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Mr. M. R. Prestrldge 
P. O. Box 613 
El Paso, Texas 

Dear Mr. Prestrldge: 

May 23, 1961 

On May 19 I made an Inspection of the actlvlties of Arkota 
Steel Compan~ near Coolidge, Arlzona. Messrs. Patrlck H. 
lo'eensy and H. J. Gustafson took me to the properties and 
were most cordlal. I belleve that Mr. Gustafson Is one ot 
the partIclpwlts ln the flnancing of the project. 

I found that the mine and nearby magnetlc separatlon plant 
had been In operatlon for about one week. The Madaras ore 
reduction plant at Coolldge Is stl11 under constructlon. 
I doubt If thls plant Is In operatlon on the target date of 
July 1; It looks 11ke an addltional four to six weeks before 
it wl11 be maklng steel. 

Mr. Lindekugel (whom I dId not see) is in charge of the 
minlng operatlons and magnetlc plant at Owlhead. He is minlng 
from a nearby dry wash that Is partlcularly rich in magnetite 
sand. This area oontains from 15% to 20% magnetite, whereas 
the general average value obta1ned by dr11ling a large area 
was 8.13%. Consequently they are taklng "ore" that is much 
better than the general average. 

I was told that the magnetic plant is producing concentrates 
ot the followlng quality: 

Iron 68.00 %. 
Titania 0.40 % 
Phosphorus 0.13 % 

The magnetic plant has a capaclty of 30 tons per hour but at 
present ls turnlng out only 14 tons. The trouble ls ln 
elther the crushing plant or the screens, and ractory experts 
were out there last week for the purpose of correctlng the 
trouble. 

The machinery and equlpment at the mlne look good, and the 
operatlon appears to be managed In a competent manner. 



Mr. M. R. Pre st·ridge - 2 - May 23, 1961 

I was informed that the Madaras reduotion plant is designed 
for an output of 75 tons of steel per day and that this will 
require '125 tons of feed derived from the magnetic separat.ors. 

The loose magnetic concentrate w111 be pelletized before 
golng into the reductlon retort. Th1s pellet1z1ng machine 
has not yet been installed, and I believe that Mr. Madaras 
1s now in the east to obta1n one of its oomponents. 

The reduction plant, situated only a few miles north of 
Cooltdge and now only partly assembled, appears well-designed, 
and my impression of the job was favorable. A water-well to 
be dr1lled to 500-800 feet 1s now being put down on ground 
owned near the Gila River. 

I was informed that the output of the presently-designed 
reduc~i~n plant could be doubled by an expenditure of an 
additi'Cmal $125,000. I belleve that this they intend to do 
if the plant operates successfully. In the conversations 
of Messrs. Feeney and Gustafson there ~as no int1mat10n of 
lack of adequate finano1ng for present plant construotion; 
however, if the capac1ty were to be doubled, more money would 
be required and a new participant might make h1s entry at this 
p01nt,_ 

My impre 'sslons were generally favorable, but it must be kept 
1n m1nd that they are extract1ng better than average ore, and 
on the long pull they w1ll have to get along with leaner 
material going into the magnetlc separators. They also must 
devise a well thought out waste disposal scheme so as not to 
have rejected gravel sitting on are. 

I sugge's't that the project be looked over again 1n early August 
when the reduotion plant 3hould be 1n operation. 

With best personal regards·, 

Yours ~relY 

C?/.V~~ 
.b:. t~. Penne bake r 

ENP:mo 

,,' 



Steel From Arkota ,Expected -In Spring 
Plant For Madaras Process Costs 
On'e-Fourth That For Blast Furnace
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~ 
From: 

To: • 

Mr:-~ B ••• Pemebaker 
P. o. Box 817 
Scottsdale, !rimna 

Ra7 L. lbore 
P. o. Box 613 
ElPaso,Texaa 

SUBJECT 

• 
OWLHEAD IRON lEPOSITS, PINAL COUlll'I, ARIZOIA 

MESSAGE 

Dear Mr. Pennebakers 

DATE 

9/9/60 

. A 

I ha ft Jut ~leted the f'1rst read:lllg of JOUr report da ted Sept. 7, 1960, 
on the IJUbject propert7. I bel1ew that Mr. Prestridge iJitenda that I usiat in the 
checld.Dg out of thia deal. In addition to JOUr report he gave _ copiea ot .,_ 
data turDiahed bill by Mr. FeeH7, a.,1tg vb1ch vas a vet-process reproduction of 
and UD~ and lU18igDed ItJt[RIlIl LEAS! OD JGRDMIJIl'- between SoutlDreeteraIron &: 
Steel Iidiitrlee., IDee, Lessor, and Pat "eenq and Aa"o1ates, Leaa... Thia-i. · 
pro babl.7 the or!giDal. leaa8 vb1oh .. JOu did DOt aee and b7 reaeon thereot ~ ~ ate 
80Ile IS8Dptions aDd qualif'ic tiona in ,our report. Bence, I _de a Ther'lDFix 
coP7 of it, vllich ia 8DClos~ 

The -ton- reterred to a... to : be a 101Jl ton, aDd the r07a1t7 vOal.d pea 
to be based on the tiDlahed prodact _let. Bovewr, there ~ be .,_ question 
about that it such final product is produced ott the Propert7. hhibi t. -A. a nd 
·B· reterred to in the instrument were DOt attached to the cop7 in Mr. Prestridge' a 
til •• 

B.at personal · regards. . 

