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U. S. VANADIUM DEVELOPMENT CO. PHOENIX. ARIZONA 

ROEAKLY no mineral cle- 
veloprnent in the U~lited 
States is totlay attracting 
Iiiore attelltion than that 
o f t h e  United States 
1;anadium Development 
Co., with thirty-six (36) 

debt-free, high grade ore bearing claims in 
the famous Ray Consolidated Copper mines 
district of Arizona. The most sanguine 
claims of the directorate of the company 
have been more than affirmed by some of 
the country's best known and most compe- 
tent engineers. 

Already bodies of this vanadium bear- 
ing ore have been blocked out. A large 
force of men under a competent superin- 
tendent is engaged in the work of devel- 
opment. Plans for the erection of a 100- 
ton concentrating mill and reduction plant 

. are under may, and an unlimited market 
has presented itself, assuring speedy dispo- 
sition of the products of the company when- 
ever they become available. 

The officers comprise some of the most 
highly respected and most successful busi- 
ness and professional men of the South- 

west, men whose names carry assurance of 
stability and broadm~ndedness. The stock- 
holders, over three hundred in number, are 
conservative, far-seeing citizens, for the 
most part resident in Arizona, investors, not 
speculators. They have seen their stock go 
to par in a wonderfully short time and are 
making no effort to dispose of their hold- 
ings even at the advanced figure. 

The purpose of this little book is not to 
set forth in glowing terms the dreams of 
promoters or the possibilities of a prospect. 
I t  is to present briefly facts and only facts, 
so far as they are obtainable. Extrava- 
gance in expression is avoided, conser- 
vatism predominates and only those state- 
ments are made that are substantiated by 
facts. 

In  a letter just received from Superin- 
tendent Lowe, he states the winze and lower 
tunnel are still in rich ore and that we have 
2 5 , ~  tons of ore now on the dumps, sacked 
and blocked out. 

Estimating this ore a t  $loo per ton. which 
we consider a very low price, would give 
$2,500,000 worth of ore ready for the mill. 
This would mean $2.50 for every share of 
stock now outstanding. 

OFFICERS AND DIRECTORS Mines located 3% miles Northeast of 
Ray Junction, Pinal County, Arizona. 

DR. E. PAYNE P-ALMER, President Property consists of 36 claims free from 

DR. 0. E. PLATH, Vice-President debt, bond or lease. 
Our shipping station is Erman; only 2% 

FRANKLIN D. LANE. Sec~eta~y-Tyef l~11rer  from our main \vorks with easy grade 
PETER ~ ~ O H X  H. H. TEZIPLE and good road. 
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Abstract of Report on U. S. Vanadium Development 

Co., by C. J. Price, Mining Engineer + 

Los Angeles, Cal., October 11, 1916. 
1 '  

d. 
GEOLOGY 

Limestone and diabase is the main rock 
forlnation of the district, with i~~trusions of 
diorite, andesite and other eruptive sediment 
rocks. 
h very pronounced line of demarkation 

between the lime and diabase formation oc- 
curs on the Western portion of your Claims. 

This line of demarkation is so pro- 
nounced that it can readily be traced by the 
naked eye across the country for miles. 

WATER 

A never failing supply of excellent water 
for domestic purposes is supplied by k~ 
spring on the - Northwestern portion of 
your property, and I have no doubt but 
what plenty of water for at least loo ton 
concentrating plant can be developed by 
cross-cutting on the bed rock in the gulch 
a short distance below the camp, or the 
same condition might apply in the gulch a 
short distance below the Gray Horse tunnel. 

EQUIPMENT 

The property is equipped with drill steel, 
hammers, picks, shovels, steel rails, cars, 
wheel barrows, blacksmith tools, etc., snffi- 
cient to prosecute development on a mod- 
erate scale. 

Several large tents. lumber, a large cook- 
ing range, dishes, chairs, and in fact all 
kitchen utet~sils for taking cars of 15 to 20 
men, had recently arrived at  the property 
and is being whipped into shape near the 
spring (mentioned under "water") for a 
permanent camp. 

VEIN OR VEINS 

Several veins, varying in width from a 
few inches to 5 and 6 feet outcrop in vari- 
ous places, and traverses your property in 
a more or  less Easterly and Westerly di- 
rection. 

Considerable overburden ronsisting of 
gravel and earth soil covers the majority 
of your claims, especially is this the case 
where the limestone formation occurs. 

This makes the tracing of the outcrop 
of the veins 011 the surface difficult. 

;n 
DEVELOPMENT w 

Gray Horse Vein 

On the Gray Horse Claim the best ore 
showing on your property is found, and the 
principal development of your group of 
claims has centered here. A tunnel, 210 
feet long, has been run into the hill on this 
vein and an uprise 80 feet long, has been 
made to the surface, some 20 feet from the 
face of the tunnel, or   go feet in from its 
portal. This tunnel has followed a well 
defiined fissure, or clevage, its entire dis- 
tance and is in ore the entire 210 feet. said 
ore is continuous up t o  the surface as proved 
by upraise and open cut work on the sur- 
face. 

Some 500 tons of good commercial ore is 
piled up on the dumps from this develop- 
ment work, and the best or richest ore ex- 
posed to date is in the floor of this tunnel 
as proven by samples carefully taken by a 
reputable engineer last February. A winze 
being sunk in one of the ore shoots below 
this tunnel level at the present time is pro- 
ducing excellent ore. 
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As stated, ore is continuous in this tun- 
nel, but two well defined rich shoots are ex- 
posed in this tunnel trending into the mouth 
(Easterly) a t  an angle of about zo degrees 
from the horizontal. .4 third shoot is 'ex- 
posed in the upraise and the tunnel was 
just cutting into it a t  the time of my visit. 
This same condition may continue on into 
the Apex Claim (see map) as  I am told the 
outcrop has been found on the Eastern end 
of this claim. 
Esperanm Vein 

A tunnel 25 feet long, a shallow winze 
a n d  several surface pits show this vein 
fairly well defined for a distance of two or  
three thousand feet in length and is 5 or  6 
feet wide on the bottom of thewinze. Show- 
ing of vanadium is very good. 

Black Cap Vein 

Ore is exposed in a t  least two places on 
this claim, showing vanadium crystals. 
Work to date is very meagre, but possibili- 
ties pood. 

Tunneling on the Black Cap and sinking 
on the Ready Cash veins could be carried on 
simultaneously providing you wish to 
crowd prospecting. 

I t  is essential that you complete your 
wagon road and ship a couple of carloads of 
ore to some reliable testing plant for treat- 
ment in order to ascertain the best method 
of recovering your values. This test should 
be closely followed by some member of your 
company, or some one in whom you have 
implicit confidence. 

After this test is complete it should be in 
order for you to decide whether to con- 
tinue shipping or figure on your own re- 
duction plant. 

CONCLUSIONS 

  he quantity of ore in sight on your prop- 
erty, from the small amount of prospecting 
done, and the high prices quoted for vanad- 
ium, leads one to believe that you have a 
valuable property, and one that warrants - 

RECOMMENDATIONS vigorous and developing. \ 
Respectfully submitted, 

For the present I recommend that you 
i, 

(Signed) C. J. PRICE, 1 continue the present tunnel on the Gray 
Horse Vein, following the Clevage or fis- Mining Engineer. 
sure. which in this instance was a channel 

~~ ~ ~~ 

that gave vent to the vanadium gasses, or  
solution, that came up from below, and in 
receding deposited the vanadium values in 
the gangue or vein matter with which it 
came in contact. You will in all proba- 
bility encounter high and low grade shoots 
alternately as  you advance, similar to those 
you have already passed through. 

Also, sink a winze in one of the high 
grade shoots of ore already encountered, 
preforably the second one in fram the mouth 
of the tunnel. In  sinking follow the ore, 
even though you may have to sink on the 
incline. 

On the Esperanza Vein I recommend you 
to sink a-small shaft from the surface to a 
depth of 50 or  60 feet, then drift east and 
west on the vein from the foot of the shaft. 

Topeka, Kas., Nov. 2, 1916. 
To the President and Board of Directors, 

of the U. S. Vanadium Development Co., 
Phoenix, Arizona. 

Gentleman : 
I paid a second visit to your property on 

October zgth, and was greatly pleased with 
the progress made in development work and 
the large amount and excellent quality of 
ore exposed by this work since my original 
report of October 11th. 

The winze from the Gray Horse tunnel 
recommended by me at that time had on the 
29th ulto., attained a depth of zg feet, all in 
high grade ore. In  fact, some of the richest 
ore yet encountered on the property is at- 
tamed from the bottom of this winze. 
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The Gray Horse tutlnel, extending East, now having the ore thoroughly tested by 
has cut some good commercial ore, and at  different processes to determine which 
the time of my recent visit, the face of this process will save the greatest amount of the 
tunilel was showing up well. ore values, and when this is finished it is 

The prospecting on the Esperanza and the intention to install a plant for the treat- 
Elack Cap veins are in ore, but has not ad- ment of the ore a t  once. 
vanced far enough to determine 

~ - .~ 
the extent and possibility of --- 
these veins. 

