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REPLY TO: 

2940 N . CASA TOMAS 
PHOENIX, ARIZONA 85016 
TELEPHONE 1602) 277-6053 

~it~ard ~. ~ieritl 
MINING CONSULTANT 

GEOLOGY 
EXPLORATICi'~ 

E V ALUA TIO!, 
FEASIBILITY 
OPERATION 

ARIZONA REGISTERED 
MINING ENGINEER AND GEOLOGIST 

Mr. Sam A. Bittner 
12076 Jackson Street 
Omaha, Nebraska, 68154 

September 4, 1985 

Re: Monte Cristo ----
Dear Mr. Bittner: 

Thank you for your letter of August 28, 1985, enclosing your 
check #012 to my order as well as the results of the samples you 
had analyzed by Princeton Testing Laboratory. 

I am however returning your check in as much as it is incompletely 
filled out. Even if the bank would accept it, I would not cash 
same. Please complete the written portion of the amount and 
return to me at your earliest convenience. 

As regards the amount of my INVOICE dated July 15, 1985. On 
June 27th I advised you requesting an advance to pay for the 
required assaying/testing. I requested $200.00. You then asked 
me how much you owed me--I replied I would send you a bill when 
the work was completed--to which you answered let me pay you now, 
so as of that moment--the amount was $600.00--FOR 4 hours on 
June 25th and a full day in the field on June 26th. This amounts 
to $200.00 for the 25th and $400.00 for the 26th. I also advised 
you there would be additional time, but I would not be able to 
estimate same. The balance of the time spen was in sample 
preparation, sample delivery and preparation of Report and 
Maps which you received about mid July. 

You will recall we used my transportation to travel to the 
property--for which you were not charged--such as others might 
have done. 

Return of the completed check would be appreciated. 

r tz, 
Mining Co sultan 



REPLY TO; 

2940 N . CASA TOMAS 
PHOENIX. ARIZONA 8S016 
TEL.EPHONE 16021277-1;053 

~it~ard ~. ~ieritz 
MINING CONSULTANT 

ARIZONA REGISTERED 
MINING ENGINEER AND GEOLOGIST 

GEOLOGY 
E XPLOHA 1,0,', 

E VALU/ ... 1I u f-; 
Ft::ASI!1 l l. , l y 

OPER,''1'fIOf\j 

July 15. 1985 

Mr. Sam Bittner 
Monte Cristo Mining Corp. 
12076 Jackson Street 
Omaha. Nebraska. 68154 

INVOICE 

For Professional Services Rendered in con
nection with discussion. property 
visit and sample preparation and 
preparation of letter Report of 
Sample Analysis on the Monte Cristo 
Pegmatite property. Yavapai County. 
Arizona as authorized by yourself 
on June 26. 1985. 

Office time. June 25. Conference. 4 hrs. 
July I, Sample Prep. 2~ hrs. 
July 8, Report Prep. 4 hrs. 
July 13, Report Prep 3 hrs. 
July IS, Map Prep. 2 hra. 

Total Hours 15~ hrs @ $50.00/hr.= $ 775.00 

Field time, June 26, 1 day @ $400.00/day 

TOTAL FEE 

Out of Pocket Expenses 

Iron King Assay Office 
Pacific Spectrochemical 
Postage Sam Bittner $ 12.85 

Pacific Spectro $ 2.40 
Telephone Iron King $ 3.75 

Pacific '$ 6.15 

Total Amount due 

= 

= 

CREDIT--Your check #001, June 27, 1985 

Balance due. 

$ 48.00 
$ 152.00 

$ 15.25 

$ 9.90 

Please Remit to R. E. tiieritz at above address. 

Amount Due is payable upon receipt of Invoice. 

= $ 400.00 

$1,175.00 

$ 225.15 

$1.400.15 

$1.000.00(-) 

$ 400.15 
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A 

GEOLOGIC EVALUATION 

REPORT 

on the 

Monte Cristo Pegmatite Mine 

Weaver Mining District 

Yavapai County, Arizona 

by 

Richard E. Mieritz 
Mining Consultant 

Phoenix, Arizona 

May 22, 1979 
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INTRODUCTION: 

At the request of and authorization by Mr. Chet Cheatwood, President 
of Verde Products, Inc., an Arizona corporation with offices in Phoenix, 
the writer personally visited and examined the Monte Cristo Mine (Monte 
Cristo claims) in Yavapai County, Arizona, on May 19, 1979 for the 
purpose of observing the pegmatite mineralization within the claimed 
boundary. 

PROPERTY, LOCATION and ACCESSIBILITY: 

The property consists of fifteen (15) standard lode 
Monte Cristo 
half of Sec. 

Land Management, Phoenix, Arizona, as required by Federal law. 
action plus the observed development and assessment work completed on 
the property should establish the claims as a legal entity. (Map No.3) 

The property is accessible by passenger automobile. From Phoenix, 
travel northwesterly to Wickenburg, turn northerly on U.S. Highways 
89 and 93, following Route 89 to Yarnell. (Route 93 heads northwesterly 
to Kingman, Arizona.) From the Ranch House Cafe in Yarnell, travel 
northeasterly on Route 89 to a gravel road junction 6.7 miles distant. 
Turn north, or left, onto the ranch type road and travel 1.6 miles to 
a "Y". At this point, bear left and continue for 1. 7 miles to another 
'~". Here, bear right and continue for 1.5 miles to a locked gate, 
through gate and 0.2 miles to third I~" at which point, bear right for 
0.2 miles to the pit. (See Maps No.1 and 2.) 

HISTORY, DEVELOPMENT and PRODUCTION: 

The property dates back to 1917, when the pegmatites were mined for 
the beryl content. In the early 20's, the property produced mica. 
In the late 20's, more beryl and some euxenite (a mineral containing 
yttrium, erbium, cerium and uranium) were mined. After a long idleness, 
a mica mill was erected in 1947 and mica produced. This development 
consisted of a vertical shaft, an adit and some surface mining. Renewed 
beryl activity in the early - mid seventies saw a drilling exploration 
program completed. The results of this work appear to be difficult to 
obtain. 

In 1975, Mr. Chet Cheatwood relocated the then "Dixie Queen" claims 
to the present Monte Cristo claims. Since then, 300 tons of mica have 
been mined and sold to Buckeye Mica Mill, Buckeye, Arizona. Feldspar 
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has also been mined for test work (100 pound to 1/4 ton lots). This 
test work by Westwood Ceramics, Hiway Ceramics, Bice, etc. has shown 
the feldspar to be of high quality and purity, more so than the North 
Carolina feldspar currently supplying the California market. 

Mr. Cheatwood has done much pre-mine work to prepare the available 
feldspar "ore" for mining and production on a scale to make the venture 
profitable. To further enhance the operation, negotiations are under 
way to purchase the now idle "feldspar" crushing and pulverizing mill 
at Kingman, Arizona. 

CLIMATE and FACILITIES: 

Except for a few days during the "rainy" period and the winter season, 
year round operation of the mine can be expected. 

The mine workings are at an elevation of 5,000 feet. ~~/ 
No gas or electricity are available at the property. A rancher' ~' t:J",'~'f. \~.) ! ~ 1'0 • 
stock watering well is a short distance from the workings. <l:' 77.4. 

GENERAL GEOLOGY: 

l~Cr-'~tp E. 
,/ l ~I¢~JF , 11 

i '$.r. < 11. V • 
g.I / C . !~ . . \1',/ 

;-~~~. 
Arizona has a northwest trending zone of 50 to 70 miles in width i/?;. - A. u~· 
has many occurrences of pegmatite structures as veins, blobs, pipes 
and irregular masses. All these can be of small, medium or large 
volumes. This zone extends from Morristown - .about 40 miles northwest 
of Phoenix - to Kingman and beyond towards Hoover Dam. (See Map ' No. 2.) 

Pegmatites, in general, geologically are considered the "trash can" of 
mineralization because pegmatites usually are composed of high temper
ature minerals and elements not commonly associating themselves with 
the more common base and precious metals of lead, zinc, copper, gold, 
silver, etc. 

Pegmatites are usually composed of, but not limited to, silica (quartz), 
feldspars (sodium and/or potassium), beryllium minerals, mica (biotite 
and/or muscovite), columbium, tantalum, titanium and many rare earth 
metals - minerals. The size, shape, geographic location nor the struc
tural mode have any great influence on the composition or the constituent 
quality and/or quantities of any particular pegmatite deposit. 

LOCAL GEOLOGY and MINERALIZATION: 

The claimed area hosts the widespread pre-Cambrian granite which is 
part of the Bradshaw Complex common to the area. Most of the granite 
is "fresh" rock, however, some decomposition has occurred in local 
areas. Isolated islands of Yavapai schist are also present. (See 
Map No.2.) 

Here, within the claimed area, a moderate size pegmatite deposit has 
been moderately explored and developed. This deposit is located on 
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Monte Cristo 1H and 11=9 claims. (See Map No.3.) 

The major constituents of this pegmatite deposit are pota 
feldspars, silica (white-gray, sometimes tan quartz), mi 
usually Silvery of small to quite large plates) and bery 
most frequently in large crystal form. 

DEVELOPMENT: 

The deposit is developed by an Adit, several surface pits and t;r~e~~~~ 
and more recently by surface excavation resulting in a vertical face 
exposure of 40-45 feet in height and some 300 feet in length. (See 
Photo.) The owner states two other Adits and two vertical shafts exist 
but are not accessible now. 

The writer has surface mapped the deposit OMap No.4) and checked the 
geological underground mapping as completed by R.Raabe (Map No.5). 
The shaft shown on this map is not accessible - being filled by the 
recent work. A second shaft to the north also is not accessible. The 
depths are reported as 50 and 30 feet respectively. The two inaccessible 
Adits are located some 40 feet vertically below the present "bench" -
flat area in the pit - and to the north - being driven to the south. 
It is reported that the pegmatite was intersected with these Adits. 

ORE RESERVES: 

Pegmatites, unlike base or precious metal deposits, where samples can 
be taken and assay cqntents or values obtained, must be visually 
examined and estimated. The mineral contents (quartz, feldspars, micas, 
beryl, etc.) must be visually estimated. Such estimates will vary from 
engineer-geologist to engineer-geologist, dependent on his knowledge 
and experience with pegmatites. The end result is that an.ore reserve 
estimate is that - an estimate. However - the more the pegmatite is 
"opened" for visual examination, the more accurate the estimate will be. 

Fortunately, the contained minerals in this deposit are very clearly 
distinguishable and identifiable by sight. Then too, the development 
thus far has exposed many faces for the "appraiser" to examine. 

Ore Reserve classifications are defined as "Proven or Measured" (posi
tive information in all directions), "Indicated" (positive information 
in some directions) and "Inferred" (geologic projections based on 
geologic evidence of the "known" mineralization). 

The degree of development at the Monte Cristo deposit does not have 
sufficient "evidence" to classify an ore reserve into ''Measured'' 
except in a small, meaningless way. The degree of development at the 
deposit is more than required for "Indicated" ore. Thus, a situation 
exists which is midway between the two classifications and this reserve 
the writer designates as ''Measured - Indicated". The second classifi
cation used here is "Inferred." 

Map No. 4 (Surface Geology of the Deposit) suggests a deposit of near 
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rectangular shape with surface dimensions of 250 feet in length and an 
average 100 feet in width. The vertical bank in the pit (See Photo) 
is estimated as 40 feet and the surface in the middle of the deposit 
about another 10 feet, sayan average of 45 feet. To this figure, 15 
additional feet should be added for the material below the present pit 
floor level. The two inaccessible shafts are reported (Erickson's 
Report, 1956) as having penetrated the pegmatite 30 to 50 feet below 
their collars. 

The "block" thus has dimensions of 250 feet long, 100 feet wide and 
60 feet deep or thick. These figures multiplied for volume and divided 
by 12 (cubic feet per ton in place) results in 125,000 tons. (See Map 
No.4. ) 

The lower two inaccessible Adits are also reported as encountering the 
pegmatite deposit. It is therefore reasonable to assume by inference 
that a "block" of similar dimensions could exist below the above 
described "Ore Block" and in the amount of a similar tonnage - 125,000 
tons. (See Map No.5) 

The writer thus credits the present pegmatite deposit with: 

Measured - Indicated 
Inferred 

125,000 tons 
125,000 tons 

The pegmatite zone is in surface evidence fer some 500 feet in a south
west direction but has not been explored, thus opening the way for 
additional potentials. 

The pegmatite is composed of four recoverable, marketable minerals, 
namely, feldspars, quartz (silica), mica and beryl. The percentage of 
these minerals in pegmatites varies considerably deposit to deposit AND 
within any specific deposit. Based on the evidence observed by the 
writer during the visual examination of same, it is the opl.nl.on of the 
writer that the deposit will have the following mineral content average 
percentages. 

Feldspars 70.0% 
Silica 25.0% 
Mica 3.5% 
Beryl 1.5% 

100.0% 

In the "Measured Indica ted" ore block there could be 

Feldspars 87,500 tons 
Silica 31,250 tons 
Mica 4,375 tons 
Beryl 1 1 875 tons 
Pegmatite 125,000 tons 

MINE OPERATION: 

Mr. Cheatwood states his objective is the production of feldspar 
mine, transport, mill in Kingman, Arizona and bag, marketing the 
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product for $90.00 per ton. 

Simultaneous mining of the silica, mica and beryl would provide stock
piles of these minerals for future milling and marketing of a saleable 
product. ' 

Mr. Cheatwood also states he is assured of a feldspar m~n~ng contract 
by experienced feldspar miners at $6.00/ton, mined and loaded into 
trucks. Other minerals would be mined and stockpiled for $3.00/ton. 

A trucking charge contract to Kingman is indicated as being $13.00/ton 
- 10¢ a ton mile. 

The milling cost at the Kingman plant has not been determined but the 
writer would estimate a $20.00/ton actual cost, not including capital 
cost writeoff. 

VALUE in PLACE: 

It has been estimated that 87,500 tons of feldspar exist. With an 
85% mining efficiency projected, there should be 74,375 tons of re
coverable feldspar. With a market price of $90.00/ton (Kingman), the 
"in place" value is $6,600.000.-. 

The E.&M.J. April quotes for the other mineral commodities (minimum 
figures, specifications and price in each case) are: 

Silica: 
Mica: 
Beryl Ore: 

$35 - 46.00/ton, 50 lb. bags 
$30 - 35.00/ton, scrap , 
$50 - 55.00/STU (1%), for 10-12% 

The above "by products" could further enhance the "in place" value 
$2,160,000.- or a total of $8,800,000.- for the "Measured - Indicated" 
ore block. 

Phoenix, Arizona 

May 22, 1979 
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Mr. Sam Bittner 

ARIZONA REGISTERED 
MINING ENGINEER AND GEOLOGIST 

Honte Cristo Mining Co. · 
12076 Jackson Street 
Omaha, Nebraska, 68154 

July 15, 1985 

Re: Monte Cristo Pegmatite 

During a June 25th conference with yourself and contractor Don 
Kenton in my office, we planned, among other things, a visit to 
the Monte Cristo pegmatite property, Yavapai County, Arizona 
for the purpose of obtaining some samples which would represent 
the "general character" of the pegmatite outcrop \.Jhich is primarily 
located on Monte Cristo No. 1 and Monte Cristo No. 9 claims. 

The specific visit to the property was completed on June 26th-
yourself, Mr. Kenton and the writer. Much time was consumed 
"walking in and out" (2.1 miles each way) due to the fact that 
both gates have five locks on each. This situation must be cor
rected before any future work can be commenced on the property. 

On arrival at the property, the writer observed considerable 
physical changes as to relief and outline of the pegmatite out
crop and immediate area. These changes occurred since the writer's 
last visit to the property in May, 1982. The changes resulted 
from "hap-hazard" type of mining and rock moving operations. The 
writer has attempted to indicate these changes on the included 
Map, the initial map being prepared in May, 1979 when a report on 
the property was prepared for a Mr. Cheatwood. 

During the field visit, the writer took four general "chip" samples 
of various lengths at strategic locations which could be tested 
by analysis various metal/mineral contents within the pegmatite. 
These samples were fire assayed for gold and silver. The same 
samples were Spectrochemical analyzed for other metals such as 
rare earths, the more common elements as silica, calcium, sodium, 
etc as well as for silver. 

This "first step" analysis is necessary to justify further ex
penditures for the more expensive individual chemical analysis 
of metal/metals contained in the rocks--the samples. 

The four samples taken by the writer were taken to the Iron King 
Assay Office, Humboldt, Arizona for sample crushing/pulverizing, 
rolling (for thorough mixing) and fire assayed for gold and 
silver. Balance of the total pulverized sample not used by Iron 
King Assay Office was taken to Phoenix by the writer \"here it 
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was again rolled. The writer then took two portions of each sample, 
sending one group of four samples to Pacific Spectrochemical Labor
atory, Los Angeles, California, for a spectrochemical analysis of 
each sample. The second portion of each of the four samples was sent 
to Mr. Sam Bittner, Omaha, Nebraska, so he could forward some of the 
samples to a laboratory of his choice to have each of the samples 
analyzed for various metals by the Atomic Absorbtion method-
quantitatively. 

The four samples taken by the writer are: 

#2980 - Chip sample of 20 feet horizontally across a new northeast face 
of the "Pit" (See attached Map) which contains quartz (Si02), 
feldspar and some mica. 

#2981 - Chip sample of 40 feet horizontally across new southeast upper 
bench face containing approximately 50% quartz and 50% feld
spar with fair mica. 

#2982 - Chip sample of 10 feet horizontally along northeast wall of the 
Adit (underground) beyond the caved portion of the Portal and 
quite close to the large cave just northwest of same. (See Map) 

#2983 - Chip sample of 30 feet horizontally along the northwest wall 
of outcrop starting near Adit portal. Part of this face is 
newly exposed, the other part more or less undisturbed having 
weathered the unorthodoxed blasting of a previous operation. 
Most of the sample is quartz with little mica. 

The included Sample Analysis Results lists the samples in columns, 
side by side horizontally and the contents of the various constituents 
vertically to provide and easy summary and comparison one sample with 
another. 

The primary major minerals of the pegmatite are quartz . (Si02), feld
spars [(K, Na) AISixOx ] and mica [(K, Na, Mg, Fe) AISixOx ]. The 
elements here mentioned are the first six on the Spectrochemical 
Analysis. These minerals are visually observable in the pegmatite. 

The low value of the Beryllium content definitely rules out the 
possibility of a homogenous disseminated distribution throughout the 
pegmatite of this metal. It is known however, that beryl/phenacite? 
does exist in the pegmatite but in small localized, isolated areas. 
This criteria indicates that a tedious hand sorting method to recover 
the beryllium values would be required in any future operation. 

The indicated sprectrographic contents of some of the rare earth 
metals such as Gallium, Columbian, Tantalum and Yttrium are so low 
in value that it is difficult to generate an interest in such metals. 
As noted on the included Semiquantitative Analysis Sheet received 
from Pacific Spectrochemical Laboratory, the rare earth metal Selenium, 
is NOT DETERMINABLE by spectrographic methods. 



Sam Bittner July 15, 1985 

Page Three 

The gold-silver fire assaying of these four samples confirms the 
Pacific Spectrographic result of silver, viz, basically zero. 

In view of the analysis results thus far, it would appear that the 
only minerals/metal of value and available forconcent·ration to a 
final product would be the quartz, feldspars and micas. 

Please advise the writer when you have received the results of your 
test work by forwarding a copy of the results. The writer can then 
compare and analyze same and determine if further work should be done 
and what such work should be. 

Attachments: Assay Certificate--Iron King Assay Office 
Semiquantitative Analysis Report--Pacific Spectrochemical 

Laboratory, Inc. 
SURFACE--SAMPLE MAP. 



SAMPLE ANALYSIS REPORT SUMMARY 

Pacific Spectrochemical Laboratory 

Iron King Assay Office 

SEMIQUANTITATIVE ANALYSIS 

2980 2981 2982 2983 

Si Silica 30.0% 34.0% 29.0% 30.0% 
K Potassium 4.9 4.6 20.0 5.3 
Na Sodium 4.3 3.0 7.7 5.3 
Al Aluminum 11.0 8.4 1.2 (?) 11.0 
Fe Iron 0.64 1.0 0.77 0.65 
Mg Magnesium 0.069 0.0055 0.0066 0.0086 
Mn Manganese 0.039 0.28 (?) 0.024 0.026 
Pb Lead 0.023 0.019 0.047 Tr 0.01 
Ga Gallium 0.0037 ND 0.003 0.011 0.0058 
Ca Calcium 0.091 0.15 0.034 0.024 
Cu Copper 0.0033 0.0061 0.0064 0.0046 
Ag Silver 0.00013 0.0019 Tr 0.0001 ND 0.0001 
Ti Titanium 0.021 0.013 ND 0.002 0.011 
Ni Nickel 0.00063 0.0011 0.0023 0.0019 
Cr Chromium 0.0097 0.016 0.027 0.021 
Be Beryllium ND 0.0003 same same same 
Cb Columbium ND 0.02 same same same 
Ta Tantalum ND 0.06 same same same 
Y Yttrium ND 0.009 same same same 

FIRE ASSAY 

Au Gold Nil Nil Nil Nil 
Ag Silver Nil Nil Nil Nil 

NOTE: 

The Aluminum content of sample 2982 is questioned because that sample is 80% feldspar. It probably 
is a typographic error--should be 12.0% 
The Manganese content of sample 2981 is questioned--again, a possible typographic error. 



TO: (213) 838-5939 (213) 870-3749 

RICHARD MIERITZ 
Pacific Spectrochemical laboratory, Inc. 2940 N. Casa Tomas 

Phoenix, Arizona 85016 Chemical and Spectrographic Analysis 

PURCHASE ORDER NO. 

Si 
K 
Na 
Al 
Fe 
Mg 
Mn 
Pb 
Ga 
Ca 
Cu 
Ag 
Ti 
Ni 
Cr 
Be 
Cb 
Ta 
Y 
Other rare earths 
Other elements 

2558 Overland Avenue 
Los Angeles,California 90064 

July 11, 1985 

SEMIQUANTITATIVE ANALYSIS 

2980 2981 2982 2983 

30.% 34.% 29.% 30.% 
4.9 4.6 20. 5.3 
4.3 3.0 7.7 5.3 

11. 8.4 1.2 11. 
0.64 1.0 0.77 0.65 
0.069 0.0055 0.0066 0.0086 
0.039 0.28 0.024 0.026 
0.023 0.019 0.047 TR<O.Ol 
0.0037 ND<0.003 0.011 0.0058 
0.091 0.15 0.034 0.24 
0.0033 0.0061 0.0064 0.0046 
0.00013 0.0019 TR<O.OOOI ND<O.OOOI 
0.021 0.013 ND<0.002 0.011 
0.00063 0.0011 0.0023 0.0019 
0.0097 0.016 0.027 0.021 

ND<0.0003 -------------------------------------------> 
ND<0.02 ---------------------------------------------> 
ND<0.06 ----------------------------------------------) 
ND<0.009 --------------------------------------------) 

ni1-----------------------------------------------) 
ni1-----------------------------------------------) 

Selenium is not determinable by spectrographic methods. 

Respect/ully SUb:illed, /. 

/?):(W, I~P~l-?'VL 
PACIFIC SPECTRbcHEMICAL LABORATORY, INC. 

THIS REPORT IS SUBMITTED TO THE ADDRESSED CLIENT FOR HIS EXCLUSIVE USE. AS A PROTECTION TO THE CLIENT. THE PUBLIC ANO THIS LABORATORY. THIS 

REPORT MAY NOT BE USED IN WHOLE OR IN PART FOR ADVERTISING, PUBLICITY OR PROMOTION WITHOUT WRITTEN AUTHORIZATION . 
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1'11:". Richard Mieritz 
2940 Casa Tomas 
Phoenix, Arizcna 85016 

Dear Mr. Mieritz: 

Aug..tSt 27, 198j 

I apologize to you. There was no intention 00 my part to delay 
sending you your check. 

I kept waiting for reports so that I could send you everything 
at one time, but I ran into delays reciving reports fran the 
consultants I contacted. I am sending you the lab -report I 
rec eived frem Princeton, as well as a lett er frem a chemical 
engineer with whoI'\[ consulted on a recovery process. 

I am still waiting for information from Dow Chanical Canpany and 
two reports I am supposed to receive frem the Bureau of Mines at 
Rolla , Missouri. When I finally receive thos I will forward than 
to you for your information. 

I am inclosing the check you requested in your last bill . I was a 
little surprised by the amount, because when I left your House on 
June 27, I asked you the aroou:I.1.t of b-ill due you and You told me 
$600. Ju . I then left you $1, 000. 00 to cover any other expenses 
you may run into. 

Would you please look over your figures, perhaps you made a mistake. 
If you did, You can give me credit for any future \VOrk. But I 
am sending you the check you requested--pernaps it was my mistake 
and I misunstood. ./ 

£/1 
~ "\~ 0/~ ~(xr l I .~ . 

\ ~)1/ I 
~ 0 \ J~~ 

~}~ 

Sincerely yours, 

~~ 
sam Bittner 
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DATE: 26 Ju1 35 
TO: I Mr. Sam A. Bittner 

12076 Jackson Street 
Oluaha, Nebraska 61154 

JOB NO. 3498 

AUTHORIZATION: 

L ~ SAMPLE: Ores 
REPORT OF' ANALYSIS 

Concentration % 

1 2 3 4 5 

GerNanium n,:1 no nc1 nd .011 

Eoron • 0 ~;, .04 .Ofl .05 .06 

Eeryllium <.01 <. 01 <.01 <. 01 8.68 

uickcl .OO~ .002 .002 .004 .004 

Zinc .002 .001 .004 .007 .007 

.Cadmium .004 <.001 .005 .004 .003 

Arsenic .005 <.001 .005 .009 .006 

Bismuth .032 <.001 .042 .020 .022 

'I'in .0013 <. 001 .007 .006 .004 

Gallium .OOLl <. 001 .002 .013 .005 

Lead .ons <. 001 .002 .003 .003 

Tin .016 .003 .015 .015 .012 

f.~anganese .05 .003 .10 .08 .12 

~'lagnesium • ()II .009 .009 .03 .02 

Copper .003 .002 .006 .009 .002 

Calcium 00 
• 'j-- .10 .01 .009 .025 

Vanadium .01 <. 001 <.001 .011 .002 
< 

Niobium <.001 <.001 <. 001 .072 <'001 
~,/ " . 

< i,:, ',l h;1n 

-;; i~(.< (~/.:" I!, I;') } l~-<-" 
Honald McCloskey, r.1gr 1 

11 ,jl :! i~" i Cd IJ V ; l"\r' ;nCh l llfJ U 0 e!JlId ~ 1 '/ P (i > qre' lI p.r Ih.Jn ""NU not detected· 
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Sam Bittner 
Page Tt,.;ro 
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INORGA NIC S. PHECl OUS METALS DIVISION 

--.J 
REPORT OF ANALYSIS 

DATE: 26 Jul 85 

JOB NO. 

AUTHORIZATION : 

SAMPLE: 

SEMI-QUANTITATIVE SPECTROGRAPHIC ANALYSIS 

Concentration % 
Lot 4 Lot 5 

Principal 100 10 Si,Al si 

Major 10 Pe,Na Be,Fe,Al 

Strong - .1 ~1g, Ti *Li,Na 

Medil.:m .1 - .01 B,Ph,Ga,V,Nb,Zr ~1g ,Ni, Ti 

Weak .0 I .001 fIIln , 8n , Cr , N i , Mo D,Mn,Pb,Ga,Mo,V,Cu, 
CU,Co Co;Zr,Ge 

Trace .001 - .0001 Ca,Ag l\g 

Faint Trace < .0001 Be 

* Li, not nositively identified 

Not detected at the levels reported below: 

< .1 Hg Hg 

< .01 Ba,As,Te,P,Tl,Li, Ba,As,Te,P,Tl,Cd, 
Cd,Zn,Sr Zn,Sr 

< .001 Sb,In,Bi Sb,In,Bi,Ca,Nb 

< .0001 Ge, Sn,er 

' I . 

.. - .;/' " (f ... " ... /,.,:,f : / i <I /1 ( .. f , 
[' /' . \. , .. ! .1 , C C " , 

Ronald r'1cCloRkey, r·1gr 

T-]; ; . , )." 1 , ' _" , ,I I " . I: . }' l " 1.' ',j l ; > 1/f1 .11 ", I n an ND · n OI detec ted 
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TO: r 
Sam Bittner 

Page Three 

L 
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REPORT OF ANALYSIS 

oz/to n 

Au Ai} 

nd .04 

nd .04 

n d .0 8 

nd n d 

nd nel 

DATE: 26 ju1 1985 

JOB NO. 