A/.-~~~Jv~ 
;g:p.~~IY~ 

~~~~~~REPLY~~~~~~~~~D~ATTE~OF~REUP~LYy--~jFR~E~P~LYYTT.O~~---------------------
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OWLHEAD IRON DEPOSITS 

Se p tembe r , 1960 

CONSULTUNG GEOLOGIST 

SCOTTSDALE. ARIZONA 
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Excerpts From 

VmSTERN-KNAPP ENGINEERING CO. REPORT 

Owlh~ed Iron Deposits 

Pinal County, Arizona 

May 25, 1960 



CONCLUSIONS 

1. The costs estimates show the following cost/ton of concentrate: 

C oncentr8.te Production 
Rate TPD 1000 1000 400 400 150 PILOT 

Wet Dry Wet Dry Wet 

Treatment Cost $3.67 $3.67 $4.~25 $4.52 $8.4(. 
Haulage Cost 1.41+ 1.44 1. 1. L~ 1·44 
Depreciation & Interest 1.)827 1.27 1.8878 1.80 5.54 

Total Cost $6.4978 6.38 7.8503 7.76 15.41 

a. While the dry plant shows a slightly lower total cost re­
flecting the least capital costs, treatment costs including 
the operating costs, labor and power are virtually the same 
for wet and dry cleaning plants. 

b. The 1000 tpd wet cleaning plant requires the expenditure of 
about $370,000 for a17 mile water line which is not required 
for the 1000 tpd dry cleaning plant. IEhe increased costs of 
the ball mills and dryer for the dry cleaning plant just 
about equal the costs of the water line. 

2. The costs shown above are for the recovery of 71 pounds of iron 
(Fe) per ton of ore treated. At the present prices quoted for 
iron ore the 1000 tpd treatment plant appears economically 
justified on the assumption the ore body contains 71 pounds 
of recoverable iron (Fe) per ton of ore. I wish to emphasize 
that an extended sampling program is required to determine the 
actual amount of magnetic iron present in the average ore body. 
The sampling and testwork conducted during March and April 1960 
established this figure of 71 pounds of iron as the probable 
recovery possible for the 27,000 tons of ore treated. The 
sampling of this tonnage appears to be reliable. No attempt 
was made to thoroughly sample other parts of the ore body. 

3. There does not appear to be any technical or mechanical problem 
related to treating the ore by the flowsheet 660-lG with final 
wet cleaning , except the possibility of wet ore during rainy 
periods. This water in the ore can and has, caused blinding 
of 5 mesh screens. Proper mining techniques can provide for 
draining any particularly wet ore in place. 

With our present information concerning the occurrence of the 
ore, size distribution and moisture content, screening at 1/4" 
ahead of the rough magnetic separation is readily accomplished. 
The minus 1/4" undersize from the screens even though damp is 
amenable to treatment 8S outlined on flowsheet 660-lG, with 
final wet cleaning. 



· . • 
Conclusions (Cont'd) 

4. We have insufficient information to predict if the magnetite 
can be concentrated dry to give less than 1.0% Ti02 in the 
finished product. 

Wet final cleaning on laboratory scale has demonstra.ted that 
all the ores investigated can be concentrated to give a 
premium grade product containing from 0.54 to 0.91% Ti02. 
Other impurities such B.S As, Cu, Ni, Pb, Zn, are virtually 
all rejected by the wet cleaning methods. Phosphorous is 
present to the extent of 0.05% and S to the extent of 0.01%. 

The grade of iron in the concentrates made on laboratory scale 
wet cleaning varied from 69.0 to 70.0% Fe. Ti02 as above, and 
8i02 and A1203 constitute the balance with a ratio of 8102/A1203 
of about 4/1. \ 

5. A few samples of ore taken from various different locations of 
the or e deposit all showed virtually the same chemical md 
phys ical characteris tics. All were an enable to treatment by 
the methods outlined in. this report with overall recovery and 
grade as outlined above. 

6. Wet cleaning of the magnetic concentrates would not be re­
quired provided a market is found for concentrates containing 
between 2% and 3% Ti02. 

Dry cleaning without fine grinding will produce an iron con­
centrate containing 2-3% Ti02 and up to 66% Fe. A considerable 
saving in treatment costs could be made if a market is 
developed for concentrates containing 2-3% Ti02. 

7. The optimum production rate of concentrates has not been 
accurately established but it ap pears to be in the order of 
1000 tons per day. 
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1000 TPD ----
SELLING PRICE FOR Fe CONCENTRATES DELIVERED 

at Florence, Arizona 

Concentrate Haulage 
Treatment Costs 

WET CLEAN ING 