Improvement shown in your 
property by follo\ving recoin- 
mendations made by me in my 
original report, prove my de- 
ductions at  that time were cor- 
rect and you are proving a large 
body of high grade ore. 

When the winze above re- 
ferred to attains a depth of 50 or 
60 feet, I recorninend that ?.ou 
run another tunnel, some 80 feet 
below the present one, and al- 
most inl ine with it. You will, 
no cloubt, encounter ore near its 
portal, and should drive on the 
cleavage or fissure, followed in 
the upper tunnel. This tunnel 
will eventually connect with the 
winze now being sunk, and will 
be your main working tunnel, as 
it is the lowest place at  which 
you can attack th;s vein without 
sinking. 

I congratulate you on your proven 
body. 

ore 

Sincerely yours, 
(Signed) C. J: PRICE, 

Mining Engineer. 

The winze referred to in Mr. Price's let- 
ter of November 2nd has been sunk and the 
lower tunnel has been driven in and con- 
nected with the winze and we are now sink- 
ing on the winze and driving the tunnel 
ahead and there is rich ore in both of these 
workings. The new road has been com- 
pleted to our main workings and we are 

ASSAY OFFICE OF J. S. NEALL. 
307 N. First St. P. 0. Box 1148 

Phone 1035. 

Phoenix, Ariz., Feb. 24, 1916,. 
This is to certify that the samples sub- 

mitted to me for assay by U. S. Vanadium \ 
Development Company contain as follows 
per ton of 2000 pounds: 

Percentage 
Marks Vanadium Pentoxide 

5 3.75 
14 8.20 
3 Tunnel 10.45 

J. S. NEALL, Assayer. 
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Abstract of Report on the U. S. 
By J. C. Steele, Mining Engineer 

Phoenix, Arizona, February 21, 1916 

SAMPLINGS 

The dutiip at the Gray Horse was 
trenched for about 60 feet and a shoveled 
sample taken the entire length of the trench; 
this was broken and quartered on canvas 
and reduced t o  about 4 pounds. The tun- 
nel was sampled at intervals of about 10 
feet; the points are more definitely illus- 
trated on map No. I 

This sampling was executed in a system- 
atic way by cutting about z pounds from 
each foot of ore, which woi~ld give a IO- 
poi~nd sample from a 5-foot cross-section of 
ore. The ore, if cut from the roof, fell on a 

Vanadium Mine 

canvas sheet and was broken to 
I-inch size before quartering. 

In making up samples for 
analysis, a composite sample 
composed of proportionate parts 
of each sample as the sample 
represented feet of ore, viz: 3 
feet, 3 parts; 5 feet, j parts, re- 
spectively, w a s t h e  relative 
weight of pulp taken to make a 
composite sample. This method 
was only used where the ore was 
fairly uniform and on consecu- 
tive samples. As a check on this 
work, the average of the tunnel 
samples give only a difference of 
.o5% from the dump sample. 

The sampling was made w ~ t h  
the object of ascertaining the av- 
erage value of all ore developed. 
Selected samples will give much 
higher results and it is probable 
that careful minina will elimin- 
ate waste, thereby increasing the 
grade of the ore. 

A feature worthy of consideration is the 
fact that the samples Nos. 9 to 15 to 18 in- 
clusive, and cut from the floor of the tunnel. 
averaged 4% and are represented by compo- 
site Sample D. 

Composite A, made- of Nos, r to 5 in- 
clusive, was from the roof of the tunnel 
covering about the same distance on the 
vein shows I.W% VZ O h r  Vanadium 
Pentoxide. I t  was observed that the ore 
was of better grade; however, great .care 
was taken in cleaning u.p, then cutting up 
several inches and- brushing up  again be- 
fore cutting the sample. A sample from the 
dump at  the shaft over the tunnel gave re- 
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turns of 1.70%. which indicates an increase 
in value with depth when compared to 2.6% 
the average of all samples taken from the 
tunnel. 

The inclement weather prevented a more 
extended examination of the surface cuts 
and outcrop. 

The percent given for all assays is the 
percentage of Vanadium Pentoxide or VZ 
0". this being the chemical form of the 
product as obtained by analysis. 

ORE RESERVES 

In  the present state of development, the 
basis is very limited for j b u s e a l  deter- 
mination of positive ore!' By reference to 
map No. 2, Block A,,  contains 3,1m tons 
above the tunnel. The samples as cut give 
an average width of about 5 feet and to be 
fairly safe 4 feet is taken as a basis of width 
or thickness. 

Block B, contains 4,800 tons and extends 
75 feet below A to about a level of the pro- 
posed lower tunnel. In some cases 50 feet 
of depth is allowed as positive ore, provid- 
ing the vein is not less than 4 feet thick; 
also that the ore occurs in a well defined 
chute and not in lenses, and that there is 
no indication of faulting. 

From the fact that this 'is a true fissure 
and all other features are favorable, one- 
half of Block B, or 2,400 tons is considered 
positive ore. The dumps contain over 500 
tons X 3,100 X 2,400 tons plus 2,400, one- 
half of B = 17,000 tons probable ore. The 
possible ore is an elastic problem, having 
a wide range of possibilities, a s  a basis for 
comparative calculation 50% of the tonnage 
as indicated in Blocks D to J inclusive, 
would give 101,200 + 2 = 50,600 tons, the 
above estimates are only made to illustrate 
the possibilities. 

The Esperanza and Ready Cash veins will 
produce Vanadium ore, there is now prob- 
ably i , m  tons which could be mined from 
the surface, with development, a large ton- 
nage of valuable ore is considered probable. 

SUMMARY O F  ORE RESERVES 

Positive ore ................................ 6,000 tons 
................................ Probable ore 1 7 , ~  tons 
................................ Probable ore 50,600 .... tons 

-1 ., :rj 
Assays ~. 

No. Sample . No. Feet Cut 
I 8 
2 I 

3 5 

- 
14 I 

YB. Assay = 2.8% - 

IS 
. 
7 

19.5 C. Assay =4% 
/ 

'9 8.5 
20 3 
21 I 
22 3 

15.5 Assay = 1.6% 

The foot percentage average = 2.6% 

SAMPLE 

No. 12 Dump Gray Horse tunnel 
assay ................................ 2.65% 

No. 13-2 Class D. Gray Horse tunnel 
assay ................................ .88% 

.... No. 10 Ready Cash cut in gulch 1.1 % 
No. 23 Ready Cash dump .............. .40% 
No. 24 Ready Cash cut N. of vein .25% 
No. 25 Esperanza 6 feet face 

winze ................................ 1.66% 
.................. No. 26 Esperanza dump 1:55% 

No. 27 Gray Horse d u m p  a t  
................................ shaft I .70% 
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INDUSTRIAL APPLICATION hlpli-weed tools on account of their ill- b 

The ~iiost important use for  vaiiadiuin is 
in the liianufacture o i  special steel alloys. 
Olving to the properties above referred to 
the va~iadiuni introduced into the molten 
iron decomposes the suboxide of iron with 
the result that the easily fusible vanadium 
oxide passes into the slag, together with the 

i Vanadium Nitride formed a t  the same time; 
the vanadium thus acts as a scavenger, re- 
moving the deleterious nitrogen and oxide 
compounds, leaving a strong coherent metal 
which is at the same time free from "dry- 
ness." The vanadium in solid solution in 
the carbonless portions of the iron renders 
the metal coherent and less liable to disin- 

! tegration, at the same time exerting a third 
influence by its chemically combined carbon ; 
there is an increase in strength in the in- 
verse ratio to the percentage of graphite 
present in the iron. The amount of vari- 
adium remaining in the steel does not ., 
amouilt to more than 0.22 per cent. 

There is a marked increase in the figures 
given for tensile and transverse tests by 
cast-iron treated with vanadium. Increased 
compressioil power is also produced with- 
out loss of hardness. The most- valuable 
property, however, is its resistance to ahra- 

I sion, rendering the vanadium iron ex- 
tremely suitable for locomotive and auto- 
mobile cylinders and bushings; in the case 
of cylinders. the metal assumes a mirror- 
like polish which has distinct advantages. 

The introduction of va~iadium into iron 
practically eliminates the troublesome por- 
osity which so often spoils a complex piece 
of casting. I n  the case of steels, the ad- 
vantage of the introduction of vanadium is 
at once apparent when it is realized that the 
static power is unaltered, while t h ~  dynamic 
power is enormously increased, thus af- 
fording a steel particularly suitable for all 
parts of the machines which are subject to 
continual shock. O n  this account it has been 
used for motors of every kind. 

The vanadium steels are most useful for 

criaseh hardness on the  temperatures ris- 
ings at  a red beat they do not lose any of 
their properties. The effect on steel is 
three-fold : 

I .  I t  dissolves in the carbonless portion 
of the iron, which it toughens and renders 
more impermeable to the carbide, doing 
much to prevent segregation of the carbide. 

2. I t  removes the deleterious oxides and 
nitrides and dissolves gases and tonghe~is 
the steel. 

3. I t  forms complex carbides with other 
carbide-forming mrtals, such as chronium 
and nickel, i f  these metals are present, thus 
enhancing the static strength of the steel. 

