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The Research Foundation's geologist spent two days in the 

Associated Enterprises' Las Vegas office studying the information 

cont 'ained in their files. He then spent approximately two and 

onc-half days on the property making an inspection for purposes 

of ost i mating tonnages of material, amount of overburden, 

sampling , and interpreting the general geology of the area. He 

was accompan ied on the property by Mr. C. Neil Vogel, a 

rop cscnt~tive of Associated Enterprises, who acted as guide. 

Ie I lSO spe t s ome time with Dr . George Roseveare, of the 

"nivnrsi4y of Arizona in Tucso , who is currently conducting a 

resea ... cL program on Arizona dia t omaceous earth. Consul tation 

was ' 1s o fl ~ de wi th Dr. George G c Olson who had previously 

compiled reports on diatomaceous earth for the Arizona Develop-

, cnt Boar of Phoenix. 
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CONCLUSIONS A. j RECO:\H.11i:K DATIONS 

Consi ~tont wi t h the purpo'~ e and scope of the projec t , the 

Re~ ~" rch Foundation makes the f ollowing conclusions and 

rccomme dn t ions: 

1. There is at least one million tons of diatomaceous 

earth t hat can be mined with li t tle or no stripping. At least 

anot~er o ne mill ion tons can be mined with stripping up to 30 

feet dcpt ·_. 

2. Dia tomaceous earth ca n be mi .L. o d from the first ca toO'ory 

of rea rial at a rate of approx ' ately 28,000 tons per year at a 

c ost qf $0.89 per short ton. This cost includes ownership and 

o perat ing costs but excludes property acquisition costs. If 

Associa 4 ed Enterprises leases r ther- than buys the proper y and 

ays a royalty of 50 cents per ~on, t he total cost of feed to 

the -ill will be $1 .39 at the 2&,000 ·on per year rate of 

production. The breakdown o f costs ca be f o nd in the Mining 

Equipment and Methods section of this report~ 

3. The estimate cost of illing 28,000 tons per year is 

$2 0 ~02 per short ton -if he Alp ' _ - Lukens flow sheet furnished 

by lssoc~ated Enterprises is followe. A breakdown of these 

costs is given in the Estimate of Process~g Costs section of 

:'ni ... ~ report. 

marke t abili ty o f the p roduc ts made by the Alpi ne-

L '_,/':5 £":1.')\/ sheet included in t:.l is rep ort is unknown at the 

~~~C of t_is report . 

{" () (- R ;, D 0 .s C H 0 0 L 0 F M I N £ 5 R E . E AR C H F 0 U N D A T ION 

3 



5. Bef ore making heavy expendi t ures for construction and 

ope ra t ion, Associated Enterprises s h o u ld undertake a prog ram to 

produce samp le quantities of t he variou s produc~for evaluation 

by potent i al customers. These produc s should b~ made from 

rcprescnt a ve material obtained fro m e deposit . 

.. 
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LOCATION AND EXTENT OF PROPERTY 

T1C property is loca ted on the cast side of the San Pedro 

Hive" in the Old Hat mining dist rict, Pinal County, Arizona, 

an~ consis s of : all of Sec . 13 T,9S .. R.17E. except tha t the 

~ ~. of the ~ ;-\,il' of that Sec. i s exc luded; the NEt and the N~ o f 

the .~l of Sec. 24, T.9S., R.1 7E ; all of Sec. 18, T.9S ., R.18E; 

~::'1 0 ~C. 9: T.9S ., R.I8E ; the N~ of Sec. 30, T.9S . , R.ISE; 

!h s~l ~f 3~c. 17, T . 9S., R.18= ; the w~ of Sec . 20, T.9S" 

C,' A' • "w l f Sec u ...... , ,_ " ' "4 0 • 29, T . 9S . , R . 18E; the N! of the SW! of 

S 2C. 29, T .9S., R .IBE. All o f t hese 1 cat ions are to the Gila 

[L.d Sal t River Base Line and Mer idian. 

The area embraced by the above description totals 3,120 

~cr~s . A ~ addi i onal 40 acres located in he NEl of the SEt 

of Sec. 24 .. T .9S., R.17E. may at Associated Enterprises opt ion 

~ ::.,', ~ iri.' _1.1 0 'd wi th the' bove c ~ s ~.: .. · t Je d property because of its 

(: 'o~ c pr P""'l' y c ontrol relat ionship. 

Utilities 

T e property is situated eigh~ miles southeast of 

Arizona, and may be re a ched by a combination o f one 

mile of aspha l t paved road and 7 .1 mt es of graded county 

~Q d. Access to the proper ty may also b e gained by a graded 

co nty road leading .east out o f San lanuel, Arizona, for a 

~~~t . ~cc of 5.5 miles . This 1. ~ ter route necessitates fording 

.~ S~. P~t~o River which, dur~ng f-ood time, would be 

-- .- . _ .. .. _---- _ ._---- --

CO ~C R .\DO SCH O OL OF M ' NES RESE,\R C H F OU NDATION 

5 



~mp·1.~s i blc . However, it is a n ti c i pa ted t h a this road could 

serv e t he pr operty for at leas t 9 months out of the year. 

Rail r o ad service connecting wit h t h e Southern Pacific 

R~il ~oad i s a v a ilable at the S an Manuel Smelter a distance of 

::pp r o.-i m'"' t e l y 5 miles from the l)rOper t y and if need be an e i ght 

milo spur c ould be construc ted 0 ~ he p r operty fro Ma mmoth, 

\riz ona . Th is would necess i t a te bri d~ing the San Pedro River. 

Elcc -1'" C p ower is avai l :: .. ) : c f" on" t l e Ar izona Public S e ~v ice 

8 01,:pany IS J.. ines which cross Lhc p r op '~.":. y car rying 12,000 v o l t s . 

Costs o f Ol l ectr ic power for the area wou ld a pproximate $6 00 .00 

per mon~h f or t he first 500 ki ~ uwa ~ t s with a dditional power 

be i ng $1.02 per kilowatt. The e .e rgy charge would be approxi­

mately 1.18 cents per kilowa t t h our f or t he first 400 kilowatt 

1 0 rs per k i owa tt per month. Addit i o n a l energy would cos t 

0 0 93 cents p r k ilowatt hour . 

Ga s is ava ilable. from t he E l Paso Natur al Gas Company's 

line l ocated d ir~ctly across t he S a n Pedro River at a distance 

of approx i ma t e l y 5 miles from the property. This line carries 

ga s at a pressure of 25 pounds p er square inch. The cos t for 

gas would be approximately 43. 7 cents per thousand cubic feet 

for the f i rs~ 2, 500 therms (one herm = 100,000 Btu) and 41.7 

cent s per me ' over 2,500 therms per month: 

A current ly operating water well in the SEi of Sec. 24, 

T .9S . , R.IBE (vithin i mile o f t he property) delivers artesian .. 

wate r t o t he s urface at a ra te o f 3 90 ga llons per minute from an 

acqu ifer 6 8 0 feet below the s urf a c e with t he well being collare d a t an 

-.~--- - .-.. - -.--- - - - - - - - -. 
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el .vation of 2550 feet above sea level. Geological indications 

are favorable for developing a similar well on the property in 

the SW-~ of the NWi of Sec~ 30, T.9S., R.18E. An exploration 

drill hole located in 'the W~ of the SW~ o f Sec. 19, T.9S., R .18E., 

b ott omed ~t a depth of, 290 fee t and cased t o a depth of 225 feet 

'1 ::1.~ a SL ~),t·~c :wa ter level at 80 feet below t he surface.. This hole 

\·,r~s colJ.~ :t'e d at an elevation of 2,600 feet above sea level. 

Alough no fl ow rate is known for this well, this information 

oes indicate that modest amounts of water are available on the 

proper y at relatively shal low depths# 

,--- . - -- - -- ------
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GEOLOGY 

Bedrock in the area consis t s chiefly of lacustrine deposits 

(,.+0 dtrl tOJ 1~1 (:C0l1S earth, mudstone , v olcan i c ash and chert of 

Plioc o cr Pleistocene Age. The o t al stratigraphic thickness 

of 7!OS ° depos its, as indicate i from dri ll h ole data and surface 

ouc:ops ,pproxima tes 1,200 fo o t. The apparent strike of 

the cds is N300 W and they dip gently (up to 6030') to the 

. ortheast. The mudstone depos it s are fo und predominantly at 

1C mi (~C of tle stratigraplic sec tion and generally occur as 

t Jice lenses . The cher t is fou nd as lenses within the 

dia oma ceOLS earth but generally near i t s contact with overlying 

a d under lying beds of mudstone or volcanic ash. These lenses 

of chert range in diameter from a few inches to 50 feet or 

more but generall y are from 20 t o 30 fee t in diameter and 1 to 2 
\ 

feet in thickness . The volcanic ash as been deposited in 

relat ive ly thin continuous be s wl ic. qange in thickness from a 

fc\v ':nches to a few feet. The d ia tomaccous earth is found in 

fa:rly co tinuous beds which ' range in thi ckness from a few 

inc hes up to 100 feet . . In some areas the dia t omaceous beds 

consist of lternate layers of pure white pulverulent material 

which is soft to the touch and l ayers of ~ more arenaceous 

material which is more abrasive" These layers may vary in 

tli~kness from a few inches t o a pproximately 50 feet. The more 

1. enz.ceons mater ial is general l ~ ' fo und i n the lower port ions of 

t oC '.ic·tOiHH .. C OUS ear th beds. ltC a:. e a i s in most places covered 

______ _ 0 __ 0_.,--_________ _ -' 
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with a blanket of detrital ma t erial which generall~ does not 

exceed 30 feet in thickness . 

. The dia t omaceous earth deposits are terminated near the 

southwest border of the proper t y by a fault scarp which trends 

nor thwesterly. Several artes i an wells some of which produce 

hot wate r exist along this f ault . The 'channel of the San 

Pad 0 River i s controlled by the s c arp . Apparently the block 

o f· ground to the north of the fault was upthrown gr adually a nd 

tilted to the northeast thereby permi tting e xisting stream 

f.owil" i. ~ s outhwes terly dire -tion to e r ode a t a pace at least 

o al 0 the uplift . This interpre tati on i s further borne out 

by th e existence of hanging val ,l eys which t rend in a southwes t erly 

direction. 

For a t ypical cross sec tion o f the deposits, see Figure 1. 

Exposure and Areal Distribution 

The best e xposures of rock are i n t he c a nyon walls of the 

southwest trending streams. In t he se canyons the beds of 

diatomac eous e arth and volcanic as h a nd t he lenses of c her t a nd 

mU dsto ne may easily be seen. At t he surface the bedrock i s f or 

the most part concealed by detri t a l material. The exposures 

as seen on t he canyon walls indicate that t he combining fac t ors 

of differen t ia l erosion, regional d ip o f t he strata and the 

lenticulari t y of the mudstone deposits has resulted _in a s poradi c I 

~ is t i bution of a large number of dia t omaceous ea~th beds which 

Nould. i n p rt, be exposed at the sur fac e i f it "were not for 

_________ -i 
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the existence of a thin mantle of detrital material. 

With the removal of from 0 to 30 feet of unconsolidated 

detrital overburden, a total volume of diatomaceous earth 

equivalent to a block having a n areal extent of at least one 

square mile and a minimum thickness of 50 feet could be exposed. 

This quantity should be considered as a modest appraisal and was 

arrived at in the following manner: 

The total area covered by the claims which contain 

diatomaceous earth exceeds 3 square miles. Some of 

the diatomaceous earth which formerly existed in this 

area has been lost by erosion and some of the existing 

diatol1141.ceous earth should be excluded from consideration 

because of an excessive amount of overburden. However, 

visual inspection of the entire area indicates that 

at least one third of the 3 square miles has not been 

adversely affected by erosion or the accumulation of 

overburden in excess of 30 feet. In regard to 

thickness, it is felt that 50 feet is a conservative 

figure to use. Exposures created by erosion indicate 

that the thickness of the diatomaceous earth beds are 

less than 50 feet in some places. This, however, 
.. 

would be more than off~et by the many places where 

thicknesses approaching 100 feet exist. 
. ---- . 
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ORE RESERVE TONNAGE COMPUTATIONS 

In order to arrive at a realistic figure for the minimum 

tonnage of diatomaceous earth contained on the property. it was 

necessary to determine the density of a representative sample of 

the material. This was done in the fo~lowing manner: A solid 

piece of diatomaceous earth taken from the NEt of the NEt of 

Sec. 24, T.9S., R.17i;. which by visual inspection appeared to 

be representative of a bed of diatomaceous earth at least 50 feet ' 

thick was reduced in size by grinding to form a rectangular block 

which measured 3.341 cm x 3.562 cm x 3.250 cm, thereby giving a 

volume of 38.68 cm3 . This block was then dried to a constant 

weight of 28.92 g. Now, 

28.92 g 0.747 g cm3 density - = 
38.68 cm3 

To obtain density in lbs ft3 
, . 