Profit Desired before Income Tax 

Sub Total 

Amortization and Interest 

Proposed Price 

Concentrate Haulage 
Treatment Cost 

400 TPD 
WET CLEANING 

Profit Desired Before Income Taxes 

Sub Total 

PRICE 
PER SHORT TON OF CONC. 

1.4400 
3.6751 
2.0000 

7.1151 

1.3827 

8.4978 

1.4400 
4.5225 
2.0000 

Depreciation, Interest and Amortization 

7.9625 

1.8478 

9.8103 Proposed Price 
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Indicated Reserves 

Metallurgical stUdies indicate that approximately 18 tons of 
6% gravel must be mined m. d processed to obtain one ton of 
magnetic concentrate assaying 60~ met~llic iron. 

Using a calculated weight of 3287 pounds per dry bank yard and 
assuming a metallurgical recovery of 80%, this would be equiva­
lent to 10.95 bank yards per ton of 60% concentrate. 

To obtain the equivalent of one ton of concentrate, an area of 
296 square feet would have to be excavated to a depth of one 
foot. (10.95 x 27 cubic feet per cubic yard). On this basis, one 
square mile contains 94,000 tons of concentrate-equivalent for each 
foot of depth (5280 feet squared and divided by 296). From this, 
the following table has been prepared. Note that these are "order­
of-magnitude" figures only and are subject to revision depending 
on Ti02 content and on product specifications regarding contained 
Ti02. Also, the accuracy of these figures is commensurate with 
the accuracy of the sampling program recently conducted by the 
client. 

INDICATED TONS OF 60% CONCENTRATE PER SQUARE MILE 

DEPTH IN FEET TONS 

1 94,000 
5 471,000 

10 942,000 
20 1,884,000 
40 3,768,000 
60 5,652,000 
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AD. ex'.nal.. 0G01Il'Nl1o. of ' .tl' .... beulq sanda and 

er ••• l. 1e to\lll4 aloq V. i. Hi ••• , 80 bet_en 'UG80D *<1 

'lol'enoa. ftWI 1. app.-o:d._"lJ' 48 JI11e. 1l000tb •• , Of fUOIlOD 

en4 96 1il11e. lOu1me.a' or 11'101'_08, ttbtre tbe" aN outhem 

'aoitle Rall.J'o.4 ooaneotlOD. uri Yed 1s O'far pa .... 4 hlShW.,... 
'!he aear •• ' railroad 111le, bo .... r, 1a .'.Red ook, ... 16 .-il •• 

1;0 the aoutllwe.t. pre.en 17 " •• 4 b, • Yen' poor dll't 1'O~ . 

'lbI 'om ot CoolIdge, Dear tbe 011a Rlv.r ad sa. 19 aile. 'OlltlJ.-

-' 
the Sou-them Paoln.o RulN.ct. 

Ie brcob l1Ae or . 1 ' •• 0 I.tunl Gu 00JIpa,. oro ••• I the 

pro"",,. aa4 aleo, .. lo p ... r Ie .1ao ."ailabl •• 

1h •• ,.1'.l" _~ •• 'rJ' brlet i.napection of a 11 PI" 

~t this ~tlt •• be~~ plac.~ d.~lt on Augu.' a, 1980, 1ft 

ooapllllJ wlth "e.sra. J. n. Kadar •• , amel LSndekusel _4 laoe 

Fo.ter. !hill qulok v1 •• of tbe prope"'7 11.8 aupple .. nte4 bJ stud,. 

ot two ooaprehen.1ve rep .. ", 0Qe of th ••• , 4ated Aug.' 20, 1957, 

ls OJ Mr. O. A. SUIldn ••• , an _a1ften' , 11'0" Jldnh\g enalMer ot 11&117 

7ea1". t expezaleJloe. 'rb1. report cove .... ballent drill bole explora­

'lo~ of a ... 11 traotion of tbe masn.tit.-b •• rtQg OUAd, •• allur­

sloal , •• tlng of t h.. apt-• J and an •• tbla M of be tonna 

revealed by thl. drillin .. ' 
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.& •• 00114 ayUlebl. "PO" 1a b7 '.l$.rc-l'napp ~-

"l'lq Coapanr of Fr_olacO, dat414 _.,. 95, 1980. Th1a pree.~t • 

• • hell of .'a11urglcal . •• t., .oonoad.c tQotol'a,.' .. Od plant de­

algn. It 1. ba .. d on t •• t work by tbla OO.-panJ' and r •• u.lt. of 

pilot plant opera'1oa.. 

'1'u rollowinS "_I'D are 1.:.p17 baa.d on .... report. 

_d on 41._. lone w1th Keaa!". daJ'a., L1Ad_kuSel, o.t.~ and 

SUDdD •••• 

( PROPIRD 
At the , of the Sua4D ••• report (Aug\\.t 80, 1957)_ 

the property .... a,.4 to cODaslat ot 4,1&0 aor •• _~ up ot 

•• .,t1ona 1, 2_ 3, ,_ 6 .. 4 ua, alO1lS with the D01"h of e0t1011 11, 

In '.l'9S, 811 Gll •• 4 &&1' al .... 1' B ••• _d "1'141 • 

we as-. nOli ad.1 d tba the prC>~l't, baa b.eD e:xpantt.c:1 

to ( ... sm,ooo aor •• ) plua otD •• a4Jaoen' 

holdlDg ot about .q_1 .aount '0 81.' • 'otal ot aJIOtad .3,000 

.o~" 01' about 70 .q .... aile_. The pl'IOpe"'J noil a.14 to 'be 

.It_t. 1n TOItuh1pa '1 fond 8 South, Ralls •• 11, 12 an~ 13 ... t. 

'!'be ... 1ter ... SAtor_4 tbat thi. und 1, held .a \Ill-

~t.nt_d ••• oolatlOl'l plaoer ola .. , or Which 1!,OOO aore. aN 

OOY 1'e4 by ola1l&a on State Lcd. 'lb1. 1apo8 ••• oona1a.rab~ 
,) 

.nnual fiA_clal burden tor ........ n' work, tbe aotUal oun' 

c1epeh41Q8 UPOil the preol .. nUllber of o.lala_ 1Ayolv.d. P.rOb8.bl,. 

tnl. 1. in tbt nel8bborhoo4 ot not 1 ••• than 20.000 to 85,000. 

