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March 24, 1980 , 

I called back Mr. Tom Good~ight to find out what he wanted. 
He said that Don Burch, a friend of KLB, had left some CSM 
reports and geological survey reports regarding the Halvetia 
District near Tucson. Mr. Goodnight would like to retrieve 
those reports that are in our files, since they belonged 
to Mr. Burch and Mr. Goodnight said they now belong to him. 

Mr. Goodnight can be reached by phone at 1-584-3317. Call l 

him when KLBreturns to office regarding the reports then 
mail them to him at 12919 Sky View Drive, Sun City West, Arizona 85375. .,. _________ IIP" 

.' 

• 

[ 
t 

il II I. 
! i 
! I 
, I 

.1 
I 

·1 



KELSEY L . BOLTZ 

UC M:A .... . D ICS 
P . O. BOX 207e8 

Mr. Tom Goodnight 
12919 Sky View Drive 

PHOENIX, ARIZONA 85036 
e02/2e7-0581 

2871 SKY HARBOR BLVO. 

April 22, 1980 

Sun City West, Arizona 85375 

Dear Mr. Goodnight: 

At Mr. Boltz's request, enclosed are the reports and 
other information on the property in the Helvetia Mining 
District which you recently talked to Mr. Boltz about. 

Enclosures 

Sincerely, 

e£~/J1~ 
(Mrs.) Sue Matteson 
Secretary to Mr. Boltz 

CHAIRMAN 
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AUTHORIZATION 

This work has been authorized by contractual arrangement of 

October 8, 1962, between the Tucson Lime and Chemical Company, 

Inc. and the Colorado School of Mines Research Foundation, Inc. 
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I . OBJECTIVES 

The purpose of this undertaking has been (1) to determine the yield 

of quicklime product resulting from processing a large sample of Tucson 

Lime and Chemical Company high calcium limestone through a pilot size 

rotary kiln under commercial production conditions and (l) to thus obtain 

a substantial quantity of the quicklime product for further evaluation. 

These objectives are more fully outlined in a letter of October 8, 1961, 

from C. J. Lewis of the Research Foundation to Mr. J. D. Mason of 

Tucson Lime and Chemical Company (appendix). 
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FOREWORD 

Commercial high calcium quicklime is usually manufactured from 

limestone containing at least 950/0 calcium carbonate. In this respect the 

high calcium product differs from dolomitic quicklime which is manufactured 

from dolomitic limestone containing calcium carbonate and magnesium 

carbonate in about equal molar ratio. 

Practically all commercial quicklime is produced by calcining the 

limestone in direct-fired brick-lined rotary kilns. However, under some 

circumstances, vertical (stationary shaft) kilns are used and in special 

cases hearth roasters and fluid bed kilns are in operation. It can be stated 

however, that unless special circumstances warrant otherwise, the rotary 

kiln is preferred. 
I 

i 
I 

, I 

When limestone is converted to quicklime, the volatile matter 
, I 

I 
including carbon dioxide, moisture and organic matter is driven off and. 

of these, the carbon dioxide usually represents from 41-43% of the weight 

loss. Thus for 100 tons of limestone ~ed to the calcining operation, only 

about 60 tons of quicklime could be potentially realized and this figure 

would be further decreased as the result of loss of fine limestone and 

quicklime in the kiln exhaust gases. On the other hand, the loss of this 

I volatile matter during calcination increases the amount of non-volatile 

impurities in the resulting quicklime. For example, a limestone feed 

- 2 .. 
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containing 10/0 siliea (SiOz) would result in a quicklime containing about 

1. 810/0 siUca. assuming 420/0 weight loss during calcination. For this 

reason non-volatile impurities in the raw limestone become quite signifi-

cant in the quicklime product. 

In the case of the limestone of interest to the Tucson Lime and Chemical 

I 
I 

I
I 

t 

I 
Company. a previous evaluation of samples of this material by the Research · ! 

I 

Foundation had indicated the sample material to be a good grade of high 

calcium limestone which upon calcination. would result in a quicklime 

product meeting the chemical specifications for a high calcium quicklime. 

The only adverse characteristic of the quicklime produced from the samples 

was that of color - - the products being somewhat darker (less white) than 

the usual high calcium quicklimes. However this was and is. not believed 

highly significant to the potential uses in the market areas involved. These 

considerations are more fully described in a report of February 10. 1960, 

entitled IIEvaluation of Limestone Samples for Production of Lime" • 

However, the studies resulting in the aforementioned report brought 

out the highly significant fact that limestone as represented· by the! samples 

tended to decrepitate during the calcining operation. In other words, the 

limestone broke up into substantially -1/8 II particles .when changed from 

limestone to quicklime. Such decrepitation subsequently results in the 

formation of a substantial amount of dust and fine material which is 

entrained in the gases leaving . the kiln, thus causing an important materials 

1 - 3 -L--______________________ ~ ______________ ~ __________________________ ~ 
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loss. In such casee-~ hearth r..oasters or fluid bed kilns may be required for 

technical reasons and to minimize the 10s8 of fine material. However, in the 

studies as reflected in the report to which reference has been made g it was 

determined that the limestone sample decrepitated during calcination with-

out producing the expected large amount of fines and dust. This fact was 

interpreted as indicative of the amenability of limestone, as represented I 
I 

by the samples, to convetional rotary kiln calcination. I 

I 
Also, it was apparent that if the limestone decrepitated to approximately I· 

-l/S" during calcination, there would be no need to remove fine limestone I 
i 

(quarry screenings) from the limestone feed prior to calcination. As is I 
i 

well known, limestone feed to the rotary kiln must be sized for most I 
i 

efficient kiln operation and quiCklime quaUty control in the case of limestones ! 

which burn normally and do not dec:te.pitate. This results from 10 -200/0 of 

the limestone mined or quarried being rejected as "screenings n. However, 

as indicated, the nature of the Tucson Lime and Chemical material offered 
I 
I 

the possibility of eliminating the problem of ·screenings·. _ I 
I 

. . . ! 

As the result of the foregoing considerations, Tucson Lime and Chemical : 

I Company authorized the work represented herein, primarily to determine 

the behavior of a large sample of limestone when converted to quicklime 

under actual commercial rotary kiln operations, and secondarily to thus 

produce a large quantity of quicklime for possible further laboratory 

testing and market evaluation. 

This calcination, involving nearly 5 tons of limestone, was undertaken in I 

I a direct gas-fired ro.tary kiln approximately 18' in length and 16" internal i 
~UUneter. -----------------------------------~ 

- 4 -
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SAMPLES 

1. Limestone - Approximately 10 tons of liLlestone crushed to pass a 

6' square opening were delivered to the Research Foundation by Tucson 

Lime and Chemical Company. Nine tons of this material was crushed to 

pass a 3/4" square opening. No effort was made to screen out the fine 

material resulting from the crushing operation since it was known that the 

limestone would decrepitate to approximately 1/8" during the calcination. 

This -3/4" crushed limestone is referred to as "feed" throughout this 

report. 

I Z. Qw.cklime - During the calcining operations 5065 lbs. of quicklime 

product were recovered. During calcining, samples of quicklime product 

were taken every hour. These samples were later composited into Z master 

samples referred to herein as "product first half" and nproduct second half" • . 

3 ~ Dust - A dust sample was taken on an hourly basis near the dust 

chamber at the feed end of the rotary kiln. This sampling point was con",,: 

sidered significant in that it represented the first major decrease in velocity 

of the gases leaving the rotary kiln and is in the normal dust collecting area 

of a rotary kiln operation. The samples were composited and analyzed. 

i 4. stack discharge sample - A t the end of the calcining operation a , 
! 

quantity of ext".emely fine dust on the roof of the building housing the kiln was I 

obtained, mixed and sampled. This is considered to reflect the staek dis-

charge of the very fine material which would normally not report in the 

conventional dust collecting chamber. 

- 5 -
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Rotary Kiln Specifications and Operating Conditions 

Length 18' 

Diameter 16' 

Slope 0.0448 ft. 1ft. or 0.537 in./ft. 

r.p.m. 3/4 

Retention time 90 min. 

Load % 10.1 

Bed depth Z.6" 

Retaining ring Z" (inside diameter 16 ") 

Feed chute Z 1/2" 

Feed rate 150 Ibe./hr. 

COLORADO SCHOOL OF MINES RESEARCH FOUNDATION 



SUMMARY 

The limestone feed to the kiln calcined riormally as compared with the 

high calciwn quicklimes of commerce. The optimum calcining temperature 

range was between 2000· F. and 2200· F. At temperatures below 1800· F. 

core (unburned limestone) appeared in the product and the feed rate would 

I 

I 
I 

have had to be substantially reduced to produce a quaUty product in the 180QoF. 

range. On the other hand. the quicklime product began to glaze at around 
I 

2300 0 F. thus suggesting over-burning and possible damage to the kiln I 
: lining. The optimum temperature range therefore lies between 2000°F. and i 

i 
! 

2200° F. and the preferred temperature. within this range. would have to . 

be established in terms of the commercial kiln involved. 
I 
i 

The expected decrepitation of the limestone occurred and appeared to I 
" : I 
be maximum in the hottest zone of the kiln where quicklime was being formed : 

at the maximum rate. The dust loss resulting from decrepitation was 

I 
surprisingly low. From the approximately 9600 lbs. of limestone feed to the : 

I 

kiln. 5065 lbs. of quicklime product were obtained. From the inventory ot 

feed and product the actual dust loss calculates to only 3.9%. It may be 

concluded therefore, that from all limestone as represented by the sample, i 
I ' 

an overall quicklime yield of at least 95% could be obtained via rotary kiln 

calcining. 

Based on all data and observations arising from this undertaking, materia! 

as represented by the limestone sample should be able to be converted to quick-
I 
I 

lime in a conventional rotary lined kiln under conditions which should render I-
I 
! L!he quicklime product economically competitive in its market area. I 

- 7 -
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DETAIL OF WORK PERFORMED 

1. Preliminary batch calcination operations in rotary smelting furnace. 

The purpose of these experiments was to gain reassurance that the 

limestone sample would decrepitate without severe dust loss and to 

establish a suitable size to which all the large samples should be crushed. 

Four grab samples of the , inch limestone Were taken and were crushed 

l . 
and screened as follows: 

1. -1 1/2 + 1/4 

Z. -1 1/4 + 1/4 

3. -1 + 1/4 

4 •. -3/4 + 1/4 

, . 
1 

Ten lbs. of No. 1 were calcined at 2040· F. for 20 min. 4.96 lbs. 

of quicklime was recovered. Running time was 3 hours 45 minutes. 

Fifty lbs. of No.2 was put into a preheated (1500· F.) furnace. 

Running time 2 hrs. 20 min. The final temperature was 2010- F. for 

30 min. 29.5 lhs. of product recovered. 

A screen analysis was made on the two batch calcined products: 

- 8 -

CO~ORADO SCHOO~ OF MINES RESEARCH FOUNDATION 

I , 

I 

I 
I 
I 
I 

I 
I 
I-
I 



Wt. % retained Wt. % retained 
Tyler screen No. I No.2 

... 3 mesh 13.2 S.6 

-3+6 13:.'5' 11.7 

- 6 + 10 ZZ.4 25.4 

- 10 + 20 ,29.4 31.3 

- ZO + 28 11'. 1 13.3 

.. 28 10.7 12.8 - -
Total ' lOO.3 100.1 

As a result of these studies, particularly based on observations of the 

I decrepitation, it was concluded that the sample could all be crushed to pass , 
I 

! 
a 3/4" square screen for the rotary kiln feed. Nine tons of the limestone was: 

therefore crushed and screened to -3/4' .. with no removal of dust or fines. 

The remainder of the original limestone sample was reserved for possible 

furthe ruse. 

2. Kiln operations. 

A. Start up . 

The kiln was fired up and heated for 6 hours. The exhaust fan was 

turned off because temperature could not be attained. The feed was started 

in at a rate of 100 lbs. /hr. The first discharge was 50 minutes from start 

to feed. 50-75 lbs. was returned to the kiln because it was not completely 

calcined. The feed rate was increased to 150 lbs. /hr. 3 ! hours after 

i 
I 
I 
I 

i.--i_n_i_ti_a_l_f_e_e_d_'_T_h_e_i_ni_t_i_a_l_S_ha_k_e_d_o_w_n_~a_;_t_:_d_fo_r_8_h_ou_rs_b_e_f_o_r_e_t_h_e_k_i1_n_W_a_s_-.Ji -
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judged to be in a steady .. state. Additional information is presented 1n the 

Operations Log. 

B. Operation 

9590 Ibs. of -3/4" limestone was fed to the kiln and 5065 lbs. of 

quicklime was recovered. A dust loss of 374lbs. (3.90/0) was calculated 

from a material balance. Additional information is presented in Operations 

Log. The product was sealed in barrels to prevent adsorption of moisture 

and carbon dioxide. 

c. Operating conditions 

The temperature ranged from 1830 0 F. to 2200 0 F. but averaged 

between 2000° F. and 2100° F. The feed rate initially was 100 Ibs. /hr. 

but was increased to 150 lbs./hr. The retention time was approximately 

90 minutes. 

D. Sampling 

1. The feed was sampled as it was crushed and placed in the 

barrels. The samples were composited and a scre4!n and chemical 

analysis made. 

2. The product was sampled every hour and the sample was placed 

1n a labeled bottle. The samples were then composited into two samples. 

1st half of run and 2nd half of run. for analysis. 

I 

i 
3. A dust sample was taken on an hourly basis at the feed chute. 

· 1 A screen analysis and a chemical analysis was run on this sample. 
i .. 10 -
I 
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A stack. discharge samp.le. was taken at the end of operation. 

This was taken from the roof of the building near the flue stack discharge. 

A n analysis was run on this sample. 

E. Design data 

The following design information pertains to the pilot kiln used 

in this study~ 

Length 18' 

Diameter 

Slope 0.0448 ft./ft. or 0.537 in./ft. 

r.p.m • . 3/4 

Retention time 90 min. 

Load % 10. 1 

Bed depth 2.6' 

Retaining ring 2 "(inside .diameter 16") 

Feed chute 2 1/2" 

Feed rate 1 SO tbs. /hr. limestone sample 

F. Operational difficulties 

The only trouble that was encountered during the operation was 

: mechanical. The fan on the stack was too large, thus pulling too much air 
, 

! and cooling the limestone charge. The speed of the fan was reduced~·· 

The feed conveyor motor was over the feed chute and the heat caused 
I 

i ~otor failure. During the 2 hour period required for repair of the motor, 
I 
! hand feed was employ:ed. The difficulties encountered were easi~Y..!I0lved. 

- 11 -
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·1 

I 
. ! 

. 1 
: 

Tyler Standard Screen 

+ "8 

.. 48 + 6S 

.. 65 + 100 

.. 100 + 150 

.. 150 + ZOO 

- 200 

Total 

Feed 

COz loss 

Product 

Dust loss 

Dust Sample Stack Discharge 
wt. % Retained wt. % Retained 

0, 1 Z.I 

1.3 7.9 

' 13.7 24.9 

23.2 26.1 

2".8 20.1 

36.9 19.0 

100.0 100.1 

Dust Loss Calculations 

9590 lb. 

4161 lb. (43.20/0 x 9590 lb.) 

5065 lb . 

374 lb. 0 r 3. 90/0 

I 
i 

I 
I 

I ' 
i 

I 
I 
I 

I 
i 

i 
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OBSERV A TrONS , 

The operation proceeded so smoothly that about the only generalized 

observation which can be made is that material as represented by the 

sample is amenable to quicklime production via the rotary kiln route. 

It should be pointed out that the size of the feed for commercial production 

will probably lie between a top size of 1 lIz n and a bottom size of I/Z n. 

However, there appears to be no reason to crush any finer than the limiting 

top size since decrepitation to about l/S" will occur in any case. The 

limiting top size is that which will become completely decrepitated during 

calcination so that no large pieces of partially burned limestone report with 

the quicklime product. While these could be readily screened out_ their 

occurrence would reflect a materials loss. Based on prior experience, we 

believe the limiting top size would be around 1 lIz It • 

The quicklime product is definitely off-color as compared to the normal 

white high"calcium quicklimes of commerce. However, this should not 

impair its usefulness for application where color is not at a premium. The 

quicklime product is violently reactive in wat~r and slakes normally to a 

putty which is whiter than the quicklime itself. The slaked product diluted 

to a hydrated lime slurry containing about 10 weight per cent soUds appears 

almost as white as the best grades of high-calcium hydrated quicklime. It 

appears that much of the discoloring matter reports as a residue which can 

I be settled out of the milk of lime slurry. This further suggests that dry air 
I 

classification might considerably upgrade the appearance of the quicklime . 

· 1~ ____________________________ -_1_4 __ - ____________________________ ~1 -
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product. However, as may be noted from the chemical analysis, the product 

is nearly 980/0 calcium oxide and it is unlikely therefore, that either air or 

water classification could chemically upgrade the product to any important 

degree. 

! 
I 

I· 
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RECOMMENDATIONS 

1. Because the lime putty resulting from slaking the quicklime product 

appears to be unusually plastic to the touch, plasticity characteristics should 

be investigated on a laboratory basis in order to ascertain whether the 

quic~1ime product might be superior in building construction applications. 

z. Since it is probable that the quicklime product will require a further 

crushing or possibly an air classification in the interest of uniformity, 

I crushing, grinding, and air classification of the product should be 

investigated in order to determine which route, if any, might improve the 

color of the product . . 

3. . Since a market for high calcium hydrated lime in bags might be 

developed, the dry hydration of the quicklime product followed by the usual 

air classification of a hydrate should be examined. 

The Colorado School of Mines Research Foundation is presently in 

position to undertake studies in any or all of ~he foregoing areas, including 

a market survey. 

- 16 -
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OPERATION LOG 

SUMMARY 

Feed 9590 lbs. 

Product 50641bs. 

COi loss 4153 Ibs. 

Dust loss 374lbs.* 

% Dust loss 3.9 

Products 

Normal product .4764 3/4 lbe. 

Special products 

A. End of Run 901/4lbs. 

B. Ideal Roast 

C. 2300 Product 

D. 2100-2200 Prod. 

551/4lbs. 

95 1/4 Ibs. 

59 1/2 lbs. 

I 
I 
I 

I 

i 
, I 

I 

Total 

*Calculation 

L ___ _ _ 

5064 Ibs. 

- 17 -

Total feed 9691 lbs. 

- Spillage 101 lbs. 

Net feed 9590 Ibs. 
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Date 

Oct. 13, 1962 

Oct. 13, 1962 

Oct. 14, 1962 

Oct. 14, 1962 

Oct. 14, 1962 

Oct. 14, 1962 

Time 

1400-1500 
1500 -1600 

1600 -1700 
1700-1800 
1800 -1900 
1900-2000 
2000-2100 
2100-2200 
2200 -2300 . 