0.747 x 62.43 - 46.63 Ibs ft3 

Although this density figure is somewhat less and more 

conservative than that reported by Blake (1903), whose determina-

tions indicate that the material should average 54.35 lbs per cu ft, 

it is felt that it is compatible with'Blakes inasmuch as it is 
• 

made on a dry sample basis; his sample may have contained moisture. 

Therefore, if we take the minimum attainable quantity of 

one square mile of diatomaceous earth beds having a thickness of 

50 feet we have a total of 32,000,000 tons. This figure should 

not be construed to be an estimate of the total tonnage of 

COl. O R ./lOO SCHOOL OF MINES RESEARCH FOUNDATION 
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diatomaceous earth on the property but rather it should be 

considered as an estimate of readily mined material which could 

be made available by the removal of a maximum of 30 feet of 

( loose unconsolidated overburden . At least 1,000,000 tons of 

diatomaceous earth is estimated to be readily mined without the 

removal of any overburden. Actually the total tonnage for the 

deposit would be far in excess of this figure. 

For a map depicting the relationship of overburden to 

diatomaceous earth, see Figure 2. 

• 
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QUALITY OF THE RAW MATERIAL AND THE ANTICIPATED PRODUCT 

A review of the information contained in the files of 

Associated Enterprises Corporation indicates that they have 

seriously attempted to arrive at a fair appraisal of the quality 

of the diatomaceous earth contained on this property. The 

complete files of Associated Enterprises were made available ! • 

to the Research Foundation. Copies of those items which are con- ' 

sidered to be most pertinent are included in the appendix of 

this report for reference. 

The quality of any mineral commodity is determined by the 

specific end use requirements. If diatomaceous earth material 

is to be considered for use as a filter aid or as a filler in 

[~- a fine, white bond paper the specifications for that material 

would be considerably more exacting than they would be if the 

material were being considered for use as a building construction ! 

material constituent or as a filler in kraft paper. Those 

characteristics required for a high quality filter aid material 

may be of little importance or they may actually be detrimental 

if the material is considered for another use such as a pozzolan 

for portland cement concrete structures. 

It is noted from a comparison of the required specifications ! 

of pozzolan for the Glen Canyon Dam (D8-50l2 page 14) issued 

by the Bureau of Reclamation and the results of testing of 

diatomaceous earth from this deposit as reported in Walter H. 

Prices letter to John S. McNabb referenced D-294 that the 
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portland cement concrete made with diatomaceous earth from the 

White Cliffs deposit failed to meet the requirem&nts of compres-

sive strength. 

As it is not known exactly what products Associated Enter-

prises anticipates marketing and since it was not within the 

scope of this project to determine what the potential of the 

market is, it is not possible, nor would it be fair to judge the 

deposit by such qualifying terms as high, medium, or low grade. 

Mr. W. B. Pratt of Associated Enterprises has indicated 

that, at the present time, they are not interested in producing 

material which would meet the specifications of a filter aid or: 
I 

other end products which must meet rigid specifications. He is 

interested rather in creati~ga number of products which could 

be utilized by certain elements of the construction, agricultural ' 
I 

and manufacturing industries which would not require critical I 

! 
quality control measures or highly specialized milling procedures~ 

Mr. Pr~tt anticipates the production of these materials in the 

order of 28,000 tons per year. 

After production of these relatively crude products is 

well underway, Associated Enterprises anticipates that they will 

be able to modify their mining and m~lling operations to produce 

specialty products such as various grades of filter aid material. 

Due to lack of information it has not been possible to 

determine if diatomaceous earth products of filterlfld quality 

can or cannot be refined from the raw material of this deposit • 

• L _ ____________ _________ _ 
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Characteristics of the Raw Material 

Five grab samples of diatomaceous earth were collected 

from various locations on the property. In the selection of 

these samples care was taken to get material which, by visual 

inspection, was fairly representative of a large portion of the 

deposit. However, it must be emphasized th_t for a complete 

appraisal of the deposit a systematic channel sampling and 

drilling program would be required. Laboratory examination of 

these samples indicates that they are composed of diatomaceous 

earth having the following characteristics: 

Physical Properties of Crude Material 

Color - Off white on fresh surface, off white to 

yellowish gray on weathered surface. 

Fracture - conchoidal or irregular 

Apparent density (dried to constant weight at 110oC) 

46.67 lbs per ft3 

Absorption (water) 84.4% of its own dry weight. 

Texture - fine grained, chalklike, generally soft 

and friable but contains some hard abrasive 

grains palpable to the touch. 

Solubility - insoluble in acids ,(except hydrofluoric) 

Appearance of Diatoms Under Microscope 
; 

Shape - pods, needles, spheres, in descending order 

of percentage. .~-----

Size - pods average 15 x 4 x 4 microns; spheres average 

110 microns; needles average 150 x 4 x 4 microns. 

... -------.---- -------------.----.-- . ~-. -- . 
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Percentage of Total Volume - from 20 to 30 percent by 

. volume of the materia 1 appeared to be composed 

Analysis 

of diatoms. This percentage is made up primarily 

of the pod shaped diatom. Only a minor fraction 

is made up of spherical shaped diatoms. 

Moisture in material, dried at 110oC, 14.1% by weight 

Chemical analysis of dry material is as follows: 

Silica (S102 ) 

Alumina (A120a) 

Ferric Oxide (Fe203) 

Calcium Oxide (CaO) 

Magnesium Oxide (MgO) 

Sodium Oxide (Na20) 

Potassium Oxide (K20) 

Undetermined 

Percent 

89.50 

2.99 

0.64 

1.22 

0.51 

0048 

0.44 

4.22 

100.00 

The particular sample on which the above chemical determinations ' i " 

I 
were made was taken from an adit located in the swl of the NW\ . 1 

of the swl of Sec. 19, T.9S., R.18E. In cutting the sample a 

2l inch auger hole was first drilled horizontally into the 

breast of the adit at a distance of 45 feet from the portal. 

This location was approximately 70 feet from the surface of the 

ground above., The sample was then augered from the hole and 

immediately placed in a polyethylene sack which was tied at tbe 

CO'""HO t .... . , MIN E S 
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top. The sack and its contents was then placed in a new one 

gallon paint pail and the friction type lid was fitted tightly 

into place. These precautions were taken primarily to secure a 

sample from which moisture content determination could be made 

which would be applicable to the bulk of the mine run material 

away from exposed surfaces. It should be noted that this sample 

contained relatively more moisture than previously reported for 

samples taken from this deposit. It is thought that those 

previous samples were probably collected from exposed surfaces 

and consequently were partially air dried. The moisture content, i' 
as determined from this analysis i·ndicates that the bank run 

j 
material should be kiln dried before it is fed to the mill. This : 

probably will not present any serious problems as it is noted 

from the chemical analyses that the alumina content is relatively ; 
I 

low indicating that intolerable bonding would probably not be 

encountered during the drying process . 

I 

li -
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OWN~RSHIP AND ROYALTIES 

It is understood that Associated Enterprises currently 

leases the propertr with an option to purchase it for $450,000. 

" I Their current leasing agreement, according to Mr. W. B. Pratt, 

I 

):1 

. 1 . 

requires that they pay either 50 cents per ton of mined material 

or $843.00 per month whichever is greater. 

Ownership and lease agreements should be verified inasmuch 

as this has not been done by the Research Foundation • 

. " . . 
• ~ "! 

:.-

. .. 

! 
I -
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MINING EQUIPMENT AND METHODS 

The followibg mining equipment and methods are suggested for 

the proposed operatiob to produce 28,000 tons of mill feed per 

year. 

Basic Equipment 

One crawler type tractor of the Caterpillar n...4 class 

equipped with a 1 3/4 cu yd front end loader bucket having a 

width of 80 inches equipped with a ripper employing 3 curved 

shank teeth. 

One gasoline powered dump truck having a payload capacity 

of 18,000 pounds equipped with a 10 eu yd body, 

i Procedure 

It is anticipated that two men each working a 40 hour week 

will be able to operate the tractor loader and the dump truck. 

This method is considered possible for this deposit because of 

the existence of large reserves of raw material attainable with 

the removal of little or no overburden. One man will drive the 

truck from the mill to the quarry area which would be , a distance 
,i 

,I of approximately 1/2 mile. The other man will then load the 
J 

( truck, by using the tractor loader, with at least 4 ton of 

broken diatomaceous earth whica would be approximately 9.5 cu yd. 

:i While the truck driver is making the trip to the miU",the 

;. 

o 

tractor operator would be employed in stripping, if necessary and I 

ripping additional diatomaceous earth. By making 23 trips ' -
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; with the truck per day the required 92 tons of bank run material 
1 
; 

: which would be required to make 79.3 short tons of dry mill 

feed could be transported to the mill. If necessary, the 

yardage capacity of the truck may be increased by extension of 
'- ~\ 

sideboards. This maybe required if it is found that 23 trips 

per day cannot be made. 
. ... . , 
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MINING COSTS 
! 

I Total Investment: 
, 

·C, )1 
f I 

One D-4 Caterpillar crawler type tractor Witb 
1 3/4 cu yd, SO-inch bucket and 3 tooth 
(curved shank) ripper $25,000.00 

One dump truck witb payload capacity of 
18,000 pounds witb 10cu yd body . 

Total investment 

Average Useful Lite: 

Five years. 

Depreciation, Annual: 

7,500.00 

$32,500.00 

i 

I 
I 

I 
I 
i 
i 

Straight-line method. 

$32,500.00 total investment 
= $6,500,00 annual . deprec. ! 

5 years average useful llfe 

I 
I 

i 
I 
! 

IDterest, Taxes, and Insurance: 

Computed at 10$ of average investment 

! i x 5 + 1 
--------- x 100 - 60% of total investment 

5 

60% x $32,500.00- $19,500 - average investment I 
I 

10% x $19,500.00 - $1,950.00 m interest, taxes, and insurance' 
annual I 

I 

III 

Includes ripper teeth, truck tires, cat tracks 

$3,250.00 repairs, I 

Repairs, Maintenance, Supplies: 

. 
$32,500.00 total lav.atment x 10% -

mainteDan!Ut, and supplle 
annual ' ~ ~ . 

Tractor Fuel and Lube: 

$1.00 per hour for 1,000 hours - $1,000 aDDual 

: ~ 
\ ! 
~ I 
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Truck Fuel, Oil, Grease 

50 conts per hour for 1000 hours ~ $500.00 annual 

Labor (Direct Cost) 

Two men operating excavator and truck 

4,000 hours at $2.50 per hour - $10,000 

(Indirect Cost) - including pensions, paid vacations, 

insurance, disability pay, social security and 

unemployment taxes. Estimated at 15% of direct 

labor cost - 1,550 

Total Labor Costs $11,500 

Tabulation of Cost of Ownership and Operation 

Depreciation $6,500 

Interest, taxes, insurance 1,950 

Repairs, maintenance, supplies 3,250 

Tractor fuel and lube 1,000 

Truck fuel, oil, grease 500 

Labor 11,500 

$24,700 

\Total Cost per ton for Mining 
! 
I 

27,778 

cost of ownership and operation 
. - $0.889 per toni 

short tons of mill feed ! 

$24,700 0 00 
.. ,' 

.~ t • 

. Plus royalty payment of 50 cents per ton 
.-_. ------, 

Figure based on verbal communication with Mr. W. B. 

Pratt of Associated Enterprises .. $ 0.50 
$1.389 cost of raw 

----- .---.---------o.,--~-.----.. -----. 

I I . 
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ESTIMATE OF PROCESSING COSTS 

A Preliminary Estimate of the Cost of Drying, Milling 
Air Classifying, and Bagging Pinal County, Arizona 

Diatomaceous Material 

, 
I -

The following preliminary cost estimate is based on drying 

the subject material, and then treating ,it in accordance with a 

, flow sheet prepared by Alpine-Lukens Corporation for a European 
, 
I 

l client in 1958 (Figure 3). The feed tonnage is based on 72 

! metric tons per day, or 25,200 metric tons per year for 350 

operating days. The capital cost has been based principally on 

, equipment cost figures estimated by Alpine-Lukens, These costs 

i were furnished in 1958 on an f.o.b. factory basis in Germany. 

(The Colorado School of Mines Research Foundation bas done no 
I 

actual tests or process development work on this material, so I 
I­

no inference is made as to the quantity, quality, or marketability ' 

of the individual products. 