It 1. the 1'1t.1'" undeJ'" 41A8 that the. ola a1't 

held b,. South1te.tern lJton atld Sq .1 XDduatl'l •• , Ino., which corpol'­

_'10n baa reoen'l,. ~ ... d the •• to Patrick P •• ne7 1D4 a •• ool.t •• 

UDder the tenae of: the uppl_nt AIft ... " _ ooP7 ot whlch 

aoooapant •• thle 1'.po~t. 



- '3 -

!bl' ~ore" to 'ba .re. or 1at'~8" oQQll.t. 01 "sa-'lte­

beariq .. 4 aDd pa.el. It iIaJce. up aA .11" .. 1&1 "lain ishat 1 • 

. ra"er.ed br ...... 1 large 41'7 aabt _ .hOM aentral cov.. 1a 

.... t.rl,.. 

b _'Irul oon'.1JWlC th. _ •• '1'. 18 m VAOOIl.oll. 

da'ad, ora •• -bedded altematlO1t ot 11 ._4 add tall1'lJ' ooe •• 

grav.l. A. ct..orlbe4 b,. SUAdae •• tb6 .... 1l1~ .... depo.lte"'. 

-ill & non-Wl1tOl'a and 11',NSUlar ..... with _nhlA •• , allah 1J 

.,1.11 •••••• 11 .11', •• 4 and &1'&"11........ Map.tlllte OOOUN 1Ja 

rlch atpeaka. 1 ,ar • .nd len"., .bar 1. 1_ -di7. high 1~a4e, aDd 

tJl'" runnJAs •••••• It , aklag it vert difflcul' to 01)ttllD. an aoo.a'. ' 

_.ple. 'be _p,'it. 1, n.J7W~»' I1ne.pal_d. Pebble. 1D 

ube pa •• l .e14o. exceed tour 1!aohta 111 &''''''1'. 
flhe IOlarcae al'ea 11,. to t~ ... t, WM" _un'ab. a" 
,.' 

ooe,po •• 4 or arl1'. abd .ohllt taha1; 00lltaln. .117 Il1D.or .. ouat. 

of aagnetSt.. ",,1 bat been treed b7 '",lon aDd rook dtlooapoal. 

'lOll aDS oanle4 ••• tel'll _ ... l' lI.1 0_«*11uI'.t,4 aM dApo.S.,.d 

in tht aNa of tntere.t. lfere l' oocura ... lJrrepur _11 bod~ •• 

1D _.4 _4 graYel III ,-lIDt. that al... .'1"&1 .... ras. troD 

COD'_' of about 6~ to tbt alstul'e. and tt. lIdxture 1. auob tM, 

'hit .nidr, bodr •• t b. alM4 1n ozect.:. to w1A, tJ» •• patlt •• 

One troubl •• OIl • .te .. \ux-e 1. ,be 1~"a\ll.al' 0 _o,.tlol1 of 

parte ot the a.nd d ~a •• l oJ .. It.r t • .tal called ·oallohew• 

Aa • Nault ot hi. eeapllq proc.4.e. SUDdaea. a4.1I •• 

,hat .ucb of tM g1'owad _.pled 1, ot • h.,.4. ce.ntea n.tuN. 

In addition to tbl., there 1 •• "lddtly a local, 1'0.17 horl'&on'al 

b.ard oe_ntat1on b,.calS.ob...h1a Ie "port.d t"_ depth ... 
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hallow .a 15 teet. The extent ot it. 4e.elo .. nt 1n the al'a. 

baa not been r:te teN1Jle 4. 

StmtiDe •• "port. that the ~'l"-"ar1Dg .and aN 

"en' dUf;J 1Ihet'lt enoounteNc:1 ..... a7 tJlOlt t~ •• abe.. !h ... la;url­

tl •• conal.' ot a"aohe4 pat-\lcl •• of qu.al'l • .ad. teldapu, and the 

Jla&Qe'l~. p8.1u are GOated '11 tb embf lllaollS,'. no c1o\:&bt 481'1 •• 4 

b.7 oxidation ot th, an-'ll' 81'*"ru.. : eoaU6 ot th1l a con.1481'abl • 

.. ount o~ lron. 18 1, .. , in 'hi 'r .... nt PI'Oc, •• , and the extent 

81\4 va~l.'1.OD. ot tb1a oont .. l,na1;101l .'de"h hal not b.en d 'erm11»4. 

'!'be SUD.dM •• exploJ'atloA oaapa!gft 00.,"4 a l1t 10 '~\1ar. 

a11e •• bu'. 87 hOle •• ere b111e4. all but 011 to. depth ot a8 

t •• t; an4 plle1"all,. aMlPle4 to a depth or 26 te.t. !be" hol .. 

• ere located at • _11. lnte"'a1a on .. 61'14 2 alle. wld. _$1 l'Wmln& 
to'/! & Idle .. to the ea.t. Irl _441,1011 theft are 1& other hole. 

drilled at •• dOl1 loc.t1ou on 1IbAt southwe.t. 

DRI kW10 ,,1m SAl4PLIIG 

It 1 •• videat tbat pe.,' c_ .. . al u"cl •• d 1n tM 4rl111Di 

and •• plingot bAtt •• hoi •• und.l'lb_ SWl.dQ.e.~' supenision. Hole. 

ot 'O-~oh dl .. e' •• 'Hl!'e bored _<1 t"J1 0 .. e4 wl1lha·lotted iron 

cul.,.e7t., th. _plea bettag out tbrOusb t.b.ti ••• 10t. '0 p,. •• nt 

.alting. The actu"l 8..,1. outt1Dg... pe.fe"...<1 b, a -.n 1o •• Pe4 

into the hal · OQ & boaun t a ohair. 

SamPle 1ft "alA ot' 5 teet •• re pl07td. 81-.1»6- ... ple 

volume of .656 'OUbic te.t. 
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re.nSAI 

'he _U"... pl · &$ w.Ighed 8114 iwn ••• put 0 ••• a 

.. Meab ao.Jt •• Jl. IQ thi. ..nner the ooar.e~ ' . ... 1&1, raftl,. tour 

tnche. or .... in cU.-tlJII ... d1acdd.e4. lb. -.owlt o~ _'erI61 

thua .11111.'.4 .... clete.lned bJ "1pt '0 be ,be tollo .. ~. 

rue 1 •• pnex-al aver''' tot' tihe ntll'e ar il teat • 

~ .h OY .... ~!! 

"l .~ • S. OS • h 

· 44.7~ • 3. 60 " 

S9 .~ 2.96 tf 

6- ah '9Jd!ral!. 'total 

58.~ . ..6$.. 1.00. 00 5 . 0i_ V. 

l.~ .96 Jt 

5& . 3~ 7. 81 " 

Thua about 40 of ~ atel'1al .s eltlOlnattd hom 

tunbel' handl~.h1a rejec oont&1na a . ub.,.tla1 .ount of 

Iron that aan be l'eoov.~ed~ but it baa not Y.' N n 8.tab11 •• d 

that it oa' be done at a prof'lt_ 

!»MlilX l)st.m1M~. 

t.rhe ".isht .,.~ otlblo toot of 

•• t1-.'04 to be .. followa: 

ert 1 in plat .a 

Cu. •• 

180 .1b •• 

l.36 lb • 

100 lb •• 