2300-2400 

2400-0100 
0100-0200 
0200 -0300 
0300 -0400 
0400-0500 

0500-0600 
0600-0700 
0700-0800 

0800-0900 

0900- 1000 
1000 -1100 
1100-1200 
1200 -1300 

1300-1400 
1400-1500 

1500-1600 
1600-1700 
1700-1800 
1800-1900 
1900-2000 

2000-2100 
2100-2200 
2200 -2300 

2300-2400 

Oct. 15, 1962 2400-0100 
0100-0200 
0200-0300 
0300-0400 
0400-0500 
0500-0600 
0600 - 0700 

0700-0800 

Oct. 15, 1962 0800 -0900 
0900 -1000 
1000 -1100 

1100-1200 

OPERATION LOG 

Ibs. Feed 
Cumulative 

1200 
1350 

150 
300 
450 
600 
750 
900 

1050 

1200 

150 
300 
450 
600 
750 

900 
1050 
1200 

50 

200 
350 
500 
650 

800 
950 

1100 
1250 
1400 
1550 
1700 

150 
300 
450 

600 

150 
300 
450 
600 
750 
900 

1050 

1200 

150 
300 
450 

600 

lbs. Product 

359 1/4 
350 1/2 

325 1/4 

295 3/4 

337 3/4 

2"80 1/4 

465 

424 

275 1/2 

342 3/4 

326 

299 1/4 

-
Temp. Range • F. Notes 

2060 
2060-2090 

2040-2090 
1990 -2030 
1980-2080 
1990-2100 
2010-2090 
2030-2090 
1980 -2110 

1990 -2100 

1910-1990 
19<]0 -2110 
1010 -2110 
1990 -2020 
1990 -2080 

2010-1860 
1910-2040 
1980-2040 

2040-2000 

2000 
2000-1900 
1860-1900 
1830 - 1880 

1900-2020 
2000-2030 

202-0 -1850 

• Product barrel No. 3 
Product barrel No. 4. 

Product barrel No. 5 

2325 Feed to kiln plugg,ed 
2340 Feed to kiln open 
Product barrel No. 6 

Gas meter reading~0020 
920,410 cu. ft. 

125 Ibs. of reburn added. 
0400 hra. 

Product barrel No. 7 

Product barrel No.8 

0800 hrs. Conveyor motor 
stopped - hand feed. 
1040 hrs. Conveyor back on. 

Exhaust fan on. 
Exhaust fan off, cooled 

charge. 

1990 -2080 . Barrel No. 9 
1970-2030 , 
2030-2150 
1990 - 2020 Barrel No. 10 

2000-2050 
2100-2230 
2050-2080 

2050-2080 

1900-2000 
2000-2080 
2010-2050 
1910 -2010 
1960-2030 
2010 -2090 . 
2060-2140 

2000-2080 

2050-2110 
2080-2120 
1990-2050 

Gas meter reading ~Z3045 
946, 100 cu. ft. 

Barrel No. 11 

Barrel N"1i. 12 

Gas meter read~ 0620 
953,850 cu. ft. 

Barrel No. 13 

Gas meter reading~ 1040 
959,270 Cll. ft. 

Barrel No. 14. Fuel off. 
End of operation 
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( D!" A.~ COLLAR Horizontal. Strike: West. 

I OiEPiH O F HOLE 220 feet 

I 

) "" 
, . r : 

~ , 
,,~.-

. [ t' •. ~ !, 

: . . - . \ 

HOLE NO. _-=l~A~ ____ _ SHEET 1 

,. ' 
. \ 

DA.TE COMMENCED ______ _______ _ ___ -:-

. DATE COMPLETED ______ ___ _ 

REMA.RKS _ ____________ _____ _ __ _ 

l :-'UR POS E OF HOLE To determine width and grade of white Is. formation ' 

~.::-=.=-:=~_:: Ca 0 ,M ,. ° . SiOZ ,FelO) .1 
SAMPLE ,. WIDTH 

e" f OOTAG E 

f 
t 

3.3 '- 3.5' 

3. 5 1
- 27.5 1 f 

~ l. 7.7 . 5 ' - 28. 5' 

~. 28 , 5 ' - 54.3' 

i: 
" 54. 3 ' - 59 1 

59 1 
- 84' 

~ I 84 ' 
- 88 1 

Jt , 3 8' 