AUTHORIZATION: 

SAMPLE: 

/ / ( , : )). i ' " .. / / 
( '. c;" ,f .(" /: '/ . "C(r ; ';\,.("" /-~ " ... t. . , - • , 
Ronald ~1cCloskey, Mgr. 

> q le,,!,,' I ha n ~< 0 no t de tee ted 



i1 
Dear Sam, 

The mica sample you had analysed indicated niobium at a 0.078% 

concentration. This quantity may be a recoverable resource. Using ion 

exchange techniques low concentrations of metallic ions can be recovered 

and concentrated. 

Ion exchange is a commercially predominant process for water purification 

and metal recovery from plating wastes. Nickel metal for example can be re

covered down to a concentration less than 1 milligram per liter,(mg/l). Ion 

exchange is presently being used by Wyoming Fuels in western Nebraska to 

recover uranium. The aqueous source has a concentration of 50 mg/l. 

In ion exchange a free liquid phase is passed through a rigid durable 

particulate phase, referred to as a resin bed. The resin contains bound ionic 
, . . ... 

charges, either positive or negitive, in conjunction with "free" ions of the 
.. ' 

opposite charge. These free ions can b(e exchange~, ·for ions of like charge in 
\ 

the liquid passed through the resin bed. The resin takes many forms, most of-

ten though, these are synthetic resins. Usually these resins are polystyrene 

copolymerized with other compounds. As the resin bed fills with recovered 

ions, free ions are displaced until all have been replaced. This point is cal1ed 

break-through. At break-though the bed must be recharged to replenish the 

free ions and recover the metallic resource. The recharge is general1y acc

omplished by passing either strong acid or strong based through the resin 

to remove the metallic ions. This solution is called the regenerant, and 

is the concentrated metall ic resource. 



The steps necessary to determine the feasibi1ity of recovering the niobium 

source would be as follows; 
1) determine a method to dissolve the niobium into a aqueous solution, 
2) testing availible ion exchange resins for their selectivity toward 

niobium, 
3) testing regenerant solutions of niobium for concentration and quality, 
4) locating an end user and fixing a price on t.he regenerant, 
5) preparing a cost feaseability study. 

I am presently researching I iterature on the subject of niobium re

covery. I wi 11 notify you when I locate past work in this area. Finally, 

if sufficent interest to pursue this is generated, I can either arrange to 

have more specific investigations initiated, or direct you to organizations 

specializing in this field. 

Sincerely, 

l~~1~ 
Howard T. Ortiz 



Mr. Sam Bittner 
Monte Cristo Hining Cli.up. 
12076 Jackson Street 
Omaha, Nebraska, 68154 

Dear Mr. Bittner: 

July 30, 1985 

Re: Monte Cristo P~gmatite 

On July 15, 1985 I forwarded to you my letter Report on the 
Results of the samples taken on the Monte Cristo Pegmatite 
mining claims, Yavapai County, Arizona. 

At the same time I sent you my final INVOICE ~hich indicated 
a balance owing of $400.15. These invoices are payable upon 
receipt of same. 

As of this writing, I have not hallda check from you as payment 
for the balance owing. 

Would appreciate your taking care of this upon receipt of this 
letter. I am sure it has been an oversight on your part be
cause of the great activity you enjoy. 

Sincerel, 

R. E. Mieritz. 



t'fr. Sam Bittner 
12076 Jackson Street 
Omaha, Nebraska, 68154 

Dear }fr. Bittner: 

August 24, 1985 

Re: Monte Cristo INVOICE 
--~""'--....,.;.-:-....-.--, ....",.",....-

It is now two (2) weeks since your phone call to me adv:f.sing 

you were sending a check to cover the balance owing for my 

July 15, 1985 INVOICE for the Monte Cristo Work. It is now 

three (3) weeks since my July 30th letter to you reminding 

you of the balance owing for the July 15, 1985 INVOICE. 

I am very disappointed in your performance particulltrly Jhfmce you 

indicated earlier ,-ouseveral occasions the abundance of "funds" 

at your disposal. 

It would appear that your priorities have somehow b8en re

shuffled. Payment of my INVOICE should not be predicated and 

dependent on the "receipt of ASSAYS" of samples you sent out. 

I enclose a self addressed stamped envelope for your use to 

send a check by return mail. 

After receipt of same, we shall discuss the filing of the 

Affidavit of Labir for the Monte Cristo claims for the year 

1984-85. 

Sincerely, 

R. E. Mieritz 
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TO: 

RICHARD )1IERITZ 
2940 N. Casa Tomas 
Phoenix, Arizona 85016 

PURCHASE ORDER NO. 

(213) 838·5939 (213) 870·3749 

Pacific Spectrochemical Laboratory, Inc. 
Chemical and Spectrographic Analysis 

2558 Overland Avenue 
Los Angeles, California 90064 

July 11. 1985 

SBMIQUANT17A7IVE ANALYSIS 

:i ~ 
Na~ 
Al ?f/u4n~ 
Fe ~~~ I 

Mg ~tI?U~ 

!~£:~ 
Ca tt~ 
Cu a~*t
A8 .~ 
Ti ~. ~. . J11WJ J t 
Ni 1f~, 

JO.% 
4.9 
4.3 

11. 
0.64 
0.069 
0.039 
0.023 
0.0037 
0.091 
0.0033 
0.00013 
0.021 
0.00063 
0.0097 

34.% 
4.6 
3.0 
8.4 
1.0 
0.0055 
0.28 fJ 
0.019 I 

ND<O.003 
0.15 
0.0061 
0.0019 
0.013 
0.0011 
0.016 

29.% 
20. 
7.7/j 
1.2, 
0.77 
0.0066 
0.024 
0.047 
0.011 
0.034 
0.0064 

Tll<O.OOOl 
ND<0.002 

0.0023 
0.027 

30.% 
5.3 
5.3 

11. 
0.65 
0.0086 
0.026 

TI.<O.OI 
0.00S8 
0.24 
0.0046 

ND<O.OOOl 
0.011 
0.0019 
0.021 crd~~ 

~: ~~~ ::~~:g~03 __ ::::::::::::::::::::::::::::::::::::::::::: ~ 
Ta ~~~;; ND<O.06 ----------------------------------------------> 
y .~~ ND<O.009 --------------------------------------------> 
Otb~r rare earths nil-----------------------------------------------> 
Other elements nil-----------------------------------------------> 

Selenium i8 Dot determinable by spectrographic methods. 
~ 

at·£t,~v 

~$ / Z: ·$C 

:t;iv ~.6CJ 
~·/ L'. · I 

~1//+1l1 

tdh Respectfully submitted, 

PACIFIC SPECTROCHEMICAL LABORATORY, INC. 

THIS REPORT IS SUBMITTED TO THE ADDRESSED CLIENT FOR HIS EXCLUSIVE USE. AS A PROTECTION TO THE CLIENT, THE PUBLIC AND THIS LABORATORY. THIS 

REPORT MAY NOT BE USED IN WHOLE OR IN PART FOR ADVERTISING, PUBLICITY OR PROMOTION WITHOUT WRITTEN AUTHORIZATION. 





Monte Cristo Mining Co. 
% Mr. Sam Bittner 
%96" j, ,JCti!'et .. . . /-fltJ 76 
Omaba, Nebraska. 6sttliJpf 

INVOICE . , " . 

For Professional· S.ervices rendered in. eon
nectioD. with discussion and property 
visits of tbelmnte Cristo Pegmatite 
claims, Yavapai County, Arizona. 

June 25-0ffieetime. Conference. 
4 bouts @ $50.00/hro 

June 26-Fidld time .. 'Visit to property 
1 day @ $400.00/day 

Total Fee 

Out-:of-Poc~~t ... !!pe¥~ 

June 26-Telephollecal1 to Uumboldt, ~. 
(Asssyer) 

$ 200.00 

$ 400.00 ........... ~--
$ 600.00 

$ . ' 2.75 



Pacific Spectrochem 
2558 Overland Ave. 
Los Angeles, California, 90064 

Atti !-ir. &1 Johnson: 

J'U1\p 1, 1985 

T1u~nk you for talking to me. this morning regarding your Spectl~o 
ii.!·~thod and chauges. . 

Herewith four saples--nos 2980 th-rough 2983 which are samples 
of Pegmatite tlJat have been grou.."ld down to approximately 1.0 
mesh. J ... fter being pulverized, the sample .JaS rolled 50 tim~s 
frOm eaeh corner--so it should be quite tbroulkbly mixed. 

My interest is prir48rily theltare Ea:rth minerals 'lnclud!ut;:r, but 
not liwdted to De B eol'!.tmbian 9 tantalumr> Yr:tttium, Cea9ium~ 
leleniUill. etc. 

tfb.en you have finished with t.he analysis. please send the original 
and OilS copy of the results to me at the above address. 

I enclose my cheek }to. 652 to the order of Pacific Spectrochem in 
the am.ount of $152.00-.. ·4 times the quoted price of $38.00 per 
sample .. 

1 am sure the amount of semple I he,,~e sent will basufficient for 
your ·purpose. 

Can you recommead a LAB fn B31ifornia or else where which can 
do chenlical ana-lysis 011 the aDt)ve mentionod metals--or 'perhaps 
Atomic 6bsorbtionanalysis. I would pe,;fer Chemical analysis. 

Sincerely, 

RichardE. Mierits 

I 
~ I 
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838-5939 
870-3749 

PACIFIC SPECTROCHEMICAL LABORATORY, INC. 
CHEMICAL AND SPECTROGRAPHIC ANALYSIS 

RESEARCH 

2558 Oyerl.ndAv .... ue 

Los Angeles, California 90064 

.------Laboratory Service Reported To:-------; 

RICHARD HIERITZ 
2940 N. Casa Tomas 
Phoenix, Arizona 85016 

ATTENTIONs ACCOUNTS PAYABLE 

DESCRIPTION 

4 SAMPLES. 2980 thru 2983 

INVOICE NO. 76827 

DATE 
July 11, 1985 

Terms: NET CASH 

UNIT 
PRICE 

$38.00 

AMOUNT 

$152.00 



Page 1 

JOB #: 

Client name: 

Billing address: 

Phone number: 

Client ID 
MSC00005 

2980 

2981 

2982 

2983 

IRON KING ASSAY INC. 

MSC00005 

Richard E. Mieritz 

2940 N. Casa Thomas 
Phoenix, AZ 85016 

(602) 277-6053 

No. Samples: 
Date Received: 
Submitted by: 

ANALYTICAL REPORT 

Lab ID 

06-28- 1 

06-28- 2 

06-28- 3 

06-28- 4 

Fire Assay 
Au 

oz/ton 
Ag 

oz/ton 

<.001 <.01 

<.001 <.01 

<.001 <.01 

<. 001 <.01 

P.O. Box 56, Humboldt, AZ 86329 (602) 632-7410 

13-Jul-85 

4 
6-28-85 
R. E. Mieritz 
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JOB #: 

Client name: 

Billing address: 

Phone number: 

Client ID 
MSC00005 

2980 

2981 

2982 

2983 

IRON KING ASSAY INC. 

MSC00005 

Richard E. Mieritz 

2940 N. Casa Thomas 
Phoenix, AZ 85016 

(602) 277-6053 

No. Samples: 
Date Received: 
Submitted by: 

ANALYTICAL REPORT 

Lab ID 

06-28- 1 

06-28- 2 

06-28- 3 

06-28- 4 

Fire Assay 
Au Ag 

oz/ton oz/ton 

<.001 <.01 

<.001 <.01 

<.001 <.01 

<.001 <.01 

P.O. Box 56, Humboldt, AZ 86329 (602) 632-7410 

13-Jul-85 

4 
6-28-85 
R. E. Mieritz 
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A 

GEOLOGIC EVALUATION 

REPORT 

on the 

Monte Cristo Pegmatite Mine 

Weaver Mining District 

Yavapai County, Arizona 

by 

Richard E. Mieritz 
Mining Consultant 

Phoenix, Arizona 

May 22, 1979 



INTRODUCTION: 

At the request of and authorization by Mr. Chet Cheatwood, President 
of Verde Products, Inc., an Arizona corporation with offices in Phoenix, 
the writer personally visited and examined the Monte Cristo Mine (Monte 
Cristo claims) in Yavapai County, Arizona, on May 19, 1979 for the 
purpose of observing the pegmatite mineralization within the claimed 
boundary. 

PROPERTY, LOCATION and ACCESSIBILITY: 

The property consists of fifteen (15) standard lode mining 
Monte Cristo #1 through #15, which are mostly located in the 
half of Sec. 34, T. 12 N., R. 5 W. arid the northern quarter of 
T. 11 N., R. 5 W., G. & s. R. B. & M., Yavapai County, Arizona. Mr. 
Cheatwood advises these claims have been filed with the U.S. Bureau of 
Land Management, Phoenix, Arizona, as required by Federal law. This 
action plus the observed development and assessment work completed on 
the property should establish the claims as a legal entity. (Map No.3) 

The property is accessible by passenger automobile. From Phoenix, 
travel northwesterly to Wickenburg, turn northerly on U.S. Highways 
89 and 93, following Route 89 to Yarnell. (Route 93 heads northwesterly 
to Kingman, Arizona.) From the Ranch House Cafe in Yarnell, travel 
northeasterly on Route 89 to a gravel road junction 6.7 miles distant. 
Turn north, or left, onto the ranch type road and travel 1.6 miles to 
a "Y". At this point, bear left and continue for 1.7 miles to another 
"Y". Here, bear right and continue for 1.5 miles to a locked gate, 
through gate and 0.2 miles to third ''1'' at which point, bear right for 
0.2 miles to the pit. (S.ee Maps No.1 and 2.) 

HISTORY, DEVELOPMENT and PRODUCTION: 

The property dates back to 1917, when the pegmatites were mined for 
the beryl content. In the early 20's, the property produced mica. 
In the late 20's, more beryl and some euxenite (a mineral containing 
yttrium, erbium, cerium and uranium) were mined. After a long idleness, 
a mica mill was erected in 1947 and mica produced. This development 
consisted of a vertical shaft, an adit and some surface mining. Renewed 
beryl activity in the early - mid seventies saw a drilling exploration 
program completed. The results of this work appear to be difficult to 
obtain. 

In 1975, Mr. Chet Cheatwood relocated the then "Dixie Queen" claims 
to the present Monte Cristo claims. Since then, 300 tons of mica have 
been mined and sold to Buckeye Mica Mill, Buckeye, Arizona. Feldspar 
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has also been mined for test work (100 pound to 1/4 ton lots). This 
test work by Westwood Ceramics, Hiway Ceramics, Bice, etc. has shown 
the feldspar to be of high quality and purity, more so than the North 
Carolina feldspar currently supplying the California market. 

Mr. Cheatwood has done much pre-mine work to prepare the available 
feldspar "ore" for mining and production on a scale to make the venture 
profitable. To further enhance the operation, negotiations are under 
way to purchase the now idle "feldspar" crushing and pulverizing mill 
at Kingman, Arizona. 

CLIMATE and FACILITIES: 

Except for a few days during the "rainy" period and the winter season, 
year round operation of the mine can be expected. 

The mine workings are at an elevation of 5,000 feet. 

No gas or electricity are available at the property. 
stock watering well is a short distance from the workings. 

GENERAL GEOLOGY: 

Arizona has a northwest trending zone of 50 to 70 miles 
has many occurrences ·of pegmatite structures as veins, blobs, pipes 
and irregular masses. All these can be of small, medium or large 
volumes. This zone extends from Morristown - .about 40 miles northwest 
of Phoenix - to Kingman and beyond towards Hoover Dam. (See Map ' No. 2.) 

Pegmatites, in general, geologically are considered the "trash can" of 
mineralization because pegmatites usually are composed of high temper
ature minerals and elements not commonly associating themselves with 
the more common base and precious metals of lead, zinc, copper, gold, 
silver, etc. 

Pegmatites are usually composed of, but not limited to, silica (quartz), 
feldspars (sodium and/or potassium), beryllium minerals, mica (biotite 
and/or muscovite), columbium, tantalum, titanium and many rare earth 
metals - minerals. The size, shape, geographic location nor the struc
tural mode have any great influence on the composition or the constituent 
quality and/or quantities of any particular pegmatite deposit. 

LOCAL GEOLOGY and MINERALIZATION: 

The claimed area hosts the widespread pre-Cambrian granite which is 
part of the Bradshaw Complex common to the area. Most of the granite 
is "fresh" rock, however, some decomposition has occurred in local 
areas. Isolated islands of Yavapai schist are also present. (See 
Map No.2.) 

Here, within the claimed area, a moderate size pegmatite deposit has 
been moderately explored and developed. This deposit is located on 

- 2 -



Monte Cristo #1 and #9 claims. (See Map No.3.) 

The major constituents of this pegmatite deposit are 
feldspars, silica (white-gray, 
usually silvery of small to quite large plates) and 
most frequently in large crystal form. 

DEVELOPMENT: 

The deposit is developed by an Adit, several surface pits tre 
and more recently by surface excavation resulting in a vertical face 
exposure of 40-45 feet in height and some 300 feet in length. (See 
Photo.) The owner states two other Adits and two vertical shafts exist 
but are not accessible now. 

The writer has surface mapped the deposit (Map No.4) and checked the 
geological underground mapping as completed by R. -Raabe (Map No.5). 
The shaft shown on this map is not accessible - being filled by the 
recent work. A second shaft to the north also is not accessible. The 
depths are reported as 50 and 30 feet respectively. The two inaccessible 
Adits are located some 40 feet vertically below the present "bench" -
flat area in the pit - and to the north - being driven to the south. 
It is reported that the pegmatite was intersected with these Adits. 

ORE RESERVES: 

Pegmatites, unlike base or precious metal deposits, where samples can 
be taken and assay cQntents or values obtained, must be visually 
examined and estimated. The mineral contents (quartz, feldspars, micas, 
beryl, etc.) must be visually estimated. Such estimates will vary from 
engineer-geologist to engineer-geologist, dependent on his knowledge 
and experience with pegmatites. The end result is that an.ore reserve 
estimate is that - an estimate. However - the more the pegmatite is 
"opened" for visual examination, the more accurate the estimate will be. 

Fortunately, the contained minerals in this deposit are very clearly 
distinguishable and identifiable by sight. Then too, the development 
thus far has exposed many faces for the "appraiser" to examine. 

Ore Reserve classifications are defined as "Proven or Measured" (posi
tive information in all directions), "Indicated" (positive information 
in some directions) and "Inferred" '(geologic projections based on 
geologic evidence of the "known" minet'alization). 

The degree of development at the Monte Cristo deposit does not have 
sufficient "evidence" to classify an ore reserve into ''Measured'' 
except in a small, meaningless way. The degree of development at the 
deposit is more than required for IIIndicated" ore. Thus, a situation 
exists which is midway between the two classifications and this reserve 
the writer designates as "Measured - Indicated". The second classifi
cation used here is "Inferred." 

Map No. 4 (Surface Geology of the Deposit) suggests a deposit of near 
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rectangular shape with surface dimensions of 250 feet in length and an 
average 100 feet in width. The vertical bank in the pit (See Photo) 
is estimated as 40 feet and the surface in the middle of the deposit 
about another 10 feet, sayan average of 45 feet. To this figure, 15 
additional feet should be added for the material below the present pit 
floor level. The two inaccessible shafts are reported (Erickson's 
Report, 1956) as having penetrated the pegmatite 30 to SO feet below 
their collars. 

The "block" thus has dimensions of 250 feet long, 100 feet wide and 
60 feet deep or thick. These figures multiplied for volume and divided 
by 12 (cubic feet per ton in place) results in 125,000 tons. (See Map 
No.4. ) 

The lower two inaccessible Adits are also reported as encountering the 
pegmatite deposit. It is therefore reasonable to assume by inference 
that a "block" of similar dimensions could exist below the above 
described "Ore Block" and in the amount of a similar tonnage - 125,000 
tons. (See Map No.5) 

The writer thus credits the present pegmatite deposit with: 

Measured - Indicated 
Inferred 

125,000 tons 
125,000 tons 

The pegmatite zone is in surface evidence for some 500 feet in a south
west direction but has not been explored, thus opening the way for 
additional potentials. 

The pegmatite is composed of four recoverable, marketable minerals, 
namely, feldspars, quartz (silica), mica and beryl. The percentage of 
these minerals in pegmatites varies considerably deposit to deposit AND 
within any specific deposit. Based on the evidence observed by the 
writer during the visual examination of same, it is the opLnLon of the 
writer that the deposit will have the following mineral content average 
percentages. 

Feldspars 70.0% 
Silica 25.0% 
Mica 3.5% 
Beryl 1.5% 

100.0% 

In the ''Measured Indicated" are block there could be -

Feldspars 87,500 tons 
Silica 31,250 tons 
Mica 4,375 tons 
Beryl 13 875 tons 
Pegmatite 125,000 tons 

MINE OPERATION: 
) 

Mr. Cheatwood states his objective is the production of feldspar - a 
mine, transport, mill in Kingman, Arizona and bag, marketing the final 
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product for $90.00 per ton. 

Simultaneous mining of the silica, mica and beryl would provide stock
piles of these minerals for future milling and marketing of a saleable 
product. ' 

Mr. Cheatwood also states he is assured of a feldspar m~n~ng contract 
by experienced feldspar miners at $6.00/ton, mined and loaded into 
trucks. Other minerals would be mined and stockpiled for $3.00/ton. 

A trucking charge contract to Kingman is indicated as being $13.00/ton 
- 10¢ a ton mile. 

The milling cost at the Kingman plant has not been determined but the 
writer would estimate a $20.00/ton actual cost, not including capital 
cost writeoff. 

VALUE in PLACE: 

It has been estimated that 87,500 tons of feldspar exist. With an 
85% mining efficiency projected, there should be 74,375 tons of re
coverable feldspar. With a market price of $90.00/ton (Kingman), the 
"in place" value is $6,600.000. -. . 

The E.&M.J. April quotes for the other mineral commodities (minimum 
figures, specifications and price in each case) are: 

Silica: 
Mica: 
Beryl Ore: 

$35 - 46.00/ton, 50 lb. bags 
$30 - 35.00/ton, scrap I 

$50 - 55.00/STU (1%), for 10-12% 

The above "by products" could further enhance the "in place" value 
$2,160,000.- or a total of $8,800,000.- for the "Measured - Indicated" 
ore block. 

Phoenix, Arizona 

May 22, 1979 
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ABSTRACT 

reports. by Einar C. 

November 6, 1956 , 

Erickson, Geologist, one 

and the other dated Feb-

1966 describe a major Beryllium find in 

County, Arizona at the 6000 foot level. 

reports after 7 drill holes made in 1966 

there is a ntotal reserve of 160,000 tons that 

average more than .26% BeO u and that "Utilizing 

a multivariate statistical approach would state that 

probability of a reserve of ore in excess of 

000,000 tons is better than 80io" 

reserves of mica, also bearing commercial 

beryllium, is about e,qual to the deposit of beryl. 

Bismuth-gold with some rare earths are also found in 

.. ",.the. depos it. 

,~ 

According to the writer, there would be 66% in 

profit if the ore were made into beryllium metal 

which now sells at $150 per pound a 5% of the deposit 

consist s of beryl crystal which would average over 

5% beryllium, and some of it up to 20% beryllium. 

The geologist recommends a 250 ton per day mill. 

Available reports indicate there is only one 

beryllium mine in the United States at this point, 

fV1AJOI< 8f;RYL.LIUM 

and the reserves in this deposit will last less theln 

20 years at the present rate of consumption. 

Perhaps the most important aspect of the deposi t 

is the fact that the uses of beryllium have been 

greatly 'extended in the past five years. The newest 

uses include beryllium as mountings for microelec

tronic chips in the rapidly expanding computer 

market. It is also used for brake linings for large 

trucks as high heat has little effect on the metal. 

berylliurTl 
down-to-earth uses are soaring 

~USHIONRAll NOT QUALIFIED TO EVALUATE ENGINEER REPORTS 

",';'td _I;',:':" 0-1"'-:' '. . " '" - . . ,- . •. ,.~; ... , .. ,,~J .. ;&~ ..• _:,a" ,; .. 9 .... , .. 4 -.;0(,;:.;'::; '" U@7" 

I 
, j 



I' 

These claims are under exclusive option to 

until August 5, 1981.. Originally, 

obtained an option in 1977 for the total 

~rice of $250,000, but the property became entangled 

with adverse claims to the o\vnership by Dr. Robert 

, L. Ross. This was resolved only in 19816 

The corporation has been interested in obtaining 

these claims since 1970, but there has been no 

market for the materials unt il recent ly when the 

expansion of the computer business using beryllium 

as the holder for the chips became prevalent. This 

coupled vJith the new space vehicle using the metal 

for brakes and for the windshield:l plus other uses 

has caused beryllium to become extremely expensiveD 

There are two items which make the proper~y 

attractive: 

1. There are no other known 

the United States according 

June 15, 19810 

beryllium deposits in 

to Fortune Magazine, 

2. There is a current shortage of the oree 
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THE E EPO T 
THE ECONOMIC GEOLOGY OF THE MO~NTE CRISTO 

CLAIMS YAVAPAI COUNTY, ARIZONA 
By Einar CG Erickson 

SECTION 1 -

Int~oJuction 
1.1 GENERAL 

This report is a revised summary of a series of reports of 
reports of investigations conducted by the writer on the bery
llium mineralization occurring on the Monte Cristo ClainH~ 
since 1956. This present revision and summary was request
ed by Mr. Arnold Gilliar.a, Chairnlan of the Board, Associa
ted Petroleum and Mining Co" 

Certain areas of the investigations not completed during 
the earlier ,-York because of lack of finances are discussed in 
only the detail permitted by the alnount of in.formatio~ avail
able at this wriUnge 

Essentially Y} the c'ontents of two major reports, lOne sub .... 
mitted to Mr~ Jm Phillips of Phoenix, .Arizona in 1956, and 
a second submitted to Dr. R. Ross in 1960, have been drawn 
upon to prepare this revisioDo The first report was geologlog 
calm character Sl the second report had as its continuing ob
Jectives the following -eleven fields of inquiry and study: 

1 
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H ERI ON 

MA.JOR 8t;RYLLIUMRI;S[;RVt;S IN ARIZONA 
1. The identification of host rock types into " "hich the 

: i~1K:;"" ; , , : ,,t berylhum mlnErahzatlon has been Introduced .. 
Ilti~:~:'~ '};>J 2 .. To initiatE a study of the structural control of the 
i':'~;<': " " " "r mineralizatior:~ 
g~~f ! ' <>., 3" A study of the temperatures of mineralization to 
:;jC". . . establish geochemical parameters for the beryllium (BeQ) 
' ii~$~/·:'~{;;i ' -~ f mineralizati{Jn .. and from which inferences might be made 
-r<, ' :,.' .< as to the E:)a.~ensioI1 of mineralization belo,,' the present 
! . • , .. ,," •• ; . 

' ,i ", ': ',:,: .":;,, surface.. Important for drilling., 
;,~l~·~f\:'~ .. \ 4. To identify the beryllium minerals previous sampling 

I \:!.:-~:;~r~l~f:l~;: indicat ed may also contribute BeO, other than beryl im
Ilf:g' ,:, ;}:':;\'" port ant for mming and beneficiation~ 
,:·jilt··, 5 .. To set up a prelinlinary drilling program' of at least 
jl~~l; ' four holes to explore the subsurface of the immediate min-
; ~:::' eralized area. These were drilled, but the data \vas not 
:;:., fully studied because of lack of finances .. 

tt, To begin a mapping project of the mineralized area, 
is well as the aU e:red areao Important for the overall in
:erpretation of the mineralization, and to gllide the future 

!~<,";~? .... ~,) ... "e. xploration drilling. "e To study the alteration phenomenon associated with the 
beryllium mineralization and to determine its possible use 
in exploration and subsurface formation evaluation that might 

';'!I!t<.':" '''i~" · ,,i:,.,'')-< lead to extensions of tonnages of ore. 
. ,:: 8. To initiate an analysis of the ore for possible by-p:.,'oduct 
recovery of other values besides beryllium. 