Vanadium bronzes and other alloys are 
also coming into use; they show an in- 
creased strength and toughness and are 
more compact, without any loss of elec- 
trical condur&ivity. The bronzes show a 
resistance to abrasion, which renders them 
suitablefor trolley wheels and bronze gears. 

CONCLUSION 

The foregoing facts and deductions  are^ 
self-explanatory and need no further com- 
ment. The excellent showing made by the 
veins and the valuable metallic contents 
justify the writer in stating that it is a 
property of great merit and vast possibili- 
ties. 
Respectfully submitted, 

(Signed) J. C. STEELE, 
Mining Engineer. 

AMERICAN VANADIUM COMPANY 

From Engineering and Mining Journal, August 
26, 1916. 

"VAINADIUM has caused a sensation 
this week through the announcement that 
all the stock of the American Vanadium Co.. 
which practically controls most of the out- 
put and has built up a large business in the 
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sale of the ore and metal and in the making 
of vanadi~~ln steel, has been sold to a syndi- 
cate of Philadelphia and New York cap- 
italists for $ 7 , 0 0 0 , ~  which is $1:- per 
share. The price is payable $650 in cash 
and $350 in notes or stock of the new com- 
pany which is to be organized. The old 
companjr is owned in Philadelphia and 
Pittsburgh and has $j'm,om stock. The 
new company which will retain the name 
of the old, will have a capital of $13,5oo,ooo, 

.. 
made up of $5,ooo,w of 7% preferred 
stock, $6,000,000 of common, and $ z , 5 m , m  
of 6% short-term notes. At the head of the 
syndicatewhich takes over the company are, 
1. L. Replogle and Kuhn, Loeb & Co. With 
them are associated Cassatt & Co., of Phila- 
delphia, Chandler Bros. & Co., Harrison 
Williams, and half a dozen others. Mr. 
Replogle, now vice-president and general 
manager of the company, will be made 
preside~~t  after the conclusio~~ of the sale. 
James J. Flannery, head of the present com- 
pany, will become chairman of the board." 

Standard Corporation Service (New York) for 

August, 1916. 

AMERICAN VANADIUM COMPANY 

( I )  T R A N  SFER TO BANKING 
SYNDICATE PLANNED-A dispatch 
irom Pittsburgh, Pa., August 21, 1916, 
stated that this company, controlled by the 
Flannery interests of Pittsburgh, the larg- 
est concern of its kind in the ivorld, prob- 
ably would pass into the hands of an East- 
ern Banking Syndicate which was offered 
$7,ooo,m: or $1,000 for each of its 7,000 
shares. I t  was understood that the syndi- 
cate represented a group of steel men who 
contemplated the formation of a new com- 
pany for the production of vanadium. I t  
was  know^^ definitely that the works were 

CO. PHOENIX. ARIZONA 

to remain at Kirwan Station, near Bridge- 
ville, Pa., where the company has an in- 
vestment of more than $600,000. 

James J. Flannery held more than a con- 
trolling interest in the company and 1vas its 
president. He  had advised the acceptance 
of the bankers' proposition by the other 
stockholders. An option had been taken on 
two-thirds of the stock. 

The Vanadium Company, was a close 
corporation. The last quotations on the 
stock, so far as could be learned, were $500 
to $550, with a small sale recently. The 
company was organized in I@ by the 
Flannery interests, and was capitalized at 
$700,000, which was represented by pre- 
ferred stock only at $loo par. There were 
110 bonds. I t  had large ore deposits in 
Peru. Vanadium, the comp,any:s. sole 
product, was guoted at approximately $250 
a pound. 

(2) RECAPITULATION - I t, w a s  
stated August 23, 1916, in connection with 
the recapitulation of the company that the 
new organization would have a capital of 
$13 ,~co ,m ,  represented by $5 ,m ,om pre- 
ferred stock, $6,oob,m common stock and 
approximately $z,goo,m in 6% short-term 
notes. The stockholders of the. old com- 
pany had been offered $65 in cash in 6% 
notes for each share of old stock. This ex- 
change would call for $4,550,030 in cash 
and $z,45o,ooo in 6% notes, the old com- 
pany having been capitalized a t  $700,000 in 
stock and being free from bonded indebt- 
edness. 

The stock of the company would be 
underwritten by a syndicate composed of 
Kuhn, Loeb & Co., Cassatt & Co., of Phila- 
delphia; J. L. Replogel, vice-president of 
the company; Chandler Bros. & Co., Harri-- 
son Williams, and others. Subscriptions to 
the syndicate had been closed, the issues 
having been oversubscribed about 300%. 
The largest participants in the syndicate 
underwriting were said to be J. L. Replogel, 
Harrison Williams and Kuhn, Loeb & Co. 



ESPERANZA GROUP Pinal 

Riverside D i s t r i d  
T4S R14E Sec. 3 

Also ca l led  Grey Horse Mine 

Andy Clark, professional mineral specimen collector, brought i n  a sample of vanadinite 
£ran the  Gray Horse property i n  Pinal County. He reports t h a t  t he  property has been 
long abandoned and has restaked it as  the Cord Canyon Claim. KAP WR 8/19/76 

FR AWB 5/31/80 Andy Clark and Gary Fleck donated one vanadinite spechen  fromthe 
G d y  Eorse Mine year Ray Arizona t o  the Mineral Museum. 
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UNITED STATES VANADIUM CORPORATION 
Unit of Union Carbide (I[n and Carbon Corpomtia 

LEAD-VANADATE AGENT FOR METALS RESERVE COMPANY 

TUCSON.  A R l Z C N A  . 

September a t h ,  1942. 

J.  S. Coupal, Director, 
Depertnent of  l i n e d  Resources, 
4l3 Home Builders Bldg., 
Phoenix, Pxiz. 

Dear Mr. Coupal: 

We would appreciate your seming us,the blueprint 
copies of the assay maps of Dr. &lmerts vanadium property 
near Kelvin which were l e f t  at yow office some time back. 

In Charge of ~ ~ e r a t i o r i $  



GREYHORSE MINE 
SATURDAY OCTOBER 28, 2000 9 AM 

COALITION TRIP HOSTED BY W C O P A  LAPIDARY SOCIETY 
QUXSTIONS : LEADER : k W  OPPEDAHL PH: 402-923-8284 

WHAT : VANADLNITE(genera1ly bright red to orange -red), CALCITE (white - 
rhombohedrons and blades), cerussite(white), wulfenite(yel1ow & small), 
descloizite Also hemetite crystals, coral fossils on limestone, even picture rock has 
been found on the way. 

MAP: KEARNY T O P 0  , P N A L  COUNTY 
MEET: AT 9hV SOUTH O F  SUPERIOR OFF HWY 177 AT THE KELVTN RR 

TRACKS AND HWY 177. THIS IS 15.2 MILES SOUTH OF SWERIOR. 
DIRECTIONS: FROM PHOENLX TRAVEL U.S. 60 EAST (SUPERSTITION) TO 

SUPERIOR ,TURN SOUTH ON HWY 177 15.2 MILES and meet near the 
junction of Hwy 177 and the Kelvin roSL turnoff with RR tracks. The mine is 
another 6 miles beyond this juncture. Cars should not go to the mine, but carpool 
from the meet spot. SOIME Clearance is needed to the mine. 

BRJXG YOUR NORMAL ROCK TOOLS,  LUNCH AND A CHAIR. USU.&LLY GOOD 
COLLECTING IS AEFORDED HERE. THE,& WAS AV ARTICLE ABOUT THIS 
!MINE IN MINEXALOGICAL RECORD W AUGUST 1980. 

























REPORT -- 
ON - 

v 
U. S. VANADIUM DEVELORlENT CD. PROPERTY 

KELVIN, ARIZONA. 

LOCATI CN : 

The property of the u. S. Vanadium Development Canpany. consist ing of 
forty-one lode c l a i m .  a water r igh t  and a m i l l  s i t e ,  i s  located in the  River- 
side mining d i s t r i c t ,  i n  the Mescal mountains near the northasstern boundary 
of Pinal County. Arizona. The camp i s  s i x  miles from the Kelvin postoffice. 
Tho e l e v a t i m s  of the property range from 2200 fee t  t o  3800 f e e t  above eon 
level. 

The area covered by the  property i s  one of strong r e l i e f ,  divided 
near ly  through the middle by a north-south, steep-sided, narrow canyon. The 
topographic fea tures  e r e  determined chiefly by f au l t ing  and the  resiatanoe t o  
erosion offered by t h e  sedimentary rocks which cap t h e  highest points. 

GE OLWY : 

The pr incipal  rock masses within t h e  limits of the property are  t h e  
Cambrian sedimentaries belonging t o  t h e  Apache group as  deaeribed by Frederick 
Leslie Ranswe, of t h e  U. S. Geological Survey i n  his extensive studies of the  
Globe and Ray quadrangles, The l m e s t  member of the group found on t h i a  proper- 
t y  i s  the  Mescal limestone ahwe which is  the  Troy quartzi te.  In  a few exposures 
a typ ica l  bray dolomitic limestone i s  seen which ca r r i e s  about fourteen peroent 
magnesium. The g rea te r  part  of the  Mescal limestone, hmever,  is  typ ica l ly  
shaly and cherty. The flow of vesicular basa l t ,  noted by Ransome i n  other part8 
of the quadrangles mentioned and considered co-extensive With the  Mescal lime- 
stone i s  absent i n  the  area  under discussion. 