t 
~ .. 
~~~~~.""M 

-192.8 1 

DESCRIPTION 

White marblized recrystalized Is. Very coarse 

B a sic fine grained green dyke material. Sharp 
contacts. No alteration in Is . Dyke rock contacts 
a t rt. ang les to core. 

White marblized Is. Few bands up to 3 II of light 
grey Is. Slips iron stained. 

Light grey impure band of Is. Some garnetization. 
Two 1/4" seams of fine grained pyrite? 

. No . 

[. 

(4958 

Typical white marblized Is. Very minor iron staining I..t 
on slips. Becomes gradually finer grained. r.~57 

White Is. but more impurities than previous section. 

Typical white marblized Is. Almost no iron staining 
on slips. Last 2 1/2 ft. very siliceous. ,..959 
Mixed basic green dyke material and lime. Only 30% 
core recovery this section but gives impres sion that 
dyke may be only a few inches wide and cutting hole 
at a flat angle. 1afTutT 
Typical white marblized Is. with exception of 6 '1 band 
of slightly greyish material at 102'. From 182 1 to 189 1 

Is. still whi te and pure but more sugary in texture and 
sheared at rt . angles to hole. Rock cored in buttons. 

,-
IN FEET 

10 '·f)(,) , 

$'.84' 
.... 

.apt·l34 

l~i ·- . . 
~92.S: 

ASSAY ' ASSAY 

53.6 · - I • ~ . 

" 

" , 

52~ 6 . ' I" ~ .~ : ' , 
. ... . , ' . ,'.... . " . 

54. a 

:53.8 

""' '1" 

ASSAY . I ASSAY 

.. ~ 

,, ' .... 

, '. - "" . 'l l .. ~ , " ~~t;." " 
I 
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PHO?ERTY_ __ SABAPO LIMESTONE DRILL HOLE NO. 1 /I • SHEET 2 
Locc.ti on: Tunnel face 

-!I::: ..... ~lr ... G ___ ~ ___ __ ' _ ______ _ ________ _ LAT, ___________ ~~ __ ~ __ ___ DATE COMMENCED _____________ _ 

n. t> AT ': O l.LA R Horizontal. Strike: West. DEP,_--: ______ ~ ___ ...:... _____ _ 
DATE COMPLETED 

'~~PTH O F HOLE 220 feet ELEV . ______________________ _ REMARKS ___________________ _ 

" ·J 1: F:)SF. OF HOl.E To determine width and gr:ac~ of white Ls. formation 
... . _. 

f O SAMPLE WIDTH " OTA GE DESCRIPTION 
No , IN FEET ASSAY b t/SAY ASSAY a 

,8' - 220 ' Massive banded blue-gre'y La. Banding at 75 - 80 0 to 4961 1'-92.8'-
, , "; 

.. ;';1 

p ~ 

.-

; , 

I·' o' 

!' 

~ \' 

cours e of hole. 
210' . 

.. 

I Cotnment: 

-

,. ,, ' '.p' ;::!v.:;::r':~~I'1' ; '_1t ':":~"~-"I, ,.1';;", ": ~iii.OP.<''''''I- ''~' ••.. 'X" ......... . : .... ~".~-. ' .• • 

Two 2" chlorite seama at 206 1 and ! 220' 45.6 

End of hole 

I 

, 

, 
! , 
\ , 

I 

, 

t.:..," . 
~ . :~I" h" ,.. 

" 
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SABADO Lim~; stolle Mount Fagan ~rea DRILL HOL F: t ~ 1 SHEET ____ ~l ______ __ 

~ ~ ' 1'7 "'.:.. rt-.cj _ _ 
LAT. ______________________ _ 

DATE COMMENCIED ____ ______ _______ __ 

1· 40 0 
~ [;i , ,!,, A r C O l.I..AR------ ----------

DEP. ______________________________ _ 
DATE COMPLETED • ___ _ _ 

i 
;:. , 'HI O F' HOLE 400' ELEV . _____________________ __ REMARKS ______________________________ _ 

" JJ ~PQh " O F' HOLE To obtain a vertical section of Limestone body with adit and Hole RlA 

- .. --_._ -=. ====r== ==================r=====r===r=====;=====r===r===: 

.~ ~ .. ' 

~. 

'" 

... . 

F()OTA G E 

a l 
- 5 1 ' 

51! .. 55 1 

::. 5 I - 79. 7 I 

., :} . 7! - 86 I 

86 1 
- 98 1 

;:t G' - 129' 

129' - 132' 

t32 ! - 199' 

199 ' - 200' 

2 0 0 t 
- 209' 

20 9 ' - 2 82' 

I· ~; .. ,< .• c' 

DESCRIPTION 

Granite porphyry - altered, hard. Contains less 
than 0 . 5% sulphides, mostly pyrite. 

Fine grained basic dyke cuts core at 500
• 

No noticeable contact aiteratiQn. 

Fresher porphyry. Les sO. 5% Fine sulphide. · 

Sheared, s oft, altered porphyry, brecciated. Con­
tains I" chert seam at 80'. Cutting core at 55 0

• 

Typical f resh porphyry. 

Highly altered porphyry. Numerous water courses 
and brecciated; last 6' of section altered to gauge 

Impure, altered Ls. Contact area 

White lime. Crystal size varies from 1/8" • Sugary 
texture to 1/411 size. Numerous water courses. 
Slightly iron stained. 

White Ls. Fractured water course, iron stained 

Whi te - grey Ls. Not as pure looking 

White L s . Still open, rusty water courses. Last 15' 
of section greyer color and few hair line cracks with 
bla c k mineral. 

SAMPLE 

No. 
WIDTH 

IN FEET 

COmpO!ite 801, 
802, 803, 

80 . 

801 132-150 

150-175 

175-200 

ASSAY 

CaO 

52.3% 

54. 80/0 

52.9% 

802 

803 

804 

805 
806 

200' - 2091 52.0% 

209-235 
235-280 

54.3% 
54.3% 

ASIIAY ASSAY ASSAY 

MgO S10 2 F02 03 

0.08 2.0% 0.08 

0.11% 3.5% 0.17% 

0 .'04 1.6 0.14 
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(';;";;~::f:Ty __ s..ABADO Limestol"'!t. , Mount Fagan Area 

~ .. ... "-".< .......,. '1",... 

f"'~. 

c' 
DRILL HOLE NO. _ .. --"'.2 ____ _ SHEET 1 

" 't -,, " ... ;>: IMG_ ._ -
LAT. ______________________________________ _ DATI: COMM,.NCED _________________ _ 

t ~' : i" AT C ( .• ~ ·j," -----------------------
o EP. ________________ ---, __ DATE COMPLETED ___ -,-_________ . _____ _ 

~ 
i 

.... ::. " H OF HOLE ____ 4=0"-"'0 .... 1 ____________ __ 
ELEV. ______________________ _ 

RE~ARKS _____________________ _ 

t 

t . ..,,',,' ('.5 , OF H OI.E CaOO% Mg 00/0 Si02 % Fe203 % 

~.~- .... ,-- f ' DESCRIPTION !4' TOOTA <-,!: 

'''~---- .. --
t 

b'" 0 • 8' ( 

r, ~~ ! - ?. '~; ' I Fine grained green basic dyke. 
~ 
ii 

~.. " I "2 ' E:- I".-'Z - ~ 
~ 

g .' -J , -') ! ,.. ...1_ . ., : t 

f. 
~:. 

fr '70 1 1 '-(' l ,;. . .. 'j j4 

~. 

~ (. 

15~·" -16S. 2' 

~', 
£, 
~ . lb3 .L' - 175' 

~> 17 5' - 17S' _. 

Fractured poor core 
recovery. 

Limestone Breccia, included dyke rock. Seconday 
green micaceous mineral, very slight coppe~ stain . 

Coar!!e crystalized white Limestone, numerous water 
courses and iron stained fractured "N" core ends at 
70 1 

Similiar white limestone to above. Grain size de­
creases between SO' - 110'. Badly fractured and 
stained 110 1 

- 140 1 

Fine grained green basic dyke upper contact at flat 
angle to ·core. Few pyrite masses up to 1/4". Bot-­
torn contact at 80' to course of hole. Contacts sharp 
limestone not altered but slightly silicified. 

Typical White Ls. 

Basic green dyke contacts at 80 0 to hole. 

l7e T 
- ID8. 7' I White Ls. Fine grained. 

i f:;;. 7 - 194.71 Basic green Fine grained dyke. 

194.7' - 256' 

. ~t::..::": _~ ~~ ~t·~~~-.... I"~. ;~ of 

Typical white limestone between 202.2' and 203.7' 
Some alteration minerals between 232-242' . 1m- . 
pur e bands up to 1/2 It more grey in color. 3" basic 
dyke and alteration at 254 1 • 

SAMPLE 

No. 
WIDTH 

IN FEET 
ASSAY 

1204 32'-70' 54.1 

1207 170' - 15<1' 

compo~' te Sample 
#1204 - #1213 in 

ClUB' e 

1208 194.7'-
250' 

51. 8 

53.5 

ASSAY ASSAY ASSAY 

0.05 2.9 0.18 
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~ 
t .. 
f· , :, •. :,,~".: . .,..'Y ___ . Mt • . ~, r; ~~~ Line ---------------- DRILL HOLE NO. #3 ~!-t EET_~l~ ___ , 
~. 

1 
t 
[< 
! 
i 
~. 
~~ . 

~. 
~, 

,-
~ 

f r 
.' 

'" i 
~. 
& 
t 

t 
~J 

~ 
~ 

~ 

~ 
t 

~. 
" 

i 
f,; 

i~ 

i 
J; 
t 
t. 
;t 

~;, 

t r, 

LAT. ______________________________________ _ 
DATE COMMENCED 

DE~. ______________________________________________ __ 
DATE COMPLETED _ . _ _ _ y ____ _____ _ 

'~'J LE ._. 
ELEV. ____________________________________________ __ REMARKS ___ _____________ _ 

; ." ,.tO L E CaO% MgO % Si0
2
% Fe;1. 0, 0/0 

I 
.... ... ... .; ;. 

" , 

-, i .. 4. 

.I~3 ~ 

I ~ ' .. :. 
' J 

Sf - 19 

, 5 '-22 

"":,~ ... <1: 

51 

DESCRIPTION 

Casing 

Altered Granite Porphyry 

Limey brecciated granite porphyry, heavily altera-
tion. Brecciation increas es towards end of section. 

Fine grained white limestone slightly silicified first 
51 of section. 

Fine grained green basic dyke. Sharp contacts at 
45 0 to course of hole. No visible alteration of lime-
stone. 

Typical white rnarblize d limestone "N" core ends at 
6 0 I, balanc e of hole liB" cor e. Grain size increas es 
around 80 0

. The rock becomes soft and sugary. 
Sheared in many sections at rt. angles to hole and 
core tends to break in buttons in Sections up to sever 
al feet long. The soft sugary Ls. looks as pure as 
the more mas sive sections. 

Fine grained green basic dyke. 1" gauge on upper 
contact several short silicious 8 ections up to 1" 
mineralized with small amount fine iron sulphides 
less than 1/2%. I' included limestone at 188'. 

Typical white marbilized limestone. 1/2" basic 
dyke material at 192.2' and 2" basic dyke at 200' 

Grain size becomes coarser after 205'. 3" sheared 
buttons at 213.7'. Very few rusty fractures. 

:;AM"'L~ WIDTH 

No. IN F'EET 
ASSAY ASSAY ASSAY ASSAY 

1214 23.8'-60 ' 44.8 

(Compo ite Samp e 
#1214 # 1216 in jclusive) 0.05 2.0 0.14 

1215 60 - 100' 54.4 

1216 100' -150' 55.2 

4901 50'-176' 54.1 

49.02 90. 5 L 24( , 52.2 
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:;:., ;' :.- ~ .; DRILL HOLE NO._ft1 SHEET ___ ~ ____ _ 

r· 
LAT. ______________________________________ _ DATE COMMENCED _________ _ 

t 
'r,. _",r< 40

0 
DEP. _____ ~----------------- DATE COMPLETED _ __ _ 

~ 
\. , 
.ri 

f 
", 
l 
t· .... 

~ 
;.~ 

:" 

~, 
~ 
~: 

~ 

F. 
f r. r ,,' 
~., 

l~ 
l 

~ 
i' 
~ 
f • 
~ 
;f! 

~. 
f 
t 
;t.. 
\.. 
~ 

"';)L I:: __________________ -'--__ ELEV , _~ ____________________ _ 
REMARKS 

" ,~ :"' ": OLlt Ca 0 0/0 

~ ,. ' :2 ~ 

., ') J 
.• J 

: . ' :" :)8 . 3 ( 

" _ .... ' ") f ' 
• " .: .... "? 

.. , '3-1 4 .5' I 

. :' j·!8 1 

.. fSO ' 

I 

DESCRIPTION 

White cherty quartz. Sharp contacts at 85 0 to 
COUl'S e of hole. 

Typical white Ls. two · I" chert bands at 243.8' and 
244 . 1' cut core at B5°. Between 248' - 260' Ls. 
becomes les 8 pure looking not 80 white. Several 
rusty stained fractures. Becomes very coarse 
grained up to 1/4" and is extremely white and pure 
l o oking from 294' to 29B. 8' is sheared and tends to 
break in buttons at right angles to core. 

Same coarse La. but contains several 2" bands of 
cherty material cutting core at BOo. 

Coars e white Ls. continues . 

White Ls. grain size changes abruptly at 324'. Be­
comes very fine grained and siliceous. A I" band 
of chert cuts core at rt. angles at 327.3'. 

White Ls. with about 60% cherty quartz in bands up 
to 4" wide. 

Fine grained impure LS. Slightly pink in sections. 
very sili·cious. Small amount of fine pyrite on frac­
tures 

SAMPLE 

NO, 

4903 

4904 

4905 

4906 

4907 

490B 

4909 

WIDTH 

IN FEET 
ASSAY 

~40-264 I 48.4% 

tl64-303'153.0% 

~031-30BJ3 50.5 

~OB. 3-32~ 4B.6% 

b 24' - 344 J 5 ' 33. 0 

~44. 5-346' 19.8 

~48-360 I 27.9 

t. . .... !~:.: ' .<J , ~::.~;~~e !,:.~r :~i~~~ tone • fractured and re-

t ", ,,~" i ,;t'~,'::~> ~,.:<' .... " . :"," , .. .. .- . .. ,' .. ·_~.~:1;}[~;i~~q'll~;!f:·~~~m~~ _ _ , " ' 

4910 b60-367' 26.6 

• ASSAY 

~ ,,.r ~'." :vr.: ,-. ·,,,"to " ' ;"" ~"::..,.'r- .,.;.,.'11 ·\'·4 ..... l·,f:-; ,. ',' r. l..~ .';'. ~ : ', '.~ ' 1.~?t'I,.~.'t,MS.~.t\.~, .. i"'~.:'\,~~~'ri':~"'r.1.:h?f~~ ~O::~~"b..~~ . ~ 
.. , ....... .. :~": \,';' .," -~ A "., ~.' ~ " .•• -' . " :. ,"; " '., ,- • . ~. ,'''' • ,. : ..... " ," • ,,~,;n : ... ~ ... ~,{ .',' ..... ' •. ~n!;.~r'l)'\"(r-~,- •. ,d~. 

~t.~b"., ... . · . . ........ .. -. 

----------

ASSAY ASSAY 
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t~ROF'ERTY. ___ . __ .__ Mt, Fagan Line DRILL HOLE NO. __ -J1I ..... 3.L--_ __ _ SHEET /13 

~j -:;""~,,,,,,,~. .- - .~ ---_. -- ------ -_ ... ----- - - ----
LAT. _______________________________________ _ DATE COMMENCED ____________ _ 

I) '" hr CCJl. L A ~ ._._ . _ __ .. 40
0 DEP. _________ _____________ _ 

DATE COMPLETED _. ___ • .. 

::"f'F"T"-1 t). ' HOt E ___ . 
ELEV. ______________________________________ _ REMARKS _ _________________ _ 

j·UP ,,*Oq'E Of' H O LE _____ _ 

Ca 0 % . _ . . _." 
~ ... ... -. .... -. [ I I I --" .. ' ----. 

SAMPLE WIDTH 
~oo r"' G" DESCRIPTION No . IN FEET ASSAY ASSAY ASSAY I. ___ :~!·, 

·------ -----·1 I I I l 
} ;';'7 1 - 3 77. 5 1 

377 . 5-«-387. 4 

387.4'-394.5 1 

REMARKS: 

~ 

Impure fine grained grey-pink Ls .appeare to be 
contaminated, probably due to proximity to dykes, 
badly fractured and recemented. Soft with large 
a m ount of secondary alteration minerals. 

Mi x ed dyke and Hmey material, brecciated, gaugy 
abou t 70% dyke. Fine grained grey-green. 

Soft gougey impure Is. abundant alteration minerals 

End of hole 

Should present no problem in ITllmng dyke section 
between 176 1 

- 190 . 5 1 separately. but pit layout 
would have to be planned to take this into consider-

~ . 
a~lon. 

f-\" \ f. ~ '3 

S)oI o/u 

(\'v-..\~\'\ c!l}'[, ~.t,,--h~ AvlA,-y-o 

<:"0.. () M 0... I:....'~ ~ "'- ') .l.18S '. 

4911 367-377.~' 24.2 

4912 ~87 .4'-
394.5 24.9 

I 

I 
I , 
t 

! 
I 
I 
j 

I 
I 
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SABADO LIMESTONE PROP~ti. f'lf Mt. Fagan Area DRILL HOLE NO. #4 ___ SHEET 1 

.\ 

'" ~ 

, . 
I' (;, . 
it 
~ 

I 
I ' 
I. 
,', 
:..: 

~ 

[ 
; 

~ 
~' 

J~ ,. 
~ 
~ 

W 

" ' . . , 
~ 
('I. 

t 
f,;, 
I~ 
~, 
" ,'J • .. 
Ji 
~ ,. 
;.. 
>, 
~' 
;0-

tt 

i ' r 
~ 
i· 
i 
~ 
f 
," , 
;.. 

1-1 1 / : ~: 
LAT . ____________________________________ _ DATE COMMENCED ____ _ ___ ____ _ 

~~-~-"" 1" ;.. '- r: ')i..L" .R 40
0 DEP. ______________________________________________ _ DATE COM,.LETEO ___ __ ___ ___ ..• ___________ ____ _ 

.,<, ~~ O F HOLE 402' --=-=------
ELEV , ______________________________________ _ 

REMARKS ___ _ 

" ' ! 'C l~ O P J~ OLE ______________________________________________________________ __________________ ___ _____ __ 

;':. )-')T.J.GE DESCRIPTION SAMPLE 
No. 

WIDTH 

IN FEET 

CaO MgO Si02 Fe203 
-,- - i 

ASSAY ASSAY A.SAY ASSAY 
... -'- -----t-----------------------t----t------t----i----r------It--------{ 

1. 6 T 

. 0 - 3 1. 9 ' 

c.' i _ 4 0' 

.. 5'7 

. ; 
~ 5 . 5' 

Altered Acid Porphyry. 

Very impure brecciated Ls. Many Vugs. 

White Ls. badly fractured and brecciated end of "N" 
core. 

Impure white Ls. iron stained. much chert and sorne 
short bluish bands. 

Chiefly dark grey and irnpure rnettled Ls. 2' Lost 
core at 921 in gauge zone. Abundant chloride. 

" . 5 ~ .' 101. 71 About 50% White La. balance Secondary Lin'e altera­
tion minerals very rusty at 99.8' 

.,.: . / '- 104 . 5 1 I Largely altered basic dyke rnaterial. Extrernely 
fractured. Sorne limey alteration rninerals. 

, .~,-~ . 51 - 106. J, Garnetiferous skarn lirney zone. 

.J . 6 ; -l2.l' 

, .. - 149 . 7' 

.... "." t 

1 ~., - ~ ( ... 

191' 

White Ls. much fractured and iron stained silicious 
and contains secondary alteration minerals. 

Course grained white La. High grade a I' band at 
143' is chloritized and contains less than 0.5% fine 
iron sulphides. 

Blue-Grey Ls. Medium grained. Mettled in part 

IYnpure white Ls. Rust on fractures core badly 

grease stained. About I" of iron rich irnpurities at 
,n " '" 

49.13 131. 9-40' 50.5 

4914 
4915 

4916 

4917 

4918 

4919 

4920 

40'-50' 
50'-57' 

57'-95.5 

43.6 
34.4 

28.8 

U>6.6-122'1 38.8 

22'-149.1' 51.1% 

Ik9.7-172 48.8% 

172-194 49. 00/0 
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' ,'; c:' ;':'n~iY _SAB .. ~_DO LIMESTONE PROPERTY itt . • Fa,an Area DRiLL HOLE NO. __ *~4~ ____ _ SHEET 2 

"' !! :~- - - -. . 
LAT. ________________ _ DATE COMMENCED __________________ _ 

o 
. ' ;. ~ C . .)U .M I ___ -.!:II4:.J,OL-___________ _ 0 .... ____________ ....:...-____ _ DATil COMP'LIn"IlD _________________ _ 

. , _. ; or- HOt..t: ___ ..... 4...,0 ...... Z'-I __________ _ KLEy. _______________________________________ _ RIlMARK. _______________ --, ____ _ 

" ;]';~' O r' H OLIt _____________________________________________________________ --: _________________________ __ 

.AMI"LI! CaO -
r(>~T" ·:.1': 

1" 1 - 19 5 

:~ !:'. ! .' 22 9 

F.. 2. ~ - 2.46 1 

.~_'~ E-I -2.4S . 4 ' 

:UtB . 4 - 258 

~;5 8: ·· Z74 

': ! 4' - 295. g. 

:~9 5 . 8 ' -332. 

'\3Z t -33Z. 4' I 
~ 3 ::' .i~ ... l j :3 . 5 

343 . 5 1 - 40Z' 

DIl.CRII"TION 

Impure dyke basic contacts sharp no alteration to LI 

Good White La. Medium grained 

No. 
WIDT" 
IN "En 

A •• AY " •• AY 

49Zl l195'-ZZ91 52.6 
(Compos te '~918 to 49Z 1 i.cluaive) 

Grey mettled limestone, impure abunc:lant chloride 

Mostly altered basic dyke 

~9ZZ 

49Z3 

Impure white Limestone dl1cified 49Z4 

Limestone continues becoming more pure looking -
Dot real white, much iron staining on fractures, 
silicified 

Light grey La. Still silicified. ~9Z5 

Light grey pure looking Ls. Coarse grained. 49Z6 

Chlor itfi zed green basic dyke. No visible alteration 49Z7 

Coarse pure looking Light-Grey LjJ. 

Coarse White La. Pure looking few grey band... Le1S 
than 0.5'0 Sulphides Fn Gil at 30Z. 5' 49Z8 

End of hole 

U-:a \t -\\ '-t y~",- \:t)..' 4- '-I 0 ~ I 0... t..\l>,"" ~'1k. 

~ 2.80' o..v~ ... ~ 4Q.!:{ Dl c.o..o. F .... o~ Il.l.'- l.~' 
~ "'~-h...1\ to')' Q. v t..-.(..'V-. 50. ') %,r!:a.. () 

Z29-Z3Z.13 37.1 
~32. 3'-z46 ~8. 6~ 

~48.4-Z7J 

t
74'-Z95f.8 

9~rl~..3 

32-343. ' 

~43.5-40 

~5.3 

44.6 

49.8 

50.9 

51.9 

A •• "Y " •• AY 
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PROPERTY SABADO PROPER TY Mt .::an Area -------- DRILL HOLE No. ___ _ 5 _ _ SHEET ___ ~l ______ _ 
BEARI .... G ___ _ 

_"T . 
DATE COMMENCED _ ___ _ ~' DIP AT COLLAR 40

0 
DEP. ________________________________ _ 

DATE COMPLETED ____ . __ . ___ _ _____ ___ . __ . __ ___ _ 

( 

.\ 
, DEPTH OF HOLE 400' ._-_.----- ELEV. 

REMARKS __ . _____ _ _ 
t PURPOSE OF HOLE 

Ca 0 0/0 
i 

FOOTAGE 
DESCRIPTION SAMPLE 

.... 0 
WIDTH 

IN FEET AIISAY ASSAY ASSAY ASSAY 

-------------~--------------------------------------------------------~-------+--------~I---------r--------1---------+--------

0' 5' 

, 5' 21' 

.21' - 43' 

43' - 50.6' 

50.6' - 58" 

;8' - 65.5' 

,5.5 1 
- 95' 

5'-98.8' 

8.8' - 106' 

~6' - 205' 

" 

~ . 

Casing (Note, surface exposure shows hole to start on granite contact) 

Good white liITlestone, broken about 2' last core in section 

Mixed white and grey banded Ls. banding at 80 0 
to core I ITlediuITl grained. 

White La. with about 30% chert bands I' core last . in section 

White and light grey liITlestone medium grained 
White La. with about 30% Chert bands. I' at 58, .6" at 59.8' and 18" at 62.4'. End of "N" core. 
Excellent white limestone pure m.edium grained 2" chert at 68.4' 

SaYne as above but grain size increase to about 1/4" 
Green fine grained basic dyli'!. Sharp contacts. Up­per one at flat angle to hole. No visible alteration to La. 

Excellent white LiYnestone. Grain size coarse to 198' becomes finer 198 1 
- 205'. l' of sheared but­

tons at 116 1 

4935 I 5' - 211 I 51.7 

4936 211- 43 1 I 47.5 

4937 43 1 -50. Ell 40.1 

4938 150.6'-58149.0 

4939 58' -65. I 40.6 

4940 65.5'-
98 . 8 53.6 

I 

4941 106 1 -1551 55.0 

4943 155'-Z05r 53.9 

·1 
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t .. :',;:O P r::£?TY_ SABADO PROPERTY. Mt. F~ ... g_a_n_A_r_e_a _____ _ DRILL HOLE NO._ SHEET l 

~-----

" ( 
• 

~ 
:· /, "": t NG 

LAT , ________________________________ ___ 
':' -. .·.ii.4ENC£D_ _ _____ __ .... 

o 
,) ; i>' AT COLLAR 40 OAT!: COMPLETEO _ . ___ : _____ _ _ _ __ _ 

D£P. ____________________________________________ _ 

~::r .. TH (J F" HOLE 400' .~-------
ELEV . ___________________________________________ __ REMARKS ___ _ _ . _________ ____ __ _____ . _ _ 

(_ >< ;OOSE OF H OLE ____________________________________________________________________________________________ __ 

Ca 0 % 
, 
" > 

~. 
11 
,~ 

'>, 
r. 
t~ 

i;. 
r. 

t 
" ~. 

t 
~, 

~ 

"' 
,,-

~ 
~ 

~ ' 
~. .. .. 
<!t 

f 
" 

f:, 
~ 

~ .. 

~ 

•. ::--=...::.::....:~~,. 

::- t't:'l l AGE 

;~ I ::,; - 207' 

? C!-'? ! - 215. 2' 

.(,15 . 21 _226.5 1 

::': 26. 5 1-237.5 

.: :~ 7 . 5' - 2 3 9' 

~. 3 q f - ~: 5 5 t 

;~ 5 ~1 _ 208 t 

;'U3: -2721 

::72 '-293' 

:93 '-3 07' 

t.:f.-.. ~ .,:t.,. ,~.I 

DESCRIPTION 

Band of mottled grey limestone 

Excellent coarse white Ls. 

Typical Fine grained green basic dyl(e material 
contacts sharp with no visual alteration to lime­
stone 

White limestone continues but grain size becomes 
much finer, is harder and more silicious 

~ 
Largely vein quartz ,:joe chloritized Ls. Fine dissem 
inatated pyrite. 

Dense ve~ fine grained white limestone very 
s ilicious ~ hard. 

Grey-white silicified La. Fine grained 4" chert 