9. To establish topographic and elevational control for stru
ctural cross sections to be prepared for use in the evaluation 

of subsurface data obtained during drilling activities .. 
10 3 To select samples from various areas for analysis both 

petrologically and petrographically. 
IJ. To continue research on possible methods of beneficia

tion of the ores, and to develop a method and program of ex
ploitation preparatory to the establishment of a mining and 
milling installation" 

The total results achieved and the degree to which., each of 
the above objectives v/ere completed depended on the time al
lotted to each phase and objective and the avaIlable finances~ 
In one aspect or another each of the above object ives are dis
cussed in this report and areas that were incomple te will be 
obvious and win provide a series of recommendations to con
tinue and complete the original programe 

Scope 

1. 2 This report therefore assembles the results of the var
ious studies and inves tigations entered into to resal ve and ae
compUsh the program intended/at 

Under separate sections of this report the results of each 
.area of investigation will be reported and recommendations 
as to completing the important aspects will be made so the 
ultimate accumulation of data» important for a successful 
operation, can be acquired and utilizeda -

Originally-only limited field time was allotted to accomplish 
the geological work; geochemical investigations, structural 
work and mapping" Mapping is in various stages of cOfftple
tion and needs to be c-ompletedCl 
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If~f~! '<·MAJOR· 8~RYLLIUM R~S~RV~S IN ARIZONA 
1'f},, )'<~'::",., :.·, ;; " . ~. . ,. ,~ , - •. , ' -,_ . 1 ' - ' ~ 
",~;(/<, ' >'/.; ' Ex .. \ndl.~ttons \\E:-. t · 61 .... tde \oJf the surfat€; n .. !.t:" •• 1."~~1tlOl1 . 

,~~:t:;~':;~;:~"';'~j1d undf:r~round iIH°E-sti::rafions were a(,coll)pl1~ht-ci l~~ tht' linlit- Exan1ined the pr")pE-rt~· frU111 ~ln ent;il:t:l·rulg st,d:cipl'll1t" Two 
i:tr;,~J,:/. 1;". ed workings that werE on the property in 19~f.. :\l:!!~:: cf thesE' of the Regan boys ffonl0\'ed sonle 400 s..1cks of L er~'l soun after 

;:~i;~~?rLworkings ha\'e b~En ol)literated by further WO!'k ~!~:('E:- that tin:e 3.nd during this period. They are reported to ha\'e :l1ined the 
· ;~~::: ~:and are noV!.' not ac,oe:-siblf:" ... ~t the tinl€- ·)f' :hE- ':·=·~::·lr;.'ll E:xan1in- FToperty for euxenite" Not long after this the property became 
>:':~\':tation there were t\\"O 5hafts and many ope-l1 CL:ts which had expos- idle and ren1ainfd so until Mr. Westo\"er relocated the property 
', ;,;tt~:~d.'· the be-rylliun1 ZOl'!f .:r! nlineralization'"E-!'" WE:~ • . . ... ' . . .... '.' :luring t~e early 1940's. In 1947 Mr. H. G. Smith bought half 
:~tr~;; :,:·< SaiAlplES· taken d'~ri~L; thE:' field in\·estigati~.'n5 ~rf--·~:';_lmpiled~··'~"!"'·.i("'·· ·'~'<·'" a claim" .. installed a mill for the reco,"ery of mica. and may ha\'e" 'C"""~';"'" 
"'.~ . ;,irid·rE:'ported herein. reC'o\'ered some beryl. Some attempt was also nlade at the re-

Drilling accomplished on the property is the subject of a co,oery of bismuth-gold ore through gravity methods. The sue-
" section re\Vised for this report, with a set of sU~lnlary drill tE-55 of this activity is not known. 

logs.. !\1r 0 Flovd Kent leased the claims from Snlith and located 
n"oaps ~ a\"3i:a:.I.~ i~:jm the State anc Ft-d~l'~~ .·\genr;~~ 2dditional ~laims which made up the group examined in 1956, 

all prepared since these in\'E'stigations sta:'~ed" ha'"e been at which time it was called the Dixie Queen Mine. 
added to this report.. A nevI claim nlap has also been preparec. Prior to 1956 !\lr. Kent leased the property to !\Ir e Be Doo-

Ji!'M>>?'~W;';<.:'.·" 'll1I"l.riJ a ne"'N compilation of the old maps has been n1ade., inrOnl}) - lin 'who did not perfornl and consequently the claim? in 1956, 
Jete as it is. \\"2S put into the hands of the Dixie Queen Mine under the man ... 
I 'e agement of J. Phillips. Upon the death of Mro Phillips the 
HI stO"-'4 u"riter understand3 fhe claims reverted back to Floyd Kent!) and 
SECTION 2~ subsequently they were leased to Ra Toss and ALBERCO., 

2. 1 GENERAL BACKGROUND Thereafter through circumstances little mown to the "/riter ~ 
Mr. Regan is reported to have first worked the bull quartz they were acquired by Associated Petroleum and 1\iining Co .. 

outcropping which capped beryl-mica and bismuth-gold complex ~hose management has initiated the present work and 
'c' oreo This was prior to 1917\) W. Young came into the area in ;,:ctivity. (Note: R. Ross re-acquired the claims and has 

::i'i\1917, taking up much of the land for cattle and agricultural pur- ;iven an option to Cushionrail Internationale l 
;,::, ':; poses. In the early 1920's mica was first mined from the pro- Except for an official claim mapping activity and \\·ork re ... 
::"" perty which the writer understands consisted, then, of less than ·,·ired to establish coordinate and ele\·ational control of the. 

one half of a claim (10 acres) .. In 1928 Mr. A. Flagg first .~w claims with the old drilling results, no field ,,·ork or nt'w 
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other than re\-isional and ('on1pllation a!1c .. 1ss0clated re

to acC'onlplish the re\'ision \\·as undert .. ~ken. 
The abo\ee history is based on the inforn1ath":~ the writer hat 

. · 'l'.:t~;';!.);,.:\;~:c· · a,-ailable, and as this and other sectiol!~ arE' !:. ~ ated as inde ... 
nPln04:lnr units, further revision and detail may be desired. and 

be added to this ~ E-ction without interrupt~::f. the balance of 
report e ,_; ., 

. SECTION 3 
3. 1 GEXERAI.. 
The eight Monte Crisco Lode Claims. unpatE-r;.red. are lo

cated in Section 34 .. of Township 12 North ~ Range 5 west ~ and 
Section 3, of To\\rnship 11 North, RangE: 5 West. in Ya,-apai 
County J Arizona. 

The Monte Cristo claims are located in the east central part 
of Arizona about 35 miles southwest of Prescott ~ Arizona, in 
the Weaver Mountains, just fA short distance from Lounce Look
out. The claims are at an elevation of about 4900 feet above 
sea levet~ 

The claims are on the east side of the Wea\"er Mountains 
. which form an arcuate pattern of peaks and indented structural 

, and geomorphic features embracing Peeples \'''alleyo 
A fair dirt road Junctions 3 miles north of Yarnell with High

way 89, and leads fi \'e and a half miles or so to the property. 
The claims are 22 miles north of Wickenburge Arizona, and 
several hours drive from Phoenix j Arizona. 

" .. · · 'Y,· .:~ :,~~·~ .. i ·_~ ~· 

Geographically. the ("lainlS are loc3l('d in the center portion 
of the Mountain Region or Mexican Hi~hland, the southeastern 
area of the Great Basin Province" The claims are west of the 
large San Francisco Volcanic fields and southwest of the exir
ame edge of the Colorado Plateau. 

Drainage in the area is east and northea.f3t to northwest into 
an intricate system that circles the \V,eaver Mountains and 
e\'entually drains into the Sonoran Desert.. The draining 
system outline the Weaver uplift very well. . 

In general g accessibility is not a problem, practically any 
\"ehirle can be driven right to the mining siteo However, ex
plitation activities may require some road improvements .. 

The geomorphic location of the claims can be observed 
on the maps. 

The c lairlls are well located for all year round mining and 
mining activities. 

Clim~te &-. V eget~t.ion 
SECTION 4 

4.1 GENERAL 
The climate is one that would favor an aU year round min-

ing and milling activity. 
!J 

A mean temperature is not available for this area, but 
there is less than 50 days of freeze and thaw annually, and 
about 20 days in which there may be a thunderstorm Ci Ther~ 
is varied rainfall~ precipitatIon is 8 -12 inches annually. The 
area is part of the'semi-arid desert climatic zone and part 
of the trans,ition zone between the ripsp.rt and Pine biame e ~ 

i 
I 1 
l 
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The- \?eget~tion \\'ould not pro~ridE' any rin1ber resource~ such 

' as might be required for certain nlining acti\"ities. 
The claillls are at an elevation of auuui 5000 f~et .. a~'ain 

. suggesting an equablf: climatE:'.. Vegetation is thE-!"efore linlit , 
ed because ot lack of water and the type of igneous terrain. 
Some pinion and juniper sur\rive as well as nint7i t?en ,"arieties 
of desert shrubs, none- of which have any econonlic importance. 

P~~e", &-t \\Ij'ate; 
. SECTION 5 

5.1 GENERAL 
Arizona B~reau of !\!lnf::S puts out a n1ap sho\\ing all of the 

IW"t"" ;;, .,,"'''-,.,.; ••.. ,,· .. ' transportation facilities and po\ver lines in the State of .Ariz
onao These can be obtained by writing; to the Arizone Bureau 
of Mines, ['nh"ersity of Arizona, Tucson!, Arizonao 

Dr. R. Ross initiated a power study in 1961 vrhich ,,'as not 
completed, but preliminary information suggested that com .... 
mercial po\ver could be available for a deposit at that time 
of $35,000, from \\·hich a certain percentage of usage \vould 
be dea"ucted on a monthly basis over a given period of time, 
and would threfore constitute an advance deposito However, 
this may have to be researched again, depending on the pro"· 
gram that may be planned for the property. 

For an installation of less than 200 tons per day beneficia ... 
tion plant, commercial power would not be recommended. 
Should the- original installation exceed- 200 tons per day- c apa
city, commercial po\ver would be recommended. Since the 

·''''''''''~1'· ', ·' ·.'··,. · potential of the property, in the opinion of the u·riter, is 

.- ---~~""' ."~-.--::----. -:-,"","~--- -----,- -- --- --. - -

such to justify at least a 250 ton per day plant, it is reCOlll
n1ended that comnlercial power be investigated. An exist
ing power line fron1 which transfornler facilities could be 
taken is only about 7 miles from the property. 

'2 5 0 Ton pe1> day Mill Recommended 
A 250 ton per day plant would ha\"e a water requirement • 

. ' Shallow \,'ells have been drilled in the ficinity of the claims 
for stock purposes and indicate the 'tllater table is within 100 
feet of the gen~ral surface o However, water requirements 
sufficient to operate a minimunl processing plant of 250 tons 
per day ('apa~ity would require at least one well or series 
of wells capable of produci.ng up to 250 gallons of water per 
minute. For general purposes one might consider as a 
rough tool that for each ton of daily capacity the water re
quirem ents will b e one gallon per minute. 

. Such a well or series of wells would have to be about a 1!! 
inch diameter hole, cased to at least 9 inches, and probabl} 
about 400 feet deep. A well this deep would take advantage 
of the structural a.cquifers in ~e area. Some water would 
be available through dewatering processes in connecting 
with a possible open pit exploitation program as indicated 
by the occurrence of water in several of the exploratory drill,) 
holes. 

A submersible pump wired for 220-440- .... 20 hp with pipe 
and wiring·~ould cost between $1600 and $2000.. The well 
would cost about $12" 00 per fnot to drill and case, or less 
if a rotary rig was utiU.zeo, or aoou\ $5,000 maximum. 

5 
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, This ,":ould include site work and ~l(·('eSE. 35 \\'e: 11 as location 
. of the site .. 
, To de\Oelop "~eater it is re('on~mended thJt a rotary drilling 
, rig be employed .. 1A'hich can ex-plore ttle \\'lter zone ""ith a 5~ 

hole and once acceptable \\?ater has been found and test-
, ed:o the required depth established!, then casing and punlp in
stallation can proceed through a series of reanling 3C'ti \°ities 
and (Oasing. ThE- same type drilling ri!; ('QuId be utilized for 
exploration of the subsurface to further block out and deHne

.. ate the beryllium mineralization. Consid~rable money could 
be sa,"ed in this type of combined acth"itYe 

The- use 01 ~ rotary type- rombination dr:llin~ ri~ of \1rhich 
:" there are se\Oe:-al types (both Failing and :\Iayhe'w Dl0dels) 
available thro\.:~h certain contractors could save more than r .. 
50 (' of thewat(-r ".\wcll d~~·clopn,ent cost as well as the drill-

";'.''''<+~' .':''' ''''' 'i'~_ based on the experience of drilling the property v{hen the 
first series of holes were drilled. 

It is therefore recommended that should a beneficiation pro
gram c aUing for the installation cf more than 200 tons per 
day be planned~ then \-yater wells capable of producing at least 

. one gallon per minute ·per ton capacity would have to be drill-
. ed near or on the claim area. 

Commercial power vtould then be recommended. 

"ranS'poTbtation 

SECTIOK 6 
Se 1 GENERAL 
Rail and air facilities are located fourteen miles south at 

Congress Junction; at \Vickenburg, 33 n'liles south 0 and at 
Prescott. Arizona, 35 nliles north, all on Highv.~ay 89~ 

Heavy aircraft facilities are located at Prescott and 
Phoenix \\'hich would be the main centers of equipnlent, 
supply and labor., 

Light aircraft facilities are available in the area, the 
writer is a licensed Pilot and has landed aircraft near the 
property. An excellent facility for such light aircraft as that 
of a Cessna 180, could be prepared a short distance from the 
claim area. Emergency parts and supplies could then be 
flown in as required-a 

. The writer is acquainted with, and in some instances has. 
equipment,houses and accounts in the Phoenix and Prescott 
areas. 

Thus? the property is well situated in regard to 'larious 
supply centers 11 transportation and rail facilities, and high
way transportation which would be demanded for any contem
plated mining and mUlin.g operationo 

MethoJ~ 
SECTION '1 

'7 • 1 GENERAL 
The claims were first examined in reconnaissance fashion 

6 
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' :: ,'~nd then morE'· detailed work was started in each area that 

"::. needed in\~estigatingo Not all of this work \\-as conlpleted. but 
at was is ~ompiled into the reports accompanying this re

and into the- \-arious sections that follo't\· .. 
. Map APM-l essentially compiles the results of plane table 

" k~ location of drill holes, some sampling» and the general 
,'. eatures of the mineralized area, but it is not completed and 
. hould be in order to further. pro\ride data for guiding the drill

acthlities which will be required to block out the mineraliz
on and €xtenc the knO\\"fi ton.nages of beryllium 'ore" 
A new map of the claims vras prepared by Barkdull. land sur
yor ~ and has been refined into maps APl\i - and APM-3 

' .. ' New techniques of geochemistry and structural geology ,",'ere 
': employed, and their valuable and important evIdences are corn
: piled to the degr.ee this work has been accomplished. 

Samples for petrographic and petrological work were taken 
but because of lack of finances the laborator)ll work on these 
samples, to obtain important rock type data 11 was not conlplet
ed. 

SECTION 8 
; 8 0 1 CLADAS 
Mr. Tnomas Ho Barkdull, Registered Land Surveyor, corn

ed a survey of the claims in December 1966. Further re-. . 

'tisions were made of the claim map in January 1966" A 
photographic reproduction was obtained on a 3 x 4 inch slide 
01 Mr. Barl{dulrs survey and the final revision. was assemb
led as map APM-2 which accompanies this report. 

A section of the original claim survey was also utilized to 
prepare a base map for the additional work that will be re
quired to complete the geological and mineralogical study of 
the claims, and this has been prepared as map APM-3, also 
included with this report. 

802 UNPATENTED CLAIM:S 
The present claim group held by Associated Petroleum and 

I\.lining Co.. is made up of eight (8) unpatented lode nlining 
claims all of the regular size of 1500 feet by 600 feet, 20 
ac-res eacha They consist of the following: 

Mlnte Cristo 1 through 8, inclusive. 
Essentially, mineralization so far exploited and explored 

occ·urs on the Monte Cristo claims NOtl 6 and 5. These claims 
are located in Section 34,' Township 12 North, Ra.nge'S \Vest 
and Section 3, Township 11 North, Range 5 West. 

GeologlJ 
SECTION 9 

9.1 GENERAL 
During the ten years that have elapsed 'since the geological 

work was first initiate~ on the Yv10nte Cristo claim area, mor{ 

'1 



' 61~gical data has become available including the Resul!1e of 
<the Geology of ... -\rizona by E. D<i Wilson (Bulletin 171-A) and 
new geological nlaps of Ya\rapai County ha're been prepared., A 

y of the new (' ounty map is inc ludedc ,-
xtremely ne,r technical treatment of data has also been dev

,:~ : eloped, such as the Ml:LTIVARL.t\TE STATIBTICAL ANALYSIS 
"<-A DECISION TOOL FOR MIl'JERAL EXPLORATION, described 
,/ by D., P. Harris in the 1965 Symposium on Systems Engineering 
' held at the University of Arizona, and available in a three vol
:J.ame set on Computer and Computer Applications from the co11-
:ege of Mines 0 Sue h a new approach to field geology requires an 

', exhausth"e t:reatrnent of field data and demands a more profound 
:;:, treatment of geological data.. It is with some satisfaction that 

,', .' e writer in revising the earlier :reports finds that much of this 
" . had been anticipated .. 

Successful e:A.-ploration for mineral deposits depends now on 
examining as many facets of potential information in the field 
as one can conjure up LI1 the mind II though keeping in mind the 
ever limiting factors of finances and ultimate objectives .. 
, 9.2 HISTORICAL GEOLOGY 

,'::r,:: Paleotectonic studies throughout the state of Arizona show 
that large paris of Arizona were covered with seaways during 

';":',.,theearly periods of earth history» and a more particular record 
~has- been left-for the Cambrian, Devonian, Mississippian, Pen
,:~<~ylvanianand- Permian periods of the Paleozoic Era. Every-

where deposition of sediments were thin: In many areas in the 
n10re elevated portions of the land masses south of the present 
Colorado Plateau there were no sedimentu-y.ocks deposited; 
or if they were they were removed during some subsequent 
period of time, perhaps during the Mesozoic or even Cenozoic 
Eraso 

Signific3J'1t activities in the development of the continental 
land masses which originated on the distant geological past 
bear upon the present land configuration and possible mineral 
deposits!, and are linked with the genetical history of each de
posit= Much of Arizona in Devonian time had been depicted as 
being above water until subsurface work revealed the pres~nce 
of Devonian beds- in the eastern parts of the state and Tertlary 
conglomerates suggested the former presence of Devonian -beds 
in the western partQl Evidently the later Cretaceous and Ter~ 
tiary structures that were developed were little influenced by 
these widesprea.d and thin sediments~ 

In Triassic time a broad peninsula projected northwestward 
through central Arizona, obliquely from Cananea, Mexico to 
Mesquite, Nevadae Nearly all beryllium occurrences in Al~iz
ana and southeastern Nevada are found within the outl~es of 
this' peninsula. It is within this area that prospecting for tiery
Ilium is being concentrated, and where future discoveries may 
be made and in the central portion of this peninsula the Monte 
Cristo claims are located. . 
; " Where the Sono:ran Desert Is now there was a trough of sed-

" ___ 0 ____ _ ___ _ _ _ _ _ _ ___ _ _ _ _ _ _ •• 
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......... ' ,' imentation that continued to sink into Jurassic time. This 

':', :' , : peninsula and trough presaged the direction and position of 

. :<'; ": the later.' orogenic belt and cyclic. metallization that occurred 

',':'including many of the large copper deposits" The axea em

<,\,.bracmg the claims had an eventful history, with periodic up

··;' .lift, faultingg volcanic activity and tectonic and palingenetic 

· · .: ;'~': eplsodes. Orogenic activities finally resulted in such up-

.: ~ : .~ · llft and subsequent erosion that for moot of the area of the 

:;.,.::, claims only very ancient Archean rocks were exposed of un-

·:,.: .. ,.dHferentiated granites, schists, granite gneisses II 

,.' ,,:.,\':,"" Intrusives and dynamic metamorphism of the Nevadan 

".,' Orogeny are assignable" The Larmide Orogeny introduced 

additional igneous activity and considerable deformation, 

folding, thrusting and faulting, especially in southeastern 

Arizona0 Large stocks were introduced into the central part 

of the State accompanied by other tectonic activities~ Much 

of this igneous act! vity still remains to be datede 

High angle faults cut and offset the bedrock in the region 

of the claims. These structures form a regmatic pattern 

which exerts control over mineralization in the adjacent min

mg districts. &>me of these structures predate the Larmide 

Orogeny, some are part of it, and the majority are middle or 

late Tertiary. Mild volcanic activity accompanied the sed

imentation and lava flows are locally present in and 00 top of 

': . young formations. To the west of the Weaver Mountains ex-

. ,basa.ltic flows exist~ . ;' ;._ .. _ 

963 STRATIGRAPHY 
Since there are no sedimentary rocks on the claim area, and 

only limited occurrences of metamorphic rocks, there is little 

or no data around which to formulate a discussion of this topic til 

9.4 IGNEOUS GEOLOGY 
Tne area to widen mLvaeralization is confined as far as it is 

presently known, Is one of undifferentiated igneous rocks. It 

is important J for future exploratt.on to be effect! va B to di ffer

entiate these igneous rocks into their early and late units, and 

to pursue to completion the petrographically oriented program 

which was not completed ill earlier programs because of the 

lack of financ es 0 

The Weaver Mountains appear to be part of a regional ex

posure of pre- Cambrian Granitic rocks associated with a 

. .p~y.ry and gabrro complexo 
Essentially the beryllium ores of the claim area occur in 

structural controls that developed wring Laramide times and 

which were pressure outlets during Tertiary metalization act

ivitiesl) A detailed paragenetlc sequence for the episodes of 

mineralization would ~:~:e one of the important aspects of in

formation that would materi~e from a quantltatlve mineralo

logical investigation. 
The one signific ant fact in the area is that the beryllium or~s 

all seem to be delimited to and by the granitic bost rocks. Only 

as the granitic units were able to adjust themselves to multIple 

vector forces and finally under the exerted pressures actually 

9 
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akened to provide fracture systems into which the ore mat

x was emplaced have they importanceo 

ION 10 
• 1 GENERAL 

the field were initiated to study and toes ... 
I3h the ,structural control of the beryllium mineralizatiofiQl 
e there are no stratigraphic units to deal with, the igneous 

alone must be studied to obtain structural information, 
the methods employed to do this are those usually called 

tic Tectonics& 
10.2 GRANITIC TECTONICS 

".u: orr-ita ion has materialized from the 
""""""~"V1l""'ent of this methode Several hundred feet south of the 

area of mineralization, an area was selected in the hoot 
-"" ..... ,.Y,..". rocks to ma-1te a spe'cial study of the orientation of 

, .... tala, essentially the feldspars ~ to obtain fine-structure 
',.: and ore .controls of the area~ At least four more studies 
" be completed in and near the deposit to fully exhaust 

, the idea that is possible from thiB approach, three in the oth .... 
. ' er directions near the ore body j and at least one at some 

distance from the mlneraU.za:Uon 1 n unaltered rock to ascert
the continuity or unIqueness of the structural control; m-

-J8G~lI,J1\,j'.u extremely useful for further exploration in the areao 

ere are two groups of orientations wtdch have to be separ
from each other 0 The first group is the regional linea
tectonic fabric or direction of preferred orientationo 

These directions are North-Sooth, North 45° West, and East
West. These structures will be found throughout the region and 
will have only a small role to play in mineralization. 'When 
these regional or lineament directions are removed, the pre .... 
ferred orientations are easily seen, as it is these d\rections 
which can be fomul geologically to be the main influence on ore 
loe alization of the beryllium mineralization and the develop
ment of the near surface type of bull quartz-beryl-mica de
posit, something similar to pegmatitic deposits., 

The preferred directions are North 20° East, North 40° 
East, and North 80° Easte Fcyr all practical purposes, the 
mineralization should be controlled by these preferred dir
ections fI and faulting, dilational development will be found to 
correspond essentially to these directions. In areas of igneous 
rocks, the crystal orientation method is the only way to deduce 
what may be at depth and in time would have been consequent, 
or finally imposed upon the nearer surface rocks., 

It will be noted that the regional direction of orientation of 
the Weaver Mmmtalns is North 45° West, so thls direction is 
expected to modify in part and control or influence in part, the 
structural features associated with the berylUum mineraliza .... 
tion and mineral emplacemente 

These features, then, when tully mapped in the area, will 
permit one to control and pin point subsurface drillhllg. 

As furthel-field work is completed a dimensional picture 
of the structural features of the deposit will emerge. The 

10 
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. significance Vi:ill then be seen, especially since mineraliza

tion at depth will be essentially confined by the structural 
features of the host rock and the confining altered zone, 

ch itself is limited to the area having the preferred 
;n."'*1u·"tureso 

eochemis+ry 
CTION 11 

,;11 0 1 GENERAL 
'·',''!.lr:=H. W. Yoder and Dr!) H. Eo Eugster of the Geophical 
;;,.la,IOOI"at(u"y, Carnegie Institution of Washington, studied the 

......... U.~ .... 4 ature composition relationships of the muscovite
paragonite join ll Their work demonstrated that the amount 

.:;, of sodium which can substitute for potassium in the mus-
, ' conte (mica) strncoJ.re in the mica minerals is directly pro-

, " portional to the temperatureo They analyzed muscovites from 
'various geologica! environments and found that the socium
POtassium ratio did vary in a manner that one would expect, 
considering the environments from which the samples came. 
Pressure has a secondary altboogh significant influence on 
the Na-K substitution in muscovite0 Thus a method for the 
dei:ermatlon of the temperatures at which the mUBcovite form .... 

.. ed could be develop,ed, this would provide the mineral mvest
,.lml~tor With a good useful method of quantitaU.ve geothermomet

, . and perhaps lead to important exploratory functions and 

,:' 

contributions", Assuming the mica from the deposit would tnake 
a good useful geothermometer, samples were taken for this 
p.lrpose. 

In 1960, Co Hedge, associated with the writer at the Univer
sity of Arizona Geochemical Laboratory, conducted similar 
experimental studies" Since there was an abundance of mus
covite associat ed with the b~eryllium mineralization at the 
Pd:onte Cristo claims, ,analytical studies "were performed on 
saIllples from the deposito Beryllium in L"le area under invest
igation is aBsociatedwith the higher temperatures o The results 
will provide a control on subsurface drilling results if micas are 
brought back to the surface during the course of drilling which 
should vary from the limits of minerr:».lizatloD • 

11.2 MUSCOVITE TE!vlPER,l\.TURE RESULTS 
The mica for a sample was removed from a large bery crystal 

on the west side of the deposit.. The sample yielded a Sodium 
contest = atomic % 6.37 , 'Temperature 4100 Cit The temperature 
of mineralization must have been of about 410°C because of the 
intricate association of the mica within the beryle 

On another sample away from bery crystals, but within the 
. confined structural area the sample yielded a Soc!u.m Content 

:: % 8&65, Temperature 4150 CID • 

Other samples led to tentative conclusions G 

11$3 CONCLUSIONS 
Tentative com!iuslons based on the above results permit one 

to establlah a trend which is extremely useful. Bery crystals 

", . -.~ .. ~ . ,- -. . . ... ~ - . . -. ~ - - . ",.. ..- ,- -
-----_._----- ._-
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have formed at a temperature somewhat lower than the ex
tremely altered rock variety which contains a great deal of 

,mica but no visible beryl. At temperatures lower than 4150 

. C beryl crystals seeXll to have formed in abundance. \\'here 
temperature in the deposit exceeded 41S()C it appears 

that no beryl crystallized, at least in large crystals or ec
va&""~JiI.'" deposits. The elemental suite which crystallized 
into mica seems to have crystallized at a higher tempera
ture and then as cooling took place, beryl at sOJnewhat 
shallow depths compared with the other were formed o 

PerhallS it may be that at even greater depth beryllium 
minerals of lower temperature may be found to occur in 
greater abundance" Bertrandite, an important high grade 
mineral of beryllium seems to form at 310oC. Thus the 
temperature data is most important. Micas found at the 
surface upon analysis may provide information on the pos
sibilities of subsurface beryllium mineralization if their 
temperatures are iOWld to exceed 415°C. 