Capital Coat 

Estimated ! 
Delivered Cost I 

-"- -'/-Truck hopper for mine-run ore $ 1,600 

4,100 

4,300 

18" x 10' apron feeder with 2 Hp motor 

10" x is'' jaw crusher with 20 Hp motor' 

14" 'x 50' be 1 t conveyor wi th 3 Hp motor 2,000 

5' diameter x 40' rotary dryer with 15 Hp drive motor, 
and 10 Hp fan motor _____ ' 36,000 

24" X 14" crushing rolls with 20 Hp motor 
, i 

i, 50· bucket elevator, with 8" buckets and 2 Hp motor 
I' 

"L ____ ~ 

8,000 

1,600 
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Alpine-Lukens Equipment. 1958 

20' price increase for inflation 

Estimated cost in 1963 

Crating at 15' 

Tariff at 13.75' 

Insurance at $0.50/$100 

Freight, est. 50 tons at $60 

$39,000 

7,BOO 

$46,BOO. 

7,020 

6,435 

234 

3,000 

Total est. Alpine-Luken Equipment, rounded-ott 

3- bagging and weighing machine units including sewing 
machines and conveyors 

Total estimated equipment cost 
1/ Times factor for dr, processing plants-

Estimated fixedcapltal investment rounded-off . 
to nearest $1,000 

$ 63,500 

15,000 

$136,100 

B 
$457.000 , 

I 

! 

, I 
I 

I 

'I 

I 

I 
I 1/ Factor relating total capital investment to delivered equipment 
: - cost, based on actual construction experience for plants I 

ranging in cost from $500,000 to $'5,000,000. In addition to 
equipment, the items included in the factor average equal 

'eqUipment installation, piping installation, electrical 
installations, buildings, yard improvements, service 
facilities, land for plant Site, engineering and construction 
cons tractor '. f... and contingency. Taken froDl .}.!.Plant Design 
and Economica for Cbe.ical Engineers" by Max S. Peters, 
McGraW-Hill. 

I I L __ ~~ ____ ~~~~~ __ ~~ __ ~ ______ ~ ____ ~~ 
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Direct Operating Costs 

Raw Materials 

The cost of mining the raw material is developed in a 

separate estimate. 

processing steps. 

Labor-Operating 

The present estimate includes only the subject 

Based on the plan of four men covering one job. Each man 

I 

; 

works an average of 42 hours per week with 43 hours' pay. An . I 
I 
I 

average rate of $2.50 per hour is assumed. The cost per man-year 1 

j would be: 

$2.50 x 43 x 52.14 - $5,605 

Job Title 

Crusher and dryer operator 

Mill and classifier operator 

, Bagger 

Loader 

Shift foreman 

Total Operating Labor 

Supervision 

Plant superintendent 

Maintenance 

per 
No. of Men 
slilft Tofal 

1 " 
1 4 

3 12 

3 12 

1 4 -
9 36 

Cost 
per lear 

$ 22,420 

22,420 

67,260 

67,260 

22,420 

$201,780 

$10,000 
per year 

Based on the services of two maintenance mechanics working 

40 hours per week, plus 31 of the capital cost aDDually for 

mainte .... nce ma tertals •. 
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$2.75 x 40 x 365 x 2 
Maintenance labor 7 - $11,472 

Maintenance materials 0.03 x $457,000 - 13,710 

Total maintenance - $25,182 per year 

Plant Supplies 

For such items as gaskets, packings, lubricants, lubricating 

equipment, charts and other recording instrument supplies, sani­

tary supplies, and all other supplies distinguished from mainten­

ance materials by their characteristic of being required on a 

routine basis while a plant is operating. Expense incurred 

far such itms may normally be estimated as an amount equivalent 

to about 15% of annual maintenance costs. 

$25,182 x 0.15 Q $3,777 per year 

Utilities 

Electric Power 

Installed horsepower in the plant is estimated at 

about 160. To allow far electrical losses, and miscellaneous 

uses such as lighting, a ratio of one kw per Hp is. used here. 

A cost of $0.01 per kwhw is assumed. 

160 x 24 x 350 x $0.01 "" $13,440 per year 

Gas for Drying 

Assuming 141 moisture in feed, drying to 11 at 501 thermal 
. 

efficiency would require 897,272 Btu per wet metric ton. Gas 

from Arizona Public Service Company, for under 2,500,000 cu ft 

per month, would be $0.437 per 1,000 eu ft. A heating value 

of 1,000 Btu per cu ft, 1s assumed. Also, a five-mile gas linG 

I . 

i 
I 

I 
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( would have to be laid into the property for which a cost of 

$30,000 and a twenty-year write off is assumed. 

i 
I 

0 ·; 1 
.... I 

I 

I 
! 
I 

" I · 
I 
I 
i 
I 

Gas: 

25,200 x 897,272 x $0.437 _ $11,490 per year 
0.86 x 1,000,000 

Pipeline: 

$30,000 + 20 -

Total gas cost 

$ 1,500 per year 

$12,990 per year 

Total utilities - $26,430 per year 

Summary of Direct Operating Costs 

Cost per 

Year Short Ton of 

Labor-operating ..• 'T- "" ::" ~ ": -" $201,780 $7.264 . 

Supervision 10,000 0.360 

Maintenance 25,182 0.906 

~.lant supplies 3,777 0.136 

Utilities 26 1430. 0.952 

Total Direct Costs $267,169 $9.618 

Indirect Operating Costs 

Payroll Overhead 

Feed 

To cover company expense ~ncurred through pensions, paid 

vacations, group insurance, disability pay, social s~curity, 
, " --- " 

, and unemployment taxes. Estimated at 15' ot total payroll. 

i 
1 ____ __ -----____ -'--__ __._--
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Cost per Year 

Labor-operatiug $201,780 

Supervision 10,000 

Maintenance labor 11,472 

Laboratory labor 6,000 

Overbead labor 12,600 

Total payroll $241,852 

$241,852 x 0.15 - $36,278 per year 

. La bora tory 
I 

' I 

I 
i 
! 

· 1 

One chemist 

Laboratory supplies 

Total laboratory 

Cost per Year 

$6,000 

500 

$8,500 

: Plant OVerhead 

, 

: Packaging 
I 

Accountant 

ShippiDg clerk 

Total plant overhead labor 

Office supplies 

Total plant overhead 

Cost per Year 

$ 7,200 

5,400 

12,600 

500 

$13,100 

I According to the flowsheet, all prodUcts, totaling the 
1 - --: head tonnage, would be bagged. It is realized that the bulk 
I 
i densities of the three products indicated would be different, 
I 

! 

, ; but for simplicity 18 tbis very preliminary estimate, a lNlk 
I l. ________ ___________ _ 
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i density of 20 pounds per cu ft has been assumed as an average, 
and bag cost estimated on this basis. The 20-pound figure is 

I 
ishoWD on the Sponsor's advertising brochures for ground mine-run 
I 
: material. Paper bags, polyethylene-treated for water-proofing, 
! large enough to hold 50 pounds of such material can be purchased 
in carload lots from Bemis Bros, Bag Company for approximately 
$180.00 per 1,000, including printing to the customer's order. c .. 

Shipping 

25,200 x 2,204.6 x $0.18 = $200,001 per year 
50 

Processing costs in this estimate are based on the products 
i . f.o.b. plant. 

Summary of Indirect Operating Costs 

Payroll overhead 

LaboratQry 

Plant overhead 

' ~ckaging 

Total Indirect Costa 

, ~ . 
" 

Year 

$ 36,278 

6,500 

13,100 

200,001 

$255,879 

Cost 2er 

Short Ton of Fe...ed 
< 

$ 1.306 

0.234 

0.472 \ 1 

7.200 

$ 9.212 
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Flxed Operating Costs 

; Deprecia tion 

Based on assumptlon that plant and eqUipment, wlth proper 

. maintenance, would last for 20 years. 

$457,000 _ $22,850 per year 
20 

: Property Taxes 

Estimated as one percent of capital cost annually. 

$457;000 x 0.01 - $4,570 per year 

. Plant Insurance 

Estimated as 1.25 percent of capital cost anDually 

$457,000 x 0.0125 - $5,713 per year 

C}: i Summary of Flxed Operatlng Costs 

I 
I 
1 

! Depreclation 
I , 

Property taxes 

Plant insurance 

Total Fixed Costs 

Year 

$22,850 

4,570 

52713 

$33,133 

Cost per 

Short Ton of 

$0.823 

0.164 

0.206 

$1.193 

Feed 

Summary of Direct, Indlrect, and' Fixed Operating Costa 

Items not included in the following cost summaryare ore 
, 

mining and delivery to plant, administration, sales, researcb, 
1---------. financing, or shipping costs of products to customers. 
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Year 

Direct Operating Costs $267,169 

Indirect Operating Costs 255,879 

Fixed Operating Costs 33,133 

Total Costs $556,181 

Cost per 

Short Ton of Feed 

$ 9.618 

9.212 

1.193 

$20.023 

I Total cost at mining and milling, including royalty 
! 
~ayments $21.41 

I 

I 
I . 

. .. 
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Comments on Flowsheet Submitted by Associated Enterprises Por 
Processing Diatomaceous Barth 

It is noted that the f10wsheet form Alpine-Lukens Corporatio~ 
I 
l was prepared in connection with a proposal for a European 

customer in 1958. Therefore, there is no reason to believe that 

i tbe products or tonnages indicated are supposed to be associated 

with any potential market outlets developed by the Sponsor. 

Assuming that the model of Perplex mill Shown in the drawing I 
! 

would disintegrate 3 Metric tpb of the Sponsor's material, and I 
that the classifier products would split approximately in the : 

ratio experienced in the text made at the University of Arizona I 
i 
I 

by Dr. Geo. H. Roseveare, the annual output of "products" froll the , 
plant would be about as follows: 

Milled Mine Run Material 
"Coarse" Product 
Diatomite Product 
Total ~ Feed (mill) 

metric tons 

8,400 
5,600 

11,200 
25,200 

short tons 

9,259 
6,173 

12,346 
27,778 

The above figures are based on working 24 hours per day and 350 

days per year. 

In the letter from A1ptn~ukens on their grinding tests, 

it is' stated "The grinding behavior of the material having a 

moisture content of 5.5$ can be expected to improve with a lower 

l water content? Conversely, it would be indicated that the 
--.~-

underground material, at about 14, moisture, would probably 

cause trouble in the ai11 as well as in the air classifier. 

I 
I , 

I 
r~-I 
! " ') General experience in dr, climate diatomaceous earth depos! ts . /" - ' 
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APPENDIX 

The following is a list of the information submitted by 

Mr'. W. B. Pratt of Associated Enterprises which is considered 

pertinent to this project. 

1. Letter from WoRe Ge11rich of A1piri~ American Corporation ,to 

W. B. pratt dated July 16, 1963. 

2. Letter from W. R. Gel1rich of Alpine-Lukens Corporation to 

John McNabb dated November 7, 1958 with "Quotations on Plant 

for Processing Diatomaceous Earth" and schematic interpretation 

of f10wsheet by tbe Researcb Foundation of a mill deSigned by 

Alpine dated 5-8-58 and numbered 104-024B. 

3. Unsigned report of grinding test referenced "Test No. 14121 

and 1412lA respectively" to Twin Star Industries dated August 

I 18, 1958. 

4. Letter from John E. Funnell of Southwest Research Institute 

. ! for W. B. Pratt dated June 18, 1956. 

5~ Letter from W. R. Price of the U.S. Bureau of Reclamation 

I to Jobn S. McNabb dated January 24, 1958. 

6. Pozzo1an SpeCifications Par. C-1 through Par. C-4 (pages 

I 13, 1., 15, and 16) taken from the Bureau of Reclamation's 

to John L. McNabb dated January 22, 1958. 

~-.------.----------
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8. Technical Report No. 6661 from Chicago Testing Laboratory 

i to John S. McNabb dated January 22, 1958. 

9. Field Engineers Report submitted by Miles M. Carpenter to 

Department of Mineral Resources, State of Arizona on March 10, 

1941. 

10. Analysis report submitted by II. M~ Bulbrook of Industrial 

Laboratories of Fort Worth Texas to Twin Star Industries on 

September 10, 1958. 

11. Technical report from Engineer Ernst Rott of Vienna Austria 

to Technical Engineer, Dr. Emil Hornstein dated November 5, 1952. 

12. Unsigned logs of three exploration drill holes. 

13. Unsigned report of analytical data designated as (Test No. 

13-F) 

14. Letter from J. L. Sheehan of Combustion Engineering, Inc. 

to John S. McNabb dated December 27, 1957 with accompanying 

laboratory report No. 4625. 

i 15. Analytical report No. 6775 signed by John T. Long, Jr. of 

I . ARC Laboratories submitted to Associated Minerals dated April 

I 26, 1961. 
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ALPINE AMERICAN Corp. 
S 9 N' C H 0 lAS R 0 ADS A • 0 NY.' L L E • MAS SAC H USE T T S 
F RAM , Ne HAM L!:;;s':~~~a C ,A 8 LEA 0 0 RES S -,. A L , , H E 

877. .1310 

tM-'u V I; 

, ( 

Associated Management Engineers Inc. ' 
Room 201 
1111 South Las Vegas Blvd. 
Las Vegas, Nevada 

Attention: Mr. W. B. Pratt 

Dear Mr. Pratt: 

July 16, 1963 

It was certainly a pleasure to hear from you 'again. We 
still have all our old records concerning the test work 
performed for you and we would like to confirm that the 
prices given to you'on November 7, 1958, should be multiplied' 

Ii with a f'actor of approximately 1.2, reflecting an approximate 
200"{' price increase during the last few years. 