It 1 at.ted tbat the den.lt,. vut.a .ore with the 

Pbra10al char oteri.tics 01 each toot .ample than 1t d08' with 

the 1ron cc:mtseni-. 

rOil the tol'tgo1Dg, Mr. Sundn.. .,.1.,.4 the tollow1n 



18. ' 6 O~. t,_ in Pl.ce~ eqqal. 1 loaa 'on 

1 .66 · • " " D 1 abO.' tQA 

bro .,.e 1 •• & lOxag tou 1». •• 00 oab10 7u4 

JfoS..1;,!,~ CC?D'eD I 

The 1I01.'UM oo.,et ot th8 G.M.ah un4er.la .... toUllc1 

'0 be __ 1'a117 10., tbe &".,.ag. balDS 2.0~. 

The 6 •• h UAdu.l" '.1'1it.l. .... dried in ~bt UIl1. •• l'a1tr 

of Al'llOQa School ot . • a 1abox-a 01')'- It wae .hen .abjeot.'" 1; 

417 -an-tiC .epuatlOD to produce a nDb"7 O_oen'~.te· oontaia­

lnt$. it pO •• lbl., all or the magn. 10 .. ,.nal 111 tbe 6-.... h UI1d ... -

.1 ••• . 'hi. gave tbit tollow1ftgr.aUl,t. tor the 10 .quar. &11 •• 

, •• ted. 

H1gh 

tow 

i-Moab QQqer.l!! 

, .. ~tl. OD-Masb.'10 
F~'St1an. F.rsot&ea J. 

1:5. a~ ~l 28.1'1 ~ Fe 86. ' $. 09 ~ F. 

1e •• %24.46 Tt 

11. 26.81 ft 

sa. a" 5.23 .. 

ea. ~ • at) tt 

thia • dete~ that, OIl the aver ., 

Tet l1 
100 &.5~ ~ Pe 

(la.aS x 56.~) b¥ welsht of tM 1;otal _'er1al 1n p ce goo. into 

the utU.r.t,. maptl0 ocmcel&trat ". I' w11.1 . not d that here ... 

have a vtnrY aub. iron (which baa been 

deteftD1.nod to be in th. tont. of. lJ.rrl.oAl .). 



¥,Ul'.'h61" G£1D#9K!!¥! YM~&o I!RaE!l!l s 
'lb.. "dirt, CQQO.AtU ... "," ... ,.. ,"\and to eo and 150 ... h, 

_4 tbe produo'. _H ht't.~ .par.ted b7 the •• , IlagMtlo 

.. tbo<t, with "be tol1owlbg &Ye"'I&,8 roau,lt. top t:be ,'.1 are. 

tea't4, ' 

Ave,age 

H18h 

Low 

Ave rase 

H1gb 

tow 

" ' 

M •• '10 C GeA' •• '. 
aeoren ~ '191 ~I II , 

85.5 66.66 j Fe 1.48 0.0'18 0'.009 

41.)$ t$b~ea " 2.00 0.08& O.08e 

11 •• ~ 04.7.' " 1.01 O.OU 0.006 

rea which .. 4el'lv4a'. 36.5~ .13_ 1.2.89 reoov • .,. 

MasP.'lc Oonoentratt 
lWme£l' , ' flOa 

J b' 
I~ p 

'. § 
Z~.2 7~'1 0.86 0.067 0.Q07 

38 •• ~ 1.00 0.078 0.011 

2S.01I 6G.~5~ tt 0.50 0.034 0.008 

FrOla _h1ch .. e .rl vel 3&. 61.13. 1. 8.7¥ 

"009."1 of Iron fro .. total _.d aJid ravel dUa. 

'bu' th. _ount of cObtal.tWd '1 tan1ua md pboaphorua 

~. beon ."lbatutUlly 10 .... "41. 
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Atl'R,~.1!A~" . Tpm'~Oli! 

Mr. lUIlcS ••• Jtate. 1n hi. "PO", (page 1.>. "Wi'h 
, ' 1/ , 

9111 hOi ••• ,Paoed 1e .part aAd _amPlo. taken to onl,. 26 

toot depth 1n 1Ibl. 10 .quall. xTd.l. a1"tU" ftQ aecUl.".tt eot1mate ot 

l'eoovel'able ~'tlt. cu ,be -.<le. HOffevep, S11l08 #otae appl'Oal .. 

_'e tilUM ._t be deyeloped" I be 1'1'1", •• at the tollowiQs 

appl'On.'lOA .. • "ard ."'1ok: 

1 eOM oonta:1na 43,660 .ca. n. ot :ulIla in pl •• 

to a as ft. 4.~ 1,089,000 ClU. tt. ,11 ft, "", ,. 
• lao 1ba/ C)U. tt. 130.690,000 lba. tt It 

22.0 lba/long ton 68. ~9 tf;)n. tt tt 4t: • 
average petie 

rteoOveJ.7, d'~lve4,2.~ 1,692 tODA ..,,\1ta • 65': Fe 

on 40 _cr.. 61,680 ff It tf tt 

on 640 aor .(1 •• m1.) 1 082 sao' n , , 
Area _.plAd(lO .q.m!.) lO,eas,soo " 

to 86 It. depth 

III o~r Ot'CU,. th1tt apPJ'oxsmat1on 1DdS. oat.aabou~ 

" 

1 ~111on ton. ot r8oov.r.ble~e'lt. a •• .,~ 6~ F. tor eaoh 

aqua" .11ft, to 1\ (Ie< th 0185 te ' " ba •• 4 Oft ta. .".1""88 .. petl0 

HOO ... '..,. ot S.~. 

With • 4a111 pl'Odatotlon of 1,000 tOM ot' ooncelltr.'. -J-
• 

da,. thle .-olU'lta to a l1t. ot abOll' 10 Jeal' • 

of the 10 .q.uare ~le @ ... tOIl 'ted U bo1116 }i1Ch.1" thaD ,,bJ .'Veras­

and su1t bl.e to.- u op.n p1t. '!~ o.timat. n.H 1a tor a ",OOV8n 



ot 4,86!, or aagn&tl VI. tho a n.ral • v... • 0 S.9% (or abou.t 
t.S-

97. v • ~ 11> • reooverable .. pts.,. pel' lollS ton of .and ~ 

Iravel s.n laM). lie e.tSlliite$ 'Chat this, :ttlcah.%' aectlon will 

provide aboll' milUon ona reCOver 1. sneilte troll 5 aqu.aM 

milea to depth ot 95 teet. .A't prodllOtloD Ita'. Of 1,000 ton. per 

da,. or product; I thla would la.t to~ a'boli M ,. •• r' .. 

SUIDIES OOiOLOSIOKa , r . 

The •• ~. as rOllowa: 

1. H18. ua, haa pr 'Jed tl'la t thia plaoer depo.lt con ... 

t.ina • MPettt. cOAt.ltt ot vapring ooW\te. ",h1011 can 'be pro­

c.ssed b7 ttD. p1h41ilg aDd ... t _sn-tl0 •• par t10D. Into a" • .", 

d •• irabl. Pl' \10' wltb 0.04ele'el'1oWl o_PODell'" 

2. 'lb. oon'tnul .,. at; ~ptb !3a. not been pl'O't'ed below 

25 t •• t, but OIle hOlt tbat goe. 0 4& tee ft. tba t 1.~Q \S1ta 

tro. a& to '3 tee. were n •• ,..l, double tbounlt. lrem 0 '0 il5t •• t. 

• lfo looal .up 1:1 ot .. or he.. ,.e' be a developed. 

... It..., be poaa1bl. to 1'0"'.1' 10_ iron trom the 