On the north side of the mineralization zone where the 
third sample was taken~ there is no visible beryl, but 
there is considerable muscovite and different red and 
white minerals which are suspected of containing bery
llium in a mineral form other than beryl. Mineralogical 
analysis for BeO content should be made~ 

The higher tempel~atures seemed to have prevaIled during 
the early phases of emplacement of the micas, alkalic 

altered feldspars, and intense quartz bodies" As the temper
ature dropped beryllium mL,erals of the silicate variety, beryl 
in particular, formed and with plentiful beryllium in the en
vironment, exceedingly large crystals were formed, some more 
than twelve inches across and several feet long. If these tem
peratures prevaled to any depth, and if the beryllium source 
continued to supply berylUa in sufficient amounts, there could 
be a large continuous zone of mineralization rich in beryllium 
and perhaps going at considerable depth. Other minerals 
might replace berylS! however, as telnperatures changed, such 
as chrysoberyl, as indicated in hole DH-7 at a depth of 150 
feet. 

8Si"yl a-l.: I 5 0 foot depth 
With such proof of mineraliz.ation at the surface areas and 

at that depth, there should be further drilling to explore the 
area and to block out additional tonnages II 

Other sampled areas indicate a transition zone between the 
high temperature upper portion of the mineralIzed mass 
through a zone where beryllium minerals other than beryl 
may occur in the lower temperature zone where the import
ant beryl minerals were fully developed, crystallographlc- , 
ally and of unusually la..rge size Q 

The delineation of temperature gradients for the deposit 
and a construction of a dimensional model of the deposit 
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will permit an evaluation of the mineralization perhaps not 

,, ' otherwise obtaIn·able. Qu,antitatiV'e analysis will also be de

for beryllia content on such sam.ples as may show a 

temperature of 410°C or so where no visible beryl can be 

. The significance of the association of high temperature 

micas with a red disseminated mineral (believed to be 

. beryllian-gaxnet) will be knowa. as soon as the red min

eral has been full identifiede 

It will also be noted that the micas having the 10% 

sodium, generally are located physically above the beryl 

zone and do not hallie the :red mineral suite. 

We have three criteria that will be u.seful for directing 

and evaluating fl1:. :,ure drilling. 
Ie High sodium content on the upper mica zone, no red 

minerals, therefore, barren, but associated above good 

zones or near theme 
2~ Intermediate or lower sodium content, red minerals 

in association, no \isible berylQ Economic beryllium 

deposito 
3. Lower low sodium zone, visible beryl, no apparent 

red m1nerals~ lower temperature~ rich ore, high beryl
lium content41 

Another item of importance. The "high temperature micas ' 

',are those restricted to the large "book" micas, those that 

might be of economic importance as a by-product/il 

It is not an expensive nor a difficult thing to do or have done 

to have mica analyses made and sodium potassium contents de

termined lll The value of the information is apparent, and future 

work in the area should utilize this new approacho 

SECTION.12 
1291 GENERAL 
A:P"aper dealing with Uriified Field Geology by the writer shows 

data for considering deposita of beryllium that had been emplaced 

at temgeratures greater than the critical temperature of water. 

(375" 5 C as pneumatolytic deposits(J Those for which a temperature 

of less than 375,. 5~C ~,--establiBh.ed would be called or considexed as 

hydrothermal. The Monte Cristo deposit as shown from the tem

peratures obtained from the analysis of the micas show the deposit 

to be in the pneumatolyUc categoryo 
12,,2' PNEUMATOLYTIC )A1NERALIZATIO~r 
The Monte Cristo beryllium mineraliZation has been verified as 

taking place above t.he critical temperature of water, above 3'75.5° 

, The pressure of mineralization would have been up to 3500 Alms. 

and probably took place originally at some deptb0 Probably the . 

mineralization took place originally at a depth of up to 50,000 feet6 

Erosion has exposed the present deposit at its upper limits onlYa 

This means thalthe mi~alization has been barely exposed and 
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that nearly 100% of the original mineralization must exist in 

the area. 
, There must exist in all probability a large beryllium depos

most likely the greater tonnages will be found at shallow 

depths (the top of which is suggested by the drilling results to 

be about 100 to 150 feet below the present surface) so open 

pit mining methods can be employed., 
. 12.3 QUANTITATIVE ANALYSES 

Bulk samples were taken from three places on the propertYe 

, 'Sample No .. D-10 was taken from a 14 foot wide exposed zone 

;; of soft white altered rock.. It assayed O. 35% BeQ, or about 

','·( 4% beryl equi valent~ This assay represents material rnore 

. than 25 feet wide e This provides a minimum grade from which 

to get an idea of nlining in the northern areao 
Sample No. D-12 was taken from a zone of mlneraliza1im 

where the red (peryllian garnet 1) mineral was abundant and 

which is located on the southern end of a highly berylliferous 

zoneG) Sample D-12 assayed t,16o/cBeO or about 11% beryl or 

equi valent It This Is high grade ore. 
Sample D-10 and D-12 were taken about 250 feet apart and 

this becomes an indication of the extent of the depooit, and 

. perhaps its subsurface expression, since the two areas sam

pled are continuously connected for the entire distance with 

risible beryl mineralization. 
Recall, that this is in the Intermediate temperature zone 

the lower temperature zonee Richer beryilla mineral-

ization is expected just below this zone. 

By linear intercept methods of measurement and analysis 

it is estimated that the main beryl zone, the 410°C zone, 

would yield about 5% of its total mass as large bery crystals 

based also in examination of the central shaft down to a dep

th of 36 feet, all that was accessible in 19560 

It is suggested by the assays obtained to date that the de

posit will provide a milling grade better than IJ 26% BdO~ or 

more than 2% Beryl equivalent. It could easily approach a 

1 % BeQ grade or tenor $ 

The U e S. bureau of Mines has developed a process, highly 

economic for the extraction of low grade beryllium depositso 

The cut off grade in 1956 Bureau of Mines process was .10 

percent BeOo This indicates a superior deposit at the Monte 

Cristo claims of more than double the Bureau of Mines cut off 

oreo 

From sampling it would indicate the ores shoulCi be checked 

for molybdenwn J bismuth, copper, silver, vanadium and 

cadmium for possible by-product recovery~ 
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""'SECTION 13 
13.1 GENERAL 
This section reports the results from only limited work 

:'which is most important for beneficiation purposes and for 
':mining and future exploration activity. 

13., 2 BERYLLWM MINERALS 
. While there are many beryllium minerals (more than 60) 

',_ ,: only a few of these occur in the Monte Cristo deposit. These 
.'. however, are the most important of the many berylliwn min

"; .. erals and have been demonstrated by commercial as well as 
.•. . U. S.. Bureau Agencies to be the most easily pror.p.ssed and 

recovered. 
The most important and abundant beryllium mineral on the 

Monte Cristo claims is beryl: 
BERYL: 3BeOe A12C~3. 63102 

It contains about 12% SeO 
This mineral occurrs on elongate he~tagona1 crystals up to 

3 feet long, but also as small irregular shaped crystals as 
welt) It will be the most important mineral in the deposit 
unless future drilling finds mOl"e important quantities of 
other minerals at depth. 

. PHENACITY: 2BeO. SiO 
It contains up to 42CO BeQ" 2 

This mineral occurs as a small white crystaL It is not 
abundant and should have only a minor role in the upper 
parts of the deposito 

CHRYSOBERYL: SeQ. A120 S 
This contains up to 20% BeO 
This mineral is found occurring in snnall amounts in the 

upper zone but increasing in qU3J.~ti'ty in the vicinity of drill 
hole No. 7 where the mineral was found at a depth of 108 feet 
and appears to represent the main constituent of that area 
along with at least one other unidentified beryllium mineral. 

Large Beryl crystals were observed throughout the more 
than 300 feet of open cut. workongs, irregular spaced, but 
often mak! ng up to 50Se of the mass, but estimated to make 
up about 5% of the total, down to at least 50 feet as deter- . 
mined by the shaft that penetrated to this depth" It might be 
expected that the main beryl zone will extend to a depth be-
tween 50 to 100 feeL BellOw this the chrysoberyl zone will 
predominate", 

D-rilling 
SECTION 14 

14.1 GENERAL 
A total of eight holes were pin pointed~ of these finances 

only permitted the sites for five of them to be preparedt> 
The holes that were drilled were: D-l, D-2~ D-4, D-5 and 
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. ..;: .. D-7o Samples from each drill hole for each two feet were 

<.>:: taken, but limit.ed finances only permitted a minimU!ll of 

0:' assaying. The results that are a\railable are included in 

.. :. this report" 
The elevation of HoleD-4 is 4900 feet, and establishes the· 

evation for the area. 
14,,2 DRILL RESULTS 

:;: Drill Hole No.. 1.: This hole was aborted at a depth of 48 

feet because of hard rocko A rotary drill rig was utilized 

but the rock was too hard for ito New drill rigs are now 

:'t.J.{)~,~.:+ ,;:; . ".avatlable capable of easily drilling this hard type forma

tion" Rigs by George E. Failing of Enid, Oklahoma and 

by Mayhew of Dallas, Texas are capable of this type of 

drillingCl 

~-.rge beryl crystals and yellow crystals of beryl along 

with much mica was observed in this holee The drill hole 

penetrated granodiorite material in the upper 20 feet, then 

entered the quartz monzonite transition zone of red .... 

beryllian garnet zone, and then into the quartz monzonitic 

beryl zone Q A new off set hole should be drilled to a depth 

of at least 400 feet. 
DRILL HOLE 2: This hole was drilled to a depth if 150 

feet where water was encountered and the recovery was im

possible because of insufficient air pressureQ DH-2 passed 

through upper granodiorite rock which dId assay .., 044% BeQ 

lndic.atlng DH-2 is more centrally located for deeper drill ... 

h it--

ing purposes since the normally barren host rock is carry

ing values in this spot. This \\'as encountered to a depth of 

about 42 feet~ At a depth of 120 feet visible mineralization 

was observed and saxnples sent for analysis gave a value of 

v 50% BeO for the interval to a depth of 156 feet. It is as

sumed the mineralization persists to greater depth., 

This drill hole therefore did appreciable increase the 

total tonnage potential of the deposit considerably II 

Drill Hole NOli> 7: Only one other hole need be discussed 

here in view of the incomplete nature of' the data. Drill 

hole Noo 7 wasdrilled on.the north side of the deposit .. ' Mic

rometric work 00 samples from this deposit were made be

cause of the small green mineral observed on this drill hole 

from about 104 feet deep to the termination of the hole at .172 

feetQl 
Finane es did net permit a full analysis of the drill hole, but 

it was determined petrographically that the upper portion of 

Ule hole passed through granodiorite rock» 54 feet thick, which 

was being altered over to quartz monzcnlthic rock. The green 

mineral was identified by Dr c Williams as chrysoberyl. The 

total chrysoberyl content for the quartz moozonltlc zone from 

104 feet to 112 feet was 040%0 Further drilling Is recommend

ed for thls area. A hole at least 500 feet may be requlredo 
.q 
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. 14.3 CONCLUSIONS 
.' Iii addition to conclusions being drawn in each section, it 

can be added here that the drilling results further supports 
, the idea of a granitic pre-cambrian rock was involved in a 

deep seated palagenetic activity which resulted in a hydro
thermal-pneumatolytic episode mineralizing and injecting 

'. material into structurally prepared zones o The granitic 
rock was altered to a granodiorite type composition rock 

;i,'ii!?'.J>· ;S ·;~". : bordering a zone of beryllium mineralization which is con
fined to a quartz-mononitic end product of alteration which 
varies in specific composition but which reflects the quartz 
masses and feldspat.'hic masses in the three established 
zones 0 

The drilling indicates that the quartz masses were derived 
from de-silicated subsurface rocks, and that the quartz and 
barren feldspathic masses will be about 100 feet thick, or 
less, below which occurs a quartz monzonite" dipping to the 
south, at shallower depth to the north, and that this quartz 
monzonitic rock is the main host to the beryllium minerali
zation which consists of beryl in the upper zone,} and beryl 
Chrysoberyl in the lovler zone, subject to luodification as 
more subsurface data and deeper data is obt ained" Other 
less important minerals also occur. 

Before exploitation of the ore body it shoulci be obvious much 
more drilling will have to be completed. 

O,.,e Res-e,.,ves 
SECTION 15 

15~ 1 GENERAL 
Specific bloclied out reserves require complete engineering 

data, completed drilling programs, and detailed assay and anal
ysis in order to establish firm and specific reserves 9 This type 
of complete quantitative data is not entirely available for the 
Monte Cristo deposit of beryllium mineralization. 

However, from the limited drill results, and the limited map
ping of the deposit? it can be stated that the probably reserves 
of the deposit are at least 60,000 tons and that one can infer 
from the drilling results a total reserve of 160,000 tons that 
will average more than .. 26% BeO~ 

15B 2 TARGET TONNAGE 

p,..obable One Million TonS' 
The drilling does suggest a considerably larger reserve than 

the actual measured tonnage" The dimensions of the deposit . 
also suggest more ore extending to the east and to the north and 
south. From the combined results of all of the preceding re
port, the writer utilizing a multivariate statistical approach 

11 
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. would state that the probability of a reserve of ore in excess 

, of 1 g 000,000 tons is better than 80%" 
, Thus, this becomes the target tonnage that further drilling 

geological investigations can expect to delineate" If the 

mineralization persists to a great depth, below 150 feetJ and 

it should be stated here that the target tonnage would be above 

170 feet depth, then more reserves may exist L'lan 1 J 000 i) 000 

tons. 
'. Previous tests indicates a good recovery is possible on these 

. ores. Tests resulted in a 90% recovery of beryl with all of 

the chrysoberyl being recovered" 
f , ' A market research should be initiated and the more recent 

technological advances should be researcilelt. 

Respectfully Suhnlitted 

lsi Einar C. Erickson 

Registered Professional 
Engineer 
Tucson, Arizona 
February 1966 

. . \ Ed~ Note: A copy of the original and slightly more com-

:: lete report Is available 9 inc luding maps etc It These claims 

., : were Inlltigation Wltil recently and are now settled 4 An 

. ,: ?~tion assigned to Cushionrail was formalized and signed 

on April 17, 1977, 

Concenl-rated Deposits .{;xtl'emely Ral'e 

Beryllium is estiInated to occur in earth's igneous rock to 

the extent of 0 ... 0006%. It's abundance is 1/7th of that of tin. 

Unfortunately" these rocks usually contain too little beryllium 

for signific ant concentration. 

Us-as 
A thin sheet of beryllium is used in the transmission of X

rays and its use for windows is important particularly as x
rays become longer and more easily absorbed o An increas

ingly importa..lflt use of Beryllium is as a target in cyclotrons 

and other ma.chines with high-energy beams for generllting 

neutrons~ 

Beryllium is the only stable Ught metal with high melting 

point. This facta coupled with its good electrical conductivity 

and high modulus of elasticity make it an important potential 

in constructione Beryllium copper alloys are used where 

spring qualities are required in combination with corrosion 

resistance" The unusal hardness of beryllium copper has 

resulted in its use for tools where the sparking might be 

dangerous a It has a special usefulness in forming powerful 

self-generating protective surface films. In certain silver 

alloys, beryllium has the effect of reducing tarnishingo It 

is also used to promote fluidity and sou!''1dness in casting 

with copper, aluminum and magnesium. 
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THE ECONOMIC GEOLOGY OF THE 
DIXIE QUEEN - MONTE CRISTO CLAIMS 

YAVAPAI COUNTY, ARIZONA 

T 

. A PRELIMINARY REPORT ON THE ORE DEPOSITS 
11 

BY 

EINAR C. ERICKSON, GEOLOGIST 
709 CLINE 

LAS VEGAS, NEVADA 
702-870-6771 

INTRODUCTION 

General Statement: The Dixie Queen - t-1onte Cristo =-
Claims) 1 through 15 inclusive, examined by the 

:' Writer consist of 15 unaptented claims generally 

.,:.; · · ~··considered to be the Smith & Kent Mining Claims. The 

claims were examined on October 23, 1956 at the 

of Mr. Jo Phillips of Phoenix, Arizona. 

-:..- . - t· ~. ' . 
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Essentially the claims examined appear to have been 

properly staked in accordance with the mining regu

lations of the State of Arizona 0 Open cuts had been 

made for necessary discovery holes~ For the purpose 

of this report the field examination was confined to 

claimes .. oNoa 1,2, 9 and 5. 

History of the Properties: A Mr. Regan had worked 

the Bull Quartz. outcropping which capped beryl-mica 

and bismuth-gold complex ores, prior to 1917. Mr~ We 

Young came into the area in 1917 taking up much of 

the land for cattle and agricul tural purposes. In 

r:he early 1920 r 5 mica was mined from the property 

which the writer understands consisted of less than 

half of a normal claim. In 1928 Mr. A. Flagg first 

examined the property~ Two of the Regan boys removed 

some 400 sacks of beryl soon after and during this 

period as wel1~ and mined the property for Euxenite~ 
Not long after this the property became idle and 

remained so until 1947e A Mrft Westover had relocated 

the property during the 1940' s and in 1947, Mr. H. 

G. Smith bought half a claim, installed a mill for 

the recovery of mica. Some attempt was also made to 

~USHIONRASl NOT QUALIFIED TO EVALUATE ENGINEER REPORTS 
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ores. Mr. 

Smith and located the additional claims 

ich comprise the present group in 1953. The 

property was leased to aMra Bo Doolin who did not 

~~rform and consequently in 1956 the properties were 

<put into the hands of the Dixie Queen Hining 

~ {i Corporationo Mro G. Ae Tognoni prepared the only map 
, . ; :l~~·t ' 

,'of the claims the writer is aware of. Other than the 
- -:., -";> 

': -- above and except for the writer's own examination at 

two different occasions in 1956 there appears to be 

no other additional work performed on the proper

ties. 

Location and Acessibility: 

located in the east central 
The mining 

part of 

claims are 

Arizona, in 

Yavapai County about thirty-five miles southwest of 

Prescotto The claims are approximately eleven miles 

out of Yarne 11, Arizona in the vleaver Mountains, 

just a short distance from Lounce Lookout at an 

elevation of about 6,000 feet • 

. ' The claims are located in Section 3 and 4 of 

Township 10 North, and section 34 of Township 11 N, 

"'.-r-_'7r" .'.".:, .. -, ..... ---~· -- Geologically, the claims are located in the 

MA00R 8{;RYLLIUM 

cent e r pCll-t ion of the mountal Ii--- region or'- ' !'-1exlcan 

Highland, southeastern area of the Grent Rasin 

provjnce~ The claims are west of the large San 

Francisco Volcanio field and southwest of the 

extreme ~'dgE' of the Colorado Plateau. The draining 

in the area is to the southwest toward the Sonoran 

desert. 

The mineral cJaims are accessible from the east 

via good graded roads from Highway 89 six miles from 

the propertjps. AccessihiJity is not a probJem. 

Pract feally any vehicle can be dri ven right to the 

mining site proper. 

Climate and Vegitation: The clim~te is con~idE-rcc1 

to be semi-arid with the precipitation amounting to

less than 14 inches per year in the area of the 

claims. There are approximately 90 days -of freeze 

and thaw in the area, a1 though all year opera.tions 

are mintainable~ There is less than 30 days o~ 

thunderstorms in the area, but this fact does 

suggest that some preventive work should be done on 

roads and consideration should be given to plant 

installations $0 that sudden flood washes will do 

NOT QUALIFIED TO EVALUATE ENGINEER REPORTS 
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is exce 11 (In t for wo'rk:'" 

cool nights all year and equable 

vegitation is limited because of the lack of 

well as the type of outcropping rock~ 

1 itt Ie decayed grani te does not support 

However, 
well as 

None of the 

some pinion pine and juniper 

nineteen varieties of desert 

local vegitation speci es are 

present to be of economic importance 

use, except for some limited logging materials 

for certain types of mining activities. 

Scope of Report: The scope of this report is 

limited to the several claims examined, and there

fore to the time spent in the field by the writer. A 

sufficiently complete investigation was made to 

writer to evaluate the existing minerali

deal with the general geology of the area 

commence the geochemica 1 study necessary to 

ze the history and nature and merit of the ore 
er investigationo The investigations were con

ted ~n the drifts that had been put in by Mexican 

MAJOR 8f;RYLLIUM 

lIliners, 'and which"weretyp'ical1y ~1exlcan; to 'the' 

shafts on the properties and to the larger open cuts 

and bench mining exposures that had been made on the 

claims .. The objective of the present investigation 

was primarily to provide a geo] ogic report on the 

area being exploited, and to initiate the detailed 

study necessary for providing as4:;ay data for the 

eventual installation of a mill to handle the 

exce]lf"ni- ores that exist and determine their com

plex character, history and origin and quantitys 

Present Work and Nethods: A tot a1 of three days 

have been spent by the writer in the area prior to 

the submittal of this reportG The claims were 

examined first in reconnaisance fashion, and, then 

detailed work was done where the ore area had the 

greatest exposure and where mining was being done 

and from where a future mill reserve would be 

obtainedti A map of the workings was made by, Brunton 

compass and pacing and therefore is of approximate 

accuracy only, but sufficient to aid in the activ

ities to be undertakeno The geologic contacts and 

structures were delimited and the controls of the 

NOT QUALIFIED TO EVALUATE ENGINEER REPORTS 
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Samples were teaken to 

grade' and maximum tenor assays 

materials considered of 

GEOLOGY 

T 

provide 

for the 

economic 

Paleotectomic studies show 

Arizona were covered with 

during parts of Cambrian, Devonian, Miss

ssippian , Pennsylvanian, and Dermian time. Every

where the deposits were thin; and in many places in 

the' mountain and desert regions south of the 

Colorado Plauteau they were never deposited or were 

removed in Mesozoic and Cenozoic timeo 
Much of the Arizona in Devonian time had been 

depicted above water unitl subsurface work revealed 

the presence of Devonian beds in the eastern parts 

~~/ •. the state and Territory conglomerates suggested 

.the'· -former presence of Devonian beds in the western 

:p~rt. Evident 1y the later Cretaceous and Territory 
tti~tures that were developed were little influenc-

MAJOR Bf;RYLLIUM 

ed by these widespread and thin sediments. 

In Triassic time a broad peninsula 

northwestward through central 
\ ~ 

Arizona, 

projected 

ohliquely 

from Canada, Mexico to Mesquito, Nevada ... Where the 

Sonoran Desert is now there was a trough of sedimen

tat ion that continued to sink into Jurassic time .. 

This peninsula and through presc'ged the direction 

and position of later orogenic belt and the cycl ie 

metallzations that occured e The area of the claims 

was very eventful as far as geologic history goes 

with periodic uplifts, faulting, volcanism and 

tect(l{ljcClctivjtjps. Oregenic activities finally 

resulted in such uplifts and subsequent erosion that 

Archean rocks were exposed G Intrusive and dynamic 

metamorphism of Nevada Orogeny are assignable.. The 

Larmide Orogency introduced additional" igY'leolJs 

activity and considerable folding and thrusting, 

especially in southeastern Arizona. Tremendous 

st'ocks were intruded into the central part of the 

state accompanied by other tectonic activites. 

High-angle faults cut and offset the bedrock in 

the region. They .trend in many directions. They 

NOT QUALIFIED TO EVALUATE ENGINEER REPORTS - 22 
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il~i;' : : preda te the Laramide orogeny, some are part of it, 

· \,~~<;~S(J\;: t' he, rna j or i t Y ." Tl' noi (lc~ 1 ( c'H' L :. " 1'(1 t i "1) • 

0,;~:;,,:.: ,P. ,f~~clt:se of block falll ting, regional warping and 
r~ :~c; ,n.:~~.;.·::~+' .. :,,, . . . ~, ' ' 
!:~:)~g~r:haps other factors " the central and southern part 

'i~'b.&, '! ;:;·, ,~t:izona ht.'cClflle an area of aggradation in late 

<!;~;,,:jfa~ 't'{~ry time • Mild" Volcanic activity accomp~nied' 
;~;M ~,~_~ _ sedirnentation and lava f10\.;5 are locally present 

%f,.;~r '.and on top of young formations. Uplift and 

'\\;~:: subsidence of intermontane ' trough areas continued 

"'i._:,~~t·ermittent ly into Quarternary time. Erodedmeteri

,'~'!}~i;" ~;;; :<a'r ' from the trenched areas supplied the relatively 

j1!:;<; " thin vaneer of Quaternary terrace and stream allu-

'1;'/; : vi lim • 

~~.,~~. Tertiary volcanic rocks are nearly everywhere, and 
.;,'.: in one place represent continuing volcanic acti vi ty 

~ .. down to the Pueblo Indian cultural times. 
I\{" 

:.ilii In general the ranges trend northerly in south-

ri:,\~'}:" \ eastern Arizona and northwesterly in central and 
;;~~;:,, : . 

; '~'}y.~~.~~, (~outhwestern Arizona .. This alignment is probably due 
' f" ;}'::'~('t'({ " late . Teriary faults. ' Considerable time has 

' ~~lapsed since the last major movements, because 

i ve pediments have formed across many faul ts 

MAJOR B[;RYLLIUM 

and true fault scraps are few. 

StrC!"'t}gra~ No scdin'E;'ntary rocks were observed 

on the claims examined. Essentially the claims were 

compoised of igneous rocks. 
Igneous Geology of the Dixie Queen Claims: The 

Weaver Mountains appear to be part of a regional 

exposure of Pre-Cambiran Granite associated with 

aporphyry and gabbro complex. Tertiary volcanic form 

inclosing uncomformable relationships to the north 

and east of the area. As the particular granitic 

complex acts only as a host to a much later 

mine r alization epoch they are not discussed in 

detailc They appear to have contritubed no chemical 

factors to localization of the· ores 0 ' E_ssentially the 

ores of the claims occur in structural controls that 
Larmide times and 'which were developed during 

pressure outlets during Tertiary metalization activ-

ities. 

The one 

ores will 

significant fact in the area is that the ' 

all be delimited by the granitic host 

rocks. Only as the granites were able to adjust 
and finally themselves to "multiple vector forces 

C.USHIONRAIL NOT QUALIF I ED TO EVALUATE EN GI NEER REPORTS 
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p r (' ~ ~ tJ res act ua 11 y we a ke ned to 

systems into which the ore matrix 

have they importance. 

MINERAL DEPOSITS 

. ____ l._Stat~men~ The writer is not aware of what 

tion has been had from the claims eXamil)f~d. He 

s aware that recently hand cobbed beryllium crys-

tals brought $500000 per ton, and that mica ship

have been made that have brought current 

prices. Bismuth had been concentrated previously 

among gold and Columbian-Tantalum ores. To what 

extent is not knowne A map of the workings conducted 

to date showing the position of shafts and drj fts 

Clccon:pani es this report in the back packet .. 

Mineralization: A geochemical study of the minerali

zation and the relationship of the mineral deposits 

the claims to the adjoining and host igneous 

is still under way., Until such time that it is 

eted the writer considers the area to have 

followed the pattern given below: 

B~RYLLIUM 

With th<:,(.'}>E'rtion of stress during latfl Nevadan 

and early· Laramide oregenic activities on the 

pre-cambrian recks of the area a fracture system of 

an eastwest trend was developedc This set was 

eventuCllly cominated 'by a north-south facture set 

which became increasingly weaker zone. At depth, 

below the pre-cambrian complex, palingenesis is 

considered to have taken placea This is to say that 

a melting-in-place due to release, and provision for 

an outlet, of pressure took place as the near 

surface facture sets deve]opedo A release in 

pressure caused the subsurface rocks to liquidifye 

This Palingenesis, or granitization as some call it, 

may have been accompanied by considerable heat and 

release of liquids and gasseous rna terials. At ClllY 

rate i the semi-liquid rock mass began to ascend in 

the direction of pressure· release.. In doing so it 

thrust aside the invaded formation along the lines 

of the facture systems, lifted them in some degree, 

assimila ted portions of the adjacent host rock and 

melted portions qf the overlying materials 0 Since 

the only directi.on of yielding -~as tC"';lr(~~ thE':' 
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tIl ('iff(·rerrti(·lt ing nlaterial undergoing com

lex chemical reactions and cooling migrated upward. 

~ it did so th~ cold adjacent . rocks CTeate~ 

~~:';~;~:(~'i7f~'t'.<,;.~c~,:" .t;. ;>j~, ,9~i~;;'~'~Y~!"~ ll.t ~, d iff ere n t i ale r y s tal i z a t ion 0 f 
.. ~.'.:' b'f. > '~·he material took place and gravi ta ti ve 

';X'e'{;:p;h·:')~'{·>r~)Sa'·:· ··t·· ~ :·~·· .'of; ' l i (ltd ds flt1d 501 ids tliC'k p] acE" in sllch a 

;';H{~;,;.m'a 'nner that a silicate melt accumulated near the top 

. , he ;,; ;" ~ ascending : mass " with trapped gaseolls and 

< ' " f~~~d liqllids immediately below which escaped as 

pe'hr'-ngfracture permitted .. 