In  addit ion t o  t h e  sedimentary rocks mentioned there  are  extensive 
intrusions of diabose, occurring pr incipal ly  as  i r regular  manses though 
occasionally as n a r r a r  dikes. The diabase fropuently envelops large blooks 
of Mescal limestone. m l y  the upper contaot of the diabase has been exposed 
on t h i s  property. 

Dikes of daci te  Iran s i g h t  t o  twelve t h i c k  and narraw dike8 of 
d i f ferent ia ted  diabase magma occur a l s o  but neither are  considered of any 
importance i n  a study of the ore deposits. 

Blong t h e  northern l imi ts  of the property are  extensive areas of 
recent oonglanerate which i s  of l i t t l e  importanoe i n  connection with the  
present investigations,  

The diabase weathers t o  gentle slopes and hollowa or r m d e d  ridges 
producing a oharecter is t io  olive-green s o i l ,  The Mescal limestone. which is 
conspiouously cherty and frequently shaly,  tends t o  weather unevenly, the 
cherty or shaly layers  standing out roughly in pa ra l l e l  r iba ,  conforming in 
general t o  the  d ip  and s t r ike  of t h e  beds. The overlying qua r t t i t ea  show 
ohnracter is t ic  amall, step-like faces in t h e  c l i f f s  which r i s e  abruptly along 
the a s t  s ide  of t h e  canyon. i" 

i 



The only vanadium minerals recognized beyond doubt a r e  vanadini te  
and desc lo iz i te .  In addi t ion  t o  these  minorals t he r e  occurs in a l l  the  
quarta ve ins  and spar ingly  i n  t h e  s i l i c i f i e d  limestones near the  ve ins ,  more 
espec in l ly  the  enveloped block of Mescal limestone, a d u l l ,  b lack  minsral 
carrying 1.82% VZ 0 7.8% Fez O3 1.44% LIo O3 and 1.64% F'o 0 besides other 
undetermined conatizuents. In t h i n  sec t ions  it appears as  small aggregates 
of minute rounded g ra in s  or  slender f a n - l i k  forms. They are opaque bu t  have 
very  sharp  out l ines .  It is  almays nssociated with deac lo i s i t e  but  t h e r e  is 
in su f f i c i en t  evidence t o  determine what t h e  r e l a t i o n  i a .  

Microscopic inves t iga t ion  of sec t ions  made from representa t ive  types 
of limestones, qua r t z i t e s  and diabases d iso lose  no vanadium minerals a t  a l l .  

The vanadin i te  and desc lo i z i t e  occur i n  t y p i c a l  forms. The 
cha rao t e r i s t i c  pr i smat ic ,  smooth-faced c r y s t a l s  of vanadini te  predominate 
though curious oombinations o f  p a r t l y  hollow c r y s t a l s  a r e  not  uncommon. 
Frequently la rge  vugs l ined wi th  vanadini te  c r y s t a l s  which i n  t u r n  a r e  encrusted 
with drusy or  small r egu l a r  rcmbohedrons of o a l c i t e .  In some instance t he re  
i s  an i n t r i c a t e  intergrowth of c a l c i t e  and vanadini te ,  evidenoe of contemporan- 
eous origin.  The vanadin i te  occurs almost equal ly  a s  a cementing mater ia l  i n  
brecciated limestone o r  a s  a ooaking on the  s i d s s  of open f i s su re s  or seam. 

The d e s o l o i s i t e  i s  almays found in small, almost mioroacopic c rys ta l s .  
The faces a r e  usua l ly  anooth and t h e  ed$ea sharp. The d e s c l o i r i t e  i s  ev ident ly  
of l a t e r  or ig in  than t h e  vanadini te  f o r  it ocours a s  a c r u s t  of minute c ry s t a l s  
on t h e  faces  of we l l  formed vanadini te  c ry s t a l s .  It i a  a noticeable f a c t  t h a t  
the  deac lo i z i t e  ahowa a preference for the  more s i l i c i f i e d  limeatone areaa 
and t h e  quar t s  veins though always occurring in cracks or s e m .  

It i s  gene ra l l y  conceded t h a t  both vanadin i te  and deac lo i z i t e  a r e  
secondary minerals. Their mode of occurence i n  t h i s  depos i t  o f f e r s  nothing 
i n  oont rad io t ion  of t h i s  theory. In f a c t  c e r t a i n  phys ica l  condit ions surround- 
ing t h e  oacurence of vanadin i te  a r e  almost conclusive evidence of secondary 
origin.  

The qua r t s  f i l l i n g  of the  Grey Horse ve in  appeara t o  be in p a r t  a 
replacement of l imes tme  by s i l i c i f i c a t i o n .  This is a l s o  t r u e  of t h e  l e s s  
extensively explored Esperanaa vein. I n  t h e  more compact, high s i l i c e o u s  
port ions of the  ve in  such a s  is  exposed i n  l e v e l  2826 and i n  a corresponding 
sec t ion  d i r e c t l y  below on leva1  2810, de sc lo i z i t e  i s  t h e  predominant mineral. 
I t  i s  i n  t h i s  s ec t i on  t h a t  the black  unident i f ied  mineral mentioned before i s  
found. This should not  be confounded wi th  the  prominent blaok spo t s ,  averaging 
one-eighth inch i n  diameter which s o  conspicuously mark t h e  quartz. These 
spots  a r e  composed of i r on  oxide and some manganese. In t h e  quar t% a re  a180 
small b r i gh t  yellow c r y s t a l s  of wul fen i te ,  always assoc ia ted  with we l l  formed 
quartc c r y s t a l s  which l i ne  small  c a v i t i e s  in the  vein. 

To the west  of the a r ea  above mentioned desc lo i z i t e  i s  l e s s  prominent. 
The limestone becomes more crushed and sha t te red  a s  t h e  surface i s  approached 
and appears t o  have been subjected t o  considerable leaohing. In t h i s  zone of 
more extensive crushing t h e  vanadini te  predcminates. The area  of g r ea t e s t  
deposi t ion appears t o  be approximately f i f t y  f e e t  e a s t  and west from t h e  entrance 
t o  l e v e l  2810 and i s  l imi ted  by about f i f t e e n  f e e t  on e i t h e r  s i d e  of t h i s  l ine .  
It extends downward t o  a point  about t h r e e  f e e t  below the  2743 leve l .  Below 
t h i s  po in t  t he r e  i s  a rapid decrease i n  the  vanadium c m t e n t .  

ORE DEPOSITS: - 
Sampling of the  p a r t s  of the  property a t  some distance from the 

camp ind i ca t e  va lues  i n  t h e  qua r t z i t e s  and diabase t h a t  a r e  of l i t t l e  
commercial importance under present  conditions. In l i k e  manner t h e  h o y  
q u a r t z i t e  has been eliminated. By t h i s  process of ol iminaticn the  areas or 
zones of commercial p o a a i b i l i t i e s  were reduced t o  (1 )  the  quartz vein developed 
i n  the  Grey Horse claim. (2 )  t h e  p a r t i c u l a r  s t r a t a  of Mescal limestone, l imi ted  



above by Troy qilartzi te and b o l a  by the  intrusive diabase, (3 )  on indeterminate 
zone of diabase, approximately t h i r t y  f ee t  in thickness, measured dormward from 
the  contact with the  overlying Mescal limestone. To t h e  foregoing might be 
added cer ta in  portions of the  s i l i c i f i e d  block of Meacal l i m s t o n e  on the Grey 
Horse and Sunny South claims, which i s  apparently cmple te ly  enveloped by 
in t rus ive  diabase. 

Sampling of the q m r t z  vein  a t  in tervals  of f ive  f e e t  i n  the  Grey 
Horse workings and on t h e  l e s s  extensively developed Esperanza claim indicate 
an average of 1.44% V2 O5 over an average width of 3.1 f ee t .  

The par t ioular  s t r a t a  of chsr ty  t o  shaly Mescal limestone lying on 
top of th s  diabaae averages 1.14% V2 along the i r regular  outcrop between 
two points approximately 14a0 f e e t  apar 2 horizontally. Cver t h i a  distance t h e  
limestone averages e igh t  f e e t  in thickness. In  plnoes it carr ies  r e l a t i v e l y  
high percentagea of V2 O5 as  f o r  example sample 532 which carried 4.5% V2 05. 
Thia is a sample a c r m a  four f e e t  of shaly limestme res t ing  on the diabase 
and exposed i n  t h e  e l i f f  about a thousand f e e t  north of the m i l l .  

For a hor i ronta l  distance of nearly 1800 f e e t  along the c l i f f  and 
immodiately below the limestone mentioned abme the  diabase averages 0.94% 
V2 05. In the luner tunnel of t h e  Grey Horse workinga, eas t  from the  f a u l t  
separating diabase from the conglmerate,  t h e  diabasa m s  sampled i n  the roof 
and on the 5 des fo r  a distance of 114 f e e t  a t  in tervals  of f ive  feet .  The 
average vanaiium o m t e n t  was 1,lw V2 05. Fresh diabase from the i n t e r i o r  of 
larbe boulders detached near the limestone contact i n  the v i c i n i t y  of sample 
632 assayed 1.2% V2 05. 