.oree.4 ov.rai.o, and t .te aho\114 be ... de to det.rain. the 

eoonQm1o t ••• lb111tJ of treatlDg ~1. traot~on. 

5. An eoono_l .t~7 ahould b. _de of the ... t dealrabl 

,.parat1on poln' in tbe eo"CtIlJAg operat1on. 

8, TER!-~APP REPORT 

•• tern-Iba p Eng1n.e~1 Company of $an ranal,cO. 1 •• ue4 

• oOillprehenaS.". r rt und r date ot -7 a6~ 1960. 1h1a pre.en'. 

a at\147 of metalltlr3leal teata,. eoonOJdo t ctOJt., n4 plant tie.len_ 

This report w II aVa11able to the v"el' tor .. abort tbil onl,.. aDd 

the tollow1ns oono1ualOl'Ui and exo.e1"pta were den fro it. 
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The 100a11ty ~ •• t.d was apparentl,. In ubi ... ter17 part 

of the higher grad. aNa pointed. out b:y M,. .. SUAdneaa. HeH 

•• tern-~app obta1De4 a "..00v817 of 71 pound. of tron per (ahortt) 

tOIl of ore tre.ted; and ita t'Sll"'. ar8 o .... d on th.1a amount, 

1I1e1'8.8 the Sundne •• general aye~a. t1g\al'e. U'. ba •• d on 2. g% 

1'eoo".1"'1 or 65 pounds ot _petlt. (47 pou.n48 of .. tallio iron) 

per long i;()D , Con..qtleiltill th6 ' •• ten-Ib.app 1"'.1''' e.~1at. 
pttraqWU'. mile 18 .ID1oh l. rg.:r than the Sundn ••• t18ure. 

~. e.t.~-lnapp oonolU41o~ are quoted •• tollow.: 

concent:rat : 

Conoentrate Produet16n 
fta te 'PPD -'1II"lo~omo~"""'t"~~-......,.",~--""J"W--~"""#W'''''''IN'''J:r=' rood , F ' -bo" ibO ISb P!toif 

Wet t!!X 1 b· ~ J!t 'Da , , 
.. , 

t , 

3.67 14.5225 '.52 18.41 
1.44 1 ... 1 •• 4 1 ••• 
l.e'!. 1.8878 1:80 8.M , , 

Tr •• t~t Oo.t , 13.6? 
Bau1aS. Coat I." 
~prec'1atlOJl &; Interee'b 1,3827 

Total Coat 6,18 7.8503 7.76 15.41 

a. While tho dl'1 plant ahow$ a s11e;htl'1 lo •• ~total COlI t 
retlect1ng ~ lea.' capital ooata, treat .. nt, ~.t. In­
cluding tbeQP4Jrat1Dg ooate, 1a»01' and po.er are vil',tuall,. 
tbe .... tor _1: and dr7 clean1n , plant'. 

b. 1'he 1000 tpd t cleuing plat reqt.tirN 'bf expen41.,. 
ture of abOut $370.000 tor a 17 81141 water line 1Ihlch 1_ 
n.ot "qui,..d rOll the ,"000 tpd drJ' aleaning plant.. The 1a.­
area •• d Clost. or the ball miU. and 4r7e'" toJ!' thlt dl'J 
cleanlng .plant J"st about equal the ooetia of the water lu. • . 

2. Tbit O&8ta eh01Jn ab<we are tor tba reoOVe",. or 71 po1lD41 
ot lton (Fe) per ton of ore tJ'eatet1" A~ the pre ent price, 
quot.d tor ll'On 01'$ tbe 1000 tpd tJ'ttataftr1t pleAt appear, .oon­
omlcal11 Juatltl.ed on tbe a.aumptlon ~be 01". body oonta1na 71 

· pounds of "Gov.reblt iroll (1".) per ton of ore. I .lab to 
._lila.i •• that an e,ltten4.d a.pll_ program 1s requll'6d to 4e .. 
t. rmlne ~. actual ount 01 -aneti6 iron pr •• ant in tb81 
average 0,. bod7_ ~ .am~llng and t.atwork condueted durlQg 
aroh and Apl"i~ 1960' otttabll8b.ed t h la f16\U'6 of 71 poWlda 01 

iron a the prObable recovery pea,1ble tor the S7,OOO tons ot 
ore treated. ~6 4ampl~ng of this tonnage .ppe.~. to' be reliable. 
No tt.apt waa .ad. to thorougb17 sampl. other part. of the 
ore bod1- ' 
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3. 'fhe doe. no1J appeuto b aft7 teohQ1cal or 
mflobanloal ,Probl. •• rel.at d to 'I'e 1; the ON br 1Jbe flO,. •• _, 
660-10 with tical e~ oleanlDi, txoept the po albll1t7 ot •• , 
or. ur.1ng l'aint ~l'lod.a. 'Me w fi.r in tba ore can aDd. baa I 
c~u8ed bl1nding et 6 m&an orean.. p~o r m1n1Qg teohnlqu •• 
oan prov1de or 4ratntng .n~ 9Qrti¢ul.rl, .. t ore in plaoe • 

. 1th G\U" p~. b lnt'OI'matloQ COAc6l"Q1J)g bit ooc.urr.noe 01 be 
Ol'e l al •• dl.tI'1button n4 mol.\u" content, aoreen1ngat 
1/4 ahead of t~ rough _petie .. paration 1. readily .000 ... 
11.. • ~ II1nue 174" u.nd4n.·al_ tl'OBl the aott.ena even thoUSh 

daap is nabla te> trea nt ... 0 tllru~4 on tlowahaet 660-1G, 
w1ih final wet cle ,tnt!. 

4. '. have 1n.1lt!'101ent lntOl'Utl()D to PN410t it the 
magnet1te an e· C)oncentl'ate4 dJ'7 to 81". 1 •• . than l.~ T10e 
in tm t"lD1ahft4 l'otiuot • 

• t tlAal olean1Dti on bo~ato1'J cal- •• d:ollOnet~.t~ , 
all the or •• Ulvoat1&ated 0 be oomen tl'a ed to va a 
prea1wa q d& produot onta1n.l.n& · at 0.54 uo O.~i$ 1°2_ 
other 1mpur1tle \len a Aa, CU, H1, Pb, Znt are vll'tuall1 
all reJ60ted the e ol.sn~ .. thode ~bo.phorou.. 1. 
pre ant to thG extent ot O,05~ and S 0 the xter.t of 0.01 _ 

•• gJ'ad't o · tron 1n t bct col'lo.ntl'.ttu~ JIUU1 on ltlbol'atorr cal. 
,..t 01 an~ "arle4 t~om 69.0 to 70.0')1 PIe. T10a". above, tU¥\ 
5102 and. AljQ~ con.t11ilate the balance Itb .. l'a"Cl0 or 8108/41803 
ot .. bout 4/1. . 

6. At •• aall\PlAa or 01". aDA tro. varioWl dtt1'&1'eQ 