Z 
D 
c: .. .... ,. 

Unfortunately we are not able to locate the drawing #104.024 B . 
Wlich was taken as a basis for my quotation, however, we have 
requested an additional copy from the Alpine, AG. We would 

';-'. 

appreciate to obtain your ,thoughts about the complete setup 'and 
if you'are interested at the present time ona very similar 
installation or if you have some major changes in mind necessitating 
possibly different sized equipment. If your files on our 
discussion prior to November, 1958, should not be complete, we 
will be pleased to send you any information necessary for your 
further investigationse 

For the time being we would like to include a leaflet on the 

" . 

",Air Jet Sieve 200,an analytical screening device which is 
excellently suited forthescr~eningof diatomaceous earth, a leaflet 
on the Mikroplex classifier, of the type MP and' a ' leaflet on the • 
perplex Universal,lllill'with English translation. _____ " 
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Mr. W. B. Pratt Page 2 July 16, 1963 

, ' 

We are looking forward with great interest to your comments 
so that we can submit to you necessary data and quotations. 

Thank you for your continued 'interest. 

Very truly yours," i 
ALPINE AMERICAN CORP. ' I" 

I · 
LAJc{IJ1~V1t, O"iVr,,1<t. I,; 
w. H.J3"eiiridtr~~,.-Ing e '" ,r:' I 
Vice president ,': ': (', 

" 

WHG:CG 

Encs. AJS 200 Leaflet 
MP Leaflet' , , , ' " 

.' , 

perplex Universal Mill Leaflet with translation 
• ,. ., . 1 ' ! 
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ALPINE -LUKENS 
, ' 

~onpOBATION 
, , 

127 CALIFORNIA IT .. NEWTON II. MASIACHUIITTI 
, , 

TELEPHONE. B ....... • CABLI ADDRESS. ALitlNI 

November?, 1958 
' 0 

. : ~ . 

. , 
' ~ 1 

" 
. _.J. . . ~ . 

Mr. John McNabb ! ' .f . '; ' 

Twin Star Industries, Inc. 
1111 South Congress Avenue, 
Austin 4, Texas 

Dear Mr. McNabb: 

,\' . 
,'. 
:. ,', 

• ' ,t;, .'> .• ' 
. 'i .. > . 

, ...... 
.'i" , . I 

. :" ,', I 

·1; .... ," 
I hope you had sufficient opportunity to check into , 

the possibility and costs of such accessory equipment as silos.' <' 
," ,bins, conveyors, and precrusQ,er for the diatomaceous earth so ..; , :, 
:- ' . that the information submitted today will give you a complete , oJ' ' :' . 

' j ' " 'and clear picture of the proposed operation in Austin. , ~, , .;:. -' 

.: , You will find attached a drawing of a grinding and , ,' 
' , "r ,',,;: classification plant which was outlayed by the Alpine people r:' ,' 

; \...- for a European customer for the benefi~iation of diatomaceous ', .. 
" earth. . Let me first explain the general operation as shown in ; , 

. .. , ' " 

drawing #104.024B. ' ' , , . .; 

The raw material is ' fed on to a conveyor belt where ,, ' 
tramp iron is removed. Material drops on to aprecrusher which , 
grinds down the material to 3/4" to 17/16". This preground '" 
material' is then conveyed by a bucket elevator into a silo and',,' , 

,', 

, ', 

\ 
, i 

. ' i : 

fed through a rotary plate feeder into the Perplex B 630 U grind';", I , 

ing mill. There is another magnet in front of the grinder so as ' 
to prevent the destruction of the grinder by tramp iron~ 

The ground material is collected in a larger silo 

f 
. I , 
' 1 

" ~ . 

, ~. " f i 
';' '. ~ -.. ,, -. . i 

. ~. : 
'directly imderneath the mill and can be conveyed through a rever- ': ., ' , 
sible conveying screw either to feed a 800I'1P Mikroplex classi~' " , : <,", ! 
fier or to a bagging off system. Thi's conveying screw is driven 
by a variable speed drive motor and can be used as feeding 'system 
for the 800 MP. ' 

By this means you can take out the ground material as ,' 
it is and sell it for. your cement or other application and you 
may also classify this material in the 800 I'1P so as to produce 
a fine special purpose fraction. 

The coarse material from the classifier can be bagged 
off immediately at the classifier itself. The fine material is 
~onveyed up into a~ghefficiencyc1'cloneto bej~llected l~a 

... \, - -.--, . 
, - ~ 

" ! 

" .. '~ ' 

j 
.; 

I' ; 

i 

I 
I 
! .; ;' I 

~r 
, I .' 
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silo underne . ,t i"i. There is no alldi tional fan necessary as the 
l'Iikroplex cla3sifier represents a hUGe fan which is able to · convey 
mate~ial and air up to a hei[ht of approximately 30 feet. The 
surplus air from the cyclone is returned to the classifier so as 
to minimize the loss of superfine material. Below the last silo 

. 
. i 

! 

I 
I 

• , 

. ' for the fine fraction, you will find another conveying screw which 
is feeding the same or another bagging off system. 

',' "'. ; ~.; ;!!';1 
.. :: ,., ,,', 

,­
, ' 

! 

.' 

The other equipment shown on this drawing is of little' " 
- interest for your operation. , It refersto a burned diatomaceous 

earth which is also processed ·through the Mikroplex. . 

You will find attached a quotation on the equipment as 
outlined. This quotation is kept in detail so as to allow you 
to substitute parts which you micht acquire in your area. The 
position numbers coincide with the position marked in red in the, 
above mentioned drawing. 

.. 

. .( 1:-' 
G " : ', 1,( ;'. " 

; :. 

.' . . ' !: . 

:'V: 
'. ~.: 
.. ' 1: ;-' 
. I .. 
. ,t> 

~~ .;. 

r :\,:.: 
. ':'. ) 

The total price for the complete installation as outlined :C " ; . 

\>/ould be between ~37 ,000.00 and $39,000.00 depending on the length ' : .' , Vi 
of connecting pipelines, etc. This complete price is somewhat . ..' .: . ~ ,:" 
higher than that estimated in our discussion in San Francisco. ' L. 
However, we did not include prices on silos, etc. which do add uP '. '.' :t f;, 
to about $7,000.00 to $8,000.00 making up for this difference. , . ".C\ 

factory in A~~r~~~s ~~~;!oe~~l~n b;h~3~3/!%t~~~y a~~ b~!C~~t:i :~~t ,,' :.'., .,' ,. ! ...•... , ... , .. -.! .•.. , .• ,: ... :: ... 
in addition to charges ' for export crating and transportation _ I 

I hope that these information are sufficiently clear and :' ::.:.: '~'~A ' 
, further explanation on. . . '. . , .. ' 1 

would appreciate to hear from you on a.n.y subject which you want ' .. ' . [. , 

,We .. lill be glad to . d~ anything wi thin reason to help you . .' '. __ ... ':: 
continue,. and complete your planned setup for the diatomaceous. earth,_ .. . ':, . ~', F} 

i 

"'Please giv~·my . regardsto your President, Mr.W. B. Pra;tt.. . , : t\ '; 
Very truly yours, 

. Ji.:iJPlNE-LUKENSCORPORATION . 

• "(}. 14, QdLt~~ 
;, W. ·H. Gellr{~~,;;.~Ing. WHG:fc ' .. . .1. ', .• 

.... . ' . Technic~l Director " 
Enc. Quotation 800 MP 

Drawing #104.024B 

.. . 
. .. ' . ', ' :." , 
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ALPINE~LUKENS ' CORPORATION 

Newton 95, Mass. 

guotation on Plant for Processing Diatomaceou's Earth 

Posicion No. 

o 

1 

2 

4 

5 
• 
6 

6-a 

DOSING BELT 
to be provided by your company 
FRECRUSHER 
to be provided by your company 
BUCKET ELEVATOR 
to be provided by your company 

. ' GRAVITY PIPELINE 
diameter 120 x 350 mm per . meter ".: . 
SILO 
diameter upper 'part 2500 mm 
lower part 450 mm, 4200 mID high 
with clean out covers having a 
capacity of ~50 to 280 cu. ft. 

ROTARY FEEDING PLATE 45/100 
with variable speed geared motor 
GRAVITY PIPELINE 
from feeder to magnet box 
MAGNET BOX 
with 2 permanent magnets 

. " 

'i 

'" .. . .' 

..... . 6-b INTERMEDIATE PIECE 

8 " 

9 

9-a 

9-b 

9-c 

9-d 

magnet box to grinding mill 
ALPINE PERPLEX UNIVERSAL MILL 
Model B 630 U 
ROTARY CURRENT SQUIRREL CAGE MOTOR · 
38 HP with 1500 RPM . I 

SILO 
top part 2500 rom x 3300 mm 
total capacityapprox. ??O cu.· ft. 
Lo\lER PART OF SILO 
without conveying screw 

' CONVEYING SCREW 
complete with variable speed drive _ 
geared motor with 2 discharge outlets -r>;;:' 
BUTTERFLY VALVE 
on socket of the ventilating dome 
160 mm diameter 
PIPELINE 

, .' ,t· 

.' . 
' . ', 

. .' 

,.j 

; . 
350.00 

1,9~0.00 

',,' il 
" . . ' " .' i , 
, .' ;1 

',~. ,;, ;. i'

l ' ' 

, . 

, ., ,I 
I.' ;" ._, '. : 

>~;. : 1 : ' :., : 

, " 

. " : 

.... 

, , ., 

• " . • : ,:. I 

:';' ,. 

. 1,495.00 . :. 
~ . '. 

· 94.00 , 
:. 

'I 
.; '1 

"0- H •• ~: 

530.00. ' , " :1 
. " ;'; :i 

110.00 . ~, 'i~: "1 
'" ":', J" 

.' 2,160.00· ... ,':1 
~ ~ i .. ,; l.- :! 

780.00 

2,185.00 

' 892.00 

3,910.00 

73.00 

.' , 
' , ' 

- •. " = 

',,<J 
1 . 

• "1 

.... . " 

. , ' ~" , :. ', ' 

ii' 
I 
~ ;.'------ - - >--

160 mm diameter from ventilating dome 
to fIlter, complete with flanges, seals 
ga~kets, . etc. ,:. per. meter $37 ~ 00 " 37.00' 

. i 
, ! . - ~ . ' . ." . . ~ 

~ .~ . '. ' 
, 

, ! 
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...... 

)sition No. 

10 

11 

12 

13 

---_ . . . __ ._-_ . . -

-2-

INTERMEDIATE PIECE 
between conveying serew outlet 
and 800 MP classifier 
r-:IKROPLEX SPIRAL AIR CLASSIFIER 800 MP 
Vulko11an protected 
ROTARY CURRENT SQUIRREL CAG.E MOTOR " 
38 HP, 1500 RPM 
RUBBER VIBRATION DAMPING 
for 800 MP classifier 
GRAVITY PIPELINE . . 

SUPPORT 

•. 0' . 
I 

" 

863.00 . 

114,705.00' 

780.00 

', \; 
I ~, 

. ! i 
. Ii 

'. !' · . ~ 
. 1 

1. , f ~ 
, , 

. ! 

I 
'. ! 

I 
\ · , 
1 
I 
I . . I 

. , · ~ 
' for coarse product . 

72.00 

105.00 . · r 
. " > 

13-a 

13-b 
:14 

14-a 

14-b 

15 

16 

. 16-a 

16-b 

17 

17-a 
17-c 
17-b 

. ' 

T\.JO WAY CONNECTION. PIECE 
for coarse product 
BAGGING OFF SEALS 
p IFI~LIl'i"E 
for fine product 350 mm diam. 

$170.00 ea. 

leading from 800 MP to cyclone per 2 meters 
TTJO BENDS 
with flanges and clean out covers . 

. $193.00 ea. 

188.00 
355.00 

68.00 

; i 

I 
J., 

l 
I 
t· 

':t 
'. . . ... .. .. t: I 

386.00" · . . ,." . ·l; .. ; · .:;.~i 
T\.JO CONNECTION PIECES 
between classifier or cyclone .. ' 

. ., .. t 1\ 
116.00 . .. c' t and pipeline $58.00 ea.· . 

ONE HIGH EFFICIENCY CYCLONE 
900 mm diam. height 2440 mm 
SILO 
top part 2500 mm diam. 
3300 mm height 
\',i th supporting grate and clean-out cover 
Lo:.J ~R PART OF SILO 
without discharge screw 
CONVEYING SCREW 
315 mm diam .. with variable ~peed . 
geared motor . 
TRANSITION PIECE . 
from cyclone to pipeline for 
recycling air to classifier . 