;;":',Assimilation, which is a process of chend.cal 

iXf dissolution, rather than melting, and which depends 
] : :0/) for its effectiveness largely upton the gas contel.t 

At " of the ascending nlass, i s nl('l~r Pl'C,fj-OUncE'G CIt t Leroof 

of the flI8SS, lNhere, by the process of "stopping" 

tongues of the melt, insunate themselves along : : .:~:., , 

. jOints, cracks, fissures and weaker 11 P('S of the 

.. 8ejaCent rocks J gradually prying loose blocks of 

t~e:s,e . rocks called zenoliths, which sink into and 

re;rF',engulfed in the ascending mass. Such evidences 
.: .'.· .. :i;r-;.:; ... ,, .: 

to exist in the open cuts examined with some 

xenoliths being nearly digested or melted as 

• . • ••• • •• ' ~' ~ 'j • 

". '!: .. ,:A,' 

MAJOr~ 

well. Palingenesis also occured in the immediate 

rocks enc los i ng the ascending mas s .. Th j 5 resul r (;.'d i 11 

~~ IIlOl ' P Cl"}~la] J jl"E.' - !"lani te rock s('parating the ore 

emplacement and the surrounding granite masses • 

Through chemical interactions, gravitative separa

tion and fractional crystall ization, the ascending 

mass, which was originally rich in beryllium ane' the 

l-(:·Ce~!:- .. ny (:(lI.~.t · j tl:~·l · t S of ndca, separated into their 

various component part diff ering in character from 

the original melt by the increased local concentra

tion and accumulation of the materials having an 

affinity for one cHlother.. The mass cooled qld te 

slowly as the melt and its host rock tvere poor 

conductors of heat and as a consequence larger 

crystals developed during this congealing actione 

The emplacement is not pegmatitic, but 'rather a 

solidified mass of an original silicate melt rich in 

the all1minates Ar,d havlng an abundance of beryllia, 

bismuth, some gold, rare earths, and mica pelements 

which now constitute an ore body of sufficient 

proportions and concentrationto be of economic 

importance worthy of serious exploitation. 
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.. There are some thirty recognized minE}rals contain-
,"f"·, ;;" . ··~, ; ;· ·· ; ;·:.; 

~er.yllium. In the ore body on the claims three 

. : .'(.( ; t:h~" · most · ' ;stgnificant of thes~ ' are r('cogni zed: 

(3BeOOA1203°6Si02) which occurs in small 

'· :e .longate crystals of a bluish-green hue 0 Phenacite 

;" (2B~O" S i °2 ) oc ctlri ne. ;; S SIT:(!]] \-Jh i t e (· l"y~. r- cd s j n thE' 

;'(1·t-~ ".1(' -11 ... }:(" 't.bitE· C'J{"cyec1 olaterial 

characteristic of the deposit. The Phenacite occurs 

more abundantely in the material high in alumi.PCltf's. 

the rhe~acite is now only considered of 

. ,'minor importance. It is the chrysoberyl (BeO"A1 20 3 ' 

that occurs in large crystals which. can he hand 

cobberl. A secondary mineral, bertrandite, (Be4Si207-

(OH)2' occurs on these large crystals also. 

For milling purposes it is the small beryl cry

I .. /: stals that will comprise the bulk of the mill feed., 

,,';And because muscovite, mica, appears to be a pre-

: : ,' ferred host for beryllillm the ~c8ttered mica will 

.. ,"'''', .. ,. ........ ,., .. ,.,, ~cessarily. have to be processed. The mica can then 

MA00R' BbRYLLIUM 

be removed separately as a hy product. 

The tA/riter ohsL'rvc-d ('} yt-.t",,;) ~ t·f · l E'l yJ c.;~ f,1.·cb Ci:::-; 

18 ,inches in cross section and several feet long, 

stacked like cord wood in the upper exposed areas of 
It 

the ore deposit. The tmiclVE' r;clt.l;r(» (If bl'!ylTil'r" cIS a 

divalent element permitted it to be admi.tted into 

the trivalent and quadrivalent structures of 
aluninunl and "silicon, respective] y.. So ,.,hi 1 E' the 

cry~tals of the larger sizes can be removed by hand 

or mechanically, an excellent mill feed remains 

behind in the sil icoTl-alltmi nuw con:r 1 e~' 0 

In,meoiately below the quartz capping the large 

crystalsof beryl and Chrysoberyl begin to appear. 

Green heryl occurs- in masses in the ql1clrt7 itsel f 

bllt the main occurrances are in the materials belowo 
The large crystals have an irregular spat.=ing, but 

are often found in collected acctlrllulations and often 

comprise in excess of fifty percent of the ore masso 

Large crystals were examined in place throughout a 

distance of three hundred feet in a zone estirrtated 

to be more than twenty feet wide. This width is the 

present 1y opened width only, the true wid th may be 
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is fully 

the old workings where one sha ft had 

a depth , of more than 50 feet, " the 

and wher'e another shaft had pene

material approximately 30 feet, the 

stals ,"were still observed in place ~ 

The southern shaft visible on the above photograph ' 

is near the central 

ti~nof the deposit as it is now opened up. The 

crystals near the ' bottom indicate that an approx

imate 70 feet can be considered the proven depth 

extension of the ore body 0 The depth from all 

indications is going to be much more than thiss .. The 

problem of reserves is not going to be a major oneQ 

The northern most shaft, of smaller dimensions 

appearsto be east of the main facture set which 

proficed the depositional area for the ore deposit. 

It is in this area that other values will be found 

, be'sides beryl., 

Three photos show how the southern part of the 

'open bench cut. The characteristics of the altered 

visible. The gray, broken and factured 

" ;:: ... , "-"., :,- ;.~ ... 

MAJOR Bf;RYLLIUM 

,cclpping'is essentially all quartz. At the base .of 

the wall the large beryl crystals are corning in .. 

Se] dam are they sl'pcrrc:,ted by more than a fevJ feet of 

distance and they often occur in masses of three to 

a dozen or more crystals. They are ' ea s i 1 Y dj s

tinquishable because of their hardness and yellow to 

greenish color ... Mica is also abundant throughout the 

mass e 

The fracture so visible here are those caused by 

differential pressures near the surface, freeze, 

thaw, ~tc., 8p.d reflect no actual control. The 

writer is standing on the sulphide zone just west of 

the granite-ore contacto The sulphide zone is of no 

consequence and may have not been connected in 

anyway with the present ore deposit. 

The sulphides could have been introduced at a much 

earlier period when some local gold deposits were 

emplacedo 

BERYLLIUM RESERVES 

The following assays have been received hy the 
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.52% Sampl e No. 2, taken ' from 

·?£::,' open bench cut. 

'~i;~rt~.~i~:~.~t:~~:r:.:: .26'. ,~~Pl~ taken from the sides 

~; ';k P;E'ryJ lium ' .11% Sample taken from the waste 
~tf :::~< ; : ..... ... . ;, . 
~i,r~:~inaterial deposited by previous working of mica. 
~tE<i( ,,' , :. 
·{2':{/ Rerv]li\.lm 11 .. 401;, Sample of large crystal, 

;~t}~~t? · • . " , " 
'JS~I " hlgh grade. 

~~\i~~i::-',:';:: , T~e samples were assayed by tv1inera Is Refining Co .. , 

·~y';.:· ·of Salt Lake City, Utah and Hurry White Laboratol"ip~ 
,~,:" .. ,. , . 

:~t{:' (If Scdt Lake City (Gi"lrfi~ld), Utah .. 
'~~~. - - . 

F' The high assay illustra tes the grade of the 
,,~' : 
l crystals that can be hand cobbed from the ore 

deposi t. The \\Iri ter hy {llecl ~urep:('nr gr ic iechni (,VE'S 

cCl1ctl]c:lted that the ore deposit will, yield not less 

than 5% of its mass as farge crystals~ As much as 

50'7~ locaJJy, Cen be E.'~r~ctE'd, btlt Ct c011servClt"iv(' 

~ •. ' Cl';('r~lge could be considered as 14% .. This figure then 

::~D;"'" means that an average of 280 pounds of beryl and 

j~i~~"::'chry ${) h~l'Y 1 . cry & r C1 1:-- CclD t~E' (;':::'q;(- ( t f'd per t ('1 1 t f t hJ; 

i~~,.;:;:~ , ~'<' r {l i 111' <'N' ret 1 f' sst helT' 1 GO pound s . ( F.d • 

- tJ, . , 

MAJOR B~RYLLIUM 

notes With .5% ore running $4-"OO/lb, = .1 wO~Jld 

equal $8000 / lb and 1. % would eql1cJ J ~8C per pound) 

nf'!'yl1i8, 0r Bf.(~ r1.JrtS, as a rule of thumb about 10% 

of the crystal and would therefore yield between 10 

and 28 pounds of the BeD for whi ch j n 1956 Ole rkf"·t , 

the cobb material is valued bet\",een $23 to $64 per 

ton, minimum, in 1956. 

Remaintng in. the ore material is an ore of .52% 

SeO, in the southern half of the deposit, and .26% 

BeQ in the northern half with 300 feet of linear 

extent so fClr delineC'ltf'cL Jt js the o2tt'rln! thc?t 

\ViII be utilized as a mil] feed .. 

The U.S. Bureau of Mines has developed a process, 

highly economic, for the e}<traction of 10\\1 grade 

beryll ium. At this time the minimum profitable mill 

feed for their process is not less than .15io, and 

• 25i., is considered e>:ce] J C'I!t .. As the range of the 

ore materia 1 after the extraction of the BeO in the 

hand cobbed crystals is between e26i~ and 

ore deposit js c('tn~id(·rf.'c1 (,}<(,.(']]t"\Dt 

ere-ration. 

e 

.52%, the 

c' nd 11 i ng 

In sampl ing the ore for obtaining a mill feed 

l' CUSHIONRAIL NOT QUALIFIED TO EVALUATE ENGINEER REPORTS 

'~' •• §f .f ifii&iWtmliIffiW#!i¥@SWiiit4t-¥i QI t ~'I4l'4\."",*",Wl!!f*"W"M\lil'!,& ... 1ttt W\fWfi!!MMft¢M¥iiii*M .... €M@i@ll@@¢!W!iI4~ 28 

. , 
~ " ,i 

i : 
! ! 

I ,' 

: 1 



~r.~.;.:t.~~.;~'i;\~Yt;~2~;:~'iF;~:P;'rfiS~.:);:::>.; · ,,~.?::.; ;:; , : : .',< ,,' ::~ .<, ?Z; :~ '~ ' .•...• '.:;' C', " " . • 

. :'<- .' '.:, 
::!t:~j ~·~·. ~ ; 

~f~~' 

I~~'('ir~ ';> . . P 
T 

ff,';:"", 6 r ad e assay , the writer deli be rat ely r E' f r a i ned f r CHI I 

;;:~:~i: :'i ',~ t a 1< i n g 0 bv i OU sly hi g her g r ad e rna t e ria lsi nth e 

~"Jlf::~~:nnf:lt::eea m:~;r:e::: 0::1 ;a;e:;:~~e:. ::g:e:e:~~:; 
:~;" XXiL\ ' ;: than ' the above ' because of the concpntration of 

~~['b:~~li;~ll i:e t::f:i~~S t~:d o::o:a::;~~~~ :::s~:~: 
I ~~~),;" ,~~ystals that may fragment or hreilk during the 
J~,f' ,:; fi rsst mechanical separation" 

tlj ;j.~:;: X.~,t.~,;~ , :~,~:, ~\:~ ~: :: " .. : -' ; ,~"'->' . , . 

';~~~Y"'.' ·':: : " ·· In actual mining.J.--Ehe ore deEosit wi 11 l2f .. 
"'; ~'" [ } , . ,~ 

, ';;.:, ' expected to yiE;>]d nearly 20/~ of its nICl~S pSG !E'?l9)t-
! 3C~ cl b] ~ cry s tal s wit ham iII feed 0 f . 50'0 to 1. 0010 Be 0 " 

For reserve purposes the writer, from measurements 

made in the field, estimates the following ore 

quanties: 

Proven reserves: 30,000 tonso 

Probable reserves: 30,000 tons, each zone 20'x 300'x 
70 r ., 

Inferred reserves: 160,000 tense 

MAJOR Bf;RYLLIUM 

For the inferred re~('r"' £'s the\o.'rirt'r l'~ ' r! r.('(!~ur(· c'j 

\'" i d tho nth e sur fa ceo f 20 fee t" L~ 0 f (' (' tea n be 

asssumed because of the additional surfHcE' exposures 

;1]10 the e~tent of the quartz and mica outcroppings, 

and that the linear extent is at lea.st 300 feet, 

would give four times the volumE' \vhE.'}"' th(' [I.atl'rial 

can be assumed to go twice the proven 70 feet depth. 

As each unit volume will contain 30, 000 tons, then 

four stIch tlDits would contain 120,OOC t'(,l1S. Addit

ional reserves of an inferred order are assumed 

because the altered zone has an extension of 80 feef 

~~t : (",~,t ~·r· ich cottJ d easi 1 y clout,1 f-t the;' r('~£.'1.Vt'~. (.f 

(:f 1 ~O, 00 reT'S, but only a 50% figure is considered 

to give that degree of conservatismo The problem of 
reserve is not great as they appear to pxj~t in 

(t;c.T til Y • 
..... 6 _ • 

r-~JC.A RFSERVES 

ty weight~ the mica content of the ore deposit is 

approximately 12i'tH For every ton of removable ore J 

there would be not Jess trar. 100 pounds of mica, CIS 
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"ilL tlll' (:}-[H .. 'lel yield of 200 poundse 

Ref i n i n g Co 0 f Sal t La k e est i rna ted the 

content of t.he mica to run bet\vf'l'n 10 and 17°:. Rllr 

rbl'" wi eel (tl til ~ i rregul ari] y, and not to the detri

ment of the ore, as usually it occurs in large 
. . . 

can be mined dirE.\ctJyo Becatlsf' C'f thE' 

bE' !')'] J ~ tim content of the mica is of mill feed grade, 

the mica can be processed first and recovered, 

a . by-prodl..1cP jn ][Irge \il.i8Tltiries y/hich 

~i]] hring premium prices. 

Scrap mica brings from $25.00 to $30.00 a ton, but 

a number of tests not yet completed, Sl.lbgl:-'~t~ tbBt 

tr.E (' i~p] c'ctri c characteristics, it may meet a 

market for micas of certain types which bring up to 
$140.00 per tone 

For ~v8]uation purposes, however, the mica content 

is expected to yeild approximately $4 .. 00 per ton .. 

This could he considered a mininn.lIn, and (~(I(:-'S 1-IL · t 

:ilC]ttOE' E"vc.l\lc r i,oPs for ];trgf> {ll[lsses .. 

Th~ tonnage of material containing mica is approx

imately the same as that calculated for the beryl 

. ores. 

Bf;RYLLIUM 

G T H F ~ ( ) R F }~! S I F\ \ r S 

Ccrr.p] E'te geochemical tests on the ore material is 

yet to be completed, but in the preliminary examin~

tion several additional by products are certain to 

be considered. 

BISMUTH: Ore assays from the al tered zone ill the 
4fT 

northern half of the ore deposit yields a v.ariable 

,content of bismuth. The assClys obtained fr()(H the 

White Laboratories varies from .01% bismuth to 

3.42%. Theseoccurances are from anomalies and 
indicate th~·~t a later phase of gaseous minerali

zation may have taken place. This resul ts in zones 

that will be of high grade h:i.sn,'l.lth, .apc 2(~lll~'S that 

will he barren or of low grade ... In the milling, 

bismuth can be extracted as a by product· and can be 

expectedd to yield a considerable amount. The metal 

prices quoted on November 1, 1956 lists bismuth at 

,$2.25 per pound" It is expected hlsrnuth wiJI yield a 

profit as a hy product from the beryllium milling. 

STRONTIUM: Strontium occurs in amounts from 2 to 
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. pOtlnr!,'7. i'f:lr t(II!, c·l·(1 .,1 ." .. ('} ('gE' of 8 rUl;nc1~ p('r 

is cllJ!s:Ldf'rE,d prohable. Strontium has been 

quoted at $11eOO per pound as a concentrate. Stron

t i umoccurs in the altered northern hed f of the 

deposit, with traces only in the southern half. 

ZINC: This metal could also be extracted, but 

metallurgical tests would be required .. Approximately 

6 pounds per ton occurs in the ore. 

!i.lCKEL : Sox pounds of this metal occurs per ton in 

the ore materials 
YTTRIUM: The recent demand for this element at 

approxilfC1te1.y $100 rE''t pound shotlld U10tivate con

sideration. There is a half pound per ton of this 

material in, the- ore" 

Except for minor amounts of Columbium and Tan

tal tim, there appears to be no other ore recoverable 

in the ore .. 
MILLING 

. The field investigation and assaying to date prove 

this ore del~0sit to be 8n €,}tcE·l1ent mining oppor-

i"1AJOR B~RYLL1UM 

tunity for high grade beryl crystals and mica 

masses. But more important is tilE' n:il1iPb IH.I~:--:hjl

jties th.at (':-<ist. ThE' lE!'-l'jvPS arc (H~E"\(lu':ite for a 

mill capable of handling not less than 100 tons a 

day" 

A. We Runke of the U .. S .. Bureau of ~iines ilt RClpid 

City, S0t1th DClkclta ~rilJ 1,(, (:(lrlta(·tl"(~. FE- 1£1(1 ll,r, 

pTe\.jCtls beryllIum tests in a new flotation process 

that he developed~ Besides running the beryllium 

tests he ~ll11 i:Hl~llj7t2 the orE: !I:i.i f-r:ctl [01 tlsE: ('1'1;(: 1 

""d lIE'S ard his fi nal report 'vi 11 include the re-

coverable quantities of each mineral and element 

involved.. Water development is not a plc)bJen l 

t:(.'ccn .. I~t2 <It thE' dE'pth of 70 feet J adequate water 

appears to exist, and this is only a short distance 

from the mine proper. 

MARKETS AND USES OF ORES 

Byrvllium: The heryl] i\.lIlI iP(h..Istry has il1c'reased in 

size about 24 times in the past 18 years. The price 

of beryllium ore has increased in about the same 
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~\;;:proporrjoll. It is ljsted CIS ~I ~tr~t.E'tic n.l:t"ll. 

::f;!t\f';~lJ.i;:,Th€,,'c.(.~est i C 1"('&(ltiTCE'S arc 5n:all, wi th most of the 

~r~scrves :coming from Bra~il and th~ Union of South 
';;'Afric'a '> 

~t~i:~~Jt~dlJC'tility, x-ray penetrability, I-,jgr n.elli1~ 
i~~,;(':.j'~'fiiJ<"~,,~:f-T't H,Y ," nel r i !;!- n ( d lIlu s , give i t rna n y 
~~.~~rid~~:';~~~a;:I~'d~'-~~e~. 'It' is used in the nuclear energy 

';il'li~:i~r-~s itO has a low' neutron absorb(·r' flrld has the 
;~.'--:.~ - , 

::~~>,~~bili ty to moderate thfi YE.'l()ci ty of neutrons" 
'dv;;;cc,', . ,<,,: 
i~~)~:k;It is used in Beryllium-copper alloys as a high 

:,:'strength, high hardness alloy. It is an alloy 

inducing high 're~istClr:cE' to fCltit.Lf' ~1Y1d jn:pC'·('t il· 

the ai rcraft manufacturing industry and there are 

over 70 applications in military equipment and 

related devices~ 

The prjct? fll1d outlook for berylliluTi is excellent. 

The ore deposit examined lends itself to a good 

sized operation with a profitable future aheado 

Mica: Ni ca has uses dE-pendi.ng 011 :f ts ~l"cl(~E ) 

diaelectric constant size, and other 

in the building It has commercial 

!ectiical~- industry 
use 

and . i noustria J 

Bf:;RYLLIUM 

processes$ It can always be sold as scrap mica. 

Bismuth: Bismuth production has been essentially 

as a by produce item. It is becoming more important 

in the development of nuclear energyo It's absorp

tion cross section for thermal neutrons is very low, 

second only to berylliuffic The alloys of bismuth are 

being investigated as coolants for the nuclear 

energy production pile. Five tons of the metal would 

be requi red for an enriched reactor of 100, 000 kw 

output .. 

35% of the past bismuth production has been used 

in the pharmaceutical buginesso About 60% was used 

in the fabricating alloy industryo 

It is suspected, but not yet definately proved, 

that some gold can also be recovered with the 

bismuth.. The installation 

the tailing circuit will 

exist. 

of automatic panners in 

remove what values may 

The markets for hand cobbed beryllium are good., 

Arvada, Colorado is a purchasing point for Beryl

lium. 
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MINING OPERATIONS 

Th~ mill location will probably be to the north or 

west of the mining property. The topography will 

permit gravity feed to the mill, probably by con

veyer belt systemo Water exists in the bottom of the 

. ~rainagearea just below the mine, and will control 

the mill siteo 

Mining itself will proceed as an open pit opera

tion with benches being developed until approxi

mately 100 feet is attained in depth. Then probably 

the open cut can be made to go down further. The 

probable final width of the open pit will exceed 100 

feet and be nearly 500 feet long, depending on the 

linear and lateral extentions of the ores. 

After the removal of the quartz and when the 

workings have developed in and around the granitic 

masses, the material can probably be worked with 

methods that will not fragment the large crystals, 

leaving them intact for remova10 The altered matrix 

material, once a face is developed, can probably be 

removed by shovel apparatus and ripping equipment .. 

Q 

MAJOR B-I;RYLLIUM 

The problems to be solved are not great nor diffi '

cultc For low cost, full mechanization of the 

operation will probably be aimed for. 

It would be wise to conduct a drilling program to 

fully delineate the full reserve potential and grade 

of the material at depth.. I t is not necessary to 

core drill the deposit, and churn drilling while 

being inexpensive, would give the required minimum 

of recovery necessary to valuate the subsurface 

data~ Ore reserves to a depth of 100 fee~ do not 

appear to be a problem. The writer considers that 

the ore deposit has the possibility of 500 feet 

depth, or more0 Mining operations should be conduct

ed to insure that an expansion and depth is attain

edc Little dead work will be requirede 

CONCLUSIONS 

The writer concludes that the ore deposit examined 

has ore reserves that will exceed one hundred 

thousand tons containing recoverable amounts of 

beryllium, mica, bismuth and a number of other 

profitable elements and materials. It lends itself 

,. ~USHIONRAll NOT QUALIFIED TO EVALUATE ENGINEER REPORTS 
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.. • to inexpensive open pit mining, all year around 

operations, and will provide necessary ' water re

sources and mill feed to create an excellent milling 

installation. 

The writer is still working on milling data and 

geochemical data that will contribute to the opera

tion. as . a whole .. and prov,ide the necessary data for 

setting up the flotation processes and preparing for 

the m~n1ng operation that will be required to 

exploit fully the ore deposit. 

If additional information is required which does 

not appear in the above report, the writer will be 

glad to furnish the same. 

Respectfully submitted, 

(Signed) 

Einar Ca Erickson 
Geologist 

-: . ' . ... ". :~ , "':\;", ,-.0 

MAJOR 

November 6, 1956 
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This is a process which I obtained from the 
Bureau of Mines whcih could be practically 
applied to the ore, if we wished to 

purify the beryl instead of selling it as an exide 

The difference is that as an oxide we could sell 
the raw ore for $6.50 a lb., If purified, the 
beryll could run as high as $200 lper lb. 
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3. Flota.tiGn-O!-.. ae.s:llmcdorc~·:.a~fte~:.~cr-ci.bbirtg "lith hydrofluoric' :o.cid~ 5 
4 • Flotation \',"1 th fresh acid .....•••••.•••.•.••••••••.. o. • • . . • . . . • • 6 

... ·5· . .. ~·l;.ota.tiQn·:1jd:th··rcc±rculat·ett:an:d7..£rosh-::acid ..... ...; .. ~ .•. >; ... t ·;.·.· •• ~ ••• . ;;'~; •. ·6· 
6. Flotation with fresh acid and second recirculated acid •••.•••••• 6 
7. Flotation of ore krubBcd· :*1. th· l~rdr'Oflu6rib . acid formed direct 

8. 
9. 

10. 

in t~c pul~. '. ' .. '. ~ ..... . : :. • • ! • • .' • .' ~'. • \.'~ .. ' ;'. ,,'. • ' •• ~ •. ' • • • o~ ~ · ~. · · · · · · · · · · · · · · · · 
Flotat~on of ~rc at' a pUlp tcmporaturoof 11 -C •..•....•••••.••• 
Flotation of ore at a pulp t9~PQ~~~~e of 620 C •.•..••.••••..••• 
Flotation of tourmalino from· beryl· in eleanor circuit with 

stll.furic acid •••••••••••••••••••••••••••••.•••.•.•..•••.••••.• 
"U: •. . Flotation of beryl from tourmaline in cleaner circuit with 

12. 
13. 

14. 

15. 
16. 

17'. 

18 .• 

19. 

20. 

... hydrofluoric .acid ............................... , .............. I~:", ~ ~ 

.Samples. tested, ...... , ............ , ..• ~ ... ~ ........... .............. ,', ~.~ ..• 

.:E'lQtatiQo.o.f .higb-:-grade .beryl.ore .-: Black Hi:J-ls :~Keystone Corp. i 

. _ .Keystone, .S. Dak •.• ~ ................. ,., •• , ........ : ~:~.~ .• -••• ~ ' .: . ;.' •• , 

.Flotation .of .. lo\,l.,.grade . beryl ,ore:.·:i'roml :dUmp ' of '0~dM:i.l~e··:mi.rte·J '::~ ' 

... Custer, .S •. Dak . ........ ~ .• ~ •• ~~:. ." ~ '. "~'. ~~ •. ~ : .... ~' e·' ... / ........ ;' ~.~ ' .:' •••• ,. 

Flotation ",df:-b1:gh-graae beryl ore' from Ctts.ter,· .5. Bal<~ .\' ~ ••••••• 
.F.~QtatiQO .Qf .low~grade .beryl.ore .from .Harding Property..~ . 'taos 

C""~rlt N ,.1:_ .' ' " - ," . L • • " .."..,....". Yi .• ; ~X~. :.;.: .... ~ .••• ·~~t"I ••• ' •• ' ..... ... '. ' ••••••••• : • .. • , .~ , . I" •••. ••• . • : ........ . 

.F.l.QtatiQn .af: .beryl.from .the .R •• 0 • . Hudllleston Pro.pertyj~ Ruby 

. . . Mountains,. .Nev. ........ ;: .. ~.~;';- . ~:r. ~"'":''' ~ ~ .... .. •.•..• i'.~ ... : .,~ ........ ~; ;: .. ~~ • .;.; .•. ~ ••• 

. F.1Qta ~iQn ,of: .lo,.,-gra.de· beryl. ore ' :fr.oni ao.~ ta-Ual:den Property.;\ . 

. . Pqr.tl.a,nq,. .Cann ........................... :.. ..• ;:..;~: ........ :".; ~' •• ~ .. '.: •••• ~ .• : ••• ~~~:"""." • 

. Flotation .of .1ow'"'rgr.a.de ·.beryl .ar.e .fr.om Hy.att .RanchProperty.,· ; .. 
. . Lar.imer .County.,. .Colo ............ ;:. ;:.J •• • ' •.• ! ... ; : .• .•••. ~~ ..• •• :;'J ';', ,·r • • :~~. : ... .. ..... , •. ~. 
Flotation' arid .. rnagneti·c ':s'(Jparation of .helvit-e:· qre> from.Iron .. .. : . 

U t· l··· t .N II . , . .. ." .... .DllO'Wl aJ.Jl,1It ,,)Ll.llS on". .' eJt ....... .................. ', .•••••••..•.• ' •• I' ,. ' . ' ••• t .......... . 

' .. . 1 . ' - .• ~ ~: . :".. . . .. " ~ ·" :~t "= ·I •• " ..... _.: ... .. . 

.. .. . \ . . .... , .. ".... ,' ....... . mmODUCnON.. . . . "'" ... . 
( .. ,' , . 

I • I ". ' I • • _ • . . 
. • : .. .. I • , \-- : . '0 • . : :" 4· :' " .:.' . 