looation. of th o;tu clepo81t all abo ... cl VU1fual11 the 8.­
chemical and ph781calcharactor1.tlQa. All " __ able '0 
t .. atllent by the _thoda outl1D8d 1D thl. Hport with oVerall 
r.cove~ and grade .a out1lDad & OV •• 

e. et clean1l'lg of the _anetic (uaoa rat •• wcu.l4 flO' 
be . equ1red provided 1'*k , 18 round tor conQentrates oontUn. 
1Di bet.en ~ and. a~ 109. 
Dry 01 aD -1 hout f'1ne srlndlzag w111 Nduo. an iron 40l\-
centr t. oonta1n~ a-a~ Tiot aud \q) 1:10 Fe. eone14.rabltt 
... vl~ In tHat nIt 0. t. o.ou.14 b . _dolt a -.:rat 1a d .,.1 put 
tor connen ~at.a oon~.ln1ng . 2-~ T10a. 

7. ~e pt1mum produotion rate of cono ntr.te. baa Dot 
beeD aoouratel,. e.iu,bllahed but it apP4tare to be 1n the 01'4 •• 
of 1000 t otl. ~uu' dn7. 

( _ d of quotation) 

!rbl tollo.1Ag exoerpu Siv •• tbe procklot10D coat or -s­
netite oODe.D'pat. plua • profit ot 2.00 pt. abaf' tGD, •• ~rlv.d 

b, .,tera.lilap,. '!'he quotation 1 ••• tollow. ~ 
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ILLlIG mrCR R P. COIOIHRAflSS lELX'J'E D 
.t 11l.wenoe J An ... 

1092 '1'PD 

~T CL2}I~" 

PRIO 
FIB BHq,mr 'fOll OF CONC, 

Co O.Dt~.~. aul-s­
'r.,.taent Coat. 

!*Of'1 t De.ired be OJ-. lDQQ_ 'fax 

&@ '.t'Qt.l . 

~tl .. tl aQd ~'.r •• ' 
Propo.d 1ce 

.00 TID 

Concentr.t. aula .. 
Treat nt C.., .. 

1 • 

p ott ~ n..tred 'be/C)". InoOllle 'I ax it 

S\lb Tot.1 

Depreo! t10tl, IAtel'eet .-.d 

ProP9 •• cl ,,,lc. 

tl .. tS.on 

(lihd of quot 'ion) 

1.,.00 
3.1751 
.i.Ooog 

7111181 

1."00 
-6.5aa6 
@.OooO, 

7.962& 

e.81~ 

'to filM above should b. aaded. tbo POJ-it ot ·O. 60 to 

1.00 per. 'oa or OOh,.ntra' •• 

The 1'011(111 

g1"'., the ad!o ted tona of rcovel'able conc.n'~at. 1n a ISq~. 

11.. Th18 18 ba •• 4 on l'e.ulte ob\1d Mel 1n tn. ar •• t •• ted b1 

. 8.'bem. .. lC.naPJ)_ h1cb. 1. richer tlan the '''1'a1 averas_ obtaS.De4 

by uncm.... Alao the 61'ade of oonc •• l'at. 1a 6~_ oOIl,PaNd 0 

,~ 6&~ u d b7 SUb4n....aod apparentlJ ~ t~. 1a .apr •••• d 



•• ahOrt tONi. ~ qu.otatloD 1 ••• :'ollO 11$ 

INDICATED iRESBRVlS 

.etallurgical .Wu4lea 1D41C.t. 'bat a»PlOxt.at'lJ 18 toD# 01 
6~ gravel laust be lOiD8d and. pt-Qoe ••• d to ob'.1A ODe toll ot 

gn_tic co.~t~at •• 8 •• 1U\s 00" .... 1110 1~. 

U.lng aOaloulat 4 t1aht of ~87 1)oua<1. pel' dr7 bank y*1'd md 
8oum1ng ... Jaet.llurg1oal reCoyeFJ ot~. hSJ wollld be equlva­

len' to l.O.P6 lIUlk JUd. ,pel- tOIl or 8O}' OOD entJ' •• 

To obtain tiM equlYaltint or one tOil of OOACtll'nt." all aHa of 
a96 aq teet ould have to b. exoaVat.4 to a dep'b of GDe 
fQ \ ~ , ',ft .uf.o I ••• ,. •• to 7A1'4). On tnt. 'baal. 
ODe .quare ml1e oont.1D.a 9.,000 to . or o_oeDtt--._-,qulyal.eDt 
tor .am 'too' of dep'h (5i80 t •• t aquaNd cd cU.vlde4 bl 2i ). 
~om thl." the tollo ins ~.bl. bta b •• n PMpa .... 4. Hott ,bat 
th •• ,,' arCi ,.o1"4el'.ot .... anliua.n t18""* GA17 aDd. ue aUbjeot to 
,. l s10n de %ld1rl,g O!l 'l'1Oe oontent an4 On. grQduot apeclflcatlOQ1t 
"sal'dlng 0 ta1u4 'l10a • . 41eo ... aOCUJta07 ot the •• t1:&'u' •• 
1 cQ~n.\lr.t . .. 1 h theoeUl'aq 0: the .aJQPllag prog".' reoenU,. 
oonduoted b1 tM elleo'. ' 

,IlDlqA'!'ID ~. . 8 O~'\ eo! COIOR'!'!l!! P §Ql1jg JIll! 
I F~T TOIS 

p, -....-... 

1 
& 

10 
80 
fO 
60 

(1ktCS of quotation) 

8& •• 4 01'1 to. to~solnS "port., •• noaa d.iecu.atoll., 

and the writer' ••• '" brS..t lnepeot1oD. ot ,rowad; 1;he toll .. 

ing oOMment. are ott. 4: 

OEHEM}:I 

Tb8" 1& vas aaoUftt of lron 1n the ." •• \UlCJAIr oon-

.1doratlon, bu.t ex.ploration 0 date 1. 1JI.adequate to pliO". the 

ex ant, depth, tonnap, .nd av.rage re - .IIable iron QOM8Qt ot 

the entire depo.lt. 
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Drilling • ampllDS 'in , 10 .q~.. 11. tl'act; of the 

70 aq\lU'e 1111 •• controlled he. been to depth f;Jt 25 teet, •• oep\ 

1'Ot' one hole to "3 to t. The l&tt r eho. !.ron value. auoh 

improved at depth. ut thtre ulta of thl QJle h.al do not 10t 

warrant ox eulon tbroughout ,the n'tlra PNpert,.. 

t pre ent <leep ho1 arch ot .. at r 1 bel 

dr1110d by " C()vGl'Mlent Etgenc7 ab.ort 'Cllstanoo ott the, north a.t 

.ide of tn b.1 flY. To s, depth of ove'r .00 teet th1. _how •• u.,b. 

8tant1 1 

aultahlr taken to prov1d 40c~ate eat t of • a=o~t 01 

magnoti te in plllco at ,d(iptb. Bela 400 teat in bte hal , magnetite 

pel"alsta but 1 ' S ooiated. "r;1tb omauhat lDOl' clay_ Iron • 

• till bundlltlt Intbt' bottom at the holo 011 A~t ~O, b1oh .. ., 