._ • -t , ' t • f·: 

4BO.O~ .• )'. ' , .. . f 
,) , 

1,890~00 .' 

915.00 ' 

'2,660.00' 

89.00 . 
BEND 315 Dim diam .. 90 0 with flanges$130.0(}ea. 260.00 

PIPELINE 
diam. 315 mm from cyclone back to 
classifier each 2 meters 68.00' 

. :', . 

~ .' 
: ' ! 

. . "~~ . .' 

.' '\ 
. .. 

. ', .. ~ , 
". J\', . . 

( . I ' ' . . 
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Test No. 14121 

For: Twin Star Industries, Inc. 

and 14121A respectively,. , 
f' II I-t ,..", G ...L.., rn. tL V\..y . 

Austin 4, Texas 

Material Processedl Your two different kinds of diatomaceous '" 
earth marked I and II. ' 

Test Requirements " ' , Grinding and classification of the diato~ ' 
maceous earth to produce a finished fine 
produce below 325 mesh. The coarse fraction 
should contain most of the impurities. 

A. Grinding Tests " r' , ' 

For all grinding tests, the Perplex-Universal Mill B 315U was i 
taken. The mill was operated with beaters rotating with a speed ,' I 
of 3500 rpm. The material was ground with screen inserts having' 
slotted openings 0.?5mm lar~e. The material was passed through ',' 
at a rate of 1600-1?00 1bs./h with a power consumption of approx-
imately 2 kw. The grinding behaviour of the material having a 
moisture content of 5.5% can be eXpeoted to improve with a lower 
water content. 

The fineness of the ground material - Test No. 14121/1 and 2 
and Test No. 14121/ A 1 and 2 is very near the same and can be : 
represented by the attached partio1e size curve as attained by:, 
screen tests on the Alpine air jet sieve. 
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For: Twin Star Industries, Inc. 
Austin· 4, Texas 

" , 

Test No. 14121 
and 14121A respectively 

Material Processedz Your two different kinds of diatomaceous 
earth marked I and II. 

" o· 
.r" . 

, , 

Test Requirement: Grinding and classification of the diato-' 
maceous earth to produce a finished fine 
produce belo\'1 325 mesh. The coarse fract~on 
should contain most of the impurities. 

B. Classification Tests 
Material 14121 

For these classification tests the MikroplexSpira1 Air Classi~ 
fier MP 400 \'Ias used which has approximately the same performance 
quality as the ~ 800 model. The ME 800 has approximately 2-11,2 

. times as ~igli a tijroug~put as 'the MP 400 • 

Test No. 
14121/ 

3 . 
4· 
5 
6 
7 
8 
9 

'10· 
, 1i-

Setting 
of 

Guiding 
Vanes 

20° 
200 

30° 
0 20' 

25° 
30° 
30° 
30° 
30° 

Speed 

2000 
2000 
2000 
1700 
1700' 
1700 

. 1700 
1700 
1700 

Power Con­
sumption 

6 kw 
6.5 kw 

' 6.5 kw 
' . .. 4T5 kw 

4-5 kw 
.,' 4-5 kw 

4-5 kw 
4-5 kw 

. 4-5 kw 
.. 

Throughput Fine 

JJ 

1056 lbs/h 
1120 1bs/h 
1320 1bs/h 
1050 lbs/h 
1320 1bs/h 
1320 1bs/h 
1400 1bs/h 
1500 1bs/h 
1800 ,lbs/h 

• Blind 4Ommfor coarser classification 

: 
~ " 

" 

< 
i I 
r i 
l.· 
I . 
I I ! I 

i 
i 
• I 
! 

fi,. ''2.I/'R 3-
4-'~ 

2000 
2000 
1700 
1700 
1700 . 
1700 

,6 kw 
6 kw 

1100 1bs/h ' i i 
1200 1bs/h" II 
1;00 1bs/h .. "".J.-. 
1500 1bs/h ' : 
1500 lbs/h . , ! 

" " 

, i · 

5 _-, '~ 
6"-
7-
8*' 

'4-5 kw 
4-5 kw 
4-5 kw " " ,,4-' lew · , " ;' 

'" . . 
; " , 

'f .. 

1950 lbsA~ .. ' ';-j \j 

":.',~ . ' , Ij ~ 
" \ :; 

. ' , . . ~ , .... '"" ,.~. ~ . "'. f:t:!iJ-~ t · F ~"; . • )J' -l~ 
. . \ . . . . ." .. !.-"--"->. ~ ----...::;..,..;;. .... --_ .... ' . . f 'I 

, , , ,;' , , '11 
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SOUTHWEST RES EAR C H-TN STITUTE 
G 5 00 CULE. O RA ROAD 

SAN ANTONIO 6, TEXAS 

June 18, 19S~ 

Mr.\J. B. Pratt, Pr.ollldont·· 
lwin Star Industries, Inc. 
906 Capital national Dank 13uilding 
Austin, 'Iexas 

Dear l~r. Pratt: 

Our examination of the samples of diatol'l'.aceous earth from Ari7.ona. has 
been c01npleteti, and a better picturo· of the physicill and other properties 
of the r.loterial is available. '1'0 summarize, the diatomite is or fresh 

'~ .,. 

untor ori~in and was deposited on a..'"l intermittent basis. The pre~ence of 
vol~anic glass fragments throu~hout the sampl(!s su~~csts that it may have 
been deposited at a time concurrent with volcanic activity in the region. 
'l'his is of historical interest only, except that if such ,-laS the ca~m, vol­
canic :~laRs may bo expected throughout "l.he entire depo~i t. On the other 
hand, the volcanic (",lass may extc.nd only t.o shallO\-1 depths and \OTould be· the 
result of surface contamination. Other impurities in the samples consist 
of quartz, mica, gypsum, clay ~inerals (unidentified), soluble salt~, tourma­
line and occasional gra ins of .;arnet and zircon. In general, particles of these 
minerals are much smaller than the volcanic glassfragment~. Soluble salts are 
difficult to identify rnicror.copically unless o.r definite crystal shapes and 
unll)!)s they remain unaffected bY' the oils used in petrographic studios. ~'he 
results of calcining tests innicated the pres~nce or soluble salts in that an 
appreciable ar.:ount of fiuxing material 1-TaS apparent 1n soma of the heated 
samples. Of particular interest were tt-TO pieces of the material \-lhich had 
been heated to 2200 0 1i'. in an electric furnace. One was ver:, discolorod in 
localized zones, apparently frcn iron minerals, and contained a f,ood deal. 
or r,1r.H'~7 t!"",e:"'ial due to the presence ot" one or more fiuxing substances. 
fJ'he other piAce was unifomly slightly discolored, tendinr, tOHard a cream-
grny. ::oth l-lC~re too hard to be scratched ~1i th other than motal points. r.al­
ci;·; in~ did not appear to strengthen the diatoms. . Data from tests and stUdies 
are indicated below. 

Ph;r: -ical Properties (crude form) 

A. 

13. 

c. 
D. 
1:' 
.~. 

f. 

Color - Generally vlhite or near white to light gray with organic and 
iron oxide staining on surface and along parting planes. 

Solubility - insoluble in acids (except hydrofiuoric), except foX' sone 
impurities. 

Texture - Generally vo~r fine-grained with some grit; friable and soft. 
Apparent density (crude dry lump) - 51 to,7 pounds per cubic foot. 
Absorption (l>lstor) .- twice the ~might of' the dry material (l'!8de on l.W~IP 

material) • . ----
l:'racture - parallclllith bedding, othor-dse either conchoidal or 1rr~. 

gular. 
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Micro~con ic Appearance 

A. Particle size of dlaton~ - less than 2 microns ~o approximately 27S 
microns for indivi dual dinto~~; najorlty le~s than 10 microns. 
Lnrsest diatoms arc needl es or pointed rods. . 

Particle shape - noedle~, podo, di8~S; proportions of each vnriod from: 
ona samplo to the ot her. . . 

B. 

Index of refraction of di atoms - 1.h6 - 1.41 c. 
D. I mpur1tios - quartz, ~~;~um , volconic ~la~a, biotite mica, and, occasional 

grains of tourrr.a l inc , r,a rnet, and ziroon; average impurity content 
is slightly above 10 p Ol'con", . Particle sizo ranr,es from ' lo~8 than 
4 miorons to more t han 100 microns. . 

'", ... 

Pho t omicrographs made trom representative portions or a number of ~.a~~~es · .o.t · 
the mater i al are ' enclosed. . .. . ' : '.:>,' .' :: 

Che rr.:Lcal Analysis 

Hois ture in material, ·dr.·1ed ~t '105 °c. 
Acldi tional Ii~ition Loss at lOOO°C. 
Si l ica (Si02J 
?erric oxido (Fe20)l' 
AlU!~i.na (A120J) . 
'1'1 tnni urn ox1 de (T102) )" 
Phosphorous pentoxide (P20S) 
C.:~ lc iurn oxido (CaD) 
MagneRium oxide (ligO} :' .. 

. 'Sodium oxide (Na20) , " 
:'otar;;sium o~<ide (K20) . .'. 
Undetennincd 

/ 

,. 
. . 

110. 1 
h.20 . 
5.24 

76.92 
',1.52 

5.12 
0.13 .' 

· 0.13 
3.06 

. 1.48 
1.11 
1.02 
0.10 

No'. 2 
).\ .30 
'4.62 

79.()4 
.. 

•• : '" I 

l.~l 
5t~ 7 ;. -.j " 

0.13 ·',: ,.:. . 
0.11 '. 

1.61 
1.09 .'. 
1.21 

, 
.. 

1.01 
0.08 , ' . 

... .... 

I 
·1 

The sbove data indicates a diatomite of fair 'quality based on · ir~purities, : .' : ~ . t 
fines, broken <,iiatoms and unifonnity. On the bnsis ' of a classification made by I; ':' ' .. ..:1 
some prcducDrc; .of diatomnoeous earth, mOf;tof the diatOtls examined woul~ ··rall · .. ': ' .... !. 
i."1t~ the rnn~e of very small to ' modercl tely small. 'l'he olassification ~~rerred .. '. . " " 
t,o is ohown . below. :. :.~ : ... . 

Ver,y small Lass than 10 microns 
.Mode~ately small - Less ' than 20 microns . 

. }~edium-sized ' - t5_:f~: ~:t: 'r", .· \ \.:From ·.30-50 .miorons 
Large .• ' . '. 100 microns 

. ' Nearly all 
.;" . intli vidual 

;.:~ studies. 

ot the material is 'vary fine-grained. 'ihe nature or particles' in 
samples 1s indioa~ed in thtt following ' .nott':s . !'lade from micros,?QpiC 

.' ',r 

, ', .. 

M1cro~oopic Studies '. :' . 

One · of ' the . whites't ' portions (composing a small spott~~rtion of the ~ho.le) . I 
of the lClrge lump or material subt.i tted are oomposed pr:lJnarily of rra~ile, thin • . 
transpa'rent discs of rather uniform diameter, a large portion l·.eing a l:'ound 140-
lSO microns. 7hoso discs shatter very easily and it is ~ifr1cult to prevent 

. their breaking. whil~o .. pr8p~r1ng· · 8li~e~ ro~ miorosoopio Htudy~ 'i'here is' some fine. 



' ( 

1, , ' . 

1 .... 
1 

grn1nC1d roroi~n mat~rlQl, entitnut ocl to t o on tho ordor of 3 to S PEll'Cf:nt. 
'IhiD portion of tho lump alr',o containn norne rwodloR tind pod.nhllpCld diatoms, 
:'ut tho~e pr(~~cnt nra rronp.roll ... · lC;'fi thnn (. 0 rr.j.cron!1 in length. [jov('Jral w~re 
founct to l'nn(~o up to about 2B0 T.~ :: ron n .~.. 10n~th. Portion.«t of the lump 'ncar 
the surfaco ca~e nUt ~, r.orJ, prob" ~. - ~t b:, '(11ublc nnd leachablo, r-al ts. f miJcr nnd 
f!l'UY"' i,~l"~ .O C010l"(l<i volcanic nr;h p=i rti ~~l f ' ~ (lro embedded throu ;~hout the rnllOs. 
;':anyo of' thono pnrt.iolen aro V1.o1blc to the nal~od 0YG. ~h18 W08 tho PUl"oot 
diDto,mite exmnined llmcn~ tho ,3aciplc3 SUbl!li\,tcd~. 