Samples from the large block of included, s i l i c i f i e d  limestone. taken 
on t h e  roof and s i d e s  of the workings wherever accessible shun an average of 
0.98% V2 05. None of the samples included in t h i s  estimate came from the  
areas of crushed l imestme i n  which vanadinite and desc lo i s i t e  are  so  praninent. 
In  the crushed and more open a r t s  of t h i s  same block, where the  vanadinite and 
deso lo i r i t e  wcur  so  abundantly the average i s  1.33% V2 06. This embraces a 
block roughly 115 f e e t  from eas t  t o  m a t  which i s  not t o  exceed 40 f e e t  i n  
width (from north t o  south) and of s b t y  f e e t  mean height. It is the  ground 
or ig inal ly  opened up a s  t h e  "vanadium minen. A concentration t e s t  on th ia  
are  showed t h a t  it would y ie ld  oonoentrates in the r a t i o  of about 35 t o  1 
containing 2.96% V2 05. (21 se lec ted  ore. chosen for the  considerable amount 
of vanadinite present, concentrates were made in the m i l l  t h a t  ran s l i g h t l y  
over 12% V2 05. H m v e r ,  such r e s u l t s  were possible m l y  with aelected ore 
and were a c c w p n i e d  by high t a i l i n g s  loss,  as much a s  0.71% V2 05being l e f t  
i n  the  t a i l ings .  

No estimate i s  iusde of the  ac tual  tonnage of ore in sight. The 
surfaces sampled a re  described above and two dimensions given. They are  a l s o  
s h m  on the  accompanying geological maps. It is assumed tbt t h e  principal  
sources of vanadium ore w i l l  be i n  t h e  shaly  and cherty limestone immediately 
overlying t h e  diabase and s m  twenty t o  t h i r t y  f e e t  of diabase underneath. 
a near ly  f l a t  deposit. dipping s l i g h t l y  southwest, having a t o t a l  combined 
t h i c h e s s  of about th i r ty - f ive  feet ,  Eastward f r m  the  outcrop sampled the 
limestone w i l l  probably maintain i ts  average thickness as indicated. It may 
increase i n  thiokness for i n  the  next  deep canyon t o  the  eas t  these part icular 
s t r a t a  are  thicker.  Thediabase i s  a l $ o  qui te  uniform in thiokness so f a r  as  
is knw, Tonnage, then,  i s  a matter  of determining the l imi t s  eastward t o  
which these two formations carry  commercial quantities of vanadium. This 
could not  be determined with t h e  mews a t  hand. 

The pr incipal  developnent work on the p r o p r t y  i s  on t h e  Gre; Horae 
claim. It consis ts  of approximately one thousand f e e t  of tunnels, d r i f t s  and 
crosscuts and two hundrad s i x t y  f e e t  of shnfts .winzes and raises.  The greater 



part  of t h i s  work has been on the Grey Horse vein, a quartz vein f i l l i n g  a 
f i s su re  which has a general east-nest s t r i k e  and dips t o  the south from 70 
t o  80 degrees. So f a r  as  opened up t h i s  vein f o l l m s  the contact betreen the 
diabaro and an enveloped block of a i l i c i f i o d  Meacal limestone f o r  t h e  creator 
par t  of i t s  cmuse. For a short  distance the  f i s su re  is bounded on bvth north 
and south by the  limestone. A s  depth i s  gained t h e  quartz f i l l i n g  i s  being 
replnced in par t  by a thoroughly leached porphyry which has been well  
mineralized a t  one time, 

MIE GENESIS: 

Regarding t h e  source of t h e  vanadium i n  the various types of deposits 
on t h e  property l i t t l e  has been determined. It seems beyond question t h a t  the 
vanadinite and descloiz i te  are of secmdary origin. I f  the  d u l l ,  black. un- 
ident i f ied  vanadium bearing mineral i n  t h e  quartz wein is a primary mineral 
perhaps a l l  t h e  desc lo ie i t e  with which it seems t o  be- c lose ly  associated is  
t h e  r e s u l t  of the breaking d a m  of t h i s  mineral. 

There seem t o  be two possible theories f o r  the  origin of the 
vanadium. The f i r s t  of these assures t h a t  t h e  vanadium i s  one of th s  or ig inal  
p r h r y  consti tuents of the  diabase. F. W. Clarke i n   h he Data of Geochemistry" 
3d ed.:U.S.Deological Survey Bullet in 616 p 27 s t a t e s  t h a t  t h e  igneous rocks 
of t h e  United Sta tes  carry  an average of 0.1T$ vanadium. Borever, i n  Chemical 
Analysds of Igneous Racks. 1889-1913, U.S.Geologica1 Survey Professional Faper 
No. 99 i n  the divisirm of superior analyses of fresh rooks only one diabase 
i s  given as carrying vanadium. It should be noted t h a t  t h i s  diabase, which i s  
probably of t h e  same age, occurs on Bleck Peak sane th ree  or f a r  miles north 
of Globe or about t h i r t y  miles north eas t  of t h i s  property. Among t h e  superior 
analysea of a l t e red  rocks i n  the  sans publication but two diabases out of a 
t o t a l  of 192 studied s h m  vanadium. Among the  in f s r io r  analyses embracing 
183 specimens none shored vanadium. Another in teres t ing  f a c t  brought out i n  
the  publioation referred t o  i s  t h a t  cer ta in  gabbroe r i c h  i n  m p e t i t e  and 
magnetic i ron ores s h m  high percentages of vanadium. Examples may be found 
on pages 731-733 and 743. The r e l a t ion  between the vanadium and the  magnetite 
which occurs a s  an accessory mineral i n  the diabase i n  t h i s  area,  i s  not  
qui te  clear. Tests colducted s o  f a r  a re  inconclusivs and a decision is  with- 
held u n t i l  further experiments can be carr ied  out. 

I f  t h e  assumption tha t  t h e  vanadium has i t s  origin i n  t h e  diabase 
the  vanadium i n  the overlying Mescal limestone end i n  the enveloped, s i l i c i f i e d  
block of limestone might e a s i l y  have been derived frcm the gases given off by 
the  diabase in cooling or  by heated solutions frm the same souroe. The 
secondary minerals could have been deposited by cold solutions which had 
leached vanadium f r a n  the  surrounding diabase. 

The second theory regarding the  origin of t h e  ~anadium assumes it 
t o  be a ccmponent of t h e  sedimentary rocks. There is no evidence i n  suppart 
of t h i s  theory however, in the  information gathered during these studies. An 
analys is  indicates t h e  presence or absence of vanadium bu t  af fords  no 
evidence as  t o  i t s  origin. Microscopic investigations reveal  nothing resemblbg 
any kmm vanadiumbearing mineral i n  the  sedimentary rocka. 

TRF'ATrnNT (F ThT oms: 

Research carr ied  on i n  conjunction with the Other studies on which 
t h i s  report  is based has led t o  some very important conclusions regarding 
t h e  treatment of t h i s  ore. 

The average tenor o f  t h e  l a rges t  deposits of vanadium bearing rack 
is such tha t  i n  order t o  be worked f o r  p ro f i t  the  deposit must be mined. 
milled and t r ea ted  cheaply and e f f i c i en t ly .  In general, mill ing operations 
on 1 m  grade ores do not y i e ld  high percentages of recovery. The indications 
a r e  t h a t  i n  t h i s  case a very high recovery n i l 1  be made. 



The question of mining the deposit i s  not a serious m e ,  It i s  so  
s i tua ted  t h a t  a t t a c k  can be made through adi ts .  The location w i l l  permit of 
delivery by gravity t o  t h e  treatment plant. The physical character is t ics  of 
the  deposit a re  such t h a t  the ore can be  oheaply mined in large quant i t ies  by 
some well  !am stoping method. 

As was ant ic ipated ,  ea r ly  imes t iga t ions  prwed conclusively the  
inadvisabi l i ty  of considering any form of mechanical concentration by e i ther  
wet or dry  methods. Even i f  a sa t i s f ac to ry  method of concentration could be 
devised the  amount of ore amenable t o  cmcentration is  not  large  enough t o  
j u s t i f y  the  construction of any considerable sized plant. 

Early experiments s e t t l e d  de f in i t e ly  the  question of the preliminary 
medhanical treatment of the ore, The nature of the contained vanadium makes 
f ine  grinding absolutely essent ia l .  A l l  ore must be crushed t o  -150 mesh. The 
crushing plant w i l l  be of simple, standard design, crushing *et a f t e r  the  
i n i t i a l  breaking f r m  run of mine sire. The plant  w i l l  require only the  
simplest, most e f f i c i e n t  crushing and grinding equipment without accessories 
other than the few necessary screens and sampling devices. 