7 
7 
8 

8 

9 
10 

11 

12 
13 

14 

1.4 

15 

16 

i7 

Beryllium is:a' strategic metal of 'ever-i!\creasing peaceti..nie· 'importance 
beca~s.e. of. the. lUlUsual .pro.per.ties .o.:r. her.y.ll.ium-c.opper. . allo~s ~ . These unusual 
characterist.i-cs ~:re.:.ttle.: combination' O£. h.i.gh. strength.·. and hardn~s~ h~gh fa
tigue. r.e.sis.tB-"lc.e,. and. high wear, :-.es:i.stance. in .a.l1oys .that have ' the','· corrosion 
resistancc:of · coppe~~ · -~.:~. ! )·.: .. ::' ::','!' . . : - . ': "r:'; - .. ;;"; ·- '. _' .i . ·' ' . 

• ••• 't. , ......... ,.. _ ... " , c • • I 'flo .. . ...... <I, .... .. . . ... " . . ' , 

The principal.J:ndustrial :source. of:' berylliuni .is · ·t~e : mineral beryl, a 
berylliUm-aluminum. slli.caUl. ;that. occurs. in. pcgmatiws(' a.ssocillted: with qunrtz, 
feldspar J' mica.;. ' apdsmaller ' amounts of:vari"Ous 'acoe'~bry niinerais ~ .' The beryl 
isusually.reco'Vered. in. processing. tile. pegmatites.for . .the· recovery of soine of 
the other mineral constituGnts. Pegmatite deposits arc found in va~ious 
~'::~~ .. ~f.~~_~" ~~!~~_ .. §~.~~.5.-t_l?~.'t;._~ho..~_E!_J.l}J·.l).~ 111.~~~.tI:1.:1.l.§ .. --'~! .. S~nrth .Dakota are 
tlle.~ ~·9~~~. ·9f rno~~. o.f·: -d()m~stic . pr~d~c:tiqp. \. ', ' ; '::. , ~ ",:, '\ . ' . " : ;. 

' ;r'~~~ h~ryl ma~k;£~d fro~ ' the Sou~h D~l~o~' ~irrat~'t~' d~osits ~.~·cUrs as 
coarse crl':~t~s" :wh~~.~.~aI"e ~~.t-~i!.'lcd.·.py hapq. sort,.ing .. :·. The~~ ~ p~g.":l,atites :al'~~ 
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contain finer cry~tn~s und fra~~ents of cry,3tals, which are not recovered by 
the sortlng practice. , In addition" n\L'Ileroue low-'grade deposits 'in the area 
contain finely disseminated beryl that could be recovered only' by fine grind-
ing and beneficia tio~l. " " , ' . 

t An lmpend1ng ~ortage of beryllium became apparent ~oon, after th~' last 
war began, and"it was evident ' from the character of the' known reserves of' " 
beryl that hand-sorting could not increase production. To ' alleviate'the: 
shortage I th~ Bureau of l.unas undertook to find nevI ora bodies of beryl or 
other beryl11~ minerals such as helvit~. a silicate of beryllium, manganese, 
and iron containing' sulfur, from which berylliUm could, be produced. Ma.ny of 
the explored deposit's were too low":'grade or contained beryllium 'minerals in 

,particles too, fine to b~ recovered by tho customary hand sorting J and both 
fino grinding ~n~ . bepeficiation were necessary to recover suitabl'e concentrates. 

ConsequQntly, considerable work on ·the beneficiation of beryllium ores 
was done by the Bureau of Itl.nes in conjunction with the exploratory Vlork. 
llost of it was on tho beryl-bearing pcgrolatites from various localities in 
th(~ Black Hills. Other pcgmatitos tested were' from near Drako~ Colo." Port
land" Conn., Taos County" n. Mex., apd th,~ Ruby Uountains, Nov. The helvite
b~Cll"~S tp.cti tcs irom Iron l!ount~inJ 'N. Max.:; "'rere also tested. 

ACI<N CULEDGlE-lTS 

This paper is one of I!:any reporting on various aspect.s. of the BUreau! s 
program for 'more effective utilization of the domestic mineral resources. 
lrineral resources are noV( investigated'by ,t~e llining Branch, L. B. l~oon, 
chief" and the lretallurgical Branch, 0.' C. ' Ralston, chief'~" . The v.rork discussed ' 
in this paper" ho'.':ever" wa's doneu."lder the Central Region. organization .'lith 
R. S. ,Dean, tormer assistant director~ , andE. n. Gardner J regional engineer 
ot. ~he C,(.',ntr~~ Regi<;>n. ' ,', ' 

, The scopa of the paper' falls in, ' the , province of the ~Ietallurgical B!'anch, 
whose activities erlIDrace the sep~rati'o'n or difficulty 'beneficiat.ed' oresi the 
production of pure mct'als from domestic deposits; the exploitation of marginal 
ore reserves, the re,covery of secondary metals" ,and the improvement of present 
industrial metallurgical practice. The work'was dono at the 1ii.ssissippi Val
ley' Experiment' Station; Rolla. Division,' Uetallurgictl.l Branch, of \'lhich R. G.' 
Knickerbocker is now chicf. ' 

• •• , •• " , t • • • 

Acknowledgments are due to C. Travis Anderson, ' formerly' assistt..nt re
gional ,enginc'cr of tho Contral Region" for his helpful'suggestions and 
cri t~_ cisrn. . .. . ... ... .. 

DEVELOPL:ENT OF FLOTATION PROCEDURE ' , , , , . 
, . .. . . . ..... . 

Initial Testing 
" ' . ' .; ., '" 

The initial flota.tion work was on a ,beryl-bearing pegmatite from the 
Bl~ck Hills Keystor.e,Corporation, Keystone; S. D~~~ The sample contained, 
0.66 percent beryllill' .or 5.6 percent beryl. The principal gangue minerals 
were .:\lDite~ " muscovite, and quartz, together 'with small amounts of other 
minerals consi sting mainly of tourmaline. 
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. . The practice and reagent.s commonly used in the so-called soap flotation 
of'nonmetallic minerais were first tried. Some of the·or~s,in their'natural 
state' were amenable to rlqtation; p~hers were r~ot: \lnless first thoroughly , 
scrubbed with an alkali and wasbed to remO"le surface alteration products. 
Still others were not amenable to any cc;>nventional treatment. A. method of 
cleaning the' mil~eraJ. surface.s ·t~'i th hydrofluoric acid was developed that in-
sured flotation of baryllium' tUllerals>in t~e v~rious eres. '. . 

The' ore was ground \tat iIi stage~ 't~ 'niinu~-lOO-meshand de slimed' for, ' , 
flotation.' Arlionic collectors, such . as.' sodium. ·r.esinatej sodium: oleate,. OrSQ 

(Proctor nnd Gamble Co.),' Tallol (Gulf states Paper Co.);, fish 1i var-oU . . 
fatty acid type Ie· '(Arista: Oil Product Co. r, and'·oled.c acid were :used for ' 
!loat1i1g· the beryl f.r~~ the ~ands.' Oleic

1 
?cid "lS.~ ~he·most selective·oi'. the 

,.' group ,of'reagent.s,. but.'recovery and . grade' '0£ conc.~ntrato of the natUral ores 
were low~ '. .' , . 

I, SW=-face Preparat'io!i' for' F16t~t.ion .. 0 .' 

• ~ •• • .' 0: I • , ~ • ~. ~ •••• ~.. .' '" ~ • 

':. Scrtibbing .wi th b~th cau'stic" and hydro,:fl\lciffc' "ac:id \AJC.S tested as . a means 
~f .pre·paring ,the ml.!].eral· surrac~s 'for' f19ta ti~ni" S,amp~es'of tl1a' ground ora 
were conditione:d for . .30 minutes, und.tho 'sands were 'wZlshed free of caustic 'or 
hydrofluoric acid before a rougher be'ryl eonc'cntratc "1u.S ,floated. . 'The C04'!l

purative flotation tests in which tAG .ore "'Ias nqt scrubbed, but ceroly de
slimed, end those in which i t ~'ms sctubb~d before :rlot~ tion oi ther \'~ th sodium 
hyfu40xide .or' hydrofluo~ic ncid:are .,discuss'~d in tosts 1, 2, and 3, respectively. . .. .,...... . . -

~t·i~: - Flotation '~f,Dcsli~o:d O;~ '. ., -
• ,1 • " •. t' .. :,1: t# ,- ,.,;0 

", ... .'.. A: ~o~tio{l of . the d~'slimad. ~us'-'lOo-Jnesh' ore:' frbm v;hich the ~d~sa rni'~a 
also '\'tas. removed 9Y 'scalping on on sd.rccn 'co~rs0r the..n lOn-mesh was floated to 
obtain a beryl rougher concentrn ~e. 'Tho reagents' us'cd ·in· tho rougher wero . 
0.72 pound of oleic acid and 0.36 pound of pine oil pe~ ton of .ore~ The . 

. rougher: .coflcent~a.te was cleaned .t.~·rico without additional'reagents to dcprc~s 
the gangue. . The rcisuJ. ts. o.f the,tcs~ ar~. Given in taolo l~' ' .. 

, . . ". ,"* '. .', ;'., -. t' .'. .. • • 

TABIE 1. -' Flotati'on 'of: dcslimud ore 
, '" ' . ~ . 

" ," Weight;· !IA~~TSiS; ·~~r~nt. . PC;t'cont: of·,tot~l. 
percont· BoO " 0, • " BcO . " Product 

Concentrate................. 2.0 I. :3~72 ·'ll~4 . 
lli ddlihg ~.' ~ • . . • . .'. • • • • ~. .'. • . .' t : :3 • 7" 1. 6$ 9 • 5 
Tailing.: •. · ••.•.•• ~ .......... ;.~~ I.:, 67~5, ~57' . 58.9~ 
Slime ••••••••.•.•.•••••.•••• 26.3 .50 ' .,'. QO.l 
Mica •..• ~ . • • • . • • • • • • • • • • • . •• I • 5 .19 .1 
Co~osite •••.•.....•••. ~: ..•• ·i~1~~.~O~~~~~~~~6~5·~~~~~~~1-O~O~.~o~~ 

Test 2. - Flntation of De slimed . Ore after' 
Scrubbing , .. 1. th SodiUI:l. Hydrox'±do" 

Another portion' of the d~si~ r::t:od minus lOo.:..mesh . ore rr'om l'/hich the mica 
ww.s removod. in the ~riner' discuss.cd previousl)·"was. r..gitat.od 'Wi~h 6.0 'pounds 
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of sodium hydroxido per ton of C?rc for 30 r.ti.nutes in a pulp of 50:",perccnt. · 
solids~.~ Tho sand W.:lS then settled and "la.shod free of sodiUm hydroxide. A 
boryl. rough.or. concentrate. ''IUS,l fIca ted' from' the son.d with 0 .. ·72 .poUnd o:f.' oleic 
acid ~q O.;36!,ound of.:pinc oil.per - tc\~ ·- o.f·.oro.'.· Tho ' rollgncr ·conccntr.o.tc ~s 
clouncd tyricc .wi thout a~di tional retigonts to ·do'prc.ss -thci rcmainingg.:lnguc'. '. 
Tho re~\.ll~5 .of. tho' .L,lot.ltion tc.st. arc a.hown 'in :t.:ililo 2~ :' . .'.> .... -: . " - "~ .' 

.. :': . . " . CI .:. ~ ," • ,' . :':' . " f . , . •• .. ..... ' . .- ,. .. ~. .. . I.'!· : . . . . ' t • • : •• ••• ' • 

- TABLE 2. :- Flotation: of. _deslimed ore after' scrubbing .:' ;":~;"' " :; .. .-
. -, .. ,' . .': .. , With . sodium h.Ydroxide .-.. .... : I:.' : . -! ~ '.' : >: 

Product , ~:!'*!t:1 ~~~i:~oPe;~e~~.;'~erc~~t B~i';~~t~{; 
Concentrate •••••.•• >. ~ •. ".: ... : .. ~.~~.~~ ... . :.':).· •. q-: ... ·.l·· .. :: ·:,.:.~ ·2.42 ·:' ·:·:!· 3.9 
lili.ddling ~"!. ~'! ~ . ~ ~ ~.~,~:.' .'~. ... .2!4 ... l .... ...... ,. J.~~ . ......... _ ....... ~, ... .... .. . 4 .• 1:;_ •.. . •• .• • 
Ta~linEC· .•.. ~ .:';':' • ~ ... :, .. .. ' .. ~ •. ! • e'. 71:.3. 1'. /: .. :; ~ 60 I . .. 69,9 

lli.s.,~ ........ ~,~ ~.~ .. '-e ..• :.~ . ~.~ ~.: ....... ......... -"?41-·!·12· .. -·· · ·~!· ·:·,; - · .... ···;: .. :·-~···.!)2·49··· ...... ... . .. ··i·L:~:.~: :~::;: : ·~~· -.3.5· -." --'.: 
• ca •• __ •••••••••••••••••••. e ",t 'r • 'I t' I.... . . . . .. I . ~ eO • :. , ••• ' '. .. . . '.' 

Con:posi teo ••••••••. , •• e ••• :~ ~. j 100.0 .1 .'. ,.61_ ........ : ... . .. 100.,0': . . 
'to " to. , ••••• " 

Test 3: r - Flotation of DesThned Ore Aft:'et~ .scr~bbi~g~: : : : : : : ~ : .~ ~ ... :.. ' . : :.'" 
wi th Hydrofluoric' Acid .'.,' . . ':- .... ' . ......... . - , · . .. . ... ;. . : ' .... , : ~.~; ... : .:~' .. ~ ~ ": ..... ~ ..... ~ :.--.~ .=;~~:::~. : ~ .... !.~ ' .. ~.: . .!. ! •. !,." ' .. ~. ~~.-'.': :. .' •. . '- .:. -: ... ~.~' ~-.,: .... ...:: 

A ·third' ·portJ .. on· of: the deslimed minus lOO-mesh ore, from which the 
coarse mica ,·~s .. ~.r~~v~~12.~.a~ .?~~ge.~.Y.1~~~lt.~"~:P.~~.g~ .. _~f-. hydrofluoric acid 
(47 pereent .. ~2~2t.P~~ .~~~ .. ~~ ... C?£.e . .fo.;r_ .)9~.~_n~t:~~ .~~ .. ~ _,p~p' .. qr...5Q .. ~~~c~nt ... ,. 
so;Lids~ Th.e s~nQ. wa.s .. then se.tt~ed . .a~d, wa~.he.d free of acid. A rougher beryl 
c~n~e~tra~~, . ,,·~~s .. ~~o.~~~~_ .\·n.:~~ · .. O.~)~ •. E~~~l~ ·~f.:._?~.~,~.~_ .. ~~~~ .. ~!14 .. 9!.~~ .. P-9.\lAd. c.! .. P~~ 
o'~l per, ton of ore and clean~d t\·lJ.ce. No-: add~ t:.onal. reagents. \:lere -· ~dd~~ .. lJ1 

tho cleaning. The rosults .0£ the test are :.given.in,tabl-e·3.······· '.; . • . , . ". . 
I • .. " ... .. , " , " .. " ............ .; 

TABLE 3. - Flotation of aeslimed ore,aftcr.~crubbing· ..... II' .... 

" wi th hydrofluoric ,a.cid·, ......... , .. ~ 
.0 ';.' t . _ '.'-" ,......._... • ..... ~ .. _ . -." .. " o ......... 'V'" , 'of •••• ' • 

. t lit I '~ : : • -" " • • • • • " • .. .. , • • • .. ." .; I"' • ': " ...: • 

. . -. ..... i Uoigh~} ; ~nalysis ~ pcrc~nt ! Percent of . t _ota1 
. ·Proc1uct .. ··,··· · porcent:'· .. '. ;.. :BcO :. ~ .~ . ,. , ~.J -.' BeO ·' · 

Conccntrat·o .. ·· .. ~·~·. · ............. .. ~;.~ .. ' .... _ .. 7~_p?. , __ ", .. _ ..... , ... ... __ .... ~ .. a.l, .. p .... _ ..... 
I,riddling ' •• ::;; t ' e': .... : ,:~. ~~' •. ',:,,: •••... :_.:. '~20;4 1 t ; ~ ' . . : .15 1 4.0 
T . ·'1' . ~ .' ." - 61 c). .~.~, ': . r· 07 ~ ; . . ,; . ,'.' . ; 5 7. a1 ~ng ,'f ._ ••• '. 4 •••••.••• ! •..•. ! ... . 0 •• ~.[)_ •• ':I.i .... ~._ ...... . _ .•.. _ •.• , .. .. III • ••• _ ...... --..f ........ . ........ , I , ...... .. _ . . .... . . -: 

Sll.mo .~.; ..•. ~ ......... ~ .• - .~-.: .. :.,. .•. ~.,~. 7.4 ' ~'. :. ' , .93 ... -,· .. :!- ··· ·· ·· · .. ·9.0 ~"'.:. 
'Ii . , 2 'l I· -. 11" --'3-j... ca •. ~ ~ £ •••••••••••••••• ' _.1IIt J. ..;J . ~ .•.. ' ~. . ............ " •• , , ". • i 

Composite ••.••..•••••••• ~ ..... r 100.0 ;:'.~. f .76 ........ · ....... 100.0·· 
~ • t • • • • • • • • • • , .. '" • .. • • , • • 

The best grade of concQntrate and tl1.e !~hcst .bcryUia ,recovcll:l :were' ob
ta'1hcd' fr?rri . tn~.·.~~~?#..~~d_#~~~.-~~~9.~~~~~~·: .. Q~~~~~\:~l;.;,9.h )~?~. J?q.9:t~§.9r-ubb.edwith hy-
dr'ofluoric a·cid. This concentrate represented a ' recovery of 81.0 percont of 
th~ b<;;. .. yllia. and . cOC1tain~d .7.62 peroent beryIlia:,:. but· 1.t a.lso 'contai'ned .ap-
prociable tour~l.j.nc e' :.' ' ., .• ,.'.'.. .': ,I .':: ,: .• ,: ' •• -: •• ~;' . ~: .',':. ;.: :... • • 

• :.; .• ,.-,.,' l , ~ ; . . J .\~,.~:"Jj' ,:.,~ ..... ~ "::',,;:. r"~ .. ) ... ~ •• : •• ; . " '. \' '0. 

'Eff~ct" ,of. Rccirculat:ing Acid ;Up~~l' : Flotn.tion:-~ : .'. ' .. .. ..;' .. : 
, ~. ~ . • ,.l ,' 0' :'" . · .··f'· ~ ' ... t : .~": ~ ' ~ .. '. ,:.: ..... :': ~~~.; ... .' I,'; • ~ 

... . Three test,s. wt;re . mad~ . . to study_! th~ ·offect of · ··reoir.c~a ting : the acid ., 
wash as a means of reducing acid con~Ulr~tion in the. :prepara tion . of the ore:' 
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for flotation. ·In test 1, a charge of the minus lOO-mesh ore vias ' scrubbed 
vii th 9.2 pounds of hydrofluoric acid par tqA 'of o~e and de slime d." . In test 
2 the acid recovered in ' doslJJning the first: 'sampl~ together with 4.6 pounds 
per ton of fresh hydrofluoric' acid "lcr'o" 'usod~ Like'rlisc, in test :3 the ro
covered acid from the second test o:nd 2.3 pounds per :t6~ C?f h:rdrof1uoric 
acid ~'lerc u~.ed. Tbe . reagents usod -in: ~lete.lf,ion·l'lore 0 :36 'pound of oleic 
acid and 0.18 pound of pine oil·, ;and· the flotation procedure was tho same 
~n eacl:l. :tc~t. The. results of tilo tests 1, 2, . and" J arc" shown in ~blcs···4, 
5, and 6, respectively. 

TABLE 4'. - Flota tion' with fresh ncla' .. ,. . .' . . , ... 

. .. Product 
I \';eight, !Analysis, perce~~.1 ?e~~~n~, of total 

ercent .. · BeD' . BeO _ 
Beryl concentra t .e ., ••. , .', ,. "., .• 
lli~dl:Lng ,~., •.•. ,."." •.•• · .• ·t ~ • 

Tailing •..•.. : ...•.•..... , .• 
SllJn.e .•..............•.... , ..... 

·4.2·· ' .. : .. _ .. 9.78'" Q5.4 
18 :3 .. . ' .... ~.' 41'" .. .. ,,, .. , ~'ll 9' 
. 5 5 : 9 : 07 . . \ . I " ; ; ' . " 6: 2 

I l r 3 . . 49 .. . ... ;..l.. . .. .. 11 9 l' . ~. ..·-1··.···· .... . . 9 • • '\ • • 

'llica .••.••..•..•...••.....•• i 6.3 l .46 ' I... .. , . . . 4:6 ... 
Composite . . ............... . I 100. 0 ~ .63 . 100.0 

• • J 

'TABLE 5. - Flotation 'wi~h :recirculated"and ' ~resh acid "I . ' • 

, i \,~'eightJ ' IAna~ysis, ·perc.eIft : i .P~~cent of· ,total 

B~yl·. concentrate· .... : . .. ' 0" .. ' ~I 6.0 I 9.06 t.:. 79. 2 
liiddll.ng •••.••. ' .....•. , .• '. • • 2400 I .24 7.4 

STalim~ll.e· ng .•. ' •• ....•••••. •.•. ..• ~. I, 49.2 .j. . .13 .! . 8.3 

',. ·Pr:Oduot . . . I ' percent' , . E:eO . i ' . BeO 

.......•...... ••............. _.1 .... 19 .• 0 .. + .. _ . . . 55 ! 13.5 
llica ••....•....•.••• 0 ....... ~ ••• ' ! ··:··1·.8 .. ·:!··· .27 t .6 
Composite . o. ! .................. ~ ·100.0 .. :. . .77 . i " 100;0 

.. T~U! .. 6~ "'7" . .llQtation with fresh acid and second recir'CUlii.ted acid'" 

, i Height, iAnalysis~ percent i ~er7~~1:t. of . ·total 
Product . I percent .• ' . BaO . i BeO,' . 

. . 
In.tests land 2.f the pH 'of ·the scrubbed pulp was 2.5 at the end of the 

30-minute conditioning period. In test 3, the pH of the conditioner was 4.0 
after a 30-minute con.eli tioning ipt~rval~ The results 6f th,ese tests indicate 
that a pH of 2.5 shoUld' be lila:t.ntained.-<iuring scrubbing. The ·mini.lm.lm amount 
of hydrofluoric aci~ required vIas .not determined, b~t it would· not exceed . 
3.45 :pounds' }:>er ton;· and even less might be used. if a pH of 2.5 \'lere main- . 
tained by' some other'acid. 
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T~e effect of .f9rmi,ng the hydrofluor'i~ acid direct·, in· the pulp by .. the .' .. 
usc" of ;f~uol~fte and sulfuric ·acid also. wa.s . investignted •. '! sample of ·the. . 
minus lOO-mesh deslimcd ore was conditioned' for 30 minutes 'With 'I7:6 po'unds . 
of fluQrite and 22.0 pO\.mdsof sulfuric acid, wh:1:ch is :the 'stofcih:lometric 
l"Cl tic for. the production of 9.2 pounds or, ·hydrofl'Uo~:i:d 'a'c'i:d 'per 'tori 'of ore. 
The sand .was then ~v_8:shed free of acid, . arid. a'. beryll'ougher 'coriceritrate :\kias .. . ,~ .' 
floated w:u·th

Clo.J2· pO\lnQ. of oleic acid .. and·'O.36 ,,,poul1d.·o·! pine 'oil p·er···t,'6ri·o'f· 
ore'.' The 'rougher concentrate was cleaned three .times. No .. additionalre
agents were used in the first cleaner", but' :In' :thc":s;Gcon4 cr~~cr, 2. b po~ds 
of sulfuric acid and 0'.04 pound ' o! reagent·'A.··l!.~.)+a;'?B p~·r ."tozi·of or'e ·,\~a·s. 
usod, and in the third cleaner 1 •. 0 pound' of '''S\llfuric ' acid was used •. The re-
sul ts of tho test aro shewn in tabla 7. . ' .. 

..... .. ~ . : .~ .. . ' .. ... .. ~ .. . ... t · · .'~:':a· . 1: ',. '.~;::. ~' ... :. '," :;:. 
TABLE 7. - Flotation of ore scr'ubbed 'Ydth hydrofluoric aci.d .... 

. '. i. "':: . . :!2!:m.ed direct· in" the", pulE .. : . 
• ' • • .' •• • : "; • • ' . ' .. " '. ..' . '. -f • • , 1.. .. .' . ' L . ' . • • f 

-r-"------------------.-~-~---:"-~.-""!"""""-..... --~--_:_~-~' ---=-;., " 
J . . .-: . ·'1" • .. . ; !. Height" "f\nalysis, :'lJ~rcen~, P~:rcent of ~ot~l ; 

:" ' . Product ... ,' ... , .1", 'crccnt .... • .... ... BoO. " ~ ,' . . " ": ··BeQ.· ... '.,' . . ~ : " '. 
Be,ryl .. concc.ntrata ~ •. ~': ', ~ : .: ... ~:;.':, .' ... 3".{) '. '. '. ' \. "7~'18 ' ..... :. I ,. • .~. , ~9;7.· ...... 
ll:lddl:Lng •••••••••••••••••••• 2.4', ... ...... ·"2;99"; ';':' '\ .... " ..... -. 9~cj ' . '.' .. 
Tailing .............. ~ •. ~. •• 65.0 L i •. _ " •• . 44. , , ( . , ". ., .. .39.;} ,;: :. 

.LJ"'O . • • • • • • •.• • • •.•. • • • • ~: I • . : . .. ~. ..) I " • , • . . ' • . Sl~ - . . . "~2a '7 ' '1 .; ... ', '5-'1 I " • .., J . .. '·20 9 . . ..... 
llica-•• ~ ••• ~ ••••• ~ .••. ·: ... >.~:· .• ~: :'~9':: .,:' .'·; :".i2· .. ·· ," ~ '~I'~' ~:. :·"~'~2 ' .:";.~: " 
Composi te ••••••.•.•..•... t •• . ' .• 100.0 · ,'72 ' 1 100.0 . 

The test. i~di~~:tes .. the possib:tri~.Y. : o.{ls~~~t:tt~t~irig~ :.fl":;:ori t:e :'~d '~sulfuriC 
acid for hydrofluoric :p.¢i.d ~~a:s .the.· coriditiol-Ung- ,:agcnts. .. . . 

Effect of Temperaturo:tip~n·. ;th·c .:Fi~a~f~n of Beryl 
................. -.- ......... _ ................... ...... -.... -

. Tno' efr ect 'oi' t~~p~~~t~~~· ~;ri-iib'tation:' "of beryl also ,',as . stu~cd. In . 
ono test, ic~. v~i!s_ ~.§Q<;i.to .lo1·i:er .... the .temperatUre·l• of· .. the !l.ota~ion: 'p~p: to':-'J.IP : :·: 
C., Qrid·¥fri. tho 5c;ccnd test hot-\'rater was used toraisc' the ' tOIr.pcrQtur~ . of .: ... . 
tho flotation pulp to 62° q •.. :In" both te.st·s,·t,~a flbtttion' c6ndit'ion~~ e~c~p.t .' 
temperature ... nere the sa.'I:~. ·.'The ore was c'pti4itioncd' ih' tnese' tests with 9.2' . 

,. "'. . . , . . . . . " . . . " . 

pounds of bydrofluoric ucid por ton of oro', 'v~ashed; . allCl' dcsljj-~dt After ··this . 
trcCl tmcnt, . a boryl rougher C9neontra to, was' 'f~oa ted' fr6rll' ~lie · sanas '\~~ ~l~', b~ 7 . 
pound of oleio aci4 ~n.9, .O,36,':.pound . .or: .pinG:·~oil-:·pcr'tor'l·6f·6ro;· 'The'rougher' .:
conccntrt\tGs ."IOrO .C~q£;Ln9Q. ..five.' times .. t'rllh . .2'.;o .. ~\ll1ds..:..o.r,, ·-sUlfuric· : actd. ilhd··0'.-08 . 
pound 'of Aj~I. 118.5B in tho' fourth clenne~ anq. ~.:O p'ounds of sulfuric acid to 
the ten in th.o f~n~l. _9l.caOQJ::' .... No. addi~·ioha.~~·r:oa.gontB\'lorc" used···in tho first-": 
throo cleaners.. T.119· rq,slUtS .. ·o1\ .thc·sa:. .:t;csts.-aro.·:sho\vn··in tables 8 and 9. . " 

TABLE 8. - .. Flot'ati.on: ·crl' "oro at :a pulp temperature of llO c. 

