rege .. grade~( •ia ahO"(nl~$D/ · table 5· 
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Potential reserves 

~otential r~serves include the material in deposits that have 

not yet been found, but wh~ch are predicted solely on geologic evi­

dence. .For the Calamity group area about l$,000 tons of potential 

reserves, in ~terial l foot or more thick and containing 0.10 percent 

or more U o
8

. or 1.0 percent 0r more V 0 , are predicted. These re-
3 2 5 

serves have an est~ted averagJ grade of about O.JO percent u
3
o8 

and 1.5 percent v
2
o
5
, and ~e estimat~d to contain about 90,000 

pounds of u
3
o
8 

and 450,000 pounds of v
2
o
5
• About 10,000 tens of 

. the~e reserves are pr,dicted to be in the large a,rea of fav<i>ra'bl.• 

ground i;n the central part f!>f the Cal$lnity group area. In th~s part 

of the area the kqown deposi~~ normally average about 2,000 tons of 

minable material eae}l. It seems reasonable to predict that in the 

vic~ ty of the :many holes that a,J'e in favorable or mineralized 

grollll:d in this area { se' figures 2 and 3), there, are at lea$t five 

deposits of average size to be found. ~posits in the northern 

and southern parts o£ the Calamity group area are generally sparser 

and smaller in size. It ~~ predicted that there are about 5,000 

tons of potential reserves to be found in these parts of the area. 
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PLANS ·AND ~COMMENDATIONS 

No addi tienal diamond drilling by the Geological Survey is 

planned tor tbe Calamity group area, as ~· Government claims have 

been le,$ed for mining. 

The ground near block lT'· (fi~. 3) and in the vicinity of blocks 

19, 28, and 30 (fig. 2) should be tested by the claim operators. 

Eaoh of these blocks Qontains a sing;Le drill hole, and each hole 

~ut material 1 foot or more thick and above the higher g~ade 

cut.off. Offset h0les should be drilled to prove the extensions 

of t,heae deposits and plan possible development. Of'f'aet holes 

shouJ.d also be drilled around holes that cut weakly ~eralized 

rQok, on the chance th•t ore 'Qodies might be found. Extensions of 

known ore bodies should be defined. by ad<U. tional close- and · moder­

ate-spaeec:l drilling along the local trend of the knewn logs and 

rellf$. 

Except in the area covered by shales and mudstones of the 

Brushy Basin melllber, fu:J"the,r expltllratocy and develop~ent drilling 

can be done ecor>romically with wagon drills. 
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