Details  of t h e  chemical process f a r  the extraction of the vanadium 
are not su f f i c i en t ly  complete a s  yet  t o  j u e t i f y  any but general statements. 
The matter of a process w i l l  be made the  subject  of n complete report  a t  a 
l a t e r  date. Sufficient  progress has been mads with the investigations t o  
permit tho principal  steps in tho process t o  be outlined. They are  ( 1 )  the 
solution of the ore as a whole, excepting of' course the "insoluble" (2)  
the  extraction of a l l  t h e  valuable contents (3) separation of the  plrttl 
extracted,  (4) conversion of each t o  i ts most desirable marketable form. The 
basic principles af the  process have been determined but as yet the mechanical 
d e t e i l s  have not  been worked out. Suff ic ient  data has been oollected t o  in- 
dica te  the l ines  t o  be followed i n  designing a commeroially successful plant 
for the  extraction of a high percentage of the  t o t a l  vanadium content. 

~ h e  r e s u l t  of sampling indicates  a nearly horizontal  deposit of 
vanadium bearing rock averaging between 1.0% and 1.5% V2 g outcropping for 
a minimum length of 1400 f e e t  with an average t h i c h e s s  of t h i r t y  fee t .  Other 
bodies of rock carrying vanadium pentoxide i n  excess of one poroent are 
present though t h e i r  extent  he8 not been de f in i t e ly  determined. There is 
evidently a suff ic ient  tonnage of material  in s ight  carrying 1% or more of 
V2 05 t o  make the deposits  of connoercial importance when a sucoessful  process 
has been perfected f o r  tbe recovery of the  vanadium. 

Experimental work now i n  progress has already demonstrated the 
poss ib i l i t y  of rcocvaring a very high percentage of the  t o t a l  vanadium in 
material  containing l e s s  than 1% V2 g. In  addition other valuable substances 
w i l l  be recwered as  by-products. ldechanical de ta i l s  and f i n a l  estimates of 
production cos ts  a re  yet  t o  be determined. Acwever, it i s  anticipated t h a t  
a successful  commercial method of treatment f o r  these depoeits can be perfected, 

Respectfully submitted, 

Camp Vanadium. 
Kelvin, 4-rizona. 
August 9th. 1919. 

(Signed) Arthur I. Flagg 



ASSAYS. 

NO 

Sampl Location 

Wers i ze ,  m i l l  t a i l i n g s  dump: 500 tona. 
North ha l f  face  lower tunnel ,  5/18. 20 in vein matter .  
South ha l f  faoe lower tunnel .  5/18/19 b lack  limestone. 
Red l imestone.  NW corner of winze, upper level .  Sect.261. 
Black limestone i n  e a s t  end of "stope" upper l eve l .  
Pink limestone above No. 514. Sect. 262, 
Hard. dense, s i l i c eous  mater ia l ,  upper dump. Sect. 263, 
Face south d r i f t .  upper tunnel ,  Sect. 264, 
Face nor th  d r i f t ,  upper tunnel ,  pink limestone, Sect. 266, 
Face Crosscut N25, lower tunnel .  5/31, 
Face lower tunnel .  5/31. 
Face lower tunnel ,  one f oot ve in  mat te r ,  6/5/19. 
Face loner tunnel .  red c l a y  gouge on footwall ,  6 6 19. 
Whole f aoe  lower tunnel. a l l  black limestone, 6 6 19. 
Face no r th  c rosscut  (N25) lower tunnel. 6/6/19. 

// 
Gen. Sample by Hare s l i d e  rock between Camp Spring and YoungSpring 
Sample of 400 pounds oversize f o r  t e s t s ,  
Face loner tunnel:  30 inches quartz next  footwall ,  6/9/19, 
Face lower tunnel ,  b lack  limestone (not  including 527) 6/9/19, 
Face c rosscut  N25, pink and b lack  limestone 6/9/19, 
Diabase a t  contac t ,  NE camp (see  map) 
Diabase 30 f t  below contac t  NE camp, (See map) 
S i l i o i f i e d  limestone. loc.  630, NE camp (see map) 
Metmorphosed q u a r t z i t e  abwe  #532. NE camp (see map) 
Limestone a t  contac t ,  NE camp (see map) 
Face no r th  d r i f t ,  end of upper tunnel ,  
Sta. 53  plus 5 f e e t  e a s t ,  roof and sides.  
Sta. 53 plus 10 f e e t  e a s t ,  roof and s i d e s ,  
Sta. 53 plus 15 f e e t  e a s t ,  roof and s ide s ,  
Sta. 53 plus 20 f e e t  e a s t ,  roof and s ides .  
In upper tunnel  a t  junction of two end d r i f t s ;  across  t h e  Y, 
Gouge on contac t  diabase-limestone, Stas. 53-54, 
North w a l l  of d r i f t ;  Sta,  53 l e s s  5 f e e t  west, 
Loc. 5428 roof only. 
East  s i d e  of raise 52B across  roof only, 
West s i d e  of raise 52B across  roof only, 
Muck p i l e  under r a i s e  528, 
5 f e e t  west of samplo 544, 
1 0  f e e t  west of sample 544, 
15 f e e t  west of sample 544. 
20 f e e t  r e s t  of sample 544, 
25 f e e t  west of sample 544.soft white mater ia l  nor th  half of roof. 
25 f e e t  west of sample 544,south ha l f  of roof.2 f t  hard material ,  
30 f e e t  west of sample 544, mostly crushed and leached mater ia l ,  
East  end r a i s e  5211; 6 t o  7 f e e t  west of sample 552. roof only, 
West end of "Deseloizi te  Dr i f t "  an intermediate lsvel.4 f t  rooP, 
Samp, 554 plus 5 f t  eas t ;  four f e e t  hard mater ia l ,  
North wa l l ,  roof t o  f l o o r .  loo. 555, 
Hard, s i l i c i f i e d  limestone 5 f e e t  e a s t  loc. 555, 
North wal l .  loc. 557. 
Roof only, 5 f e e t  e a s t  Samp. 557, 
North w a l l .  loo. 559.30 i n  dust  colored limestone 
North wal l ,  loc,  559;18 i n  limestone and 3 in t a l c  under Samp. 560 
Loc.560 plus 5 f e e t  eas t !  two f ee t  of ve in ,  
Five f e e t  e a s t  Samp. 562;2 f e e t  vein i n  roof,  
Five f e e t  e a s t  Samp, 563;2 f e e t  vein i n  roof,  
Six f e e t  e a s t  Snmp. 564;2 f e e t  ve in  i n  roof; s o f t e r  and more open, 
Muck p i l e  along b o t t m  "Descloiei te  Dr i f t " ;  about 15 tons. 