In ,'"!not~lcr nt.\rr.j)le t3l\on 'fro,:! n white s~ction of tho 1nrCc lurlp, t:~e fincs 
contnn'L ~s "lOry high lind is 'COr("osad principally of pods and ner.dles l(~sg than 
10 microns lon:'~J ,.,ith en oocasional pod up to L, microns. Pisos are fe~1 in 
number and r:"D~t are shattered. Contnmir.lltlon 10 less than 5:6 and is (" ':" ;} l"ser 

' : 

grail)od than dlato,ms, cons1cting r.lo~tl:r of quart,;" nnd gjrpsum fra{?\cnts. 

A samplf3 taken frGm a ;;rayinh area of' tho laree lump contains a h:t"h ;>ro- ; ' :~ f 
pOrtion of diatoMS. Fines content is l~i~h, consint1ng reontly of pods snd nocdlns" " 
less than S, microns lonr,. Some unbrokendisca are present aft well, as nu."'loroua , ',,\ '''1 

' others wi loh have boen shattored. Cont,(lrninants arc present , r.lontly in V(;~r~l fine .: ' :,' ,I 
F;rt1in!3 nnd Et~~lonerate8 with a feYi up to 60 microns 1rl d1ar!letcr. They composo 
less th:ln lO~ or tho total pnrti,clos and consist J:loinly (If clay min(;rols and mica. 
Tn i~enp.rnl the ~tatom content is sllr;htl~' h1ghor than, that for smnplcs in jars. . " 

• ' J 

~amn~ P .'·1 . , Primarilr clay ninr:.rals plus qlli'lrtz, mica, '~~:rpsum nnd ot:lor mineral ' .', 'j 
r;:.."ninf1; d11.1torrm ,are very ' rev1 in rl1.Ll1bc r and , conRi~t of both ,tho di3.c and pod- . ': '1 
n !:0!18~ . ~!atorinl: is vcr-y .fino- (~r(.lined, tlA a '-thole, with (iUart='.: ,and volcanic '.,:'i 
ash !>art!.clea bein!~ lar (~ef.it. Size or diatoms l."anKos from l~t3s than 10 r:lic:ron~ , " 
to about 135 miorons,. J i 

, . j' 
Snrr.ple //11\. V.atririal is soft and c~ j~Jlky, gen(orall:1 Vt:1r"! fine-::rfltncdj volcanio 

af- f1 pClrt:..f~cles visiblo to ',' nnl,~nd o:.re in overy pteco broken open. L?n 5~th of pods 
~nd needles ,- 10 to '120 'rr.1Cl"'ons lon :,:, nO~1tly 10 'to 50 mic ~ ans, dinJi:Gtt'lr of 
di 0C5 - '10 , to 120 microns din ; ~:nny broken. Contaninants cc.rlB is t or ~; rain8 
o .f volcanic &.lR!l, quartz" tOlll'mal1.nc', clay minerals ~ircon:> blot! tc ,mic:l, 
g~~m.l.":1, f!arnot, ' soluble nnlts nnd COITlPO SO a~ut 8 to lO~ of ,sample. If.a:'lY , of 
finest J?articles, appear "to 'bo disc frnt~onta.' ' .' : I 

. '.1 
S~:':1nl e ;-'/2. (n:':;fi\Uilod since ono :iar ir130 not nu:n:';(:rcd) Eatcr1tll 1.0 t-il: itD, chalky " ! 

nud, GO i't . to st;mi-hnrd; v (; 7 fin0- ,~:r·a1.ned. ConUlinn di~c, needle ::: ::~ 'pod- "'.:: ., L 
f.i:': ·,pf! d diatorr.s plu~ con~ ~.d cci1ble c cnt.i'H'1inantn consist~tlft " Or ,:rc:.ins' '~;: qU3rt~, . ': I"~ 
g:, ':> !>UJ-rt, biotite mlcn,v~lc~: r.5.c a~hJ) occa;.'ior~ll zircon and r:arnet. LO:itDmi- : ',' 
n-: nts compose less than 10,,1 of po::-t'.cles. Dintorns are fr.':lall ( ~"ron lp.!~s than ' ; , J 

10 t o 9) ~icron8) and Most <i ncs have been broken.' .- . . ; 

5n m.,Ln If ). ' r't1nc-erl1ineo, · [~ i·(.e, cholk~.r, soft tosem1-hard. : Cont.c'linn "J.""-; l"":l few 
di r '::!sj pods and needlos "v'nry frc'l7l le~e th3n 10 r.aicrons in lenf;t! to !1 few ' 
al"ound ,l,O to 180 mic::ons -'disc .fra. f~mQntB are planti ,ful · (contarrf.n::-4nte,' pr1n~ 
cipally clay ",,1nerals, COMp,:;:" a le$o than lO% of PQrtlclc~). " , ', 

~-

f',omnl.o !.ll.t. ' F'ine;..gra1ned. l-1., .... .. v~ , gcnornlly 80ft, and chalky, ' aOlT1,eilhRt less eon-
I ' 

" I '.~ • 

.. ~ ;,..... .' ' .. 
't't • 

. ' 
.l' ~ . f 



t~minated . · Discs; ~ods ' n 16 D3cdlos with hi~hor disc content thnn in pro­
vious sar:plcs; diatoms aboD.t of G2i'": O flizc crclor DS in otho·r sar.lples .. lith · 
avc~, ~ or" ~ l ese . thun 20 microns . 'Discs up .to 150 microns in diameter , .Lut 
aV0r3 f;~ is srr.aller than thin. Cont[lm in:::.nt~ compose lQso. than 5~~ o f r,rciris. 

Snmplo J,:C;. J.,."1 rr.;er piece~ gcmerall;T vThi tc; and chalk~r pO\Tdercd portion l-ir;ht 
nrc;lffi_ l:rny. (colored dineo - blue ,lnd ornn~()) ~arnple cOnt::.:ins clay. minerals 

'. al cn~ :. i·.;ith rnina, . tourmaline, volcanic Gla~s and ~ypsum; contaminants compose 
l€r-~ than8~ o~ .particles. High proportion or shattered discs. 5a1lple in 
gcn (:r~l i~ ' very fine- r;ra 1nt:d . Pods and ·poodles are gcnorall~" sme.lll from . 
l ess than 10 microns to ' 40 ol" 50 r.l:tc~ot\s· . .In length. 

j 

:. ·1 

. j 

, f ar::nlc :~'6 • . r!nterial 1D whit-a, .:oft, and. . 'chalky. Particles n.'rc rnostly 'pods s'-nd ",;: ' .. 
:l ,~ cdlc s; d1sc~ are feiT and f,c':1\3:ra l ly ; hattcred, avcra~in~ about 20 microns. ',' 1 

Pods ranr,e ll;P ' to 90 microns lon~::, but the majority are in the . r anGe of 10 to I 

30 .. 1icrons. r.ontnm~nants ~re .ri~1c- : :. raincrl and 1ndi vidual grains lneasure ··from . " i 
l ('ss ti1an 4 to about · 40 rnicrons \-r.i. th najority around 5 J'!licrons. · Cqritnr.linants ' , " :: 
aro prilT.arily clay-minerals and compose between· 15 and ' 20::; of. partrclos~ '. ' ;.; 

'. ' r' 
"\ ' ',J ,;-

:' . Air 'I'D :'1 eo - 100 feed . ' ,. ! .. 
.: 1 

Samnl~ , < ~ .. 'Fines extremely hiah. Few discs aro ' present; diator~s .are :mostly 
neoctl es nnd pods ' less than 10 microns long. Contamination iR high and fine-
~rainl.~d.. . . 

" l' About'the name ns Sample /.15 . , ' I 
. ? 

. ~ : p 
famnl~ #7. Contains a higher pprcenta :~ e .of diatoms than some of the raw samples. " jl 

r.om~)osl.",d of a mixture of diflCS, needle s and pods. Contalflinanta are geI)erally " I 
of s;',.all grain size and avora ?;e lE~cs than 4 microns. ~1a.ny diacG are shattered, !, 
bu'" an appreciable portion are "tihole or nearly so. .Sample is very fine-grainod. ~ 

·ll 
Heads • . Very. finA":"erained and llith few discs; some pods are ' prc~ent. ' ~'~Y par- r 

ticlen, '1~8s thnn 4 micr~ns, are too small to identify. /\ large ~~ber .ot the, , q 
, .tot:1l particles 'are ' diso frawtle:r:>-ta.: , . . ~, ' " . , 

... 
. Air Tc.bled ~ 20 + to , . . 

. . 
. Sample fJ5. ' l-1ate:r1al as received was granular, 110st particles ara less than 4 ' 
--microns." ni;~~'8 arc few ' in number with mnny shatterod; needles are up ·to ,0 . 

rnicrono long; ·· .. ~ods · are 'generally sr.lsll and avernge less than 20 microns. " , 
Contaminants ~re · very · fine-grained and appenr to be' clay minerals for the main ' 
pn~t. " . 

.. ' ~evcral filctors which ', should . be evaluatad are the ' similari t v· or di r: :':::'~ .ilnrity 
of the d~.atornite in the ' various. strata of the deposit, ' purity or' the di<lt.c:~itc 'ui th"­
in the deposit ,and ~wa.v from contcminatet.l and exposed surfaces, and moir;turc ·cor ... · . . 
tent and bulk dens.i ty of material Hi thin the depo~i t • . ' This informa tion ~~ould be . ', 
ufieful whether ' the material '1s sold in crude form or is soltFas a refined product ' 
and ~oulci be ~ariv~d .from sample s . taken rom a freshly exposed f;;lca of the deposit • . 

" '. • j .. • \ ~ 

# ':.' ~ f ~ • f 
,r 



Plc' se oo~tact me if you hnvo an:, qUH<;tions reharding the abovo. 

JEF :ih 
cc: l";r. ··;arren Uearnan 

f .. . ', 

. '\ 

" 

," 
,I' :~. . ; ', ~" 

,', 

: ours vBry truly. 

/ lr/ u { , ~'L<<td 
, /' ohn E. F'unneil, f,upHrvisor 

{iner 1 ~ Gchnolo . y nepartment 
" 
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IN REPLY 

UNITED STATES 

DEPARTMENT OF THE INTERIOR 

: '. 

REFER TO: D-294 . 

BUREAU OF RECLAMATION 

COMMISSIONER'S OFFICE 

.BUILDING 53, DENV~R FEDERAL CENTER 
DEN.vER 2. COL.ORADO 

r·1r . JC' n S. McNabb 
Vice Pres ident, , ~Uning 

' ,' . 

rwin Stars Industries, Incorporated 
1111 So. Congress Street 
Austin, Texas ' 

Dear Mr. McNabb: 

Information on pozzolan requested in your telephone 
conversation with Mr. R. J • . Elfc rt on Ja.tl.uary' 3, 1958, f"o11olJ's: 

• , ' 4 

, . ' 

" , 

!:, 
, ,~ 

... " . . 

:. ',. 
i ' 

S~nple No. M-3027C, diatomaceous earth' f"rom White Cliff deposit, 
. : . .. 
:. . . 

' ; , • l 

Sun Vnnuel, Arizona 
Fin ~ness passing No. 325, sieve 
Specific gravity 

, H[1t~_ requirement, percent of' control '­
Ch,o.nee of' drying shrinkage, percentile 
Compressive strength: 

2-inch cubes of pozzolan-portland cement , 
ct 28 days' age, percent control 
~-- 90 days " age, percent control 

2- by 4-inch cylinders .of pozzolan--
lime mortar at 7 days ' age, psi 

Reduction of reactive expansion 
percent of control at '14 days' age 

Silicon dioxide (S102) plus 
Aluminum oxide (Al203) plus 
Ferric oxide (Fe203) percent 
}'hgnesium oxide (MgO) percent 
Su1furtrioxid~ (S03) 
lenition loss, : percent 
~(.oi sture, percent " 

... . '. 

* 88.6 
2.3~ 

*114 " 
* 0.03 

-)Eo 73" , 
74.6 

'* .89- 7 
'.' . ~ ' 1:73 

~ O.~5 
~ 1~23 
~ 0.08 
..... 

'. , 
'" 

" 

:.,' .. ' 

,":" \ 

.', '., . 

i: 
.: , .. ~ ~ .. . .' 

10 ', • 

. ' :~ ' 

.... 

., 
.' .:~ ." 

-*These tests , are required by our general po~zol~ specifi~ ', ~,: 
cations _ 
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Testa were p erforl'h.ed in accordnnce with our ItSpec1ficat1ons , 
for Pozzolan lt and "Methods of Test for Pozzolans, It dated ' December 15'1 :' 
1956, ,. 4 ich are general in nature and vThich have now been changed to . 
meet the requirements for Glen Canyon fum as contained in t0ur Invitation 
No. DS-5012, Pozzolan for Glen Canyon Dam and Powerplant, . copy of which ' .. 
ha s been ma iled your company. 

... 

Sincerely yours 

Walter H. Price, Chief 
Division of Engineering 

..... ;.'.' . 
" ' 

7e~--::,:., 

. " 

r, , • 

. . ~. 