257'. 3" at 358.5' and 3 11 at 366 . 7' 

Same as above but no chert bands. 

Dark to light grey. Fine grained siliceous lime­
stone impure. 

Fine grained, Fine bedded light grey shaley- slate 
o 

tends tn cleave at 45 to course of hole. 

SAMPLE 

NO , 

4945 

4946 

4947 

4948 

4949 

4950 

4951 

4952 

----==-..:...--c:p-==--~==--=-=l--;--=--" -:=-=-::. 
WIDTH 

~o:. '::7 ,L-~:"6- _ASS"-=---_ - A6SA_Y_ t----~~'~~--
207' -2 15.12' 54. 3 i I 

I I 
I I 
I I I 

45. J11 I 
I I 

2.2.4 II i 
I I 

I 
~26. 5-231. 5 

237 . 5-23~ 

239 1-255 31.3 
I 
I 

I 
12 55-268'1 24.1 

1268'-272f 32,0 

12721-293~ 21.8 
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. ' t~ O}- :..:RTY _ _ SABADO 2ROPER TY, Mt. Fagan Art: ... DRILL HOLE NO. 5 . S..,EEL _ __ -"'3~ __ _ 

. .. . -. ----_ .. _----------------- LA T . ____ __ ____________ _ DATE COM II' ENCED _______ . 

_' ... ______ 3;0.0 -- --- ---
DEP. ______________________________________________ _ 

DATE CO .... PLETED 

~ 1. ' ~ .. ' j l ''':;LE __ _ 
400~ __ ' ________________ _ ELEV. ____________________________________________ __ 

REMARKS 

. ... E' ~ J'" HOL E __________ __ 

Ca 0 0/0 
----- - -- - ---- --- _ .. - - - -----

SAMPLE WIDTH 
DESCRIPTION ASSAY ASSAY ASSAY ASSAY No . IN FEET 

.,' - :; L~ 9 ' Sediments continue lightly altered bleached whiter 

(I I - 3 l7' Same rocks continue but have browner color and 
consist of alternating bands of light brown and more 
light color silicious bands. From 1/8" to 1" wide . 
Sediments are limey. 

129 I Chloritized impure Limestone. 

33 5 . 5' Fine bedded buff limestone I narrow beds up to 1/2" 
, 

laternating with whiter beds . Dense fine grained. 4953 ~29'-335. 5 21. 4 

,.6', Altered section more chloritized s oft more Hmey 4954 ~35. 5'-
337.6' 30.0 

.. :). ',:.- } 3 

':P.-

I Soft fine grained mous e colored pinkish limestone , , . 7 . -36 

Some chloritized sections 4955 337.6'-
364 29.9 

I 

:.' - 4 00 I Fine grained white silicious limestone 4956 364'-400 28.4 

I End of hole. 

\l...\.~ ';:f C;:r~"\.- 0' - 11')1 0.. \..~ \'L. ~ 2.)')' . . 
<\v~u..y... 6' ,. r'} oIl) c.ctC>. 

~ 

I 
, ", ~ '''''' 
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PROPERTY SAD.ADO Lr.~.r::fTONE PROPERTY, Mt •. Fagaft Area DRILL HOLE NO. __ ..... 6 ____ _ SHEET __ ~]-------

(' 
BEARING LAT. DATE COMMENCED 

DIP AT COLLAR 1)0 DEP. DATE COMPLETED 

DEPTH OF HOLE 
{Oaf ELEV. REMARKS ,. , 

PURPOSE OF HOLE 

, . -
DESCRIPTION 

SAMPLE . WIDTH 
ASSAY FOOTAGE No. IN FEET 

ASSAY ASSAY ASSAY 

0' - 18.6' Casing 

18.6' - 21. 6' Grainte Porphyry. 

. 21. 6' - 42. 7 I Typical white limestone fine grained silicified much 
fractured and iron stained. 4930 21.6-42 7 37.S 

~. 42. 7'·43.3' Basic green finc grained dyke material 

: 43.3'·80' Relatively pure white limestone 6" chert at 71' 
I Stained and fractured. E :ld of "Nit core. 4931 43.3' -
I 

! SO' 45 •. 7 
I 

. SO' -91.5' Same as last section finer grained contains 1% 
i alteration products afl 82' 4933 80' -; 

91.5' 44.0 
i 

i 91. 5' - 94. S' Fine grained green basic dyke tl".aterial sharp 
contacts •. 

94.S' - 118.2' Medium grained white limestone, few impurities 4934 4. S' - 43 •. 9 
118.2' -120.8 Mixed white Ls. &: chel"t about 40% Chert. 

1200' 8' - 122. ~ t Mixed white Ls. & dyke rock cherty. 

122.5' - 135' Fine grey green basic dyke rock •. 

135' - 149.7' r.:fottled impure grey limestone much contaminated 
with dyke rock. First 6' very h'on stained and 
fractured 2' % dyke at 14·1'. 

. 
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, PROPERTY SABADO LIMESTONE PROPERTY. Mt. Facan Area DRILL HOLE NO. 6 SHEET __ Z ___ _ 

BEARING 

DIP AT COLLAR 

DEPTH OF HOLE 

PURPOSE OF HOL.E 

LAT. 

40 0 
DEP. 

400' ELEV. 

DESCRIPTION 

Most~y chert bauds and green dyke rock. 

About 50-50 dyke to lim ee:tone. Coreche:rt and 
gauge brecciated and bl'oken. 

Medium grained white-grey limestone few chert 
bands. 

Meilium gl"ained white-grey limestone 

Mixed Limestone and dyke. 

Basic dyke'. (probably two types and ages % (l)'1'$Q 
this on. Seems to alter the Is in contact areas) 

, Oue type Of dyke n'o phenocrysts'~ , -. , . -"' ,. ' 

Altered white lim.estone contaimiaated with 
dyke material. 

Largely dyke rock with included limestone. 

Pink mous e colored Ls. (Similar to Hole 5?) Fine 
grained dense. Large amount of included Chlorite 
could be altered Aplite dyke. 

192;5' - 194. b, White fine grained silicious limestone. 

194.5' - 211" Grey limestone, soft m uch chloritized. First pal.t 
of section much fractured and recemented. 

SAMPLE 
No. 

DATE COMMENCED ______ -:-__________ _ 

DATE COMPLETED _________________ _ 

REMARKS _____________________ _ 

WIDTH 
IN FEET 

r;:) () c:, 

ASSAY ASSAY ASSAY ASSAY 
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PROPERTY SABADO LIMESTONE PROPERTY, Mt. Fagan, Area DR(LL HOLE NO. __ ~g,--__ ",--_ 

BEARING ____________________________________________ ___ LAT. __________________________ ~-------- DATE COMMENCED _________________________________ _ 

DIP AT COLLAR 400 DEP. ________________________________ ~----------- DATE COMPLETED ______________________ _ 

DEPTH OF HOLE 400' ELEV. ______________________________ ~~---------- REMARKS ______________________________ ___ 

PURPOSE OF HOLE _________________________________________ ~~------------_____________________ ~_~ __ 

FOOTAGE DESCRIPTION 
SAMPLE 

No. 
WIDTH 
IN FEET 

ASSAY ASSAY ASSAY ASSAY 

211' - 220' 

220' - 223 

'White impure Limestone contains few narrow chert 
bands. Few soft gauge sections. 

Largely cherty material. 

223' - 229.41 I White Lir.1estone with about 10% chert banded up 
to 4" wide. 

229.4' - 234.~' White Lir~1estone grade improves less chert. 

~
962 

234.4'-252' 
/ , 

252' - 254.6' 

, l54.6'-350' 

350' - 351' 

351' - 363.Z' 

White coarse to medium .La. few 1" bands of chlorite -. 
material rust on fractures 10" quartz with 170 pyrite V63 
at 242.'. . ' 964 

, 
Fine grained basic dyke green in color. No altera-
tion. Sharp contact. Rock. contains small 1/4" 
white phenocrys t8. 

Excellent white LS medium to coarse grained 3" 
chert at 33S. 1 and 4" chert at 3~3. 3'. 

",,'<' hite cherty limestone. 

Coarse white Limestone 2" chert at 351. 4' 

965 

966 

363.2' - 363.91' White chert. 

:r~7 363.9'-400' Excellent coarse white limestone. Few buttons at 
3SI.11 - 18" sheared. 

, 

, End of hole 

Hole 116 indicates a width of 125 1 - 150' of typical whitje 

1.2 

1.5 
2~~4-

252 

2$4.~ 
300 

. ;sJo'-
350 

3l0 t -
400 

PaO. Au 

tr. 

tr 

50.0 

Ai; 

0.1 

0.1 

13le1ng 
47.3 rephecked 

53.5 

53.2 

aging 51.3% CaO 
Hole e~ded in 

eriaJ.. 
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OBJECTIVE AND SCOPE 

The purpose of this study has been to ascertain whether there is a 

sufficiently attractive market for lime !lnd limestone products which might 
! 
I 

be produced from the Mt. Fagin limestone deposit near Sahuarita. Arizona. 1 

to warrant further developments leading to a commercial lime and limestone 

operation based on the deposit. To accomplish this objective, the following 

work was initially believed necessary: -

1. Examination of the present market for high calcium limestone. high I 

calcium quicklime and high calcium hydrated lime within an approximately 

500 mile radius of the Mt. Fagin ore body. 

I 
2. Locating the present suppliers of the indicated products within this 

. I 

i area, including price structure and freight rates to the extent possible. 
I 
!.' 3. Evaluation of future trends with respect to new sources of supply or 

new markets for the indicated products which might be anticipated as the 

i 
result of economic growth or technology. 

I 
j. 4. Preparation of a formal report summarizing the results of the fore- ! 
I • l 

going effort as indicated, together with any opinions and conclusions which 
, 

.J the Research Foundation believes justified on the basis of the information 
! 

resulting from this study . 

.. 
This objective and scope is more fully outlined in a letter of December 3~. 

1964 from C. J. Lewis of the Research Foundation to Mr. Jesse H. Knight 

of Cordillera Petroleum of Canada. Limited. (Appendix) 
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In accordance with the Research Ff)undation's verbal understanding with Mr. 

Knight, the work as outlined was allowed much flexibility in the interest of 

practicability and efficiency as information became available. 

I 
I 
I 

I 
j 

I 

I 
I 
I 
I 

i 
: . , I 

.' II : ~ :), I 
1 
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FOREWORD 

This study may be considered as the market survey phase of a project 

which was started by letters of November 7, 1959 and December 30, 1959 

from Mr. G. A. Freeman, of Transarizona Resources, Inc. to C. J. Lewis 

...lJ', 
• I of the Research Foundation. This initial work involved examination of lime-

J' 
J ' 
J 

, ! ' stone samples and resulted in a report to Transarizona Resources, Inc., 

dated February 10, 1960, entitled "Evaluation of Limestone Samples lor 

Production of Lime". In essence, the report stated that limestone, repre-

sented by the samples studied, .decrepitates and disintegrates to a relatively 

small particle during burning to quicklime and the resulting quicklime may 

be considered to be a good chemical grade of high calcium quicklime. The 

I' February 10 report enumerated 9 opinions based on the work done. 
! ' 

Subsequently, a contractual arrangement of October 8, 1962 between 

the Tucson Lime and Chemical Company, Inc. and the Colorado School of 

Mines Research Foundation, Inc. involved the processing of a large sample 

:. of high calcium limestone presumably represented by the samples involved 

in the February 10 report. This processing consisted of passing -3/4" 

limestone through a direct gas-fired pUot rotary kiln to obtain information 

on calcining characteristics of the limestone as well as to obtain a substantial ; 

quantity of the quicklime product for further evaluation. This work resulted 
I 

in a report dated November 28, 1962 to Tucson Lime and Chemical Company 

entitled "Rotary Kiln Calcination of Limestone Sample". In essence, this 

I report states that limestone represented by the sample is amenable to 

- -_. - ._ , . __ ... _---- _ .. _-_._--_._--------------- .. _--------_.! 
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quicklime production via the direct-fired rotary ki:n and t~at the dust loss 

due to decrepitation of the calcine to about -1/8" does not appear economical1~ 

prohibitive. Reference is made in the November 28 report to the quicklime 

J product being off-color as compared to the normal white high calcium quick-

limes of commerce, as well as to the gratifyingly reactive nature of th~ 

quicklime during slaking. 

Still later, the Research Foundation received a telegram dated 

I September Z7. 1963 signed "Tucson Lime and Chemical Company. Limited 

I Per New Astral Mining and Resources, Limited" which authorized the 

J 

! 
I 
! 

I Research Foundation to proceed with certain plasticity determination studies. 
! , I 

This was followed by an authorization letter of October 9, 1963 from Plaxton 
, I 

j 
i and Company, 80 King Street West, Toronto 1. Canada. This plasticity 
I 

i 
I study involved the preparation of hydrated lime at the Research Foundation 

using a sample of the quicklime product to which reference is made in the 
, , ! 

November 28 report and then submitting this hydrated lime to testing labora-

tories for its evaluation in terms of Type "S" building lime requirements. 
I ' ' 

This work resulted in a letter report of November 29. 1963 from the Research 

Foundation to Mr. Herbert Plaxton. In essence, the letter stated that the 

high calcium hydrated lime which could 'be produced by conventional methods 

fropl the quicklime product of the November 28 report would very likely m r> .. ,.", 

Type "S" building lime requirements but could scarcely hope to compete on a 

pe'rformance basis with the Type "S" hydrate produced by pressure hydrating 

dolomitic quicklime. The report also recommended a market survey to 

1 .. _____________ •• _ _ _______ • __ •• 
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ascertain the local situation with reference to high calcium lime products from 

the deposit of interest. Since l'JTessrs. J. D. Mason and G. A. Freeman 

received copies of the November 29. 1963 letter report. and are involved 

i with this present market survey study. the foregoing reference to the 

November 29 report appears to be in order. 

Finally, under date of December 30. 1')64, Mr. Jesse H. Knight of 

I Cordillera Petroleum of Canada, Limited authorized the Research Fl)undation I 

to conduct the market survey which is reported in the pages following. 

. I 

- -- - ----_._ .. _-_._--- ---:------------.---

COLORADO SCHOOL OF MINES RESEARCK FDUNO~T : nN 

- 5 -

, 
f ., 



] 

] 

.J 
-~ 

] 

J 

WORK DONE 

1. The National Lime Association was contacted to obtain up-to-date 

information on the location of existing lime plants or lime plants under con-

struction. particularly in the Southwestern United States. A map locating 

such installations appears in the Appendix. 

2. Questionnaires were mailed to a total of 482 concerns within a 

500 mile radius of Sahuarita, Arizona in the United States, exclusive of 

copper mills. Names of the concerns were obtained from up-to-date trade 

directories and selected on the basis of the Research Foundation's experience 

pertaining to . the type of operations which do or could use lime. The question:-

naire as well as the complete list of those receiving it appears in the ~ppendU:. 

3. The 500 mile radius area around Sabuarita, Arizona was divided 

into 75 mile, 75 mile to 150 mile, and 150 mile to 500 mile radius regions 

and said regions subsequently considered in terms of market potential and 

competition. A map indicating these radius regions appears in the appendix. 
I 
I !. The map also includes the same radii working outward from the Paul Lime 
, 

Company plant at Paul Spur, Arizona and the U. S. Lime Products plant at 

Nelson, Arizona. 

4. Mr. C. J. Lewis of the Research Foundation visited the Mt. Fagin 

ore body in conjunction with calls on potential lime users in the Tucson and 

Phoenix areas. 
, 

S. Potential competition, railroads, purchasing agents, lime salesmen. ; 

etc. were contacted with reference to various factors which might affect the 

'------- --- ~---.- :..----- -------.-----_._----_._ ....... _--_. 
.. 
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feasibility of establishing a high calcium lime plan~ at or near the Mt. Fagin 

limestone body. 

6. C. J. Lewis personally contacted the copper mills in New Mexico 

and Arizona in the course of which field trip he also visited the Paul Lime 

plant near Douglas. Arizona and the Hoopes Lime plant near Globe, Arizona. 

Some photographs taken in the course ot this fiel\d trip appear in the appendix. : 
\ 

.f' 

~ .. -- ..•. ------.--- .-;:-----
I 
I 

• _ __ • ____ • ___ ._ J 
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CONCLUSIONS 

1. The market for high calcium quicklime which may be considered as 

the local market for a lime burning operation at or near the Mt. Fagin lime­

stone deposit is at p'resent at least 35,800 net tons per year. Practically all : 
i 

of this potential market is represented by flotation quicklime for the copper 

mills in the local market area. 

Z. The use of notation quicklime by the existing copper mills in the 

local area will probably increase due to some expansion, and also because 

of the completely new Anaconda Copper milling operation which is expected to 

be on stream within a few miles of SahUarita in the last quarter of 1969. 

3. If notation quicklime for the copper milling industry is excluded, 

the remaining local market for limestone and/or lime products from the Mt. 

Fagin ore body is relatively meager and very vulnerable to competition from 

'established producers of lime products. 

4. The Paul Lime Company with complete rotary kiln, and supplementary 
, I 

! _ high calcium lime processing operations at Paul Spur. Arizona is at present 

well-established in the market area which may be considered as the local 
1 

market area for a lime-producing operation based on the Mt. Fagin limestone ; 

deposit . 

. 5. The Hoopes Lime Company with a rotary kiln operation, a few miles 

from Miami, Arizona. is well-established in the Globe-Miami copper 

milling area. 

6. The U. S. Lime Products Division of The Flintkote Company with 

---_._---- ,. 
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plants at Henderson, Nevada and Nelson. Arizona. is well~~stablished in the : 

Kingman-Bagdad. Arizona copper milling area. 

7. Possibility of negotiating a long-term arrangement with Anaconda 

Copper Company with reference to supplying flotation quicklime for their 

announced new operations near Sahuarita warrants careful consideration. 
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1. 

RESULTS 

Typical Rail Freight Rates on. Lime. (Information received from 

railroads). 

From Nelson, Arizona (U. S. Lime Products) to Phoenix, Arizona: 

Minimum 15 ton car. . • • • . . . • • • • • • • • • • • • . . $6. 70 per net ton 

Minimum 20 ton car ...••••••••• ; •.•• ~ • • • • $5. 70 per net ton 

From Lucerne Valley, California (Charles Pfizer Lime Plant) to 

Phoenix, Arizona: 

Minimum 30,000 lbs. . .................. . $18.40 per net ton 

From Lucerne Valley. California to Tucson, Arizona: 

Minimum 30,000 lbs ..••..•.•.. ~ ...•••••• $20.60 per net ton 

From Cushenburg Railhead, California (presumably freight inter· 

change for Henderson, Nevada lime plants) to Casa Grande, Arizona: 

Minimum 30,000 lbs •.•••..•.• .••.••••.••• $16 •. 20 per net ton ' 

From Paul Spur, Arizona to Bisbee, Arizona:-

Presumably minimum 25 ton cars. . . • • . • . • • $0.89 per net ton 

From Paul Spur, Arizona to Ajo, Arizona: 

Presumably minim um 25 tom <?ars ...••.•.•• 

*From Paul Spur; Arizona to Phoenix, Arizona: 

Presumably minimum 15 ton carloads ••••.• 

* (Information received from Paul Lime plant) 
) 

$4. 30 per net ton 

$6. 60 per net ton 
(approximately) 

, 
1 
J . 

'-_._._---------_._-_ ._. ----------_._-_. ---'- '" 
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Flotation quicklime from Paul Spur, Arizona to Sahuarita. Arizona: 

Minimum 44 ton car. . • • • . • • • • • • • • • • • • • • • • $2. 50 per net ton 

Flotation quicklime from Paul Spur, Arizona to Tucson. Arizona: 

. Minimum 44 ton car. • • • • • • . • . . . • • . . . . • • •• . $2. SOper net ton 

TyPical Truck Freight Rates 

From Paul Spur. Arizona to Morenci, Arizona 

From Paul Spur, Arizona to Silver Bell. Arizona 

Typical Prices. 

Bulk pebble quicklime from Paul Spur, Arizona. 
f. o. b. Bisbee, Arizona 

$24. 60 per net ton 

$4. 00 per net ton 

$14. 00 per net ton 

Type liS" hydrated lime f. o. b. Paul Lime Plant, Paul Spur, Arizona 
$1.20 per bag or $23.00 per net ton 

Chemical hydrated lime in bags f. o. b. Paul Lime plant 

Bulk quicklime f. o. b. Paul Lime plant 

$21. 85 per net ton 

$14.00 to $16.00 
per net ton 

Bulk pebble quicklime f. o. b. A. S. & R. Mission Unit, near 
SahUarita, Arizona - $15.00 to $16.00 per net ton carload delivery 

I 

I 
.' I 

, 
! 

I . 

Bulk quicklime f. o. b. other copper mills near Sahuarita (Duval, Pima) ~ 

Arizona - $17.50 to $18. 00 per net ton f.o. b. bin site truck delivery 

Chemical hydrated lime in bags from Paul Spur, Arizona to San Manuel, 
Arizona - $0. 73 per bag f. o. b. warehouse truck delivery. 

Copper mills, Miami, Arizona - pebble quicklime in bulk -
$15. 50 per net ton f. o. b. lime bins truck delivery. 

Inspiration Copper Company, Christmas, Arizona - pebble quicklime 
in bulk - $15.50 to $16.00 per net ton f. o. h. lime bins truck delivery. 

1 

._ . _ ______ . _ _____ ___ • _______________________ . _ _ • ______ . _ . _. _____ . _ _ . 1 
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Miracle hydrated lime in bags (Type "S"), Henderson, Nevada to 