. .: : ..L -:~.::. :- .~ ~"",~:!,lici.~h ~;~.~~A:~l;~~~:;~~cr con~ 'I ~Op(!o" t of total. >::: ~ 
Product .. ' - - ercent Ben .' BcD! .:..' : . . ; ... . ~ 

Boryl concentrate .:~ .' •• :~ •• ~ 5.4.... .. ':' 8. 2 . .7~ .• 3. .: .. ". 
hii~d~ing e ... ......... : ~ • • t, ~ ~ ~ ,. . ... 4~, 5 . "'J -: · ~b ~ '. I ~ ~ , . ~ ~ '. 1)~2. : .:' .. ' . . :. 
To.~lJ.ng ....... t., ......... . ~, ~. ~ . . '35.6 .q.? .. i ... ,. _.3.3" ... . • 
S.limc •••••••••• ·-; .f ' .. e· .... ... . . "". -...! ....... ,.:: ... 17 .•. 0 '.: ........ .. .... . • ·U··_· . ~. i 19, a. . ' ... . 
ill . . .... '1' J . . "17 . -, .. . . . · . . . . ca . .......... It ••••• '~ ~ ._ ••• . ~ ~ • • • • 5 I • I -· . • 4 .f .. 

Compos~te ' .. . . . lOG 0 '.! . ' 6L·· .... .. .. J ....... . '100.·0 . . ..... . ... • ..... , •••• ' ............ \ •. , . .~.. .. . . . • • . •• .. . .. -•. -.. J,. , ... 
i 

1910 - 7.-



R.I. 4166 

. ·TABLE 9. - Flotation of ore at a pulp temperature of 620 c. 

ro uc Pdt I' percen I e Be 
'. I' Weight J 1 Analysis, percent II Perc~nt of total 

t . B'O 0 
Beryl concentrate ••• fI' ••••••• 1 4~2 10.20 66.0 
}~iddliilg ..................... lO~3 .74 

I 
12.0 

Tailing' ... i ' •••••• ' ••••• , • ' •• ,.'.a 72 •. 4, .10 . 11;2 ',' r 
"Sll.rne· ~ • e •• 'j ••• ., ................ ' 12 .•.. 0 

" 
.53' 

I. 
9.9 

Mica 
,. 

1'.1 
" 

.18 .3 ' •• ~ • e' .' ••• e' •••••• ' ••••••• ', .. 

'CornEosi te' ,,,: . ,~, .. ' .•.. -.•..• '. ~. , .... , 100.0 I • b4 100.0 
. t. 

I ..... i •.••• 
, .• • '. ~ • J. 

. ':. The' 'results of tests ,indica~e, .~~t fl~tat~·o'n of be~yl is not critically 
affected' by ·.tempera ture.... 'Good .re~qvery 'and . ~ . good, grade of concentrate viera 
obtained at both loVT and high temp'e.ra,~~es.· . . 

:'" ~"·~_M"~.~:"':':'·~_": : ..... Separation ·of.- Ber.yl. from. Tourmaline 

_ '" El.U't.he~_ .1;~~t ~. ~;ere' 'r~a:/ tb ::~;::a:::' t~e .. beryl' and' tourmaline by ca tiom c 
"reagents in .. Cleaner ci:I-qUit~' :·~c·~can.-e'a: . Wi tl1 '9i ther -sulfuri·o· acid or with hy-

.. -.rlrD!lUo.riq .~J;i.~. An amine hydrochlqride (Armour & Co. Reagent. A.I..I. lia.5B) 
,vas ·used as the cation1c','colle'cfor; It','fas"found that ·in suLf\lric.acid .. cir
cults tourmaline vias floated from beryl" ana' in hydrOfluoric acid circ\1i ts 
beryl'vlas floated from tourmaline. • '. . , ' . , · , · . , . , .. , . . .. "': ,'. , ... 

• ~ ••• I. It .... ,.. ..'... ' .. I 

.~ .... ~b..~_r~s.~~.~.~J_tr;~; f~otation an~ the 'operating' dath· bf' the' tests-': vdth 
sul:furio,,~,c,iQ. .. ~.Jl9.. ~y~.~.tl.uori6' 'acid f.n ·.the claaning' 'circuit' ~tl' .sho\'ln, re-
at' 1 · t bl 10' d . 'n· . ...... ..... ' . .. ..... . .. ,.... ' pec ~ va y,~~. a es . ~ . an. .. .. ' .... - ... ' .. --.~ ... , , .... : . .:. '. ~ .. : ' .. 

, .' ,·.l. . ., _. '.' I . ~ '. . • ...:: ,,:. . ~'.' ~ I •• 

TABLE 10 ... - Flota t;'on 0$; tou.rmalin~ 'rr-o,m b'ery 1 j;n' cleanor 
circuit witll sulfUric 'acid' . 

. ,',' ~. . 
• ;,'.~ ...... ' .. '9' .' •• 7 ". " .... -: .... M~i~ll~·~i-~'al·.:.d~~~ .. '. ~. , ...... 

. . 
,.. ~. .. :' '," ~ -. . ... ~ . . . " 

• I ., "'. .', '.:.: • "1 .~:~.igh~ ,. ~ A:nalysis,', percent i P~rce~t of total 
, .'. • Product . ...: ..;.. I ercan.t.l. .' Bed ; . . '... BeG' 

:T~ur~1i~e Cb~centr.at~·"::"~:.'·i .. .' 2.~·3·.1. .3.0' L' . I. 'J.' "'" ::1l.5 
.. ~7~Yl. ~nce.~tr~t~, n· ...... : •.• ~:~.'l . ,5!2.!... .,.10.00 _ I...., ,?2.4 
~d~~.R~ .............. ":. .. '. ,.' ..... , -I" +5.9 I .16 ' 1. I': ' 3. 5 

, Tailing, ""~""""~"';'.".~;'''~;.:'.'. 67~B. . .07 J 6~6 
":-~~~e .. ,~,"'.~~'~'.:·I·~~,":"~'';;~'''; ~.4.:1 .~59 .l .'5 .•. 3-. 

llica •••. ~ .••..•... ;.'.: .. ; ..... ;.~ .. ~, t :,2.4,' .21 I '.7, 
Composite '~·"·"""""""""'oi,.:, 100,0,1 .• 71' 100.0 

. :: .. 
. ~ {.} I: : . ' ... ' ~ -, .... ' '.' ~. :' '.: Opera tins da-ta . " 

, .. ,'. ,,' _. _ .. : ' , ' Pounds per' ton of are 
_ ..... .' ". '.' .. :,,~.~ .. ".: .' ... : .. '. ........ ..... .', j" .... :: Cleaning operation 

". ,.\ " ... ".:.Rou~hing 'operation ·"eGndi·tioners,~· .... Cleaners. 
_ Rea;.;ent . i Condi tio'ner . Rou her I I 1 . 2 ! • 3· 4 

....... _ ... 

. ~ 

H~~.oflu?ric acid 4 % ;:.~" -- ~ 9~ 2' '.' .:" I . '''! - ~'i t',' -t. ~-I 
01e~c aCl.d •••••••••••.•.• I - ! 0.72 J ....;, l - i-I -
Pine oil . '1 JL' . J ,. "I ., I I. I 

• • ., •••••••••• ~ •.• i ~. O"j ... ~ ... - .,.~. i - ': --.-- . ~ -
Sulfuric acid ....•• .; ....• : ';. _.' .. '2.'0"1"2;0 ~ '..:1' _.+ "'::"';'1 -
A i:.I 118 5B ' ,'- '. I I ...j: ' ..... , . .' .: '.. ',. I 0 "~8:' 0 08 

...... -- ..... ~ .. ! ..... - - .! ......... ,~ .••.•.• : "" •.. :.~. ~~ •• ! c', ... : .. - " - i...·... 1 .• -v I • 

... _'. • 'p~...;... • ! .• ' .• : .,' .. ! .. ~.:" • : .•. ~ .... ~. ~ :' .• " .: .' ," J'" -.. 2. 0 . -. .-\;., 7. 0' · '1· . 2 .. 0 . ~' '2; G " ! 7 ~ 0 ~ 7 .. 0 : 2 ~ 0 . 2 • 0 
T"'1'"'I,e m"'''''utea - !. " ... 30 .,'. 3,,~,··:I':-:k"l!'.'·:'" .Jr., \ '2 ... ,1') I l' 1 
~'" , ".......... • .. • • • • • • • • • _ I _ ~ ...... ' .. • '0z.-- ... '. .G,· .. 
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TABLE 11. ~ Flot~tion of beryl from tourmaline in cleaner 
circuit 'with hydrofluoric acid 

.... Metallur·p,ical data. ', . ... . :,.; .... . , .. 

. :' ........... _- ... _ ... -.:."0 •. , •.• .•••. _.a' ! •• ,.~..-'. ~ .,. ~;': •. _",:!_ ..... :, 

'. ... . .. ': . V~ig~:t,. . I ~~lys~~~ pcr~ent ~ P.~.~gef.lt o~ I total 
Product ". pcrc.e·nt '. '~ .. ~ .. BeO ' ., .... . :.. ..' " ~ ... . BeD' . ' . ' 

. . 
I 

" ', ' .' . 

. . .' . .. 
. .. ., . • . , : , . • ", -.. '.. j.., ,, ' .: . ~.. .. .' .. \. I • ~ , . : • • : • 

trhe flotation 'of 'tourma1ine' frorr(beryl"in thEf cle'al1er' circuits with ··sui.:...· 
f\U"~c a~id mad.e a high"':"grade:. bery;L . eOl'l~entr~t~.(c}.ea.n,e.r .~ail~ng). );;i~h a high 
recovery of beryl. ... . .. . .. .... '" " I .. ... .. ,;. . ... .. .. J. ' ... . 

. , . lfethods ' 'o'i ' A~lis e'~' I , . .. 

~ . Th;~e. · metho~·S .·of: .... ~~iJ;~i~· '~ .. -~~~~~~t;1";;~Z. '~·~:1~;i~~~i6~;9~~~d·:~fi~~r~-;~·".· . 
metric.2/ - are 'used for the determination '01' beryl1i'ul'lh The gravimetr'i'c', .. ::' 
method, ~lhich is the oldest of the analytical. proc'edures, was follo .... l.ed"early·. 
in th'e inve~tiga t~on on benefi~~~ ti.9~'i ·: ei the·~ :.~s in 'the' ; r~fe~e~c e ci t.ed or ci~··; . 
rr.odified for removal of ph9spnor,,!~, , ~y .'the analyt~c·9-.1 'la't?br~~ory ' at l:toll~.·'.· , '. ' 
The fluorometri'c method 'was 'aevelopedat the Eas·tetn EXperiment Station',' Col..: 
lege Park, Ud., in 194) and was 5~Q~~quen't!;Ly .used to expedite the' experimeh"" . 
tal.work. . The ~~~~se~ ' .b!-. t~~··liaytin~~r~~·:~~.}~~. · r~~9:t"p~e~~~c'~~th~~~ wer~: ~'.'.~ ' . 
ver~fied by graJ..h counts, ' metallurgl.cal ba::lance:;;, ahd Umpl.'re ·anal~·ses from"~' . 
time to time. Confirraation .ot. 1;.he .~etermination~ . in this roaMer indicated 
that- the results arc ' as ' 'rellabiE('a's ·ca.n. · be-obtaihed~··ror· beryllium.· -::~:: ~ ;~ .... . :,' .. :~'~'.' '' .. 

jJ Sia~cns-Konze;n, Beryllium, It~ 'P;r,Q~u~~iq~ ',~d.App~i~at.i~!l.·(tran~~ate~ 
by Richard Rinbach and A. J: Michel) ': . Roinhbld PUblishing Co'., New ' 
York, 1932·. -: .,',:/' . . ' ,.: . :Ji·' . ...... 1, . ,.'· • . '. ". ' " . . 

bJ Bureau of llincs 'r:Thci Determinntio~~. C?f Dery'~liUm ·by ·qel&riinotric·Titra-
tion, Using Quinaliiarih,' .:. But cau:· ·t;·f .. Mi:no's ·· Labor:a tory, Salt Lake City, 
Utah~ Unpublisl)cd.. .. ' ... : i .... " ;... .. . '. , . . . . 

~ Industrial ' and Enginccririg Chcmis·try J Dctarminq.tidn of; Beryllium in ' . . Ores i Anal ect. . '~ol~" '18 . llarch'1946 'p '179 ;~ :: . .' . . : .. ... ~ .. ' . ~ . 
~ • J ;: .. ' . t ' .' . ..J .. . . . I : : . . ..... , ; , ~. • • . • • t:' .'~' . ; 

. . :; . ... . • ~ I ·, " . . ~ 9 :. . • • t • 
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Fleta tion'~! Va~i~Utl B~~;{l1iUm Ores 
•. " . _ ... ~, .': ... .;. . ~ . . -;.~.. . . ~.-.... . , .• " . . . r·" ..... .... , .. ...... ___ - . . · ............ 1 .... , •••• , • _.' .".;: :', '. Th~~·la66ti t~~;' riot~ti6h··:pro·6~d\U-·e.~·dt;yeroped "i~~ the ',"tre'Cl tJne~t· of"'b~ryi' . ()ree· ·~8.s .. 'a,'pplled .;to: ·.sampiea ·l.l:Qm:"Va~i~~.~·;.l~ca1it,ies. ·~ .. The. s,amp~e:l~ol' the· most. part were pegmati te6' in which . the .. beryllj.Uiit, · oc·ctq'r.ed~ ~~ . ~~rrl,~·:b'p'!t.~,9ne tact~t~ containing berylliUm in the form of h~lyi t~ al.S9 .wa~ t.es.teed. ,,.'l'he' labor~tory proc~dure and . reagents in the ·~est;i.rtg ' \'i~re: e?~~!1:t~~~~y ·th~; · . .s:~e, but ··slight variations werG' lIUlde insora~ as. necess~ry ·t.e .. s~parate minor · a.rf~6unts . • ..' 

. , II ' ........ I of s.ubh' accessory minerals" as tourmaline and .apa.tit.e .• ·· , . '., ~ ...... ~' r)"!t~I'~' _.:: ..... -:.~;:..1 ... ~ .. · .. · :·i .. · ... :.:...'_.··.;.·~ .... · ..... · '"·,:~. ·:'t ...... : ..... : ,,:~ ' ... , ~ .• '.~ " . ' . \ ~ .. ; '.' ; .. ~'. 'Tho~ G·ssonti'al-stcps.~·OO: .tho -ct)ncC!l}tra.~~o~·.p.rIa.~t~~c:~ ~~e:r.·e: .'a~s: :fQ)).:qyl#:t:~;:rhe ore was wet-ground in staees to minus lOQ-mesh. The coarse ~ .... n'a1<Y .. 1t'.icct'-was removed by. sizing tho gro\.md matGriaJ;;.~o . .n. ~'~screon ,'lith slightly larger open-
o ings·~·than .. the·1.im:t'tin€fsiz.e .:o.f tbJ). gr..~J.lp. ••. : :rpe screen undersize .\'las settled :'. arid·· -the. tinest;..·~imo , .. which·.' a·ctua.lly ~cprescntoa. ,oiU3':"'a 'very" sf.'.an"· }'5~rt-'of . the·)~ight(o:t· tl1:~"ore, :was .. ciGcantcd. 'Tho sand~'vt~s conditioned as a pulp of ... 50-pe)--,cent sol,:.Lds · ... ,dth:.hydr.o.'£'luoric·acid ·for· ·30 :!dnutes and then the sands .,werewu·shed. rre~ .. fr.om acid.. ...... The !:t~·~·i~edJ·· :d~·s·l~med" mi·nus: lOO~6e~.h ·.~re freed .;~ . ..from 'ln1ca "vias . 'next 'condi·tioned .with oleic acid' and ,pine 6~1~ "'~1ne,; ger.Yl~~·:n.s . floa fed,· and -the rougher ·~.oncentra te ,vas c1eaned :i,n a ·.'neutral:- . or ,basic .clr- . -·c~~t 'to .. depress gangue min~rals .athe:r than· .. tourmaJ. ~ I~e, • ·.Tl1e 1fC?~~~~I:'!a;s ~ . ~ .f~oat~d f:r.'om ~'~M .~cryl. br an · aI:urte .hy.~~oc.l:l0ri'~~ ~cl}'a~ :414~+l~· . 5.B~.: W~~~ . ~ '. 'ores contctinirlg no -tourmaline the cleaning .step in q.n aQ~4 ,q~~~~ \ya~' omitted. ~ \.~ ... Apati'~ ~wa.'sP '£l~:t.~a ;.fror.t .the .. . ores . \d~~ .:t.l,1~ .. ~~~~~m?,.r, Y~~'r.eq.~'~~~~~,R~~~F,~e-: ~~,e .\ ,', t cl~amng step v~·th hyciroflurl.c .acl.d .r.or .. the bery~ tlotatl.on. . .' ....... - ; , ... :','. ; : ....... "'.;:' 'i • ..: ' ..... !: ... .... > :;. ::;:,.;. . . _ . . ~,~",,;,~, .:~ I '. ~. _ ~ " .' "The salriples of 'beryllium':':bearing ir.ater:i:al; test~d 'are given in'· table.·, 12. ~ • •• • ', . to. ~. e' l .• ' •. : • 

' . 
• lIt. ' ,' t. 

~ 
TABLE 12. - Sanples tested 

t .'J 

.' I' •• . • Flotation of High-Grade Beryl Ore from the Bla,ck Hills .. ;' :. 
" I ' '.' " ! . ... ...:: ., KCy5tonc~ Corp'. l' j(13

1
;lstonc·,. S. Dak.; ,. .... . . ; ,; 

I . •• ~.."1 . . " . '. · . j. . I • " , . :. ~ ,' .. : . .. • ' • 

. Th.a. ·. ·o,~.c .~0r.ta~ne~ ~".86. p'crccnt b(";ry~i~ .. and 'was: a. pegmatito~ ' conta~ng an"appreciable amount of b~ryl·~,.: ~h~: gang.lO nunc"rc4s ·\"C.~c·. albi.~··1 mu.scoyito, and quartz', with smal!l \rurdunts··of o'th'cr m.i.nc!lD.l~3"J mo.in1Y :tourmb.lino. Th'a rosults of tho rlot~tion of the Cl~9 .. ar..c given in to.blo 13. 
. .. . 1910 
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Metallurgical dat.~{,~ 
. : ' . .. .......... .:. . ~.~: .. :. ~' .. !- .:..~.: . .;. • ..:: :.:. 

" ......... . 
.~ Product 

\'l~ie~~I~: I ~~~~"'lIer..c.ent .. .P.er..cent..oi' .. total ......... . 
~ercent··,· I~J· BeaJI BeO 

Beryl ,conc~ntrat.e. - ......... & • •••• 

Tourmaline eoncentrate •• ' ••• ~ 
.~ 16.\b ... \ .. _.', .. _:.lO.~9.0 ............ f- .-. ~:,;:··-9Q-.. 2 ..... _-.- .~.--. 
. .., 4 . (' . 2 07 . . i .,~ 6' .. 'J:'> ('1" . '.:: " . .;J •• ,.. ' •• I' •••• ,. '';)'' ·,l,. .. .. ,., .... • 

• ) :. ; I • • a'i 0", , f;, r·: . ·25.l I · ..... - .07 .... ~ ..... , .. ·.· ··1·9 .... 1 ........ :.:· .... :: 

'·'45~'7 I .... :~ .lO.·,.·· .. ,o\· .. ••• .. 2,A\.· ~~. H.r~;:.~~ 
- I 6 ' I 6 -, :.,"; · .3 : .. ' I ' 8 ... '·~ ·· ·· ,.·,, ···.· ····2~·2·,-· t l .A~~ • • ~ . . ;, ; ; .. ', ,. ~ 
.' . 3 5-. . ; ". • . ~7· '. , · '. • "1' , I • • ' ••• • .. J 9' • .. • .' -. .;- . .. 160·'0 ... ·1--:· .. ·:; ... 'i· q3·····,······ ~ ·.l.Q0 (;) , ........ ~: . . .. .. .. .... .. i" ......... . .... ':;;l ' . ' ... _._ ........ _ ........ _.. , . • '.'e.". __ ...... · .• t 

li1ici.dling .' ••••••••.••••••• ', '. ~ 
Ta~ling ' ~ ~ .:' •• ' .•••••.•••••. <~ . 
Sl~e ., •.•.•••••.••• I ••••••• 

Inca ... . : •. ~ .••• ,.~ ..... . , .•.• :~ .............. " f . : 

Compo~~te ••••• .A.: .•..•.•.• , •• -•• ~ .•. 
. . • ~ 'I .' ". : . ' ., :" ,' .. \ 

Operati.n!' .data : ::;,_:..~ :.~ .. 
...... . ' , - . ...:.~ .;' - "'.: --.. ... , '. ~ .... ~ , .;.-- ........ ~. : .. ......... ~ : .. ' ..... ; '; , .................. -....... . _ .. " ........ . • 

i ' '.~ .,~. ,,~, .- ...... _-~:-::;.P.ounds .ner ... ton of ore 
.: .:--:'.::~:~ ... : ... . ' . . Cleaning operation . 

' .. : . : -.:.;j.t.~:':.: ' :. '. . Rou.ghing .ciEerat.1Qh~~~.tOQriditionersi Cleaners 
.~ Reagent ..":' . I.C Qnditioh.er. 1 Ra.Qp.jiS.l'- h:::.~~.3.:1 , ~ ... __ ~ .. _~ ; J.. .. ~ ..... 2:",; ... :,.}. ·+ ..... ·4--... --.. 

Hy~ofluoric 'acid (47%) I ;' ?~~ ...... . I . - . 't" - " '-" ·j··-·l ...; .. j': ~ .. I';,'~ .::.~: : . , .'. ~ 
o~e~c ~cid '. ~. · · · •• · .', • I . " .... -:t · 0.72 . :-""~' . r ._'. I O.lS r ... - 1'· '~-:- ... '.' . 
Pl..ne 0':''' ' ' .. . .' I · ... ...... -,' ..... . -'16 - ...... ,, ·.,1· ,_. °lar·· ..... r ,,'.... ' . • ..L':J. . f.·.~· ~ •••.•.•.••• ,''' -' ... . __ ..... - .,._~-~ . . :~ ~ .. , .... ~-: I' I' 

Sulfuric acid ..•... , Ii: -. ~. ~ .2.0 . ·2 .. 0 ·1· '-' ~ . '-' f ":-'. i . :-':' . \ 
A .ll. 11$. 5B ; •.•••.•• '1. ! -. '~ .. 1. ..:. I ... ..:.,. ·1· -,.;.. . r •• ..;.. • '0 ~ 08 ~ 0 ~ OS':. ..... :.::. 
pH •• '::.:.:': : .~:' .. :.'. ~ ~: .'~~; ' - .... 7 .O -'L .,. 2.0 ~ ~·. 2-.0 ' 1'7.°( '7 ~ .o.I2'.O · Ii 2'.0,: :.::: .:, 
T-imt', """;nu' t~s ' ' . . I . . , • , : . • . .. .. ~ ,. , 5 . ... : " . 1 .- ".,' 3 -. 2 .. , . 

....., .4LA. ~.' ••• • • • • • • • J • i . •.•.•. . ' ~ .. . . .. • .. ~. ". ~" CJ· • . . • : ., • 

1 BeryUia analyses determined .by.· gravinetric' matHod. ,-. . '-:-- .-: .:' ·~C.· ,'1 ' . . ~:'. - , •. . 

f~otation of :16w-Gr-ade · Ber·Yl·.Or.e··,ftc!n,! the- DJ1J1F at j~ .... ~: .. : .. ·:;L:·;. '~':':~.~ .. 
., the Old Eike Mine. Custer t S. Dak. . 

', ,' 1 .~ ': J.~~ , .•.. 1" •• ~ ~. .\ • •• , " f ••• I~'· •• ' : ~ I tt: t , : • •••• ,;_.~' . j., ..... ~ i.···:·~ . ·,;!·:;""i 

The .~~mpl.~'J. ~o~taining .Q ·~.25· p~re~nt ·.b.e~Yili~· , . Y/~$'; c:~·s~~tio.llY .qua~tz,. " .. 
microcline, anq. muscovit.e •.. S~ll: aJno.imts. :of, .sPhp~lite,~ biotite, :apd 'beryl' . : 
wero present. The microcline wa.,s Som.ewhat;· altered t,'o ... kaolin by' .w:;a.ther~rig •. 

Th~ ~sult~·. ot.· a typic~' flot.a~d.on test:. .. on tthS3;' or.e . nr.o. giveti.in:_ta:blo . :· 
J..4.~ ,.~ .• . ' ~ ... i'~" . - ' .. : •• ::' ... ,: ..•• ,: ::,' ).'-"~ .. : . .' l .• ·:;; ... · ~ · ; ,.- · -:. : .. ;~~ .... :.~:. :.; ... . •. : .. 

. '" ' : .; .; .';·L· .. r.:\·, . '\ . ': .. ','" ';'. .~."."."".':: - :.' . .l'! .. i.':.' ... ~ - : - > .. ~ : .L: t •• ·.·: :";':- . : •• :"-'. .' 

~he . p'~r~~l rougher con'ccntrat.a "ms· .cppditioned \'dth .hy.dr.o.f~uor.ir.~ a~i'cr 1'·.. . .: 
for additional scrubbing of the contained beryl befpr.c ·:clea~g.'·. ,: ' : ~ J ... ~ : : .. : . 

\' ,-' ., 
' •• '. - . . • ,! -'...' ~~'. . .. .' ~ 

. ; , . r ~ . : ~ 

' \ '. ' ~ • • ~ : 'I : : • 

. i · 
•• ,1 

• " 1;_. 
'. : ~ • ~ • I ; ~ t': 

" . <I 
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' :".~ I ' ' ' ' " • '~ • ...!.~~. . . . . ., '.". 
TABLE 14 •. ~ FlotatiC'n of i~\:::"g~~de- be'rYi :'~r~ ~fr~m ~p ~oi " 

Old ~like mine; ·Custer, S. Dak • 

. ' ..; ,,'. ' ., ~ ....... lIctaliur ·gi~·~i· .d~t.a .: ..... .. 
: .•••. . t: , .. I . ',":', • • •• t r • ;! ... ..... I , ,, '. ' , : . • , . ,~.~ ••• , ••• I( • • -: .... ; • • 

. . . . ' .. .. . 
. :: '.' , .,... ~ . 

','" : . . ", ...... ' . . . 

Operatirig·.data ' •. ~ 

. '. ~ .... ; ~, ,. ': . . , , ~:. .', . Fpunds per ton of crude · ore "':" . ~ .... 
Cleaning operation __ 

Roughing ... O.peration:· " Condi tionor Cleant:rs 
,' ... Rea ·ent .. .. Conditione . ouaher 1 1 2 

Hydrofluoric acid .. 47~ ••••• 
Oloi c acid : ••• ' •• : ••. : .••• :' .• 

9.2 -" .. 4. . ., .. ~.~;~. 7',-'.; 
0.36,· .0.36. 

Pine oil •. '. ' ••• ' .••..•.••. , .~' • ~ 
' . . . 

pH •••••• _ ' ................. : .'. 
Time, mi..nute$' · •• :.' ........... ~.: .: •.. ~ .. -

.:.. 
2.0 . 

ylO ...... ; 

.• 1S· -! .. .09 
7.0 '" 2.0,. 7.0 . 7.0 
3 15, . . 2 .' . 2 . 

Y Beryllia analyses actcrnunod by gravimetric method. · .. . .. :. . . 
y After 10 minutes conditiq.ning· time·,: .. ~o: acid ,vas cons\lIr.Q~~.Oy. the cha~g~. 

The charge "las then dcslimod but' not ·\vashed.· - . : .: ~; . , . i •• '. 

Flotation of"a ' High-rg'~de B~r;y'i -compo~~ta .trom ,Custer', S. Dak. 

A C9mposite .o~::eight ~~~~~~~dC. b~r;~ ~ampl~~ 'rr,om' {~~ Custer district 
was prepared to a.idin~ ;s'tuctiing the' rocovory' of beryl by flot~tion • . Equal 
weights of sa;mple,s from ,the Old ~ke, H~lcn:, Micha.{ld" Duncan, \Tood Tin; .' ... 
Ingersoll, Put, and Eureka mines"wero comp~~itcd.: .:' :, . . .... " 

Th~'· composite cont~1ned '1.01 p~r~ont' beryllia. ('gr:avimotric 'method) or 
1.29 percent bcryllia (fluorescent method) and Vas essentially albitG" mus
covite, nnd .quQ.17t,z, ':dth npprociable amounts of, .aml?lygonite and sc~crlite 
tourmaline, small amountsq{.beryl.al1d goethite, and .minor arr.ounts .of micro-
cline, apa ti te I "and · spodumen~. . . : ~. ..' . 