Loc.565 p l u s  f i v e  f e e t  e a s t ;  18 inches ve in ,  
Face lower tunno1,6/13/19 30 i n  hard b lack  limestone on f o o t - ~ J a l l .  
Quartz  s t r e a k ,  6  in.widr? on w a l l  a t  Stn. 52. 
Quar tz  s t r e n k  20 in. wide, roof of hole  5  ft. west. Set. 52. 
Loc. 570 l imestone on nor th  ivall.  
Loross roof  t e n  f e e t  west Sta. 52; 30 i n  quar tz .  
I ~ o r o s s  roof 15 f e e t  ?rest of Sta .  52; 46 i n  quar tz .  
Across roof  20 f c o t  west  of Stn. 52; 56 i n  quar tz .  
Opposite loc. 574; b lack  limestone i n  roof of hole. 
Roof, 25 f e e t  west Sto. 52 a c r o s s  42 i n  q u a r t z ,  
Roof, 30 f e e t  west of Stn 52 across  48 in quartz .  
Poof, 35 f e e t  west of S t a  52, norass  42 i n  a u n r t z ,  
South w a l l  loo. 578. 
boross 30 i n  roof ,  5  f e c t  1,iest snmp. 578. 
Across 30 i n  roof ,  10 f e e t  wcst samp. 578, 
Ilale om south s i d e  d r i f t ;  5  f t . e a s t  Samp.581.Limestone a l l  around, 
TR.0 f e e t  !vest Stn. 52; a c r o s s  5  f t .nor th  from d r i f t , s i d e  of s tope.  
Samp aoross  E and iq s i d e s  "s tope" 10 f e c t  above f l o o r ,  
Lmwr t u n n o l ,  Stn. 1 roof and s i d e s ,  
L w e r  Tunnel, Sto. 1 plus 5  f t  roof and s i d e s ,  
L w e r  t u n n e l ,  Sta. 1 plua 1 0  f t  roof and s i d e s ,  
Lwor  t u n n e l ,  Stn. 1 plus 15  f t  roof nnd s i d e s ,  
Louor t u n n e l ,  Stn. 1 plus 20 f t  roof and s i d e s ,  
Larror t u n n c l ,  Stn. 1 p lus  25 f t  roof mrl s i d e s ,  
Louer t u n n e l ,  Stn. 1 plus 30 f t  roof and s i d e s ,  
Lowor tunne l ,  Sta. 1 plus 35 f t  roof and s i d e s ,  
J.c*rer tunnc l ,  Stn,  1 plus  40 f t  raof and s i d e s ,  
Lowar t u n n e l ,  Stn. 1 plus 45 f t  roof and s i d e s ,  
Lower t u n n e l ,  Sta. 1 plus 50 f t  raof and s i d e s ,  
Lower tunne1,Stn.. 1 plus 55 f t  roof and s i d e s ,  
Lower tunne l .  Sta. 1 plus 60 f t  roof and s i d e s ,  
Lower t u n n e l ,  S ta .  1 p l u s  65 f t  roof and s i d e s ,  
Lower t u n n e l ,  Stn. 1 p lus  70 f t  roof and s i d e s ,  
Lower t u n n e l ,  Sta .  1 p l u s  75 f t  roof and s i d e s ,  
Lower t u n n e l ,  a c r o s s  s l i p  a t  S t s .  2  plus 2  f t  e a s t ;  3.5 f t  wide, 
Lower t u n n e l ,  Sta. 2  plus  22 f t  e a s t :  roof  and south s i d e ,  
L w e r  t u n n e l ,  S t a ,  2  plus  30 f t  roof and s i d e s .  
Lower t u n n e l ,  S ta .  2  p lus  35 f t  roof and s i d e s ,  
Lower t u n n e l ,  Sta. 2  plus  40 f t  roof and s i d e s ,  
L m e r  tunne l .  Sta. 2  plus  45 f t  roof and s i d o s ,  
Louer t u n n e l ;  Sta. 2  plus  50 f t  roof and s i d e s ,  
Lmer  t u n n e l ,  S ta .  2  p lus  55 f t  roof and s i d e s .  
Lower t u n n e l ,  Sta .  2  plus  60 f t  roof and s i d o s ,  
Lower t u n n e l ,  Sta. 2 p lus  65 f t  roof  and s i d e s ,  
Lower t u n n e l ,  Sta. 2  plus  70 f t  roof and s i d e s ,  
L m e r  t u n n e l ,  Sta. 2  plus  75 f t  roof and s i d e s ,  
Lmor t u n n e l ,  Sta. 2  plus  80 f t  roof and s i d e s ,  
Lower t u n n e l ,  Sta. 2  p lus  85 f t  roof and s i d e s ,  
Lowcr tunne l ,  Sta. 2  p l u s  90 f t  roof and s i d e s ,  
lwrer  tunne l ,  St,a. 2  plus 95 f t  roof and s i d e s ,  
Lower t u n n e l ,  Sta. 2  plus  100 f t  roof and s i d e s ,  
Lovicr tunne1,Sta. 2 p lus  105 f t  roof and s i d e s ,  
Lower tunne1,Stn. 2  plus  110 f t  n o r t h  s i d e  of d r i f t  only, 
Laver t u n n e l ,  Sta. 3  roof and s i d e s ,  
Lower t u n n e l ,  u c s t  s i d e  of through r a i s e :  3 ft ov vein mat te r ,  
Lower t u n n e l ,  a l l  around west s i d e  of  through r a i s e ,  
Lower tunne l .  a l l  around south s ide  of  through r a i s e ,  
Lower t u n n e l ,  a l l  around e a s t  s i d e  of th rouch  r a i a e ,  
Lower t u n n e l ,  Sta. 4  roof  3.5 quar tz  v e i n ,  
L m e r  tunne l ,  Loc, 265 n o r t h  w a l l  only, 
Lmver t u n n e l ,  S ta .  4 plus  5  ft. e a s t .  r a o f ,  south w a l l ,  

1 f t  on n o r t h  s n l l .  
L w e r  .tunnel,Stn.4 p lus  1 0  f t  eas t ; roof . sou th  w a l l  k 1 f t  n o r t h  wal l  
Lmer tunnel ,Stn.?  plus  15  f t  ens t ; roof , sou th  w a l l  Is 1 f t  n o r t h  wal l  
Lower tunnel,Sts.4 p lus  15  ft  oos t ;  nor th  wnl l  only, 
Lorver tmnol ,Stn.4 plus  20 f t  south wnll and  roof .  



Lwor tunnel, Sta. 4 plus 25 ft;south wall and roof. 
Lower tunnel, Stn. 4 plus 30 ft:south wall and roof, 
Lmor tunnel; Sta. 4 plus 35 ft:south wall and roof. 
Lwor tunnel, Sta. 6 plus 10 ft;south m l l  and roof. 
Lover tunnel, Stn. 5 plus 15 ft;south wall and roof. 
h e r  tunne1,Stn. 5 plus 20 ft;aouth well and roof. 
Lower tunnel Sta. 5 plus 25 ft;roof only, five ft wide, 
Lover tunnel Sta. 5 plua 30 ftiroof only. 4 ft wide. 
Lower tunnel Sta. 5 plus 35 ft:rocf only, 4 ft wide, 
Lower tunnel Stn. 5 plua 40 ft;roof only. 4 ft wide. 
Lower tunnel Stn. 5 plus 40 ft;aouth side of drift, 
Lower tunnel Sta. 5 plus 40 ft;north side of drift, 
Lower tunnel Stn. 5 plua 45 ft;roof and eauth side of drift. 
Diabase-Limestone contact in cliff; 4-ft bedded quartzite, 
Diabase-sedimentary contact; 2 ft, quartsits nbwe No, 646. 
Diabase-sed.Contact; included limestone in diabase.3-ft below No.645 
Diabase-scd.cont:lO-ft shaly limestone. 
Diabase-sed.cont;25-ft limestone above No. 648, 
Diabase-sed.cont:black-white quartzite above No. 649, 
Dump loc. Jumbo No. 1 shaft, 
Docite dike on trail near No. 651. 
Ouartr streak 10 in: crosscut 5 N lmer tunnel. 
Quarte,Oravel,Queen creek. 
Face lower tunnel 6/30/19; 40 in vein,-quartz,porphyry and talc. 
Loc. 656 10 in qunrtz and diabase on foot-rmll, 
Lower tunnel, XC 25; Sta. 25 oapto floor on eashral1,crushed 

limestone;: 
Lower tunne1,XC 25;Sta.25 plus 5 ft.eaat wal1,black limestme. 
Lower tunne1;XC 25:Sta.25 plus 10 ft,limestone on east wall,' 
Laver tunnel; XC 26:Stn.25 plus 10 ft,roof,limestone west to fault, 
Laver tunne1;XC 25;Sta,25 plus 15 ft,enst wal1,hard blk linestone. 
Lwer tunne1;XC 25;Sta.26 east wall and 2 ft of roof to fault; 
Lower tunne1,XC 25:Sta. 26 plus 5 ft,east wall and 3 Pt. roof, 
Lmer tunne1,XC 25; Sta.26 Plus 10 ft, east wall and 4 ft roof, 
L m r  tunnel, XC 25 Fece. 7/1/19 
Lmer tunnel, XC 25 opposite 663, diabase, 
Lmer tunnel. XC 25 opposite 659, diabase, 
Lover tunnel, XC 5 S. face 7/1/19. 
Loner tunnel; face 7/1/19 3 ft porphyry. 
h e r  tunnel, face 7/1/19 2 ft mixed altered limestono and diabnse 
Intermediate drift, brokon ore under Stan. 32 and 33, 
Quartzite, above loo Pacifio claim on hill-top, 
Jumbo Loo. tunnel; aoross 8 ft. silicified limestono, 
Diabsse in wash opp loc. 673, 
Quartzite boulder. 
Sedimentary from creek bed, 
Quartzite E side wash by NW Cor. North Star claim, 
Diabase near SW cor North Star claim, 
Diabase dike at Camp Spring, 
Quartzite breccia west of Samp. 679, 
Massive quartzite east of dinbase Samp. 679, 
Limestone in cliff. 4 ft. thick, 
Limestone in cliff, 2 ft thick, NW of Sample 682 about 15 ft. 
Cherty limestone, 3 ft thick, about 125 ft Nismple 683, 
Cherty limestone, 10 ft thick, underneath 684, less siliceous, 
Cherty limestone, in cliff, north of 685. 
Qtartzite with speculorite, 
Float from cliff. 
Light grey limestme f r m  cliff. 5 ft. 
Limestone above 689;from 12 to 15 ft thick. 
Limestme 8 ft thick, north of 690. 
Limestone, 3 to 4 Pt thick, 
Lmer tunnel, Sta. 10 plus 4 ft west roof and south side, 
Lmer tunnel, Sta. 10 plus 4 ft &st, north side, 
Lower tunnel, Sta. 10 roof and south side, 
Lower tunnel, Sta, 10 north side, 
Lover tunnel, Sts. 10 plus 5 ft; roof only, 4.5 ft wide, 