Phoenix, Arizona - $0.96 per 50 lb. bag f. o. b. dealer's warehouse. 

Miracle hydrated lime in SO lb. bags f. o. b. dealer's warehouse -
Phoeni4'. Arizona - $1. 30 to $1.40 retail. 

3. Information on Building Lime Market. 

(a) National Lime Association claims 95% of the market for masonry ! 

(building) lime is either Type "s" hydrated lime or quicklime putty. Quick-

lime putty involves a high local demand since it is not practical to truck the 

putty any distance. 

(b) The Superlite Builders Supply Company. Phoenix, Arizona. the 

i largest building supply dealer in the area, states that all lime for ,mortar 
, 
! and stucco in the area is high plasticity and that Miracle lime (Type "S" 

dolomitic) from U. S. Lime Division of The Flintkote Company, Henderson, 
i 

Nevada, furnishes at least half of all Type "S"lime soid in the Phoenix area~ 

I 
About 125 to 150 small dealers in the Phoenix area sell Miracle lime for ! 

between $1. 30 and $1. 40 per bag. A large retail order is considered to be 

. t from 10 to 20 bags. Superlite would be interested in a new source of Type 

"S" lime providing its plasticity were at leas', as high as that of Miracle 

lime. 

(c) The Paul Lime Company of Paul Spur, Arizona, produces a high 

calcium Type "S" lime by special hydrating process believed to include a 

chemical additive to produce plasticity. Paul's Type "S" high calcium 

hydrate is having difficulty competing with Miracle lime from Henderson. 

Nevada. 

: * $0. 96 per 50 lb. paper bag delivered. 
,_ ... _-_._- - -_ . . _------ ._.---'-._--- .--------
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4. Limestone. 

(a) No major uses for limestone from the Mt. Fagin limestone body 

have been located. 

(b) It is highly unlikely that the new Spreckles Sugar Company mill 

which is expected to be on stream in the area early in 1967, could use Mt. 

Fagin limestone. It is conventional practice in a sugar beet refinery to burn 

I . 
I 

, 
I 

limestone to quicklime and treat the raw sugar solution with quicklime to form 
I 

a soluble compound of calcium sucrate. This solution is then clarified and 

blown with carbon dioxide gas from the lime kiln producing the quicklime in 

the first place. The carbon dioxide gas treatment precipitates the calcium 

of the calcium sucrate as a calcium carbonate sludge while simultaneously 

I regenerating the sugar in a pure water soluble form. The sugar solution is 

. clarified and crystallized to produce the commercial sugar product; 

Conventional practice is to burn the limestone in a vertical lime kiln 

since this type of kiln is the most efficient in terms of both quicklime and 

carbon dioxide recouer~ as well as in terms of the cyclic operation of a beet 

sugar refinery. Obviously, a limestone which decrepitates during burning to 

lime ~ould block the upward draft of a vertic"lil lime k\:ln. Spreckles Sugar 

Company specifications for their limestone at present are minimum calcium 

carbonate 93%, maximum magnesium carbonate 4%, maximum silica 2%, fine ' 

grained limestone which will not shatter or decrepitate. While the Mt. Fagin 

deposit meets the chemical specifications, it does not meet the physical 

specifications. Spreckles Sugar expects to consume about 20,000 net tons of 

! ______ ._-_0-_ ____ -------
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limestone per year and do not plan to recover ~ the by-product calcium car- . 

bonate sludge . 

S. Soil Stabilization Market. 

(a) This is a large market for high calcium hydrated lime in Texas, 

Ohio, Indiana, and other relatively high rainfall states, especially where 

freezing and thawing along highways occurs. However, the State of Arizona 

has not yet begun to use hydrated lime for soil stabilization in conjunction 

with highway maintenance and/or construction programs. Arizona is very 

much interested, particularly with reference to stabilization of chinley clay 

along Highways 66 and 40 and Highway 89 north of Flagstaff. The University 

of Arizona has a research program under way on Arizona soil stabilization 

and Arizona State University is attempting to get some work started in this 

; . field. 

! . 

6. Agricultural Markets for Lime. 

(a) This area ' has not been positively examined during tiE course of 

this market survey. Arizona agricultural soils are, for the most part, 

alkaline and the consumption of agricultural lime in Arizona is known to be 

relatively small. No indication of any important use of agricultural lime 

was apparent during the approximately' 2500 mile field trip surveying the 

copper mills. Dr. W. H. Fuller, Head of the Department of Agricultural 

Chemistry and Soils at the University of Arizona, stated that Arizona soils 

, are calcareous or soon become calcareous as the result of irrigation water 

and that, for this reason, lime is not used on Arizona soils for agricultural 

I 
: ___ .P!l:r.pQs.~s' _____ "_-L. __ _ --------_ .. _----_ ... ... . _ J 
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7. Response to Questionnaires. . .~ . ~ 

" ", 

or the 482 questionnaires mailed, returns were as follows: 

(a) Total replies 189, representing a return of 39%. 

(b) No reply at all 247, representing .:;e 10/0. 

(c) Returned to sender, unopened, 46, representing 100/0. 

Cd) Returns indicating no interest, 154, representing ~. 

" ee) Returns affirmative 35, representing 7%. 
, 

Total % "accounted for 100%. I 
I 
i 8. Chemical and Miscellaneous Markets for Lime. 

(a) ' Based on the response to the ~ffirmative questionnaires, 

conversations with City of Phoenix Purchasing Office, lime producers and 

i 
I 

" I 

! 
i , 
I 
I 
I 
I 

i 
I 
I 
' " 

. i lime salesmen, this market is relatively insignificant although growing with 

, 

population and industrial expansion. 

(b) The located market (see affirmative replies in the appendix) is 
i 

I' as follows: 

I 
o to 75 mile radius of SElh"uarita 

. 1 
........... 

" 

75 to 150 mile radius of Sah~rita .•••••••• 

" 

less than 50 tons 
of hydrated lime 
per year. 

, " 

I 

about 250 tons of 
high calcium quick- . 
lime, and less than 
160 tons of high 
calcium hydrated 
lime. There is 
apparently some 
market for a Type 
"S" hydrated lime 
as well as dolomitic 
quic klime in this 
area. 

--.~--.. ---.. - "--- -. .. _"'. __ ._ ..... - ------
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--~ -- )- ' - - .:,.....-·~·--:-=-150 to SOa-mile radius of ~hUarita .• . ..•. • 
! 

- - -! 

-. :- - --I 
i 
I 

- i -

.... _ .. =-L":: ··- . ' : --=.......:.:....-_ ~-:_ "'. ---=- '-. , -

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

f~irly attractive for : 
one lime plant but 
obviously (see ap­
pendix) not to be 
considered as a 

i 
-I 

.......,- ! ' - -

---/ 
i 

- - .-
- - , ,.'. -~,,- 1. - - : '-==- _':.' 

. support for a new ; 
lime plant near 
SabUarita in view of 
the already well- , 
established compe- : 

I 

tition (see map, . 
. -- ... -.. " - -._ ....... _- - - - - -., - - -

appendix) . 
·=- 1 

j - . - It is again emphasized that the questionnaires have not necessarily 

I. covered all of the potential mal::ket. particularly the market beyond the 

I 

T 
150 mile radius of SahUarita .. -but a serious effort has been made to have the 

questionnaires cover at least the major potential in the 150 mile radius. It 
I , 
1- is obvious from the returns that the market within the , 150 mile radius is not 
. - . - - I 

i such that. would afford a quicklime plant only at Ss:b.uarita, ei!per adequate 

i sales potential or adequate "local situation" protection unless the plant at 
! 

Sah4arita were firmly anchored to the flotation quicklime market. This 
,.- -.- . -

! latter being the case-, a high calcium lime plant at Sahtlarita might then find 
i 
;-

it possible to broaden its bas'e for the purpose of obtaining additional lime 

markets, particularly the market for chemical hydrated lime in bags. 

! . 9. Market for Flotation Lime for Copper Mills. 

(a) The market- for ·flotation quicklime in the area highly local to 

- ! S;ah'uarita is as follows : 

-- "l:- 7i. ~~-- _ :~~:;::--- _-::-_ - - - . 
! 

'-- _ ____ _ _ 4 · ________ _ _ • _ _ _ _ ---------------_. ---_ .. 
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Company Location 

A. S. & R. Sahuarita 

Duval Copper Sahinari ta 

Present annual consumption 
flotation quicklime (net tons 1 

6000 

8400 
-­. " 

Pima Mining Co. SahUarita 7Z00 I , . I 
I 

(b) In addition to the foregoing, the following may, for all practical 

purposes , be considered a part of the local market: 

Phelps Dodge Ajo 8700 net tons j 

I 
. I 

I 
A. S. & R. Silver Bell 5500 net tons 

, 

I 

I 
(c) The foregoing present consumption in the local and near local 

copper milling market thus totals to 35, 800 tons per year. 

Cd) To the foregoing may be added an additional 7200 tons for Pima 

Mining Company which expects to double its capacity in the reasonably near 

future; and also, an estimated 25,000 tons per year of notation quicklime for ; 
i ' 

Anaconda Copper Company's mill which is scheduled to be in production the 

i 
: last quarter of 1959 near Sa.h"uarita. 

(e) Flotation quicklime is presently delivering into the SahUarita area 
, 

in a price range of from about $15.00 to about $17.50 per net ton, depending 

. on contract and on whether delivery is by rail or truck. Truck freight from 
, 

i Paul Spur to Silver Bell was $4. 00 per net ton in March, 1965; rail freight 

! from Paul Spur to Ajo was $4. 30 per net ton in March, 1965. 
I 

Cf) The following copper mills should not be considered as offering 
I 

i potential market for lime produced at or near the Mt. Fagin limestone ore 

, . 
I 

:.. ------- ----- .. _--_._-- --------------------_._ --_. __ ., 

COLORAOO S~HOOL OF MINES RESEARCH FOUNOAT,nN 

- 17 -

f 
." 



! 
i 
!. 

I 
I· 
i 

body: 

(1) Kennecott Copper, Hurley, New Mexico .•••••• 

(2) Phelps Dodge Corporation, Morenci, Arizona •• 

(3) Phelps Dodge Corporation, Bisbee, Arizona .•• 

(4) Magma Copper, San Manuel, Arioona •. •• .•• ' ••• 

captive 

captive 

too near 
Paul Lime · 
plant. 

captive 

(5) Kennecott Copper, Hayden, Arizona........... captive 

(6) Inspiration Copper Company, Christmas, Arizona too near 
/ Hoopes 

Lime plant~ 

(7) Inspiration Copper, Miami, Arizona ....••.••• too near 
Hoopes . 
Lime plant~ 

(8) Miami Copper Company, Miami, Arizona .••.•• 

(9) Duval Copper Company, Kingman, Arizona ..•. 

(10) Bagdad Copper Company, Bagdad, Arizona ... 

, 

too near 
Hoopes . 
Lime plant.: 

too near 
U. S. Lime 
Products 
plant. 

too near 
U. S. Lime' 
Products 
plant. 

(g) One local copper mill, Pima Mining Company, will probably change . 

from truck delivery to rail delivery of lime by July, 1965. 

Further information pertinent to the above items (a) through (g) appears 

in the appendix. 

---_._._-_.- . __ ._-------- ----_._----,,---_._--_._---.. 
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. COMMENTS 

Because reports of this nature may remain active for a considerable 

, 
! time and their ultimate distribution can not be completely anticipated, the 
I . 

; Research F,undation has intentionally withheld some information sources 

i 
I and some supporting data from this report. However, such backup inform­

I 

: ation is in the Research Foundation's files and can be examined by those 

I I properly authorized to do so. 
I 
I 

I The following comments in addition to the conclusions already stated, . 

j 
I 

; are based on the information gathered during this market survey, other , 
I , 

I pertinent information which the Research Foundation can ethically use, 

I 

and the: 

i nearly 15 years . of experience of Mr. C. J. Lewis in the lime industry: -

i , , 
!. 

1 

1. The freight rate of $2. 50 per net ton for bulk flotation quicklime from 

the Paul Lime plant to the SE'\huarita-Tucson area is surprisingly low. 

Indeed, this rate may not be much more than the amortization cost on 

a net ton of lime produced in a new lime plant as compared with that 

of a lime plant which has been or is nearly amortized. This may be 

. one reason why the Pima Mining C,mpany near SahUarita will soon be 

taking flotation lime from the Paul Lime plant via rail delivery all the 

way. Further activity with reference to a commercial lime plant at 

or near the Mt. Fagin deposi~ should include an examination of this 

. 
freight rate to establish whether it is a special rate similar to the special 

I . 

rates on fluxing quicklime from eastern lime plants to major steel pro-

ducing areas. Another line of activity could include informing the local 

.-,---_._-------_ .. . 
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copper mills that truck deliveries may be available from a Mt. Fagin 

operation, thus making it unnecessary to anticipate railroad delivery 

• to the lime bins of these copper mills. .This $2. 50 per net ton freight 

rate may prove to be the limiting factor with reference to the economics · , 

of a lime plant based on the Mt. Fagin deposit. 

The value of the Mt. Fagin limestone deposit, assuming proved reserves 

and conventional mining costs, should, as a source for quicklime pro-

duction by a new lime company, be assessed in terms of the local 

market for copper mill flotation quicklime. Other possible markets 

for both limestone and high calcium lime products which a new company i 
I 

might develop from Mt. Fagin limestone ore are too small and too well 

served from other sources to afford justification for a ~ company 

operation on the M t. Fagin ore body. 

The foregoing ·comment is somewhat less pertinent in the case of an 

existing and well-established high calcium lime operation interested 

in expanding its operation by locating a lime plant to use Mt. Fagin 

limestone ore, An existing operation such as the Paul Lime C0mpany 

at Paul Spur, Arizona or the U. S. Lime Products Division of The 

Flintkote Company at Nelson, Arizona ~ight gain some adv·antage if, 

in addition to the flotation lime for the copper mills in the local area, 

the .potential of a lime plant near Sahuarita could be used to supplement 

the present market coverage or to strengthen an existing position in 

the iime industry. 

C (J L O R II U ' . ' ~. ' : ... n 0 L 0) F ... I ,... f" 5 R E. S E " R C H f· 0 U N n .\ T I Q ... 
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] 
4. As has already been pointed out in this report, potential markets 

covering high calcium building lime, agricultural lime. limestone and 

limestone products. and lime for soil stabilization should be considered 

as practically non-existent as far as the market potential for Mt. Fagin 

ore body products is concerned. 'This leaves only the flotation quick-

lime requirement of the local area and the small but gradually growing 

market for general purpose chemical quicklime and hydrated lime 

within the Phoenix-Tucson area. 

5. It may be expected that the Paul Lime Company will continue to ship f ., 

chemical lime products into the Tucson-Phoenix area as well as make 

every effort to maintain a market for their Type liS" building lime. It 

may also be expected that the U. S. Lime Products Division at Nelson, 

Arizona, having an already well-established market for Type "S" lime i 
I 

I 
I ., 
i 

from Henderson. Nevada. will continue to be also a source of high 

1 

. ~ 

I
J 

~ 

i 
I calcium chemical lime in the Phoenix-Tucson area. It seems unwise • 

therefore, that a"new company" lime plant with operations based on the 
I 

" 
Mt. Fagin deposit, should depend on any markets other than the flotation : 

lime market in the local area. At the same time, it is reasonable to 

anticipate that a "new company" operation so based would, under the 

market shelter of the local copper mills, gradually obtain its share of 

the high calcium chemical lime business in the competitive area. 

Since the Mt. Fagin limestone ore body as represented by the limestone 

sample covered in the November 28. 1962 report decrepitates during 

burning, it should be possible to feed all limestone mined directly to a 
---_. __ ._._- --- .---- - ------ - _._-_ . 
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7. 

8. 

rotary kiln and ship all quicklime produced directly for flotation. thus 

simplifying operations and avoiding the necessity for stockpiling quarry 
, , 

screenings or disposing of quicklime dust and fines via a hydration plant; 

While this is probably a minor consideration. profitwise, it is a factor : 
, 

opposing the relatively high amor'tization cost on a new lime plant which i 

must compete with an established operation at Paul Spur, Arizona. 

It should be borne in mind that the Paul Lime plant was shipping about 

70 tons per day of flotation quicklime to the Phelps Dodge mill at 

Morenci, Arizona until November, 1964. The Morenci mill then became 

a captive lime operation. Loss of tonnage business of this nature would , 

no doubt encourage the Paul Lime Company's efforts to maintain their 
I 

present markets in the S~huarita area. On the other hand, no indication' 

has been found that the copper mills in the Sahllarita area have any 

traditional obligation to a lime operation as apparently exists around 

, Miami and Douglas. Arizona; and it is believed that the copper mills 

in the Sahuarita area would welcome a second source of flotation quic):{- : 

lime, particularly a local source. 

There is strong likelihood that the copper milling industry in the 

Snhilarita area will substantially ~ncrease its ore processing tonnages 

within the reasonably near future. It is reported on reliable authority 

that interest in copper mining and milling operations around Saffor,d. 

Arizona are likely to remain dormant for the next lO years whil~ 

existing mills near Sahuarita undergo planned expansion and Anaconda 

Copper brings in its announced new mill near Sahuarita late in 1969. _ .. - --._-.-- .. - .. . . _ . __ ._----- --_ ._._- -----_. - -"'- ' --- ,---, -._-_._-----". __ . , 
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These factors further reflect the potential interest of the copper mills 

this calculates to approximately 107 net tons per day quicklime from a 

plant operating 335 days per year. These figures are believed to be 

realistic. The 335 day operating year allows for 30 days down time 

for maintenance of the rotary kiln. This, in turn, indicates about 

200 net tons per day limestone feed to the kiln. On the basis of known 
I 

expansion under way in the Sahuarita area, this further calculates to an ; 
I 

eventual 200 tons per day of flotation quicklime use involving about 

400 tons per day of limestone ore feed. 

The potential profit which might be realized from an operation based 

on 200 net tons per day limestone feed to kiln involves many, many factors. 

the consideration of which is not part of this market survey study. However, 

the following are offered as 'Iorder of magnitude" figures which could be used : 

to give an economic flavor to the market survey information just reported: 

Total cost of raw limestone as fed to rotary kiln. . . . . . $ 1. 00 
(per net ton) 

Cost of fuel for converting 1 ton of limestone to 
quicklime. . . . . . . 1. 25 

(per net ton,) 

Operating cost per ton of limestone burned. • . . . . . . • • • 1. 25 
(per net ton) 

5-year amortization - $750,000 (guesstimated) investment for 
processing 200 tons limestone per day. . • . . • . . . . . . 2. 25 

' __ _____ . ___ . __ ... . __ :rotal_. ~_()sts _ pe_r. _~_e.~ .t?~. ____ .. _____ ______ . ___ ' ____ . _, .. _____ ~~\~~~i5ton~ 
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Approximate yield of product as quicklime (due to loss of 
approximately 44% by weight carbon dioxide gas) ..• 560/0 

Cost per ton of quicklime ($5. 75) ................... 
( • 56) 

Estimated quicklime price net, ton f. o. b. plant . ••.••• 

Potential estimated profit lOO tons per day quicklime 

$ 10. 27 
(per net ton) 

$14.00 

shipment. • • • • • $ 373. 00 

The foregoing figures are very. very rough and are included herein 