Flotation of the ore and the concentration results are shClwn in table 15. 

,- '. 

The schorlite, a~lygonite,and apatite minerals. were floated on the first 
rougher. 

1910 12 ~. 
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TABLE 11~. l'lot:!tlon of lo\'r-Rr.1.dc· beryl ore from duInD of 
Old l:1il{e mino! Custer 2 S. D~k. 

I .' ~.~ . '. . !t . .... .. 
. -..... Uctalluraical dat~ 

; . 
I.' . 

• , I • ~ i , 
'" •• ' 11 

Perca.nt of., total V/ciChtJ .. An~~y~~·s." lIJe~~~~t . 
" , . 
. ." , . . . ,' l':' ., .>~~ .. '; '\ '. ·.D·... ,, ' PrOduct 

;'': :' .~; ;' Beryl .concentrato .• t •••••••• 

, :~ ',' .' . Uiddlin~ .. ~ ......... t •••••••••• 

r .... " T il' · . 
t:; . .'~·. : . :'. a l.n~ I ! • • - .' • • , • , • • • • ! " • ~ • • • 

. ::. Slime,...... , • • . . . . . • . . • . ..• 
i _;.~ -: ;.' • Uica . •• ; : ••• ! ••• .•• e' e' .'.1 _ .. , " .. ' . 
/' .. :"', Composite • I'" • '! • ; , . •. , ••.• ..•• t·. 

\- :':.; . . .. , .... 
f. ' ,' ' .:: 

• ,~. . ': : . ' ! ~, . . 

percent ,BeW '. . . . '. BaO '" . . 

58;0 . 
". 3~~.: ..... ~: 

" 4 ~ 0 ': , '3.04 ..,., 
· 19.7 .' .. .04 .... '. 

, . 28. 9 • 02 .,...' ..... . ~~ 13. .. ' 
. 3:2.7. ' . 43.0 .16 .. 0 , • ... • • 

. . 4.4. .' ,13 ..... . 2.7 . , 
.~ 1100 •. 0 .. ".. .21.. .. .. 100.0 

. . !" •. . f~" ' " • 

Opera tirie' .gata·, • 
• • ' •• 01 

. ( '.: .... ~ ....... -:.. .. ..;...;' .;...,:. :;.;..' ......;~...;..P~p..;.;u;.;n..;,;J.-..;;.s.-.oL.p....;.e.;;.r.-;t.;;;;.o.;..;n~o~1'~c..;;.r..;;;u;..;d;..;o-..;o;.:,l"..;;;e;-.-_· :'_' _'_._'.'_' ' . 
Cleaning oper~tion 

. .. . . i ' 0'. " :~ , ~ 

'~ .; ~ ' - ' ' .... .:,' .' '. . 

,.. .0 • • ....;..:.;...;;;.~~~;.J.:.,;:...;:,.,;;;;;;..;.;;;:~:...-_ Conditionor C1ean~rs 
-- ~ .. ' .. , , , .. 

" ". '.' ~ Rca ant· 1 1 2 
4. · , ., .- ,~,' . ,. Hydrofluoric acid 47p . . . . • -

.>::: .:. ~ Oleic acid : ••• ~. ' : ... : .••• :'.. - ., 0.36· .0 • .36 

. .. , -' 
t> . Pin U .. ... . - J (3 . ., 09 . ... ;.. eo •• ~ •••• : •..•..•• ,.~. ~~~~~~~~~.~.~~~~~~~.~.~.~~.~~~~ 

. ,. ~ . pH •••••••••• , •• , I ••••••• t ' : .'. 2. 0 ' 7 .0 .. 2 • 0 " '1 • 0 7 .0 
. '. Time 1 rn1nuto.'·. , ......... '" .. :: ........ ~ Y10 .. "; .. 3 . 15 . · "2 ' 2 
/" y. . BorylUa analy~!J~ dut\Jl'lllin(.;J uy graviiiW'il'ic muthotl~ .. .. . 

10 · . t ' " Y .Aftor 10 minutes condi tiol1inl~ time, .. ·t,~10. acid waD c(Jn~um\l.~·,.by tho cha.rg~~ 
. .: . ",.. The chargo \'Ias then dcslimud but not \·mshcd. . . ' .' ~. 0 

'( : .. . ~. . ~ " . Flotation or' 'aHiH:h-rr~dc B~r.Y'l COI:1P()';~to .f.r .. lffi ,Cust,t.;r, S. D.:lk. 
•• • •• • • • • ..' I • 

.;. ;. A. c9mpo.sito .. o~, . eieh:t- hi,gh:-e1'ndq buryl samples fr;om the Custer district 
wa.s preparod to nid in. ~t\'ldying tho rocovery ' of beryl by flot."- tion. Equal . 

'r . '. ' ,." woig~:ts 'ot sD:Inplc.~ from .t~o Old l.lik~, Hqlc.ll1, llich.:md) Duncan, \1~od Tin, . 
Ingersoll, Put, llnd Eurc;~n nu.nes· w~rc compositcd. . 

. .- ." . ~ ". , . ' 

. Tho' compositocontaincd '1.01 !x;rc:c.:nt bcryllia (g/avimdtl'ic ·mcthc.Jd) or 
.: .... ~ 1.29 percent boryllia (flu(J.r~cc~llt m0thod) and \'Jos essontially albito I mus

:, , ~ <' cov1to, ond qUG17t.z, \'d t.h n.l?p~Qciu.blc (~mountu of. llrrJ~lYl3onite and sc)1crli t" 
'~: . ' " tourmaline, smal.l a:mounts pf , beryl aqd goethite, and minor amoUJ!ts .of r.icro

.. : ' .~ .:. cline, apatite, 'and spodwnene. 

.: j .~. 

, , 'i 

" . '.~ 
Flotation of the ore and the ccncentl'ution results are shc.wn in table 15. 

' : ,~ • C • The schor11te, ambly[;;onite,anJ apatite min~r:lls wci"e floated on. the first 
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. TABLE 15. - Floth t3..0n of' high~Stade .. b~.r!.~. ore from Cu~.~ .:r f 

•• M' •• .. '0' ,,', .' " .' ·.·-.M" -e' ·ta-··i·;;~:~~; .. -l.:::c"a: -1' ~ ' -da' 't'-a'~': .... - . . . "-" ~ . 
..... -, • • ~ ••• : .. ... ... ' ,.L;.J,.tr.,;U.-E,: 

........ , .. : ... ~ -...... -. .. - ... " 
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s. Dak • 

. .,' .I: ~: ... ~. _., ... 

I. II Ans.?--ysis J .pe~c~nt Percent of total. 
/. . . ' . BeO BeO.· . ' 
I I ',Vleight, I . , . " -1' : C6~ ege. ., ... , ... GG>11ege 

Product percent Ro+:1a:y Parky'.. .Rolla .. . ·park 

.. "_ .. , . ... 

' .. ' . 411' 
• ,. • , • • • • .. I 

... 1 • • •.• " 

,. Opc:r&tinS' .datct··~· · .. -.. . . . ..... _ .......... , 
. ~ .. - .. ~. . ........ " . . .... . :~:'!-~ .. :.. ~- :: .. . 

.! . . H, ' ...... Pounds er tbn of" o~'e~ : .... ::. ': .~.; : I ' ,. .'''~_ ''': 
_._ . ..... . 

,,,.~ .... .. Conditioner' Roughers !Rou her 2 leaners 
Rea ent . before, tau her 2 ~T:' ,'2 .: ,. ' 1, : .. , '2-" . , ' ., . 

Hydrofl~or~c , .~ ,ci~ : ...... ' •••• .' ~ ... .... ' , ~. '9~'2'" , .. "." ~ I. '-
01. eic acid' • t .•• e ...... ~ •• ' . t · .. ! :...:,' - ',; O.3.9i 0.54 · · ... ·1 . 

I'" ,I, 

) 1 ' I . . , ' . I -\ , • Frother B:"24~ : .••• .• ~ ...... e' ,,, j ; . ' ' ,~ , , • ' eol!'! . ~ 09 -, ' ... ', ':" ~ ~ : . . . 
pH ...............,........... . 1" 2 • 4 to 2 • 9' '. ; 8.1 : 8. 2 
Time minut:es".. .. . • .. • • . •.• '; , '" . 0 ,.: ! 

8,2 . t·· ::' 8.1' . 
2 T 

1 Gravimetric met ode ' ' , " : 0\ 

y Fluorometric Ill:~:thpp'. · , '. :~ ;:;' .<~~' '' ' >,~ 'M .... .. .... :,. -
~ E. I. Du Pont de Nemours &:~o-. -' - ~ .... .... ' .-_ .. 

~ . . " . : .. .. 
.. .. .. '. _ .. 

Flotation 'of t01v~g~ad~"B~~'yl ' Ore " f~~n;' ~he Harding, .... 
.. ~rop~rty! T-aos · .County,' No. !lex'.' .'~' ," .. 

. . . .... _to' ___ . 

. ... . . - .... 

The sample' contained 0.40 percent berylli~ a'nd consi~t,~d . of , quartz;' .. . 
orthoclase, microclinc, albite, apatite, bcryl~ and lep~~Q~iteo . The 'beryl' .. ' 
had a pink color and was closely ~ssociated wi~h. the a~~=i:.te •.. , .. . . , . .... ' ' . ', 

Apatite.wa~ : floated -on "th~ ~fi~~~~' ;~~·~h~r~.~ ~d' b-erYl ' \~~ '~ ' ~n~~t~d' :~~-'-~~e" , . . ' 
second. No, tourmaline was present in th~ .oro, .. ?I1o. acid cle~~E?:r. ~circuits·-were·'·· 
not requirod. .. ... _ " ... .. . -,,'~-:'~" ..... ..' . . ' ~ 

· 1910 

.. ." . ... .- . , ' .,: ',' .. - .~','; ~,,~,'.',~, ~~ .~~~: .. r2~ ~.... . .. ~ , 
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.. ~ .. ~ ;.:~,~ :~ il~ ::..' _ . . ..... , 

I, • . 

.. .:;. .. . .. ... -:~ ' . ~ ; ... ~ -': ' - ...... .. .• - ._" 

-. - .... _ .. 
~ ........ " . ~ .. .-' 

- -- .- .. 
f ,. It ... , ...... 

.... ... , ..... . 
•• # .. . ... 

. . ' .'" 

.\ •• ~ . ',. '" "', 4 

• , _ ! .,' ' .: : .• . •. '. :. ' '. .' •• . 7 .: • '. ~ • • ~ .: -' .'. 
.. '........ ....... . . . : . . \ .: .. 
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.' ' , ' ; ;1 ; ' " . .': 
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TABLE 16. - Flotation of low~grade beryl ore from 
. Harding Pro'perty I Taos County tN. Mex. , .'.;:' ,' .. ... ~' .... ~ ... :.~ .: .. ' .~ . .:.; :'~. ' ~,::~':,~ Me'ta:llur'gicat data .. 

;. ~\'{e~gh~L.~ Al:l~~Ys~s", ~ercent I Percent of total . ,product percent BaO:Y ! BeO Beryl C'on'centrate .... ~ .. ~ .• , •• '. . 2.7 ' 9.40 I 70.8' Apa;!tit.~ . co,n~~n.:t:.r.at~._ .•• '.' .• , •• ~. I ' _ .. ?3 .20 I 1.3 14id~1ng • , •• ~;' •• :. " .• y: .... ' ......... I 20~,6. : I : ,. ~ 13 I 7.5 .Ta:~l.ng ~. ~ ", I' ~! ~ ! .. ' .'~ ~ .~~ "',!..! .. ' ....... ~ ... :--1_ , ," ~9 .,4· "~' .. ': . .' .... ..... 02 .. . _ I' . . 2. 7. Sl.,:iJne ••••••..•• , •• ', ••• ',' ••• ~ • •.•. ;, 12.'7 . . . ,.,43 I 15.3' liica ..•••••.•..•..•• " ••. 4 " • • 12", • 0 " 2.4 Com osita: .. · ........ ."': ..•.•. , •• e' · 100.0 • 6 100.0 
. , . , , . : :. Qperating data .. t" 

.... ! 

.. '. I' , 'Poundsoer ton of erude ora I . 

: , . " . I. \ . I' ;. .'. :'. R~u~hin~ opera. tio.n ,.. .. , . . . .. . . 
... • ' .• :.: __ ., ..... .. .. : . .:.. ~ ..... _: ... ..... .,.: ..... _ .... ~._~ . _ .... _ .. ' .•. •.• '. . . .f, • .Ro.uglJer I.c.~~a~er-Ro.ughe~ 2 t •• ' " .Reagent .' .... ! :~: :'Condi tioner 2 I '1 i . 2 ~ . ... 'Oleic acid .: .•.•...... ~.... I 0.54 'j 0.36 ;,.' Hydrofluoric acid • I • •• • •• • .' .'. 9.2 I:'" -
.P~ ..... - •. ": •. ' •. .•.• ~ ...... ~.!. . !..~.! .... ~:. ' .. ~.', I .... : ~~.~ ~o 3.0 .LJ-;_~ __ . ..l.I~? .. T~e Inl.nutes ..• : •. ~ :.. ..... ~ ' ..•• '~"'" 0 'J. I ~ 

7.7 ....... 1 
'1 Bery~~ analyse~.~termined·by. gravimetric method, 
'~'lota~i'On 'of-~oryl from-the R·.;···O.·· Huddleston Pro~erty,. ,~Ub~.~{Qu.ntains, Nev. 

The ore conta~ned 1.03 percent beryllia and '·laS .. mainl,Y. .alqi te., . or tho. c~~se _a.~q m.i~~ocl¥.t9~.J~.~dspar~,. ~d quart~1 with ,al1Pr.~ciable ·peryl and muscovi1:.e and small anioUnts of hematite; apBttito', spcs.sartit~ anq ~iI:qqn. ,Iron .~n~ . ~.qga~cs~ opq~ .. ~~.a~!t41g~ ... ~~~9_ !:~~!'~. pr.~~~n.~ .~. ~:nall :~qun~!3~ ' ... 
TABLE 17. - Flotation of beryl from the R. '0, ' Huddle·s·t'on .. ·· 

Property. Ruby I.fountains, Nov'. 
a • 

Metallurgical data 

.'.:. 

Pro
' d' u~ 'et .. :.~.' - . ~ .. .. i, \'~~~~h~ 1... ! ~~y.sis, ~ ~~~:.~:~t I Percent of total ,:. .. . ., percent, . Bo~. . BeO Beryl concentrate •••....•..• i 8.30 1 1l.10 I 84.4 Mid~ing • :' ............. ~ .••.•• . :1 ·14.82 I .• 08 . : II 1.1 Tail~ng I •••• ,' •.••••• ' •..•••• ~;. : ••• ' . \ . • 60.20 I .• 04 .... 2.2 Sli.'D.e •••••..•.• I ·,···········~' · I '., · . .13.03 ! " : ~.75 .. ~; I .. 8.9 ~ca •••••••....••.••.•....••• _' ~~3~.~6~5~1~~~~1~~~O~1~~~~~~~~3~.~4~~ Composite .•• ...•.•.••.. I· ••••• , ". 100 .. 0. 1.09 100.0 ,. 

Operating data 

I Pounds per ton.of ore 

Reagent 
Hydrofluoric acid .••.••...••••••.••••• 
Oleic acid .••.• I ••• I •••••••••••••••••• 

Frother B-24Y ••................... , .• 

I Conditioner 

pH ........................,........,.. 2 • 5 to :3.1 
Time minutes... . • • . . . . . . . • . . • • . • . . . • • . 0 
1 Beryllia analyses determined by·fluorometric·method. ~ E. I. Du Pont de Nemours & Co. 
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Rougher 

0.90 
.16 

6.8 
4 

Cleaners 
1 2 

7.8 7.8 
1 
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Flotation' of LQyt':"'gade Be';!!. '(ke ·· rr.om.. the Gotta-Walden 
.Property ~ Portland', ·:COrm .. 

The sample containing. 0.23 percent "'beryll!ia was composed of quartz" 
fe~dspar~muscoviteJ biotite" almandite' (gar;lst),· and beryl. It was the 
rejected portion from hand sorting of beryl;~feldzpar; quartz, and' mica ' 
from the or'e .... ... . . . '. .. . . . . ' 

TABLE 18. - F~otat~~~ of l~w~grad: b~rl1 o~e fr~~ ~t~a-Vr.alden 
, ..... :.. MO'o e. • 0 .Property, EOI:.t and ..... Conn.".. . ; . 

" 
. ' ..... t_ .... _ ...... 

Meta11urgi~al data 
" .. 

'Anal . t P f 1 .... : .~ ' ~." '_',.~~ '.,t .. ' . '; ''';::1_ " ySl.s., .. ..per-een ; · ercent 0 tota 
• - . . '. '. I ' ; . .. .'. '. ' " : BeO I BeO 

I "1 . ht' t-o-. ---"--:C=--=-ll-=----'--------C~ll~-

prcich{~t· ... ':: p:~~ent· R~ll~YI. ·~ar~ !. Rolla I o~~;~e 
Beryl'concentrate •••••...• ,'. ~ 1.17l.1l9.~O' .:' ·1~~.~6:. _. 4~~7, t 6Q~~ 
l!ddcll±ng .......... , ....•.• :, ~ 1.37

t
, .41 I .36. i, .. ~ .,4 . ~ 2:·4 

Ta~lirig . r .. ,;' ••• '. i.·· ... ' .. _ .•.. ~.' . ';. ;'. , .. ? 5. GO- ' , - 0 .07 J. , .,qi . i 22.1 . ! 3. 7 

. ~~'\O~~~~h' ~~~' :~:::::::: f . t~~ ! .. ·:~t1 :;~ I t~ r ~:~ 
llica f~otation concentrate •• ;, ~ '-';9'.A4 1 : ... '.40 I .. 35 I 16.5 \, 16.9 
};la.{;netl.c ... product.·.·. , .•.•••• ~.. -'.31' -~ -3.87" . 5.43 I · 5.0 I 8.3 
C.ompbsite ....... ;.".~'.",:: •.. .'~ .... • i: .... ,' . '100.00 : .24 .20 100.0 I 100.0 

.... : 0'" .-•• : ·Operati~· data-
I •• .. •••• 

· , ... ,. Founds per ton of ore. . 
_ .. :.... . ' . - ... ' .. , ./ ••• • .... , . !' Rou -her's » iRougher 2-cleaners 
.• Reag~nt ,Cona'itioner 1 2 'I'~ 1 - ~ 

ijYcU:.6flUOy· c .. .aci-d .. , .-.'~ • "~ .••.•.• '-" '10

• • 9: . .;.2'" 
E P 4874 . . '.. . I' 0.4 t 

•• • • • • • I • • • • • • .' •• • • • ... ! ... i 
O~eic ~cid .: ~ '. ~ • ':." '.~ ·0."·· ~ ~: ~ •• ~ . i~ _. ~:. . :.'. -:t\_: ' 1: .. O~?~.I 
P:lIle Oll -........ r .... . ,.~. ,.,- .. , ., .... HI - - i 0,9 I 

. P~ ...• ': ..... ~' ..• ~ .. ,." . ' .. ": .. 4 •• ~ : ,i .. ~ 2.8 to .3.1 .3.5 ' 8.0 
Tllr~e . 'mJ.nutes .,;.; ......... ~ ',. I' 

,' .... I 
7.9 I 8.0 

2 2 
1 Gravimetric: ·method •.. ' . 
Y Fluorometrici:·niethod. ' ... , ':'.', ". ::'":.' \" ,. 
'lI1.The bery~ conc~ritx:-ate, 'containe~ 90 perc'eijt "beryl'by pet~ograp'hic 

o C OtlIlt • ' .. '. " . I ." , ' ".,.' • • ' .. o' , , 

gra~~. 

~'Emulscl Corp., Chicago, Ill • 

. 1 .. 

. The magnetic tn.9;te~i·al Vias remove·d. ;r"k~ht .. the b~ryi c~'nc'E;ntrate' in·a ,f~~ntz 
ferro filt er-.. : ',', ' .. : ,. ;.. . . ., . .0 ,., I • : . 
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Flotation of Low-grade'BerylOre from the .HyattRanch 
_. .- ... Property ·, ' ~:~:.Z:.-.?~~.~Yt Colo", ' ..' 

The sample contained·().lO perce{lt, be.rY'~a" as a~a+yz~d by .the fluoro
metric. ,metf:lodat ·Rolla;·. 0.09 percent by ·.~he: s.ame method at Colleg~ Park" and 
0.06 p~rcent by the ~avimetric method. I~'!'ias composed ~inly <?f albite, 
orthoclase' and mi'crocline feldspars, quartz, and muscovite, with minor 
amounts of tourmaline, apatite, beryl, and a little iron oxide as staining. 

TABLE ' 19~ - Flotati6'n of low-g~~d~ ' b'er:tl' ore from Hyatt Ranch 
. Pl"operty;' tarilnel' County, Colo ~ 

r .. .. I 

Metall'ur:si~al" data 
..... , • • •• • , • .. t • •••• • . . .. . .. ... . . .. .... . ----,.. . 

. I we. ight I j AnalY'sis 1 ~ sercent i Percent of total 
...... . ..... ··Product~ · ··· !, '" .... , I percent:_ ,., BeO:Y I BeO 

Bery"l" concentrate~ .· ~. ~ • ~ .. , .• ~ l: 2.2.,! :. 2.80 ~ '. 64.9 
l:..tddli . . '. . . 1 4' 5 , £:7 I '27'1-- w_· ~. ' . ng . • ' .• ~' ~ ~ .. ~ .... . ~ .... t.,. ~ t... ' .. ~', I' .. - ... --" • .1 .. ... . ,t ... " .• :.: . ••• . '.: ' . 
Ta~l~ng ~ a •••• , , •• ',~ ~ • • • • • • • • 86.4, .00 I .0 ., . :. 
~lim \ . I 6 9 ~ "11 . I ." . . "S" D' . . 
~ . e ~ •• , ~ • • • · · • , ~ .• ; • · · • • • ~. . • . 1 : , ~ I . ~ :. 
C~mpos~ te ... e' •••••• ~ • • •• • • • • ..! 100.0' , .09 100.0 

,', . 
.: .... Operating data 

( , 
. . ' .... 

.... . " . , . 

.. . . " . .. ' 

.' . 
. .... I 

. ' . '. ' . .,:' t !:. .. ', . ~" . " . 

-,<: ~ .. :,.:' ,-::,~' ,:'~,'-=-, ' . I, ~o~~~ : .. E.~r 'I ton
, of, crrd~l~:er~ 

Rea ent Conditioner 'Rou her III 2 

~~drt~::uBori2~ acid .••• , .••.• , •. ,.:; .... ... ~ ' . ; " e' II, ~.: 9 • 2 0 e' 07' . .... __ . L : 
..... 'f) ~ .. ~.6·" ••.•.•. ~ . ............... '~"'."'-.'~'.' ti."· ..• -.----...... - I -:-
.,.Oleic .acid", ..•.. ~.~\: •.... : .. ', ...... ..... ' .••.• ~ ..... " ._~~ _____ -.-o:-_~~..;.3..;.6_~_-_.l.-1 _-_ 
··P~"· ~ · :.· .. : • • • . ' ~ • ..... • • ~ • .•.•• ,. '~ ~: " ..... : '.~" ~. ~ ... ~, .. -l 2.7 to 2.8 7.3 ;... I -
. l.1Tle . llllltU.te.s ' •• , .. ...... ............ -• ..-ro. ,'. ,' •.• ' . ..... ,--,.. 0 .. · .. " .' 2 .' 2 ;. \. 1 

Beryllia analyses' 'dete~riiin~d by' '!luorometz1id 'method~ 
- ... . .. • • ... ,. • I • '.' • 

~ , 
. : .. . . 

Flota tion of' ··Hel vi te' Ore from Iron 1,IotiIitafri; 'Vliristori t 'N: li~~.~ ... ' · .. : . ; 
••• _. " •• " ••• " ••••• 11 '! f J ( .. -, , • . __ ... -. , ... _ ... ,-... - ... .. 

. ... . : ·The. sample contained J:~44 "}1~rcent 'beryl!ia,· 'or' 'about IS perce'rit ·he1Vite. 
otl)e;r .tninerals ~present~ and· the . awr~xima te -a.mo'un:ts- :Wer'e'magnetit~ and. 'o~h~ 
opaque minerals, 35 percent; fluorite, 30 percentj silliirian~te" . 9 . p·~rcent·j· 
and minor a.mounts of chlorite" he~tite" apop~y~tG', quartz', chalceq,onY,., . 
psilomelanc, wad,: pyrosrnalite, cla:r,' arid calcita~'" amounting ' to 8 .percent in 
all. . . I I • . ••••••• 

, , ' . .. . .. 

A slight variation in the c9ncentration practice :vm.S .. ,fo,l.lc:V1cd· •... ··The ore 
was ;1et-ground in; 'sta:ges to minus" l()()..o.me·~h and ' scrubbed: a:~ a puip of 50 per-
cent solids with 18.4 pounds per ton of h.Yd!ofl~ori~ a~~d;. ;. A.~ the end of 
the, scrubbing': period:: the': a6icl'~/Cls "eonsuinod ~u .. tho pRof ' the Pu~ ·w~s · 7~.5:~ · 
The helvite was then floatod with oloic acid and pine oil without ' 'tJi'e ·cus,:·" 
ternary washing and desliming. The rougher concentrato was cleaned tvri.co to 
depress gangue minerals other than magnetito, and the magnetite was then 
separated by a lOVi-intensity magnetic separa.tor;. The results of a typical 
test aro given in teblo 20. d . 

. \" -
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<}'ABLE 20. ~':Fiot6.t{on, arid' mag,neti~ separation of Helvite, ore 
"', " .- " ,.from Iron 11ountain, Winston, N. Mox. 

Metaflur gical, data ' 
,I 

~ I Height,. I Analysis, perc~nt, Percent of total 
Prod~ct I erccnt . BeO' "" BeO 

Hclvite-Danalite concentrate.. 24~5 I 4.73 84~3 
Magnetite concentrate •••..•.• 19:0 ~ .18 2~5 
1fiddling ••••..••..•••••••..•• 16; 5 ~ 74 8.9 
Tailing .••••••.••.•.•.•••••••. 40. 0 ~l 4.3 

--~~~~------~~------+-----~~~-----Composite (heads) ............ 1 100.0 1.37 100.0 

Operating data 

Pounds per ton of feed 

Conditioner 
I Cleaners 

1 ' 2 
Hydrofluoric ................ 
Oleic acid •••.•.••••.•••••••••••••••.•• 
Pine oil ............................... . 
pH ..................................... . 

, Time , nrl..nutes •...••...•••..•.••••.•..•• 

18.4 

2.0 to 7.5 I 

15 

0.54 
.18 

7.5 
6 

7.5:7.5 
5 : 4 

In this particular case the ore contained fluorite, and hydrochloric 
acid was substituted for hydrofluoric acid vuth similar results. 

DISCUSSION 

, . 

Under the impetus of war demands for beryllium, the Bureau of Mines l.U1-

dertook investigation of concentration of beryllium ores. The beryllium ores 
included beryl-bearing pegmatites from South Dakota, New Mexico, Nevade, 
Colorado, Connecticut, and a hel-vi te-bearing tacti te froIn New Mexico. Al
though various concentration methods Here adaptable for removing minor 
amounts of certain accessory minerals, flotation was the most applicable 
method. Some of the ores were amenable to flotation in their natural state, 
others v{ould respond to flotation only' after scrubbing ,'n. th an alkali to 
remove the alteration products, and still others "lere not amenable even 
after this treatment. 

A flotation procedure v.ras developed that i'laS satisfactory for all the 
ores tested. ~oreover, it enhanced the flotation of beryl even though the 
beryl v:as amenable to flotation after an alkali scrubbing. The essence of 
the separation \,las the removal of alteration products prior to flotation by 
scrubbing with hydrofluoric acid either added direct or formed in the pulp 
by the interaction of a fluoride and sulfuric acid. If tho scrubbed pulp 
\'las still acid, washing to rGmove tho acid was necessary before flotation; 
if the acid was consumed, so that the acidity of the pulp was not excessive, 
the washing step was unnecessary. Residual hydrofluoric acid from the 
scrubbing could be recirculated. The ore was then floated ~th oleic acid 
and pine oil and cleaned according ,to- the procedure indicated by the grade 
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