,' . 
, ,} .. 

• ' ~I '. 

\ :"' 

2 

! ," 



.. ... . 

, , . ; 

, . District, 

Subject 

' DEPARTMENT' OP r£INERAL RESOURCES 
STATE OF P~IZONA 

Fiel.d Engineers Report 
***11'******7(,* 

,AIRIZITE( Diatomaceous Earthe Deposit) 
', ' 

Old Hat, 'ptnal ' Countv, Arizona Date March 10, 1941 ',' 
Arizi te Pl.'oducts Corporation Propertv Eng. 111i.les M. Carpenter. 

E.l1. 

This is a special report made, under instructions of the Directo'r for the 
in£ormation and use of the Arizona Corporation Commission. One dav was 
spent on the examina~ion, March 6. In addition to inspecting the grounds 
in the vicinitv of the present workings, a traverse was made of the large 
ca:o.yon to the east for a distance of about a mile and a quarter, t.hen 
crossing to the next canyon north and following it ,westward to the' high­
way, then south to the mine road and east to the workingo Not nearly all 
of the property controlled by ,this comp~v was covered, but with ' previous 
knowldge of this deposit the conclusions herein expressed are believed to 
be well founded. 

LOCATION: The property is located on the east side of t~e San Pe~ro Rive~, 
about ten miles south from the to~rn of II,'Iammoth. ' With reference t 'o' the pub~ 
lic land survey it lies in Tov~ship 9 S, Ranges 17 and ,IS East. The common 
corner NE of Sec. 25, R. 17 E and NW of Sec. ':)0. R. 18 E provi,des a starting 
point for tracing the boundarieso From this point the ground controlled ,by 
this companv extends two miles north, one mile 'south, one mile west, an~ 
one and one-half miles east, ,les s the South half of Sec. 300 ' 

. r ' 7B.l~ AND TITLES : According to the company map this comp:bises an area of ' 
," " -.4.bout 3760 acres 0 It is held- by placer location of public domain, and 
~ pat entealand. Four 160 acre c;:laims are owned by the Arizite Productions 

Corporation 1 the balance by Andres M Berreras of Tucson, from whom the 
corporation ha s a 10n.2; term. lease and operating contract. titles , or 'con­
tract were not checked. 

TO?OGPJ~PHY: Topographically, this diatomaceous earth deposit ' ispart of 
the foothill slope rising from the east bank of the San Pedro Rive~ and 
c.ontinui~g to the Sombrero Butte area of the Galiura mountains. !t, is , 
cut by west runnine: can.vons having moderately steep banlcs and narrow width~ I 

G-EOI~OGY: No thorough and det~ile,ci geol'ogic study Df,-:,~this ' , .. ,deposit;has' been 
reported, so f c;.r as known, but a preliminary examination by Carl Trischka, 

_, Chie:f Geologj. s.J~ of the Phelps Dodge' Co:r.pora tiol1 was reported ' in the t~chni~ 
- 'cal pr ess and is summarized i:1 ' a r e C'3l1.t circular on DIATOI\l ACF~OlTS EARTH, 

.compiled ' by E- ci red Vfilson, geologist of , the Arizona Bureau of ~£: i ,neso 
Refe-~eY1 ce :i s made to these sources for technical descriptions or " the mater~ 
ial 2.nd the CO::lcurrence. My own brj ef s t udy checks the conclusi0x:t that 
this deposit was accumulated in a lake or playa over a long peri,od of time " 
during vvhich quanti tie,s _ of volcanic ash settled in layers over th~' accumu- 1 

r' lating deposit and small amounts of medium acidic lava found its way into \' 
the de posit and became volcanic glass, sometimes in ,sweets and sometimes I, 

in ~odules resembling chort. Also, sedimentation occurred showing in so=e 
. 'Jlac es as beds of clay 'but more generally as sand or silk like material 

~~ .~." ':'r.12. tely associated VIi th diatomite, forming the material referred to as 
'vco:ad class" bv the operatorso 

n most of the deposit, examined the' structure is stratified, more or less 
- r e rule.rly horizontal, but some exposure suggest erosion of the -beds as 

originally laid down bY ,' cross canyons and later filling with d~f~erent 
material." Beds ·of thEr ,purer diat'om:ite a ppear to have ' a thickness,;: of four 

" 
f \ ' 
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to ten feet for the mos,t part, but were noted only a few inches thick and 
agai:a 20 fee t or. more. It is difficult to judge the ' character of material 

-. ~ in the weathered faces • 

.1.' ON1T \ GE: Trischka states: tiThe thickness of the deposit range s from 40 · ":'r 

to 70 ft.fI. and speaktng of the entire deposit says: It covers 10 to 20 
s Ciuare miles." The area of the holding s under consideration is some six 
s:u.-::tre r.l iles s,ud it is presumed t hat practically all the ground toJcen up 
showe d evidenc e of be.ing underla id with diatomaceous. It . is imp.ossible 
to ev i Jate the depth, ' for the depth belo'll the present day surface is not 
lLl1.o·.vn . ~i~'UTcd from existing expo sure s , depths vary from 20ft, to 150 ft. 
or ~6reo A nile or so east from t h e loadi ng bin, the depth exposed in the 
can~ 0.:1 Cl8,rLYl C_ and on the adjacent benches is believed to approach 200 :ft. 
(S ec Photos : '!'0 3 n & 7) It· is \1.ui te l".o. i~ eible that a detailed mea surement 

. OI t he e : ~p o u r e s would show an aV8.L. age thickness of close to 100 ft. The 
mana gement e ~timates an average of 2 yds to the ton. (5A cuofto) This 
appears to be i n line, 'and ass.uming - an-'avera-ge depth of 54 ft 0 gives one 
to'n of material tor each square foot of surfaceo This area of 3760 ac:t-es 
would contain 163,785 9 600 tonso This figur'e is not pres'ented as ·.an estimate ' 
but r ather as a conservative suggestion of its immensityo Drilling to deter-

;;. mine the depth and prove the horizontal continuity might increase this ,~l 
', - figure several timeso ( 40 acres' 3,.312,000 tons plus our drill holes) t! 

,I 

VALUE : The v a lue of . this deposit depends on so many fact 'ors of development 
processing, marketing and handling that a concrete valuation from this ' 

.' - point does not appear ju.stifiedo I t is manifest that the deposit . is the 
foundation of vV'hatever enterpri se Bay be builded upon it and ' as such has 
an essent ialval ue . A fair and .reasona.b1 e method of arriving ,at a value is 

- to start with the "selling price of the products and work backv/ards. From 

;! 
. ; 
", 

,he selling pricededuct the costs of processingJ9L transPQrting a nd ,selling ..... 
1; the finished products; developing , mining and' hauling the crude material; .• 
f- royal tie s and all other . overhead expense. The balance remaining WOUld be 
~ available for amortization of inve s tment, profits and property value. The 
f. amor~~zation i? fixed,the profits can ,be regulat~d and from ~he remainder t consloered as lncomefrom the proper ty the valuat~on · can be f~xedo 
r- A deve~opment arises in 'this connection that has no precedent in the expe~i­
i~"-· enCG of th'e reporting engineer. At the present rate' of production, assume¢i , 
- to be 10,000 tons per year ana plant capacity of 30 tons per day, andre~ . 

ducing the to:rL.l1.age to 100,000~ooe, it would require .IOO years to \york that r 

t:-r.~ tonnage and no formula has been : found to compute the present value of pro':" .[ 
duction 100 years henceo ' 

'v I :f it is essential to ' assign a value to the property, it appea;rs reasonabl.3\ ' 
to allow about 25 times· the ·annual pr.ofits and surplus. , '. 'J 

. '. ' 1 
PRESBNIJ: OPERA :~IONS: Present ope:cations a.re on a , restricted scale G.-.J.e, pre- . '\ 
sum2.bly , to lack of market. Nei ther the mill nor the mine was working at ' ;~ 
the time of inspectiono ! 
I .. ·: i ning is currently being d9ne thru a tunnel 'drive 30 ft. or ·so . 'i'nto the ¥ 

. fac e shown: in Photos No.2 & 3. ' A flat stoI)e is started, and the ' ~wo grades' !~I 
\ of rr:.ateria l, first and second, are mined seperately. P-ho·to No.4 shoV/S the ' '! 

' -; ~nt er section of this stope. A tra ck leads to the 30 ton loading bin in . " 
:L:::on t of the tunnel~ ~ 

'1.'1 e ~';orking is equipped with gasoline eng ine driven air compressor and 
hipp ing ha~~ers. 

Crude materi al is drawn from the bin thru double chutes into 'dump ~rucks 
hauled about 12 miles and' dumped into the receiving bin at the mill. When 
'Nat er- is not running ',in ' the San '}?edro River crossing is made ·· south of I 

MaruTlloth and then the .distance ",is about 11 miles. Management stat.es that t he ~ 
hauling cost is slightly , unde~ $ 1.00 per tono <, . 

~....-....-' ~~~-----~ . '~-.--~.---



. .. 
-3,- ' March 10, 1941 

T; l.J! I vG: Crude materia l is t aken f rom the 30 ton recei vine bin' and put 
tl r''' the prinl2. l"Y crusher, a No 0 2 L i.t tJ..e Giant harumermill type, then lifted 
b ;, vert ical i n . Fe d thru ~ .. 7il lr8.n pu lv :-cizer and drawn into super - Se TJarator \ 

..- ' 'Y.i. th h e2.t c on Qu i t mesh ma t erial i s drav.:l into baop' house a nd t h e coar~er pro : 
,ll~, y v t 10 f ·.1 h' I " \ 

.' "- l) -' ~ - oa ,- li . me c anJ.ca separa t or v,he re the diatomite g oe s tQ a St. 
Re g1s packe~ and the ash to waste. ' 

Ivr ill ope:£:'a tOl" ;:; t a tes ' that the fi rst gr a de material J.oscs 5 % upward, in ash,' 
and in the s~cond grade that the a sh loss ,might reach 15 %0 
PO \~, FR : o:ci ginates at the Coolidg e Dam pl a,nt and is brought in a.t 2300 volts 
and tra n s for -ed to 440 volts. All Ulut s of the plant ~re motor driven" us~n{ 
a bout 1,~0 motor horse power in eight motors ranging in size from ~ , HP to 
50 Hl'. - ' 
FUEL: for dryine; is Butane gas s~ored in, a large tank in' the ya=t'd. , 

. ' . ' 

MILl; BUIIJDINC! : is of structural s t eel frame covered with galcrani'zed iron 
Floor s are of cement, well finj.she d. Width of building is 50ft 0 and length ' 
60 f t . , t h e west half has walls aoout 45 ft. high,-and the east half about 

", 25 f t o Phot os 8 & 9 show two yiews of t he mill. 

PR~C TICAL CONSIDBRATIONS: This propery is not only of immense size but can 
b e mined economically by modern rock moving , equipment. It is not' sufficient­
ly uniform to mined as a whole for treatment in the present plan, but it 
occurs so that the waste can be removed and the desired material :recovered 
progressively. There are scores of beds that appear suitable for opening" 
some in which the first grade of diatomite is abundant ,and others where 
volcanic ash' arid impure diatomite predominate. 

Ctvraterial could . be 'handled in' sizable · blocks · by first removing ·th~ over- . 
Jurden which is light .. in some places and considerable . in mthers; then the ·' 
su ccessivelayers. Work could be arranged so the different types of material 
would b e exposed at · the same time .. Drag line, bulldozer or shovel and , 
truck scould Boubtless be adapted to ,this job, ' and a ' little exper'~ment'ing , 
would show wh a t ,combination was ' most satisfactory. Costs would depend 

. l argely upon the scaleo! operation, but even on .the present small 
c apaci-cy of 30 tons per day it 'is believed that, with suitable eqUipment, 
cost -of $ - 1.00 per to~ pf cleati mate~ial is feasible. ' 

As above indic a ted, there· is no question of quantity ' or availability in 
· t h is deposit. I t is ample ,for .any size plant now on the horizon., The 
problem is one of processing and marketing t h e material and pn thmsphase 
of the undertaking yO~ ' 'reporting engineer does not feel 'qualif,i "ed by 
knowle dge ,or experience ,to advise. 

sf Miles M. ,Carpenter, E. M. 
" . 

'. .. " ~. ~'. Ft eld Engineer, Southern District." 
. ~ ..... . . 
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IN[DUJSS1TlROkrL ~~8([) ~O 1J<D[QCIf§ 
CONSULTING INDUST~IAL AND ANALYTICAL CHEMISrS 
REP'ERE£ CHEMISTSI AMi::FHCAN Oil. C HeM ISTS SOCIETY 

P. O. BOX 1 85 ~~ EDISON G-21 02 Z .:. :'.' .. ~~', -) 
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Noo 1. 

0'- 75' A trace of D. E. 
75'-100 ' D. ~ . . 