I simply to give some economic flavor to this report and to provide some basis : 

for considering the next phase which should logically be an economic feasi-

bility study based arotmd what we now know about the limestone ore body. its 

calcining characteristics and the potential market for the product. 

10. Based on all information and knowledge at our disposal concerning the 
1 

i 
potential of the Mt. Fagin limestone deposit. we believe the item merits I 

i 

further study. particularly involving economic feasibility studies and ! 

direct contact between the principals involved and the copper mills in 

the market area described • 

i 
. 1 

_ ... _--_._ .. - --- - -_ ... .. ..... _--_._--_. __ .. __ ._--- __ • • _ . _____ ~. __ .. ___ _ _ . e • •• • _ •• ____ ._. _ • • _ . - - - . ... . 

. . 
0:; () LOR <\ D '. S C. Ii l~ ') L n F ... I N E 5 R F.: 5 F. .\ It C H F' C' I) NO ,' l' l Ot. 

24 -



] 

] 

] 
-] o' 

I 

I 
I 

] : 
] . i 

I 
! 
I 
I , 

] I 
I 
I 
I 
I : 

] , 

] APPENDIX 

] 

] 
I 

' J 
1 

.] 
i. ! 

] i 

] 

J_ -----_._-_._--_._-------------------- ------' --------_. 

COL.,,)RAOO S('HOOL O~- MIN£S RESEARCH F'OlINOATION 

- 2.5 -



r 
! 

! 
f 

i 
I 

1. 

. t , 

._- -_ .. . 

FOLLOW-UP REPORT 

ON THE 

HI. 1-"AGAN !-'!ARBLE Di!:?OSITS 

(SABA!).') LIMESTONe DEPOSITS) 

PIHA COUNTY. ARIZONA 

Submitted to Tucson Lime and 
Chemical Company 

January 12. 1963 

J 

~~ ~ ~ r.> 
By G· ~~::=::::--:- .. 

E. oN. Pennebak.er 



I 

i 

, 
I. 
I 

eN T.H~ 

Plt-1A COIYN1'X. ART ZQNA 

The writer has done the follow~ng things with respect 

to the further inveetieat!.on of these deyosits, also known as 

the Snbado limestone deposits. and described in his report dated 

January 17. 1961. 

1. In co:npClny with Hr. J. D. Hasan the cora obtained 

from seven explol~atory diamond drill holes was examined. 

2. A trip was mrtde to the property \~ith Mr. T. A. 

Goodnight in ord (.~r to verify the drill holes, their 

locations and at ~itudes. 

3. In the offic ': rC",ugh estimates were made of the 

t011nage and grnd ;~ of. material that might be extracted 

from t"~ different quarry designs. 

4. Data from the ex?crirtle.ntal calcining oporations 

conducted by the Colorado School of Hines Research 

Foundation were studied. 

These various items ere discussed in the following report • 

. Seven dia-:nond drill holes have been put into the so­

callod "Northern Deposit". These are along five profiles s~accd 

at about 200 feet. Three holes are along profile A-A; one each 



are along the others. Thus a strike length of about 1,000 feet 

was tosted. The holes ara of fiX diemeter nnd excellent recovery 

was obtained. 

The holes, with one exception, are pointed southerly at 

a minus angle of about 40 d~grces. The exception is a flat hole 

drilled southerly ir.to the face of the old tunnel. These holes 

are shown on a plan t:'.3.? pre?ared by t'1r. Hason, and four of them 

appear on the t\v"O cross-sections also prepared by him. 'rho writer 

has constructed three other working sections for-the reserve cstirJZte. 

The geologic logs of the holes were made by Hr. Mason and 

were judged to be properly done. The s3mpling ,.;as generally Clce-­

quate, althou3h in placas the sam?le intervals are rather long. 

The chemical analyses were Uk~de by Jacobs Assay Office 

of Tucson, A.rizona, a lal:>oratory with an excellent reputation. All 

samples "lera tasted for CaJ content roferable to calcite (also to 

dolomite, gypsum and schcelitc if such were present, which is very 

doubtful). Tests for impurities were made on composites for inter­

vals selected by !Jlr. Hason. These do not cover all of the better 

limestone in all of the hol~s. and further tests for intervals fal­

ling wlthin the tentative qu~rry profiles would be helpful. 

The analyses ~~de available to the writer were mostly on 

com"t)ilCltions prepared by Hr. Mason. The original ret>orts by Jacobs 

were not transmitted. 

INSP£;t~TH)~ OT Tn~ G;ZO\iNQ 

The writer was not present during the drilling of the 

holes, but the drill hole locations were inspected on November IS, 

1962, and the drill hole collars were verified. 
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The slopes of the profiles above the drill holes wero 

also checked by Brunton at this time, along with the boarings of 

the holes and their inclinations. 

It is obvious that more limestone of good quality has 

been outlined by drilling than can be conveniently and economically 

quarried, because of the configurntion of the ground with respect 

to the shape 0.£ the limestone body. Consequently. in order to 

estirr~te a reserve tonnage, the '~ter has set up t"~ tentative 

quarry outlines al'ld has estimated the quantity of rock ,dthin the:n. 

This tentative excavation has a steep south bank 

about with the inclination of the bedding, ranging fro~ 70 to SO 

- degrees to the north. The north bank slopes 50~therly at 60 de­

grees. This ql.!Srry is about 1,000 feet long with a width at the 

top varying from about 100 to 250 feet. Its f1~~r is at an eleva­

tion of 4,400 f~ct above sea level. The vertical heights of the 

steep south bank varies from 200 to 250 feet. 

The tonnage for Quarry A, using a factor of 11.5 cu. ft. 

of rock in place equals l ' short tons, is as follows: 

Total tonnage ••••••••••••••• 1,643.500 

Less 10k.................... 164,35Q 
1,479.150 

The 10'7. subtracted is an arbitrary figur~ for waste rnztar-

ial (dikes and chert) to be C3st out, for near-surfuce dirty material 

to be discarded, and to compensate for the drill holes not being 

parallel with the block UUlrgins. 
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~~r.rry D. InaGntUch as the south oargin of t~uatTy A, above, 

1s very steep and it may be . found irn,assible to mine to it. another 

q~rry outline was tentatively set up with n south bank slo~e at 

60 degrees. This lifted the floor to an elevation of 4,450 feet 

above sea level 2!nd gave t:le follow--i.nz re.sults: 

Totnltonnagc •••••••••••••••••• 970,OOO 

Lom 10% ••••••••••••••••••••••• 97.000 

873,000 

The above tonnage cst1rnatas '>lore made from five vcrtic~l 

cross-sections shoHing the shapes of the limestone body and the 

outlines of the qU3rrics. T'I..'o of the profiles were obtained fro 'm 

!-ir. ({aeon's croGs-sections. The other three "Jere dctcr:nincd by 

the writer using a Br~~ton clinometer. Consequently the profiles 

_. are approximate and they yield only a rough cstiwate • 

L1mostone areas 't .. -1.thin the qu~rric5. as shown on the ver-

tical cro~s-sections, were determined by planimeter. These were 

multi?lied by block lengthE withi~ which each hole (or the three 

holes on Section A-A) was considered to have an influence on to~~~ge 

and grade. The volume 50 dctc~ined was divided by a factor of 11.5 

to convert to short tons in place • 

Cror.s-sections and maps do not ac:company this report. 

However ~·[r. K,~son has prepared a plan map and two cross-sections, 

and the writer's working sections are available upon request. 

The grade, or chemical content of lime (C~O). was aver~~cd 

over various interval groupings for the individual holes. This is 

a "weighted avera:;c", and those intel-vals falling within the quarry 

outlines were used to derive the grade of each block. Where analY50s 
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from surface sampling were available. or where several holes fell 

on a section (such as Section A-A). n gonersl average was deter-

mined. Using the tonnaga in each bloc!t, a weighted general 3verag,c 

was then obt3ined. with the following results: 

Quarry A ••••••••••••••• 52.06% CaO 

Quarry B ••••••••••••••• 52.03~ CaO 

'rhe general avernge amounts of the impurities present in 

tho li:ilcstOllc are ... .,re difficult to estimate becousQ the interv~ls 

an~lyzcd do not fall neatly within the quarry limits. Probably 

the best estiGlate is that obtained by a to:eightcd average of nl1 thi! 

core analyzed, regardless of whether it is within or outside of th~ 

tentative quar::y outlines. This is as follo~vs: 

Silica - 5i02 . 

Fer~ic o~ide - fe203 
Nagnesia - N30 
Alumina - A1203 

2.92'Xa 

0.19 '1-

0.0:5':4 
0.25 to O.oOk (1) 

The weiter believes chile the aoo'le-noted 8::Zlount of silica 

(2.9270) m,~y be sorr.o",~st toe high and that a figure of 2.50 to 2. 75 /~ 

is probably moZ"~ correct. !-1oyJ(;ver, some ndditional sampling for this 

impurity vlolild yield helpful information. 

The foregoi.ng estimates should be 'considered as "probabl(;" 

tonnages and grades rath~r then as "proved". This is because of the 

various reasons already noted ~nd also because C'.X)st of the diamond 

drill holes cut ,,;ell below the quarry floors and their infom.ation 

must be projected up a considerable distance. This is partly offset 

by two profiles sll.mpled by !1r. ,Hason at the surface, but from such 

sam~ling it 1s difficult to obtain representative sam?les of the 

impurities present • 

On the other hallc, the eVel'lneSS of grade obtained fro:n 

all sources is definitely r~as3~ring. 
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'fast \:-'ark \"as conducted by the Colorado School of Nines 

Research Foundation, Inc. aesults of the work are contained in 

a rc?Ort dated November 2d, 1962, 11 copy of which was made avail-

:lblc to tl1c weiter on J.:lnu<lry 11, 1963. 

A brief s~~T~ry of some of its conclusions are as follows; 

QOQd Poicta 

1. 

2. 

3. 

Wfhe limos tone feed to the kiln calcined nOX'lr ... "11ly as 

co;n?~;::,ccl \l;Lth the hig~1 calciu.n qu1cklima of corrnnercett 
• 

ItHaterial as r£:prcscnt~cl by the limestone sample should 

be able to he conv~rtcd to qUicldime in a conventional 

rotary lined kiln under conditions which should render 
the quicklime product economically co.-zlpctitive in its 
mnrkat area". 

Previous test!::. reported in 1950, "indicated the sample 
materia.l to be a tood grtl.de of hi:;h ca.lcium limestone 
which upon calcination 'WOuld result in a quicklime pro· 
duct meeting the cheQ\cnl specifications for a hl~l 
cD-lcium quicklime". 

4. Th~ limestone cccrc?it~tcd in a manner that ~~kes it un­
necessary to ra~ve quarrJ 6crce~ings prior to calcination. 

5. "The dust loss resulting from decrepitation wesilurpris­
lng1y low". 

Prohlpm" 

1. tiThe quicklime product is definitely off-color as com­
pared to the normlll \",ilita high calcium quickl1mes of 
comacrcc. Ho\~~ver a thie. should not irJ?ai~ its useful­
ness for application;; where color is not at a pre:nium". 
It is suggested in th:l report that "dry air clnssific""tion 
might considerably upgrade the a1')nFv~r;:mCAl of the quicklirr.2. 
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The m.!l.terinl tested by the Colo::'3do School of l1inca 
Rcs~~rcn 2oundation \ ·7US sO:llGwhat higher 1n quality than 

the ~itcr's determination of the Bencra~ avcrnge tenor 
of the deposit. 

~~i 

The forcgoil''lg point: should be part1.cul~rly noted. The 

follo\dng is 3. com;:>arison of analyses; 

V.aterial Tested Avernge Grade 
i,~l_P~ J_o 1" n ro ..f&.J;.tr:3t -: by ik. ;·1,? 

CaO 55.16Za 52.0770 

CO2 43.20 (40.93. calculated) 

5i02 1.13 2.75 

R203 0.24 0.19 ( Fc203) 

HgO 0.05 0.05 

H2O 0.10 0.25 - 0.60 A1203) 

· Novcrthelcss. the quality of the av~rage feed ean p~obably 

be im?roved by caro:[ul quarry practice plus' hand flortillg. 
~ 

Air classification te~ts should be ~~dcrtakcn on n~tcrial 

chc:!1ical QU.:llity can be made. (This is contrary to the !;'ound~tion' s 

conclusion 011 page 15 of the report dated Nove:nbar 28. 1962. because 

the tests "lere made on mnteri1l1 the.t tu!:'ned out to be purer thm'1 

the average.) 

An added safcguc!i rd ~~"Ould be the drilling of s~ver.al addi­

tional exploratory hol~s that ,-;ould pierce th() limestone \liithin 

the suggested quarrJ outlin~3. 

In general tho \-"-"iter's vleN' ls favornbl~ to the proj~ct. 

The tonnage of raw material i6 adequate. a quality of feed bettor 
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than some of the other O?cl.~llting Arizona plants C41n be provided 

if propel' care be exercised, and the test wrk yielded promising 

results. 

Scottsdale, Arizona 
January 12. 1963 

. . 
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sm:][ARY 

The Mount Fagan marble deposits possess the 

following favorable fo atu.res: 

1. SUbstantial size. 

2. One sampled section of encouragLng quality. 

3. Nearby fac1l1t1es to serv1ce a plant. 

4. A local market tor soma ot its products. 

On the other hand, there are a number of diffi­

culties that must be recognized. These are: 
" 

1. Silica as an impurity may exceed the acceptable 

lim1t, and its amount and renge throughout the deposits 

have not yet been determined. 

2. ,The abundance ot other impurities needs to be 

more tully investigated. 
, I ' 

3. ' An excessive amount ot t1nes may be produced 

dur lug crushing. 

4. The lump form ot the marble is reported to be 

,lost dur1ng calc1ning. 

5. Excessive dusting may accompany burning. 

Even assuming the adequate purity of the raw material, 

the .field of use of the product 1s somewhat l1m1ted by the 

destruct10n of the lump torm dur1ng calc1ning. However, 

it now appears that one ot the deposits contains material 

.: .. 
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Bu1table for making reagents employed in the flotation 

ot copper ores, flux for copper smelting, material for 

cement manufaoture, and probably rock for roofing granules. 

Other uses are possible but are dependent on further 

analyses for pur1ty and various testing procedures • 

. . 
Consequently the depos1ts need to be further ex­

plored and systematioally sampled, preferably by diamond 

drilling. Additional testing 1n the laboratory and in a 

treatment plant 1s also required. The feas1b1lity of the 

project will not be apparent until such steps have been 

taken, but the writer bel1eves that the outlook is promising. 

Attention 1s directed to the sections entitled 

"Conclusions nand ttRecoIDmendations" at the end of the follow-

ingreport. 

,:. . . 
,' .. 
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MOUNT FAGAN 
MARBill DEPOSITS 

INTRODUCTION 

Limestone deposits or possible economic value occur 

a tew miles southwest or Mount Fagan in southeastern Pima 

. County, Arizona. The area or 1nterest is about 25 milos 1n a 

beeline southeast of Tucson, and 1s presently reached by travel-

. 1ng 20 miles ot paved highway followed by 12 miles ot tair gravel 

road and 2 miles of very rough and steep road. (See Map No.1). 

Actually this Ulimestone lt is a coarse-grained marble, and it 

will be referred to as "marble in the following report. 

That marble of interest occurs here is shown by analyses 

reported by Mr. J. D. Mason and by a sample analyzed by The . 

ColoradO School of Mines Research Poundat1on, Inc. The latter 

gave by analysis the following, according to the Foundation's 
. , 

report. 

CaO 54.85% 
j :. ' . . . ~' . " 

" .~ ~~ .. 

CO2 43.30% 

8102 1.08% 

R203 0.23% 

li'e203 0.04% 

MgO 0.21% 

K O.Ol~ 

Na 0.01% 

. !.',, ' 

: : .. .. 

- ~ "-.-- - ' : - - -'--'- - - .. ' -- ',- - - .--. - --_ . - '-:;' -
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The amount ot possibly useful material is not known, 

and purpos G ot tho writer 1s investigation was to detGrmine the 

extent and distribution or deposits that might contain marble 

. or commercial grade 1n order to outline an explorat10n program 

it the rosults were promising. 

~o preltm1nary trips were made to the property, and 

then 14 days were spent in mapping and atudying the occurrence 

over nn area ' about one-half mile square. Much of this ground is 

prec'lpltous, and the geologlc relntlons are complicated. 1~any 

ot the survey control pOints are tar apart, and this, coupled 

\Vith the foregoing, makes the geolog1ostudy of reconnaissance 

nature ratt~r than precise. Nevertheless, essential relations 

were determined and are portrayed on the accompanying sketch map 

(Map No.2) on a scale ot 1 inoh equals 200 feet. 

'rhe Mount l"agan marble deposits are favorably situated as 

regards facilities. Railroad transportation ~d U. S. Highway 80 

lie 11 miles to the north at Vail, and 12 miles to the northwest 

at 5ahuar1ta are High~ay 93 and a railroad line. A natural gas 

pipeline and a po~er ' line are also available on the north near 

Highway 80, and another po~er line 1s located about 6 miles west 

of the property. " 

The expanding ore treatment plants near Tuoson and t~ 

building boom at Tucson and Phoenix offer potential nearby markets 

tor certain ltme products. This matter was not investigated by 

the writer, but the general outlook appears to be promising. 

'!Wo reports are available concerning the property and 

treatment tests made on the marble. These are: 
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1. "SUlIr.lary Report, Mount Fagan I.l1me Deposi ttl, 
by J. D. Mason, December 10, 1959. 

2. "Report on Evaluation of Ltmestone Samples 
for Production of Lime", by The Colorado 
School of Mines Research Foundat1on, Inc., 
February 10, 1960. 

The marble deposits occur in rugged mountainous country 

about two miles northeast of the mining camp of Helv~tia. There 

are two deposits of interest, one along each side of a command­

ing ridge that strikes northwest and north. (See Maps Nos. 1 

end 4). 

The deposit on the north extends along the middle slope 

of the ridge and is reached at one point by the rough, steep 

. road already mentioned. The mountainside along which this deposit 

crops out slopes down northeasterly at about 27 degrees inclina­

tion trom the horizontal. 

The southerly deposit 1s reached by a tra1l going around 

the end of the ridge for about 1200 feet. This zone passes 

through a saddle, but much of it crops out on a mountainside as 

steep as 25 degrees of inclination. Well above it are precipitous 

cliffs leading to the ridge top • 

. The southerly deposit just mentioned and the westerly 

tip of the northerly deposit are at the edge of rugged country 

'facing the broad valley of the Santa Cruz River on the west. 

Aocess to the ra1lroad and highway at Sahuar1ta or Cont1nental 

. could be developed 1n this d1rection, thereby reduc1ng haulage to 

the oro treatment plants south of Tucson. 
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A third marble deposit occupies part of the high 

country and r1dge, between the two zones Just descr1bed. A 

fourth and larger zone is found in still more rugged topography 

'a tew hundred feet to the south, and th1s slope s down to and 

across tbs main gulch on the south. A fifth body occurs still 

farther to the southwest, near the southwest corner of Butch No. 9 

claim, and is probably connected to the fourth. Bocauseof the 

difficult access to th~se third, fourth and fifth deposits, only 

parts of them were briotly 1nspected. Furthermore, they may be 

covered by mining cla1ms of' other ownership. Therefore this 

report will be concerned w1th the two more favorably situated 

depOsits first ~entioned • 

. . , . . ~ . 
. ,', . 'l'HE PROPERTY 

~he property apparently consists of 15 partly overlapping 

unpatented lode mining claims, and possibly another lode claim 

has recently been staked to cover an open tract10n on the east. 

It is the writer's understanding that the ground has also been 

blanketed by unpatented placer clatms in order to cope w1th the 

poss1bi11ty that placor claims are required to hold l1mestone and 

marble deposits. The matter of claim titles and ownersh1p was 

not checked. 

The min1ng claims discussed above conta1n an aggregate 

ot about 230 acre s, most of which is wi thin the Nat10nal Forest. 

DEFINITIONS OF GEOLOGIC TERMS 

Be~ore discussing the geology ot the area, the following 

dorinit~ons are presented for the reader's guidance: 

..... - -...... -- .. - ::-- -' -C:::."=-==-,=-====== =====-=-=--=-
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Limestone is a fine-grained or dense sedimentary 