L w e r  t u n n e l ,  Sta .  1 0  plua 5 f t ;  south w a l l ;  
L m r  t u n n e l ,  Sta. 1 0  p l u s  5 f t :  n o r t h  wal l ,  
Lower t u n n e l ,  Sta .  1 0  plus 1 0  ft. roof o n l y . 5  ft. wide. 
Lmer  t u n n e l ,  Sta .  1 0  plus  1 0  ft; south wall; 
L w e r  t u n n e l ,  Sta .  1 0  p lus  1 0  f t ;  n o r t h  wal l .  
Loner t u n n e l .  Sta. 1 0  p lus  15  f t ;  roof on ly , '  
Lower t u n n e l ,  Sta. 1 0  p lus  15  ft; south s ide .  
Lower tunne l .  Sta. 10 p lus  1 5  ft; n o r t h  s ide .  
Lower t u n n e l ,  Sta .  11 roof and n o r t h  a i d e ,  
S ta .  10 p l u s  1 0  f e e t  e a s t ,  roof and n o r t h  s ide .  
Q u a r t z i t e ,  sou th  s i d e  of open-out and winze ( ~ s p e r a n z a )  28" quar tz  
Diabase n o r t h  s i d e  of  open-cut (Esperanza) Loo. 707, 
Concentrates  from panning 2 l b s  samp. 671. 
F loa t  m a t e r i a l  obtained i n  panning samp. 671, 
T a i l i n g s  f r a n  panning samp. 671, 
Duplicate  sample 513, S l i d e  261. 
F l o a t  F 24,  
Duplicate  514 S l i d e  262. 
Face c r o s s c u t  5N l imestone i n  top .  
F l o a t  23  F, 
Fahe c r o s s c u t  5N. diabase i n  bottom, 
S t n t i m  5A plua 5 ft nor th ;  roof only, 
rlonb 82 F. 
F l o a t  F 24  B, 
Stn. 5A p lus  1 0  f t  n o r t h ,  roof only. 
Sta. 28 t o p  and s i d e s ,  crushed limestone. 
Stn.  27 p lus  1 0  f t  e a s t ;  t o p  and s i d e s ,  
Loc, 724 plus 1 0  f t  e a s t :  t o p  and s i d e s ,  
F l m t  F 22 8 .  
Sta.  11 p l u s  5 f t  eas t :  roof ,  4 f t  wide, 
Sta. 11 plus  10 f t  e a s t :  r o o f ,  4 f t w i d e ,  
S ta .  11 plus  15  ft e a s t ;  roof .  4 f t w i d e ,  
S ta .  11 plus 20 f t  e a s t ;  roof. 4 f t  wide, 
Sta .  31 p lus  5 f e e t  roof only, 
S ta .  3 1  plus  1 0  ft; roof  only. 
Sta .  31 p l u s  20 ft; roof  only, 
Sta. 3 1  p l u s  25 ft; roof  only, 
S ta .  31 p lus  2.5 f t ;  roof only, 
Face Sta .  3 1  plus  26 f e e t ,  
Fnce of s h o r t  d r i f t  n o r t h  f r a o  intermediate  leve1,west of shaf t .  
Face of s h o r t  d r i f t  sou th  from in te rmedia te  l e v e 1 , r e s t  of s h a f t ,  
S ta .  33 i n  roof .  40 inohes wide, 
Sta .  33 p l u s  S f t .  west: roof ,  t h r e e  f e e t .  ' 

Sta .  33 plus 10 ft n e s t ;  roof  26 inches wide, 
Sta .  33 p lus  15 ft west; roof  24 inches wide. 
Face, wes t  of S ta .  33. 
h p ,  New Orl@ans s h a f t ,  
300-ft S45E from Loc. M t  North Pork No, 8: Red q u a r t z i t e ,  
Q u a r t z i t e  included i n  d iabase ,  300 f t .  n o r t h  loc. 745, 
Ropf, e a s t  f a c e  lower d r i f t  off f i r s t  winze from lower t w e l ,  
Diabase under Loc. 747, 
Green-gray. s h a l y  l imestone i n  o l i f f ,  
Cherty l imestone,  loc.  749. 
& a r t r i t e  a t  c a c t  w i t h  diabase dike;  j u s t  under conglcrmorate. 
S ix  i n c h  s t r e a k  '=% o i r o n  in c e n t r e  of diebase dike;near loc. 751. 
Cherty l imestone i n  c l i f f ,  
S i l i c i f i e d  l imestone i n  c l i f f ,  

, 
Limestone i n  c l i f f ,  
Dolomitic limestone. 
S i l i c a  " l a d r i l l o "  
Contact phase q u a r t z i t e  a t  d a c i t e  dike,  Young's spr ing ,  
Sta. 11 plus  25 ft roof only., 4 f t  wide, 
S ta .  11 plus  30 f t :  roof .  4 ft wide. 
S ta .  12 p lus  6 f t :  r o o f ,  4 f t  wide. 
F l o a t  F 23 C .  
Dup.. 757, 
F l o a t  F 22 C .  



ANALYSES. 



FOR !?HE -SECOVEXV OF LEAD Ah?> VARADITJM -- 

The process t o  be described i s  a method adapted and re- 

commended f o r  t h e  treatment of lead-vanadium ores carrying high per- 

centages of lead and vanadium with low percentage of a i l i c a  o r  quarto. 

lhe vanadium content of the  ore should be from 10 t o  15 per cent V205; 

the  lead content should be f ran  45 t o  50 per cent; and t h e  amount of 

s i l i c a  should not be grea te r  than 17 or  18 per cent of the to ta l .  

Thus it i s  seen t h a t  a f a i r l y  high-grade concentrate must be used. 

!Be nethod is also especial ly  adapted t o  ores containing a 

small amount of molybdenum as wnlfenite, an ore which usually occurs 

wi th  vanadinite. Ordinarily, chemical reagents which p rec ip i t a t e  

vanadium f r o n  solution a l so  prec ip i ta te  molybdenum, due to  t h e i r  re- 

l a t ed  chemical properties. So tha t  unless specie1 allowance is made 

f o r  t h i s ,  t he  f i n a l  vanadium product w i l l  contain some molybdenum. 

By the method t o  be outlined, the  vanadium obtained is  p rac t i ca l ly  f ree  

from molybdenum. 

The ac t aa l  d e t a i l s  of t he  treatnent are as follows: 

G- Vanadinite concentrates of the  grade previously specif ied are  

smelted e i t h e r  in a s m l l  lead b l a s t  furnace, o r  in  a su i tab le  rever- 

beratory furnace, with about 800 pounds of caustic soda and 200 nounds 

of sod8 as%, together  with sufficient coal or  coke t o  reduce the lead 



which is obtained as a m t a l .  dnJr gold o r  s i l v e r  values rshich may 

be present in  the ore  a r e  ca r r i ed  out into the lead. and may be re- 

covered when present i n  s u f f i c i e n t  quantities. 

The s lag  obtained from t h i s  smelting process costains the 

vanadium which is then ex t rac ted  by e i the r  pouring into water while 

s t i l l  molten o r  by allowing it t o  cool, and then pulverizing it. In 

ei ther  case. the  s l a g  i s  t r e a t e d  w i t h  boi l ing water and the residue 

f i l t e r ed  off. Fne r e su l t i ng  solut ion i s  always strongly alkaline, 

and contains from 90 to  95 p e r  cent of the vanadium or ig ina l ly  present 

i n  the concentrates used. 

B th ick emulsion of s laked lime i s  then added to  the liquor 

obtained above and t he  mixture bo i led  with agitation.  The lime pre- 

c ip i ta tes  a l l  of t he  vamdimn but  leaves the molybdenum i n  solution. 

The vanadium i s  obtained as calcium vanadate, and a f t e r  dryipg usually 

contains f rm 15 t o  18 p e r  cent  P205. This product may be sold e i ther  

in th i s  form, o r  i t  may be improved at a small ad6it ional cost  by leach- 

ing with su l fu r i c  acid,  f i l t e r i n g  off the insoluble residue, and then 

precipi ta t ing the venadium by bo i l i ng  the acid solution. The product 

obtained i e  vanadium pentoxide containing from 85 t o  90 per cent V205. 

me ac tua l  cost  of treatment of the  concentrates f o r  fluxes and 

other chemicals together w i t h  an estimate on the labor, etc.. is given 

as follows: 



Cost Per Ton of Concentrates ---- 

800 lbs. caust ic  soda 8 ,$4.30 per cwt. .................. .$34.40 
200 lbs. soda ash @ $2.90 per cwt. ....................... 5.80 .......... 900 lbs. 60° B. sulfur ic  acid @ $16.00 per ton, 7.20 
200 lbs. lime 8 $25.00 per,ton, .......................... 2.50 .................................. 100 lbs.  coal,  o r  coke. -25 
Labor, power, depreciation, etc. ......................... 15.00 

mi Total estimated cost per ton, ............................* 65.15 

Ihe above figllres are given on the b a s i s  of a 10-ton plant. Ihe 

value of the products obtained, using a concentrate containing 12% per 

cent V205 and 50 per  cent of lead, and assuming 90 p e r  cent recoveries, 

would be as  follows r 

900 lbs. lead 0 $500 per &t. .......................... $45.00 
225 lbs. vansdimn pentexide 63 $1.2O.per lb. ............. 270.00 

Value of products per ton of concentrates. .............. $315.00 

Mo estimate as t o  the cost  of producing a ton  of vnnadinite 'con- 

centrates  of the  specified grade has been given, m i n g  t o  the varying crm- 

d i t ions  encountered in t h e i r  production. The grade and anount of raw 

ore available,  location of mines, and water supply a r e  all important fac- 

to rs  which vary so great ly  tha t  a reasonable e s t i n a t e  t o  f i t  any condition 

cou ldno t  be made. Hmever, if the supply of raw ore i s  assured, the 

costs  f o r  concentration under the most adverse conditions,  added t o  the 

costs  of chemical treatment, should allow an a t t r a c t i v e  margin of profit .  

J. 3. Gonley, TJ. S. Bureau of Nines, 
Golden, Colorado. April 5. 1919. 
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