100 1 - 105 ' So. 'c D. E. 
105 1 -11 0 ' D. E . 

110 ' - 115' D . j~: . 
115'-120' D. B . 

120 '-1 2 5 ' D. E . 
125'-130 ' D. E . 

130'-135' D. E. 
· . 135'-140'D. E. & Chert 

140'-145' D. E. 
145'~150' Some D. E. & Chert 

150'-155,' No sample 
155'-190' D. E. 

: 190''':'195' D. E. 
195!~200 ' D. E. and Chert 

200 '-2(;J ' D. E . 
205'-210 ' D. E . & S'omc Chert 

2l0'- 21~' No sample . 
310' -320 ' D. E • . & Some eh-ert 

1';'-, S "I~._': / , l. , " .. ~ / ~ ,... )j~v_ 0 if!) ;!. 3()1 

320'-330' D. E. and Some Chert 
330'-355' No sample 

355'-360 i No sample 
360'-365' Chert 

365'-370' 
375-380' 

·380'-385' 
385.'-3.90' 

Chert 
Chert\ 

Chert I 
No sample 

390'-395' Chert 
395'-400' Chert 

. 400~-405' Chert~ 
i · ... :! .. .•. ::. ·405' -410' Chert 

410'-420' Chert 
·420' -425 ' . No snmple 
425'-430' No sampie . 
430'-465' Some Chert 

~ 

_ ....... .......... -:- .- UJ.\. ...l.. .j. 1 l 
" ---~-

INo. 

25'~ 30' D. E . 
. 30'- 35' D. E. 

35 '- 40' D. E . 
' 40'- 45' D. ~ . & a little Chert 

45' '- 50' D. E. 
50' - 55" D. . 8. 

55'- . 60' D. E . 
60',- 65' D. E. 

65'- 70' D. ' E. 
70~~ 75' D. E. 

' 7~)I- 80' D. E. 
80'- 85' . D. E. & a little Chert 

. ~ ; ' ' 9~'~106t A little D. ' E •. 
·100'-105'. A little D. E. 

105'-110' A little D. E . 
145!-.150' D. E. 

.'. 150'-160' D. E. 
160~~165 .' D. E. 

165'-170' D. E. 
170'~175~ D. E • . 

175'~180' Some D.E. & little Chert 
180~-185~" If 

250'-255'. Chert ·· 
2S5'-265 .~ Chert 

265'-280' Chert and D. E. 
280'-285' Chert and D. E. 

285'-290' No sample 
,Y S 'r . '. . . : J /" I • r' "it 7 I':' ., . , - Q.; v' (t , C J /1 .~, 

. -rg!. g;. U " . ~i(~ /~ , L q £, c.' C 
:j- . " ~ ~ ~.. i . : V ,. t / . 6~ .L: "': . 
, l.~ . c.. r;. , ..:> . l- .' "' . ' .2 

. " . . 
p' ~ p Q. - ~ 

No. 3 

40 ' - t15' Gra vel 

45'- 50' D. E . & GypS llt:1 
50 ' - 55' Cher t (,.nu S or!/C l) . B. 

55'- GO' D. :2 . 
100 1 -105 I D. ~ , 

1 0 5 ' -110 ' D . J~ • 

110'-115' D. E. 

115'-120' D. E. 
120~-125' D. ·E. 

125' -:130' Chert · " 
130 '. -135' Chert 

135'-140' Some D. E. and Chert , 
140!-145' Chert and D. E. 

145' -150" Chert . 
150'-165'. qypsum and D. E. 

165' -190 t GypS ur,l and D· ..8 . 
190'-195' Gypsum 

195' -200' GYPStLil 

200'-205 ' Gypsum acd some D. E . 

205'-210' GypsUm 
210'-21~' Gypsum 

215'-220' Gypsum 
220'-225' Some Gypsum 

225'-230' Chert & Gypsum 
230 '. -235' .' Chert & Gypsum 

235'-240' Gypsum & sone Chert 
,240' -245' Gypsum 

245'-250' No sample 
250'-255' Chert 

255' -260' Blae!c 1;1at- Ilard wi tIl Chert 
260' -'265 t GYPSUl;l & Chert 

265'-270' byvsum & Chert 
270'-275' More Gyp-Less Chert 

275' -300' GypSUl!~. 
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ING4) INC. 
RAYMON D DI!VRS~ON 

,.UL.VIIORIZINO. AIR S .... A·RATIN C ANO l.AwH bRYINQ aVITIIOM8 

1win Star Ind '0tries, Inc. 

131S NO RTH (lA N CH STREr:: T 

CHI C AGO 2 Z. I LL I N 0 I 5 

Decerriller 27 , 1957 

906 Capital ~~tional Barue Build~ng 
Austi l , Texas 

Attention: r-lIr . John S. McNabb 
Vice President 

DEC.3 0 957 

. '" . 

Oi .... .. . 
Subject: Pulverizing Diotamaceous Earth 

Gent.4.er en : 

F-.i.rst of all, let' me say tha t it \{as a pleasure to have you, Mr . .. 
Pratt and' ~1r . .olan here in our laboratory to witness the recent test work 
accomplished . . 

Enclosed please find t ·hree copies of our report f}4625 , detailing ' 
this test vlOT'le. As you will remember , Bill ",·[8.S going to try another separation 
or tvlO after you left vlednesday morn:Lne; to see \vhether he could obtain a little 
lm.;er recovery of fines simply to . gi ve you a ra.nge of product. He did do a .. . . 
little b etter on the final run, and we also included a sample of this that we 
sent over to the Chicago Testing Laboratories. He would, of course, be very 
in"l-02rested i the results from thi s further t esting by the Chicago Laborator;ies. 

: .:'(; t:-:.e beginning of thi s test work, there was ' some doubt : n our 

'~ .. I: " t il ' 

minds ;:"~=:; ·to -.f.12ther this material coulu be handled satisfactorily and. economically 
on the I " p \G. ll) and it was for this reason that 'YTe first· started with t he 
Rollei~ _·il~ . HOT/lever, after concluding the test ,.;ork and simply ·basing our con­
c lusious Ol"'- the samples that \oJ'e had here in our . laboratory, we \{ould say that this 
\loul d mC._~e a good application for the Imp Mill. Naintenance would have to be 

i consi ered J ' nd it "Tould be most likely that you' would '.ra.nt to set up a hard 
surf[..~:!"ng program for your hammers. However, it ,{ould not be such that hammers 
woulQ only last a matter of days in. our best judgment . . I am sure " you rea~ize, 
hO"Tevel~, t hat i t is extremely difficult to try to pinpoint the life to be expected 
because of tle wide variations you could experience -in the deposit· as well as 
the pOo-ibility of · different · fineness of grind at this stage of .the ·game. 

Once again,let me say ti.12,t it \{as a pleasure to meet you and yoUr. 
f.l.ss ociate s a nd to accomplfsh this test work for you. 'V'e are ._very much interested 
':'c v ~ "'~~ pro":..le.:: 8. d will e>""Pect to ' he'~ . f ~ -,\. you . Contact Nr. Hebner any time 

'JLSheehan/ sh 
Encl. 

_' l8stions. 

• .,1 .. 

____ ~~.~-_ ... _=_.~.' , ~'.;. ~ w ' .. .. \ " 4 .,~ .A ... . _ •• 
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C y~: ~t. ~ ':r,: 0: .... 
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:Ra,t~ ~.l.'t· i3ln:: 
RE:c ,~ T(-... 7.Y 'to 

i : -. ' . 

}.~-\) 

200 

4 

~~.10 Imp -
-\3 r eceived 
3-3-0 
50 
250 
"i70 
1.6 

.. -
3b -3b -o 
50 
280 . 
155-70,' 

. 2.0 

6 
218 
2800 

6 
::',:-:.::-(1.. Fines Tails 
30'v .1e han:'c6J. Air Separator 
Frc,:) . Run . #5 
:c.o:O.e 

2)';'<&->24 
1.23C 
5 
9:') 
1080 

70 

78 

20 

22 

-=l 2 5 94.6 
';::' D ]L I fJ.. 

'. 99.4 

95.8 
81.0. 
16.4 

99.5 
98.2 
19.0 

. 97.9 
94.0 
82.0 
59.0 

.~ 0 of / ou. ,: 0 

RUI =It 

H ::: .: gb'+" "'l bs I 
, n .';'. - .... - /""'_ . .he'" ,.e ~ ' .... ~)~ ur 
Recover.! .'10 
Thru 325 
BoD. #/cu.ft . 

/ . 
Run =fI= 

M·.~,chiue . 
Lf),te:"i8.l 
\{h:.Zz,0rs 

RPM 
Time-mins 
We1ght-1bs 

. Rate-1bs/hr 
Reccv~:ry 0; 
Thru 325 

7 
:~eed . Fines 
30 Ir Separator 
k'1"()d. RUn #5 . 
24-24 
1230 . 
6 ' 
62 '" : 47 .. 
620 

16 .;' 
Cto _ _ _ _ ... _ _ 

" ' ,'. 

9 

8 
Tail~\ ~ced. Fines 

30 H Separator 
Prodo #5 
24-24 
820 
J . 

.15 39 18 
780 

24 46 
98.8 

- - - - 19.3 

r:ec:d Fines ·Tails Fee d .' Fines · 
30" Sep. 

. #5 Prod. 
24 .. 24 · 

. 1020 

. ,. 
j 

" . '-, .. ' . -. , '. 

·6'. 
. 81 
810 

.. . " \., ' 66 . . , .. . . ... :: 15 

.81 ~9 ' 
97.7 

.. ' 

30" . Sep~·· · ' .. 
#5· Prod. ,' . 
24 .... 24 :', 

. 1320 :'. ';'<: ...... . 

'6 " ., .': i .. '· . 
81 ', '\' :".~.;' . 65: 
810 . 

. " 

80 
99·2 

. Tails 

21 
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16 
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20 
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I ,, - p .. . :~ ." in' 1"" ,~ t , _ ..1. ,'-:'j ' .u 

J Rf.: ~~; .. .:. ·v.~7. : ~~! ~'t.o . 

Thr u 71) 
:~co 
~.,"i'D 
,: .. ')( 

Ru.n # 

F.uD. # 

--W1Ul,z,srs 
F~u 

. RPM 
Ti..mr:: - rt: .u.s 
Vl e i.ght "'1~a . 

. B.:;:~,i~r:: ."lb5/hr 
Ron. ".'1.'/:' ""r ,;f)' ~ __ l , , . . l. ~ 1 

Thru. ?) 

i 
';::b 

IJlJJ 
·200 
325 

11 

30" Sep • . 
Prod. #5 
24-12 

Fines . 

, LAEO~A, "C.'Z BEPORT 
Iii· ((, ~ ~ " S·: :',':" ~:l" v: d ) 

:ra,il s 
12 

#10 Imp Mill 
, As reed 

3 bar-s lmite-O 
50 

6 
84 
8J.~ .. 

99.75 
" 

.-5 

18 
9905 
99 00 
97 00 
90<,0 
5700 

300 ' 
170 
6 
330 
3300 

99·~· . 
98.3 
97 
95 
85.3 

14 
:?eed F~s 'r:ej.l s Feed 
,30n Se~arator for all :r.snt'aiD.:i.ng runs - -
F:::ovd. :JI=12 tor ·all remainillg runs - - - -
2.Li· .. .:L2 24 .... 24 
1'::;20 . . ', 1320' 
6 6 
88 67 :21 74 
8~ 7~ 

15 

76 
98.1 

16 

Fines 

57 

77 

. r .?ed 
24 .. 24 

Fines Tails Feed . Fines 

4_lu .and 4_211 lOD.g . 
1320 " . 
)..;. 

" . . 
62 
930 

·52 

84 

, , 
;. . 

. / ' 

10 

16 
98 
95 
90 , . 
80 
5205 

24-24 
4~lft and 4~2" long . 
1020 
.4 
60 
900 

32 

64 

97·3 

~J111:i.am \-1. Hainey 

I 

. I 

Tails 

. . ' ", 

11 

23 

Tai~s 

18 

. ::' 

; , 

'j .. 
. ~ . 
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~,' .lice 
l~ ~ t::mina 
I:''l on (Fe.;O.,. ) 
(; . ' l ciu~~l DzYd e 
~ .~:" ~~1e si\1r:1 oxide 
S.) jiUIn oxide 
'-' :,., .'- a s ,~ .'j_;.~.~ .. ~ oxid e 
. ,' 0 r (1 O' ~ " -'n J'.J.t' i' on J..: .::- 9 i. ! - (0 

! ,~\:, istu. :":' 2.3 recleved 
' -.," r>-r" :-:: v"' J' ~ l~ "'r1ry •. ,. _ U 'V 1') .... \.4 ... 

~~ecific gravity · 
('::' 1 abSo11 btion 
G :1dner-Colemna 
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Bull:ing fa ctor 
Color 
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