rock consisting ot calcium carbonato accompanied by 

various impurities invariable amounts. Limestones 

. are deposited as horizontal beds or layers in water-

tilled basins. They are later uplifted to form land 

and may become tilted or severely folded. As a con-

. sequence they may occur as beds that stand steeply, 

but, regardless of how they are arranged, their th~ck­

ness is always measured at r1ght angles to the plane 

of the beds. 

Granitic Rocks are derived from molten material that 

has cooled within the earth's crust to form an aggre-

gate of minerals, such as quartz, teldspar, and mica. 

Marble 1s a granular rock developed by the recrystalliza­

tion of a limestone due to the near approach of an in-
. . : .. 

"' ,, vading granitic body. By such act10n an aggregate of 

. ,', . 

visible calcite crystals is tormed, yielding a rock 

that may vary from fine to coarse-crystalline. This 

transfonnat10n is caused by heat and pressure, perhaps 

a1~d by emanat10ns from the granite's source, and 1s 

called motamorph1sm. 

A sandy limestone is one with sand gra.1.ns (of' quart~) 

. ~ ', ' . 
'forming an 1mpur1ty. Upon its conversion to marble 

' .. 

. . ' 'various lime silicates may be deve loped. 

A sandstone is a sed1~entary rock made up predom1nately 

of gra1ns of qUl.irtz · (S102). This may be converted to 

quartzite as a consequence of nearby gran1tic intrusion, 

' wh1ch recrystallizes and hardens the sandstone. 
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Chert is a common impurity ot limastone and marble • • 

Chert 1s composed of s111ca (Si02 ) and occurs in the 

for.m of nodules and irregular sausage-11ke bodies of 

various sizes, from less than an inch to several feet 

in length. 

A fau lt 1s a pla...'1.G or breaking 1n the rocks of the 

earth's crust, along nhich one side has moved w1th 

respect to the othor. The amO~'1.t of movement rray vary 

from a te\1 feot to B(iveral miles, and the plano of the 

break may be tlat or steeply inclined • 
. .. ," 

GEOLOGY 

IN'l'RODUC TION 

The geology 1n the v1c1nity 01' the MOWlt Fagan marble 

deposits is complex. Not only are there numerous rock fonnations 

to be considered, but their arrang~ment, or structural pattern, 

is unusually complicated. The region around Helvetia and to the 

north~est is ~ell known for its abundance ot flat and gently in-

,clined faults along Which great rock s11ces have been moved for 

considerable distances. ~he area t~at includes the marble depos1ts 

is in this environment, and some of these marble deposits are 

involved in such s11ces. Consequently 1n the following report 

certain deposits are described as occurring in a lower, or Sub­

jacent Block, and other bod1es of marble are discussed as being 

found in overlying fault slices that rest upon this aubjacent 

Block. Furthermore, other flat faults may occur at depth and 

limit the downward extent of favorable zones • 

" 
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The age relations of the various formations ware 

generally not revealed by mapping 1n the limited area studied 

by the vir1 ter. These relation~ ...: J.n only be determined by de­

tailed mappine over a broad area, which would require many months 

of study. Therefore the following descriptions ot the various 

formations are arranged geographically, partly tiith respect to 

tho prominent body of granitic rock that trends northwesterly 

throush Sabado Nos. 1, 2 and 4 claims 1n the northeasterly part 

of the area mapped. The area occupied by this granitic rock is 

colored yello\1 on Map no. 2, accompanying this report • 

. In many cases it has not been established whether two 

adjacent formations are in contact along a nor.mal depositional 

, or intrusive contact or whether the contact 1s due to faultins. 

This is beoause ot the limited area studied and because some 

faulting of unknown importance ' seems to tOllow a number of the 

surfaces ot contact. 

RO CK FORM ATION S 

l. Dark-Blue Limestone. Along the northeast edge of 

the area mapped there occurs a moderat& thickness of dark-blue 

thin-bedded limestone. This strikes northwest and borders the 

granitiC rock on 1ts northeast side. On Ma.p No. 2 the a.rea 

oocupied by this formation is colored gray. 

On the weathered surface this limostone is a dark-bluish 

gray, little different from that of the fresh · surface. Certain 
. ..... 

beds carry abundant chert nodules and others show the remains of 

small fossils. tl'he Dark-Blue Limestone possesses a dark color 

and carries abundant silica ns an impurity in the form of chert. 

-- - --;--- - . "_ ._ -;-;-- .. - "-" - - .. _----- _ . .. .. _ .. _-
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Consequently it is not of economic importance where such teatures 

are deleterious • 

2. Gran it ic Roc k. A body of granitic rock occurs on 

Sabado Nos. 1, 2 and 4 claims, as mentioned above. r.rhis Dtr1kes 

northwest and ~as mapped for a strike lensth of about 2,000 feet 

~ith a width of about 500 feet. The contact along its northeast 

side 1s probably a steep fault; that along the south~est is possibly 

an intrusive contact. believed to be steep, along ~h1ch sOme fault­

ing has taken place. 

This granit1c rock consists ot a granular 1ntergroVJth of 

quartz, feldspar nnd biot1te mica. It has been variously called 

a dior1te and a granite. In this report it 1s referred to by 

the ~on-comm1ttal term Ugranitic rock". 

3. Marble in the Sub,lacont Block. Bordering the gran1t1c 

rock along its southwest side is a SUbstantial body of linlestone 

recrystallized to form granular marble. The area of its occur­

rence is colored light-bluo on Map No.2. This marble occurs in 

two areas strikine northwest along the two sides of a steep ridge, 

and these areas are joined where the marble wraps around the 

nose of the ridge on But ch No. 1 claim. Thus the marble on the 

far side at the ridge is some 1200 feet distant tram the exposed 

graniti.c rock. 

: ' On the northeast side of the ridge the marble beds strike 

northwest with very steep dips, generally to the northeast. A 

group of beds about 150 feet thick along the northeast edge is 

generally free from chert impur1 ties and may be of e'conomic im­

portance. This 1s describod in more detail farther along 1n the 

report. The remaining steep beds on the south\1est, some 150 to 

300 fee,t in thicknes s, carry abundant but erratically distr1buted 
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chert and are believed to be of no value as a source- of chemical 

grade r~rble because of th1s impurity in silica. 

On th~ southwest side of the ridge, in Butch Nos. 3 and 5 

claims, is the other occurrence of marble in the Subjacent nlock. 

Here the beds also strike northwest but with variable steep d1ps 

in both directions. Along the southwest margin (in Butch No. 3 

claim, possibly extending into Butch No.5) is a 200-foot strati-

graphic thickness of marble that is essentially free fran chert, 

and some of this may be of possibla economic importance. It is 

described in more detail in a following section of this- report. 

Farther northeast, up to~ard the ridge, - chert becomes abundant, 

and due to this impurity of silica the marble here 1s probably 

of little potential value. 

4. Mouse-Colored Lirr._astona. rrho rock formation here 

called the Mouse-Colored Limestone is intimately associated with 

the marble in the Subjacent Block. This particular kind of lime-

stone ~as mapped in two areas. Ona of these is in and near 

ButCh No. 1 claim, near ~here the trail goes around tha nose of 

the ridge. '!he other is far to the south in Butch No.9 claims. 

The areas tn which the Mouse-Colored Limestone occurs are colored 

olive-green on Map No.2. 

This limestone weathers to a distincti~e gray color, 

although the surface of the fresh rock varies from light-gray to 

dark bluish-gray. Much of it appears -to carry fine sand (s111ca) 

grains as an impurity_ Other sections are pronouncodly cherty, 

and in places thin cherty veinlets have migrated along fractures. 

A few small fosslls are to be noted here and there. s'ome of this 

formation is marbleized and resembles ths marble in the Subjacent 

Block. 

-- .:-~-. --. -- -- - -- - -- -.- -
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The impure nature of the Mouse-Colored Limestone is 

sho,m by the following partial analysis. This sample ViSS a 

collection of fragments ch1pped otf outcrops 3cattered over the 

northerly occurrence and gave the following results: 

CaO 29.12% 

20.l0~' 

11.88% 

20.80% 

81.90:' 

5. ,Thin-Bedded Cherty Linestone. Two bodies of the 

T.hin-Bedded Cbsrty Limestone are found on the west, and additional 

mapping might show that they join. The areas in which this forma-

tion occurs is colored e~erald-green on accompanying Map No.2. 

The Thin-Bedded Cherty Limestone is made up of alternating 

" layers of chert and lillJBstom~. Most of the chert layers range from 

, 1/4 to 3/4 inch in thickness, although some reach 2 inches, and 

suen chert usually makes up from 25% to 75% of the rock body. 

Croppings of this formation are bronn-weathering, and several cuts 

shown minor s ta1ning by iron oxide. 

On the north these thin-bedded rocks underlie the Mouse-

Colored L1Ine stone (in and no ar Butch no. 2 claim) .. but on the 

south they underlie the marble in the Subjacent Block (in and' 

near butch Nos. , 6 and 8 claims). Consequently in one of these 

areas the contact must be a fault, but it has not been established 

in wh1ch area this is the case. 

6. Marble in Overly1n.s S11ces. In this structural a1 tua­

t10n marble occurs 1n 'chree areaa, ~hich are colored dark-blue 

on Map No.2 •. One ot these is at the top of the ridge in and 

-: , ', '. 
', ' 

" - _ .. --- ' . __ .. .. ~" . . .. .. _ .. :--_. -: - -- - - . - -:' -"7'_~------.-' -- " '-- -- ' _. __ _ 
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near Butch No. 3 claim, well above the trail where ltgoes 

around the nose of the ridge. A second begins near the .high 

point of the ridgo in Butch No. 5 claim and extends do~n southerly 

to the section corner in Butch No. 9 claim.. A third body appears 

near the southwest COmer of Butch No. 9 and extends on south • 

. Additional mapping v.ould probably shot'Q that the second and third 

bodies j01n together. 

These three bodies of marble Vlere not studied closely 

because of their 1naccessibility; however the following comments 

are offered: 

Tho body on the north is cherty 1n part, and one area is 

mineralized and displays dark-colored dikes. Tho southern area~ 

contain an undetermined amount of marble that may be of economio 

value, but much of tbis Bround is apparently covered by claims 

of outside ownership. 

7. Sr.ndy and Chert;, Limostone. This formation, which 

also includes some interbeddad white quartzite of fine grain, 

is found in the high countl'Y on the southeast. On the geologic 

maps the area in which it occurs is colored pink • 

: '. The Sandy and Che rty Limestone may be the equivalent of 

the Mouse-Colored Limestone, but this 'Was not established by 

the ~rlter's brief examination. This formation contains a v~riety 

of material of inferior purity and was not studied closely. 

s. Suartzite. Considorable brown-weathering quartzite 

occurs 'V/est of the area of interest. A small body also occurs 

. 'in Sabado No. 2 claim, on the north. Whether these ' are the same 

formation was not determined. 
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9. Dikes. A number ot igneous dikes ot dark color 

were observed during the examination. Only a few of these are 

shown on the map because of their small size and the scarcity 

or survey control points required for thsir mapping. 

There appear to be several varieties of dikes. Generally 

they range from a few feet to a f~w tens of feet in thickness. 

They ytould need to be wasted during quarrying operations ', but they , 

do not, appear to be too abundant in areas of possible operations. 

Systeniatic dr1lling of the favorable ' zones would be needed to 

give details of their occurrence. 

STRUCTURE 

There is a structural alignment from southeast to north-

west in the area of interest. This trend is followed by the 

strike of, stoep beds of sedimentary rocks, by the dike-like body 

of granitic rock, and by fissuring in the old mine area. In and 

near But ch No. 1 claim the beds \"Jrap around the ridGe as a 

structural nose, suggesting a plunging fold. Farther vlest, mostly 

beyond the area studiod, U. S. Geological Survey maps show a 

great flat fault with granite on its underside. 

Resting upon the block with northwest structure and stoep 

d1ps, here called the Subjacent Block, is an "Upper Slice It 'Wi,th 

moderate dips on the north and steep d1ps on the south. This 

upper slice occup1es the high ridge above the Main Tunnel, and 

its cliff-forming westerly face exhib1ts pronounced flat fractUres 

that mark the plane of rupture of a flat fault or are sympathetic 

to such a fault that may be masked by slide-rock near the base of 

the cl1tr. On ' the northeasterly side ot the r1dge the junction 

) 
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ot these two blocks can .be fOllowed southeasterly to near the 

end-line of Sa.bado No. 1 cla.im, where 1t may represent the axis 

ot e fold rather than a fault. 

There appears to be another, still higher, slice of 

marble farther south on Dutch Nos. 5 and 7 olaims, although its 

struotural details could not be determined with oertainty. 

The attitude of the beds in the Subjacent Block is steep 

with rather uniform strike to the northwest, acoomp~~ied here and 

there by local tWisting end minor rolds. In contrast, the beds . 
forming the overly1ng slice on the north, in and near Butoh Nos. 1 : 

and 3 claims, genermly show flat to moderate d1ps in a southerly 

d1reotion. The 011ffs exposing th1s slice on the southwest display 

various small folds and contortions, show1ng that the struoture of 

this overlying slice is not simple. 

METAMORPHISM 

A common effect of metamorphism is the conversion of 

limestone to crystalline marble. The marble in the five areas 

described 1s medium to coarse in grain, with individual os.lcite 

crystals commonly ranging from one-eighth to one-half inch in 

diameter. On fresh surfaces most of it is milk-white in oolor, 

although gray arellS of considerable size do occur here and there. 

During the transformation of oherty limestone to marble the ohert 

,has remained intact; its oharaoteristio form is preserved and it 

persists ~B an impurity. 

Under the inrluenoe of metamorphism the sandy limestone 

appears to have reno ted in several dirfeL"ent ways. For e x~ple, 

the si110a grains may be preserved in the marble as an impurity. 

• • · r ' . '''f - ' ' • • • •• :--- _ .' - - - .- :--_ . - ' .. '.- -- .---:-- -.. - - ---=- '::-;-O:"-~ - . ,-. -, -
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Or, this silica may combine with calcite to form silicate 

minerals. On the other hand, an unusual behavior Is the appar­

ent elimination of sllica during m~rbleizetlon to produce a 

rock wIth lower sIlica content then the origInal limestone. 

This was tested by sampling on each side of a contact where coarse 

marble was sutured onto fine-granular limestone, the junction 

being neither along bedding nor faulting. The somewhat sandy 

limestone was found to carry 3.55% of 5102, whereas the mar·ple, 

apparently derived from it, contained only 0.75%. 

. . ' 
...•.. 

In addition to the f1ve main occurrences of marble noted .. .. 

above, there are zones and streaks of marble formed in some of the 

other limestone formations, particularly In the Mouse-Colored 

Limestone. 

The development of silicate minerals by metamorphism is 

not a striking feature in the erea of interest, but such minerals 

do occur 1n scattered patches end along beds here and there, · and 

their abundance in the promising ~nes must be determined by system­

atic drilling. 

Severe.l small bodies of so-e alled "skarnu Were noted. 

These consIst of quartz, epidote, and probably other silicate 

minerals. They generally occur in the marble within 50 feet of . 

the southwestern edge of the body of granitic rock, although there 

are some more distant occurrences. 

The marble along th1s southwestern margin appears to be 

related to the granitic rock as a consequence of its intrusion 

near a limestone. It is believed to be along a steep contact, and 

therefore this granitic rock would not be expected to limit the 

pers1stence of the marble at depth • 

. -.-.-- . . - .. '- ----.. ~- .. -... _" - -._. -~ . . --... -- . .. - '- .. ~~ .. -. . _-_ ..... . _- - _._--,--._-_ .. -
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On the other hand, marble extends far to the south 

away from the exposed granitio rock Eld may be bottomed here 

by such a rock. Or this marble may have been faulted eway from 

the granite responsible for its metamorphism • 

MINERALIZA.TION 

The area is one of scattered mineralization by quartz. 

pyrite and various base metal sulfides. In general such mineraliz­

ation occurs in patches a rew tens or feet aoross or in widths 

of a few feet along fissures. On the other hand, a mining a.rea . 

of some importance occurs on the east, near the 1/4 Corner on 

Sabado No.4 claim, well away from the marble deposits of interest. 

It is evident that dark-oolored igneous dikes oommonly occur in 

or near the mineralized zones. 

Dikes nnd mineralization are also found in and near the 

Main Tun.''lel in sabado Ho. 1 claim, and \vhere they constitute zones 

of impurities 1n the marble. To the southwest, on the ridge above 

this tunnel, dike rocks nod mineralization occur in the overlying 

slice, but it has not been determined whether this is connected to 

the mineralization hear the tunnel. 
\ 

MARBLE DEPOS ITS 

INTRODUCTION 

As described above, there are two groups of marble beds, 

which, because of their relative p~ity are of possible economic 

value. One of those oocurs on the northeast side of the ridge 

above the Main Tunnel and is here called the UNorthern Deposit". 

'-.;\ . The ' other is situa.ted on the southwest side of the ridge and termed 

the "Southern Depos it". Both of them are in the so-called "Subjacent 
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Block" vJhere steeply dipping beds strike northwest. The areas 

oooupied by these beds are colored red on UfP No. 3 aocompanying 

this report. 

It 1s suspeoted that these two deposits may be composed 

of the seme group of beds, whose separated positions have been 

determined by complicated folding and faulting. 

It must be emphasized here thet those two zones do not 

now contain a proved tonnage of commercial rock; however, they 

are the most promising seotions in which to oonduct a searoh tor 

such material. 

NORTHERN DEPOSIT 

The Northern Deposit has a mapped length of about 1,350 

teet. At its northwest end it abuts the Mouse-Colored Limestone; 

on the southeast comes up to quartzite or the Sandy ald Cherty 

Limestone formation. 

The (stratigraphic) thickness from northeast to southwest 

across the beds ranges from 100 to 175 feet, with an average of 

probably 150 feet. The northeast side of this promising zone is 

olose to the granitic rock, and 1n places there 1s a 50-root 

thickness next to the granitic rock with erratic occurrences of 

skarn as an impurity. Beyond the southwest edge of the Northern 

Deposit the marble continues up the ridge but contains variable 

.amounts of chertln the for.n of nodules and lenses 1n sufficient 

amounts to probably render it of little commerci& value. 

The Northern Deposit orops out on a slope with en inclina­

tion of sbout 27 degrees. It is partly covered by vegetation end 

slide-rock, snd its dimensions and quality are only party revealed 

by surface examine. tion. 

----- -- .. _._._----- ---_._ --- .. _---_ .. _---
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The central part of the Northern Deposit is pioroed by 

the Main Tunnel, at an elevetion of ebout 4,450 feet above sea 

level. This tunnel runs s65wV and cuts the granitio rock for 

about 75 feet, beyond which it exposes white marble. Tho ocntaot 

between these two rocks is smooth with minor faulting alone it, 

end there is no ska.rn showing near it. The tun.."1el continues in 

white, glistening ma~ble for 160 feet to near the face, where it 

cutsn dark-colored igneous dike about 10 feet thick. The face 

of the tunnel extends a few feet beyond the dike and again 1s in 

white marble. The face is about 100 feet below surface, where 

the dike accompanied by mineralization may be seen 1n an open cut. 

Tbe marble beds exposed in the tunnel strike about N$O-75W 

with steep dips in a southerly direction. The tunnel crosses 

them at an angle but cross-cuts a true thickness of about 125 feet. 

The thickness of relatively pure beds beyond the face remains to 

be determined but probably does not exoeed a few tens of feet. 

Chennel samples taken In the tunnel are reported by Mr • 

. J. D. Mason. The following is quoted from his report dated 12/10/59: 

"Samples commencing near tace and prooeeding towards portal. 

Width 

... 27.5' 

... :.;. 42' 
: 46' 

MA 

CaO ~ 

54.~ 52. 
,54.0 

SON 

Fe % 
0.3 
0.3$ 
0 • .35 

F R E E tl. A N 

5i02 ~ Width CaO 2f 

2.5 49' 53.8 · 
3.7 22' 53.5 
2.4 53' 5.3.2 

Note:- The a bove are ohannel samples. On a l500-lb. bulk 
sample the Colorado School of Minea obtained iron 
assays of 0.02%. Additional iron determination is 
necessary.1t 

.End of quotation. 
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Two sample analyses of crude marble ere l1sted 1n the 

r"". report by The Colora.do School of Mine s Resesrch .Foundation, Inc., 
\ .. .. . ... 1 

r-,....· , } 
L".-

... ,"", 
'- 'l -.../ 

under date of 2/10/60. The following 1s a quotation from this 

report: 

"Limestone Se.'i!ple uo. 1: An e.pproximate1y 50-pound semple 

of crushed raW limestone (minus 1 3/4, plus 3/8 inch) received 

from Dye and Bathrick M1nine Company of Kingman, Arizona, on 

November 10, 1959. 

Limostone Se...'l1ple No.2: A 42-pound s£ID.ple of." raw limestone 

stated to be "representative of a section of the deposit, 53 feet 

across what appears to be the highest grade and whitest in color." 

This sample wes received vi ::l £.ir express on December 30, 1959. 
.' 

TABLE I 
CHE~.HCAL ANJ-1 LYSIS DA'rA 

. " ... 
Limestone Limestone 
semplo Ho. 1 Semp l e No. 2 

. ... 

CaO 54.85 - 54.80 

CO2 4.3.30 42.15 . 

S102 1.08 1.25 

R20,) 0.23 0.23 " ~ 

Fe 20,) . ' 0.038 0.17 

MgO 0.21 0.20 

Mn02 

LOI 43.2 42.8 

P 0.004 

s Nil 

..,. . 
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TABLE II 

LIMES'110NE NO.1, H2AD SAMPLE 

SEMIQUANTITATIVE SPECTROGR APHIC AN'ALYSIS 

(F1gures are percentage estimates) 

Aluminum 0.05 Pota.ssium 

Barium 0.01 S11icon 

. Calcium Major strontium 

Copper 0.001 Sodium 

Iron 0.0,5 Titanium 

Magnesium 1 Vanadium 

Manganese 0.01 

End of quota.tion. 

0.01 

1 

0.01 

0.01 

0.001 

The foregoing analyses ere quoted for indicative purposes 

only. The writer did not observe the taking of these samples and 

therefore cannot vouch for them. Presumably all came from the 

tunnel and represent only one cross-section of sampling for a 

strike length of some 1.350 feet. Obviously these results cannot 

be ap.plied to the entire zone, which must. be systematically sempled 

along a number of other sections to provide a reliable picture 

of its quality. The range in silica content should be particularly 

noted, because some are above the commonly accepted maximum for 

. chemical grade ~ 

The marble in the Northern Deposit is medium to ooarse­

granular 1n texture. It 1s milk-white and sparkling on fresh 

surface. Weathered outcrops are gray, with generally white marble 

beneath a thin surface coating. There are patches and zones of 

. . -- .- ---.- -. - .- - ---.. . .. \ 
- --:: _ ...... -, .-~-;-- ---;-:- . -- - .- ---- -- -
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gray marble in tho rresh' rock, but these ~ppear to be of sub­

ordinate extent. 

The Southern Depos it has A. mepped length of about .500 

feet, but it may extend considerebly farther to the southeast 

under the slide-rock which mantles the steep mountainside. There 

" may ~lso be a moderate extension to the northwest. 

The Southern Deposit is best exposed in the saddle near 

the southwest corner of Butch No. 3 claim. Here the beds strike 

northwest with steep dips, and a (stratigrephic) thickness of 

about 200 feet is exposed that is generally free fran chert. Along 

its southwest side it is in contact with the Thin-Bedded Cherty 

Limestono; on the northeast it b.ecomes chorty and extends up to 

the oliffs under a 25-degree slope. 

The marble here eppears similar to that on the north side. 

It is medium to coarse granular and the fresh surface is generally 

' of white color, although large patches and zones of gray appear 

here and there. 

The Southern Deposit has only been explored by a few cuts, 

two of which are in the 200-foot seotion that appears to be mostly 

free from chert. 

The writer took five consecutive outcrop samples across 

the Southern Deposit. Each of these representod about 35 feet of 

stratigraphic thickness, for a total of ~bout · l75 feet. These 

were designa.ted A, B, C, D B.nd E, from southwest to northea.st. 

(See Map No.3.) They returned by analysis the following: 
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CaO 1:1g0 CO2 .Si02 

A 48.44 1.30 39.40 5.20 

B 51.52 0 • .50 40.90 4.40 

c 48.72 2.46 39.10 4.30 

D 44.80 5.97 36.70 1.85 

E 49.84 2.93 40.20 1.30 ~ 

The ~oregoing were chipped samples from ej~osed surface 

croppings, . and they were not precise channel samples. They were 

also fouled by e little dirt and were not as clean as though taken 

from a cut or tunnel. Even discounting this they are disapPoint-

lng, because of . the contained amounts of magnesia, silica, and 

undetermined im~urities. Althou~h some useful marble may occur 

. in this deposit, such must be proved by careful sampling, preferably 

by diamond drilling. Furthermore, the possibility that these beds 

may be en offset continuation of those composing the Northern 
( 

Deposit ma.kes it mandatory to more fully sample the letter. 

MARBLE IN 'I'HE UPPER SLICES 

Marole in substantial amounts also occurs in three places 

in the Upper Slice's, but, as previously mentioned, it was not 

given as much attention as the marble in the Subjacent Block be~ 

cause of difficult accessibility E~d lack of time. The quality 

. of the material in the Upper Slices appears to be comparable to 

that of the Subjacent :Clock, but to date this material haa not 

been sgmpled and analyzed. 

; . . 
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MARBLE IN THE V.OUSE-COLORED LIr~~STONE 

There are a number of marbleized zones in the Mouse-

Colored Limestone. One of these has been exposed by the location 

cut· for Butch }To. 1 claim, near the end-line just above the trail 

slong the west-tecing hillside. This is a fine-textured marble 

that has been pointed out as desirable materiel because of its 

compact texture and light-gray color, and we are advised that its 

burning characteristics are good end its silica content is low. 

On the other hand, two specimen samples from this cut were analyzed 

tor the writer and these returned 11.90 and 4.90~ of 5i02 respectively. 

The reason for this discrepancy is not apparent, but, considering 

the generally impure character of the Mouse-Colored Limestone, it 

. 1s very doubtful if there is any SUbstantial tonnage in this forma­

tion that is of economic interest. 
: . , 

. . . ~. :: . 

ECONOMIC FEATURES 

PURITY 

The prinCiple impurity to contend with is silica. (Si02) e . 

This ocours as sand gra.ins·, in silicate minerals, and &s chert 
\ 

nOdules. The sand .grains are generally so small that they er~ not 

readily aeen, and the silicate minerals are most apparent only 

where they are rather abundant. On the other hand, chert occurs 1n 

the . form of nodules, sausage-like bod1as, and as irreguler veinlets 

and i~ readily seen. The reported silica analyses of crude rock 

trom the tunnel range from 1.08~ to 3.7%. This higher figure is 

above the 1.5 to 2% maximum allowed for a number of commercid uses, 

snd it is obvious that careful sampling will be needed to determine 

< __ > . the range end general a vernge silica. content throughout the' Northern 

Depos1t. Silica and other impurities in troublesome cmounts ore 
l. 



. "'" . .J 

I""". r • 
\../' 

. - ~- '. 

i \ 

'J 

" 
- 23 - . J 

indicated by the limited sampling of the Southern Deposit, and 

muoh more accurate sampling will be needed to determine its worth • 

Tests should be conduoted to determine whether any of the silica 

oan be rejeoted by air olassification. 

Iron as an impurity appears to be low 1n amoUnt except in 

localized areas or mineralization. Analyses presently available 

suggest a range from 0.02% to O.32~, but further iron determina­

.tions are needed to detenuine if the marble is suitable for the 

glass-meking industry (which aocepts a maximum . of only 0.015% Fe). _ 

~~ere iron is abundant in mineralized patohes, the rook would have 

to be wested. 

The dark-colored igneous dikes are rich in allica, iron 

and magnesia. They constitute localized impurities that would also 

have to ' be wasted. 

Mineralization, commonly associated with dikes, oonstitutes 

only a subordinate part of the marble bodies. 

TREATMENT FACrrORS 
'. 

The writer believes that the granular char~cter of the 

marble may pred1spose its crushing to be accompanied by a consider­

able emount or' fine material. These fines v/ould be unsuitable for 

the rotary kiln but apparently would be aoceptable for burning .in 

a FluoSo11ds kiln. On the other hend, Mr. Mason advises that 

"Tests conducted at Kingman, Arizona, show the rock crushes read11y 

end does not produce an excess1ve proportion of fines" •. If fines 

are exoessive, they constitute e loss, unless a market' (such as · the 

glass-making industry) can be found for them • 

.' 

The Colorado School 'or Mines Research Foundat1on report 

states that on burning "a major portion of the material decrepitates 

and d1sintegrates to a relat1vely sma~l particle quicklime". Hence 
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tho ' lump form required for certain industrial uses (such as for 

' calcium oarbide making, for steel flux, and for beet-sugar manu­

tacture) is lost. Although this restricts the field of use for 

products derived from the I/!ount Fagan marbles, nevertheless there 

may be a number of other uses for which it is suitable. However, 

the average content and range of suoh impurities as silica, magnesia, 

1ron, etc., must be accurately determined before such uses can 

be known. 

For other results of test work, the report of the Colorado 

School of Mines Rese~roh Foundation should be consulted. One con­

olusion t of the report must be noted: 

1I\~bile dust loss as a result of decrepitation during cal-

cination in the rotary batch furnaoe does not appear to be excessive 

(on the basis of the two burns made), the item of dusting during 

oaloination should be especially explored with rotary kiln manu­

facturers 1f a commeroial rotary kiln operation is anticipated". 

POSSIBLE TONNAGE 

At the present ste,ge of the property's development no 

, tonnege estimate is warranted. However., it appears that the 

marble zones are extens1ve enough to hold sufficient tonnage above 

relatively shallow dep'ths to support a substantial operation over 

a period of yesrs, provided that future drilling and sampling 

determine the silica content and other impurities to be within 

acceptable limits. Beoaus~ of the prevalence of flat faults, no 

tonnage estimate should be presented until exploration by drilling 

has been carried to adequate depth. 

( 
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FACILITIES 

Convenient faoilities such as highways, rd1road trans­

portation, natural gas l1ne, and power lines have already been 

mentioned. 

There is an unknown amount of water available in an old 

mine shaft on the property. It is probably sufficient for diamond 

drilling and 1s situated about 600 to 1,400 teet distant from the 

Northern Deposit at an elevation about 250 feet lower than probable 

drilling s1tes. To reach the more d1stant Southern Depos1t, some 

2,400 to 3,000 feet of pipeline and road would be needed. 

. ... : .• 

CONCLUSIONS 

1. The property is promising for the development ot large 

amounts of coarse granular marble of wh1te oolor. 

2. On the basis of present sample data, the Northern .. 

Deposit is the more attractive. 

3. However, the Northern Deposit has been sampled only 

along one crvss-section(the Main Tunnel) end ssnples listed in 

available reports show sll1ca analyses both below and above the 

commonly aooepted maximum. 

4. Therefore drilling and sampling are required to deter­

mine the runount of raW material available with the quality demanded 

tor particular uses. 

~~ . S. There ls no SUbstantial body of dense, compect lime-

stone (or fine-grained marble) ot chemical grade in the area. 

------ ----_ .. _.- . ",-:--:---' -.'-' - - .- - . -- , - , -_.- :--: -: - . ,:;'" r-· -:-;--:-:,~~~-~--~-_ .. _--_--_--_- -_. _-_- _.-_ -_.--=..--
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Hence the project must be based on the prooessing of a medium­

end coarse-granular marble that may produce an excessive amount 

ot tines during crushing. 

6. A use tor the fines derived trom crushing must be 

found, or a typ~ of ki1n must be used that can handle such fines. 

7. The problem of dusting during burning must be explored • 
. c. 

8. As above noted, it is evident that the raw material 

oontains varying amounts of sllioa (Si02) as 4n impurity. Its 

abundanoe must be determined, and test work should be conducted 

to find out whether a worthwhile portion can be eliminated by low-

cost treatment. 

Without knowing the range end general average of the 

silica and iron content, snd whether silica can be reduced in 

smount by air classification, it is impossible to state all of the 

oommeroial products that oan be made from this marble. 

10. There· is a limitod field of use for any calcined 

product trom this source beoause of the loss of lump torm dur~ng 

burning. 

11. From the information now available, it appears thet 

one of the deposits may contain material suitable for making re­

agents employed in the flotation of copper ores, flux for copper 

smelting, mater~al for cement manufacture, and probably rock for 

. "-'-' - " _ . - - . . _- ,-- "'::-'c=-.- ':':"'-=-.. . ..:::.--~ . . =.~ =:... =::::..:.....:...:...-_--'---=-'== . .::;- =-::..:.... = '-=====-''7''''''5=-======,--- .- ---, 
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roofing granules. , Other uses are possible but are dependent 

on further analyse~ tor purity and various testing procedures. 

Such possible uses are lim~ products for the building industry, 

whiting end fillers, and l1cestone for the glass-making industry. 

( 

12. Thewr1ter did not investigate markets and demand ror 

pro~ucts, but the general situstion appears promising. 

13. This 1s a good prospect, but it must be systematically 

explored snd sampled and the material further tested ond markets 

developed before the financing of 8 oommeroial project can be based 

on the use of row material from this souroe. 
."!'''.: 

:: " ~ . 

. ~ . ~ . 

RECOMMENDATIONS 
'.~. 

Although these marble deposita may presently be considered 

to be of marginal value because of the several difficulties and 

uncertainties listed above, the writer believes that they have 

sufficient promise to merit some further investigations. 

At this stage a modest program of diamond drilling is 

' C suggested to obtain a better idea of the size and quality of the 
. . . 

more easily eocessible Northern Deposit. This will require develop­

ment of a local wat~r supply, some road building, and the drilling 

of three or four diamond drill holes. Should the outcome be en-

c our aging , both as regards adequate core recovery and satisfactory 

analytical results, then additional drilling at oloser. spacing 

maybe required to block out the deposit. Although the Southern 

Deposit hRS certain advantages as regsrds location for a querry, 

p~eliminary outorop samples are not encouraging and the Northern 

, . ' 
. _ . _ _ .. __ _ _ •. _ _ ••• - •• -...,. . -..0. •• •• - •. • _ _ - ~ ••• ..: • • • - ··· -·-~- r·- · .~ ':. -, ," ... ..... ... - .. -:--- ----.---.-.. . --;-":': . .. -:---~___:-. - --_.-. . -. . -, - ,:- .... - .. - . --:'-:-:-- ;.: .-.. . --- -
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Deposit CBn be more cheaply tested because of nearby road, 

end water. 

The cost of preliminary exploration is diffioult to 

6st'imate at this time, pr10r to any discussions wi th contractors. 
( 

The following estimate .1s th6refore tentative and subJeot to sub- ' 

stantial oorreotion: 

1,000 ft. of drilling @ '. $6.00 $ 6,000 

7S0 ft. ot road building 1,000 

Pump and 1,500 ft. of pipeline 2,000 
-

Core logging, splitting & sampling 500 
" . ' .' ~ .: 

... 
, - , 1,250 Chemioal analyses , ' 

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

Supervision 500 
" , . , ':.' . 

, ' : " 

surveying .. 350 ... . . . ', ' . 

$ 11,600 
" ;" 

The writer recommends that size, BX core be taken during 

drilling and that the drilling contraot be on a basis of cost­

per-shift rather than on cost-per-foot of hole drilled. This is 

because these prooedures are more likely to yield a satisfactory 

oore recovery. 

...... 
' , 
" 

~ . ; 

Further tosting 1n the laboratory end in a treatment plant 

is also required to answer a number of questions brought up in 

~he foregoing report. ~~ether this should precede or follow addi­

tional exploration and sampling is a matter of viewpoint i both 

are neoessaI'Y. 
5 
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A projeot to make oommeroial use of the Mount Fagan 
marbledepos1ts 1s full of' problems that will oost money to 
investigate, and the feasibility of the project will not be 
appa~ent until suoh steps hnve been taken. On the basis of 
presently available information it is not possible -to foreoast 
the outcome, .but the writer concludes that the venture is prom-
is1ng. 

Scottsdale, Arizona 
January 17, 1961 

\ 
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E. N. PE1WEBAKER 
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REPORT 

Nature of Specimen . Limos tone 

Laboratory No. . . 

Submil!#.Y 

Tests Made 

A61009-1 -- A61009-5 
}~. N. Pennebaker 
Thomas A. Goodnight 

. % P.O.Box 1792, Phoenix, Ariz. 

As. Listod 
Carbon 

Df.!.~4-61 

Df!.~Rf.:.i?d 

Report Telephoned 

Silicon 
.' .RESULTS Calo'ium Oxide Magnosium Oxide Dioxide Di!oxid~ 

. ~ .... 
r::.; 

i . ) .. _' 

Sa.mple Marldng (CaO) 

A 48.44% 
B 51.52% 
c 48.72% 
D 44.80% 
E 49.84~ 

,. 

. ', 

. \ 

(MgO) ( CO2) 
- cf.. 1.30t " 39.40% 

.0.50% . 40.90% 

2.46% J 39.10% 
5.97~~ ' 36.70% . 
2.93% '40.20% 

R~spectfully submitted, 

VALLEY . LABOn.ATO ~HBS 

(Si02 

5.20% 
4.40~~ 

4.30% 
1.85% 
1.30% 

~~4~~~ 
.' ' . MichCJ.al R'Su~livan ' 

. ~ '. . . 

. , 

. ',. ' 

I, " 

" ..... ~ 

. .. .. 
' . ' 

Iu I mutull proteclion to clients. Ih. public Ind ounelv ••• Ihl. report II ,ubmltted and accepled for Ih. exclu.lve Ule of th. client to whom It i. edd,.lIed and upon the con- ' 
dllion thaI it II not to be uled In whol. ot in parlor In conn.ctlon with Ih. name of th ••• Labot.tori •• not any m.mb.,. of III .'aff wllhout wrltt.n ... thorlzotlon. Th ... r.aul" 
w.,. obt.ined by following .t.ndard labor.tory procedur •• , th. lI.billty of the corpor.tlon &h.1I not excMel the .mount IMld fot thl. r.pon. 
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