at; about ~50 to t. 'l!be ~ ulte of thl - bole are general17 en-

cour '''1 " bu, hOw t: t' 1~to'l'1i111 its :reaulta ct:\n 

prob18l11Atloal. 

pl'O j Cited ,,, 

In about 1949 sma Copper OompaQ7 dr111~4 a n~e~ of 

de p bOle. 1n th.1 •• .rea in fJe lOeb. ot copper" It 18 rumored that. 

a cons! C&ert. le hlemes ot.' 1. ron.be.rlng land aM av 1 8 out 

by thea. hole"". 

GRADI 

he Sun<'-ncs s <Ut1111n(~ aho"ed tbe 0 1tde tJ and nd gl'&vel 

to a •• rage 5.09% iroe ( ~) ftn the are teat.d, ot wh1Gh 2.9~ at the 
1AJ~5 dk 

total-1 contained magnet 1 t.
1 

was reOOV el'abl. About halt of he 

t.,-aot, amount! ~ . to Ii .~ua;re' 1111$_ wu nobel'. with an •• tillllte4 

recoverable -.gMt1 te Ot)D.t.ll~ ot ".3&. the . •• tern-Irlapp .... a\&1 • 

oe baaed on a 6~ (~e? ) $~avel t1'o. whloh 71 poQd. or iron pel' 

1 
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(thor" ) Oil •••• reoovered. 

b bOYe Mke It evl~At thi' theft are aub. uantlal 

YQI .• tiona ttl the reoov.rablA _SlWt' ,. COIl'ellt of t. aand aD4 

&ravel 1n yarlo . u&rby area:t. -.4 that _r. 41'1111D& 18 ue4t4 

to outUa. the '.0' ... :Mr. opera.loU i1ah' be prof1table. In 

cU..oWl.loae tl1e ... 1'. .a. ad.s.ae<l ~ is •••• ,..1 pro.s..1D.s a .. _ 

a.. .1den' bJ vl.u.al exaa1aa'lon an 'hat c .... m Qtr 'If.... a . 

100_11,. ta"" rloher _aD the aYera,_. the" 18 .to" the -USi • Ion 

that the -an.1flte a,. '" replenl,n.4 in .. -.w..4 ou'- wash b7 

sub •• quat raSA-.m and nUb tloock. 

~"'R BXPXQRATI2J! 

It 1. Obvlou. tha' the dril.led _ .. a •• da .,.,. cd d •• pe. 

hol.s at 010 •• 1' spao1 alid that ctrl11.11lS ebould be 0"1"1"1.4 uto 
d,aoeJl' a" •• . 'lb.. ..ual x~D41 tu~ tOI' .a ••• aIUm' work 0_ 

be us.4, to a4"., • . 0 help aGeo p11. ,hi •• 

The dJtl111rl6 .xpl~.'lOA 1;eohnlque •• plored bJ . r. SUlld.D ••• 

la ada1rabl1 ,ult.4 \0 tal. , •• tlna, but l' 1. wa4o~te411 ~lv. 

and. t be depth 1;0 wblcb tlll. t7,pe o~ UlpllGg 0_ 

proble_t14al. 

It dabt ~. 4 •• 1P.ble; ~ 4»111 expel"tMll'al aug.". hole. 

alons-alde ~. 8UDdn ••• hol.. ~d alo~1~ OPt~.t1Qs .~ca •• tlon. 

1n or<1.1- to tJ'J' '0 48"lop an •• plrloa1 raotol' relati:Da .b qulok17 

and cb •• pl., t.ten ala e .... ple. '0 rec .. eZ'abl. _pt1te. 

ReSareU.... ot the 'J'pe of explox-atlcm employed. 1 t ehould 

be und.%' It». SUD4ft ••• " • ."rlfnee4 4lreo lon. 

a gRVp 

Tba" 1. oonddel'abl. aliter Aoe la tbe8lll0Wll' of 1"e­

ooverable -.aneilt. 1. In .ver •• qual". mlle •• e.t~att4 bf Mr. 
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8.uD<tne •• and bJ ea'.=-x.u.pp, but the bue, or their •• 'late 

are ., .... , d1tt.~'l\' in a INa r of 1'8' 0'.. the J'cp 1. 

trOll about 1 .-1111on to a or _" .s.111on tOU ot reooverabl_ 

oODcentra" pel' aCluare 11118 to a depth ot aa t •• , and the p1'Obl •• 

1. to •• 1.ot tbe richer traota to~ initial pr~o'lon. 

SCALI OP OPBRaTIOBS 

"."ftl-lupp oOAclude4tbat at pzt6 •• llt Pl'lcea quoted 

tor 1roD ON, the 1000 toDe per"7 HabeDt plant appears .con-

01l10a117 Juutted 01\ th ..... p'lon bat tM ore bOdJ oontalrae 

'11 POull" of reooverable tron (,.) per (P01't?) ton ot sand aDd 

gra"e1 1D plao •• 

Cea .. quetl" a pilot pluli t,-pe of operat1on at a JlUoh 

... llel' ceQ_a'rate outpu.t pep Cla7 w111 Qe ••• ltate rl0b8" 

up_'1 t.-be.~1n& •• d tor a protltalJl. operation. )leene,., L1nd.Jc\tgel 

and u.-ool .... belie"e such 111 ayulable at C4trt.1n looal1t1 ••• 

HAZ@P§ 

''bra aN two haz.Jlda to •• toh out tor, o.1t;ber ot whleh 

om be propel'lJ ~pra1.ed .. t PNsent II 

On. I, the a unt of ,round oe_ft~ed irregularl,. at depth 

'bJ' hard callche. An abund-.noe ot thia _terlal oould •• rioul,. 

tnfJerrere w1 ~ low.coat ainlDg. 

The 0 he~ 1. the .. OUA'ot ox141 •• t1c of 't;bI aesnetl" 

paiD. late.all,. and at depth, whl. would affeot tt.. 1rOll ~.oovel'J 

b7 tbe -.gaetlc p~o •••• 

fl'l' AllUM C0!11!T 

The wr1 .. 1' &8 advla4td that the ti _lUll oORte"t oall be 

reduoed •• tI8t.01;or111 b,. aUfficlent &r1ndtag aDd dr,. -.snello 

conoentrat10D. 
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P}'Sft PRODU'CTIOJt 

Pilot plant ~.oovery ~»er.tloQa bave reoentl,. been eon­

duoted at th. pro .rt,. and tha abav. produced •• ubstantial pil, 

ot 6Ood-looldAg aasn.t10 iron OQQOfU1'~at ••• 

DUSI_ISS A!U\AJlOEIIBltt8 

"en.,., L1Adak\apl and ••• ocla ••• hav_ reOetltlJ l •••• d 

tM PNJ)eJ'ty tro. South ••• t.rn 1~011 m4 St •• l ID watr1ea, Ino., 

UDdlttt t1Mt 'ezwa ot aJ'l Aa .... nt and a aupp~... _.l1t. The 

wrl'81' haa not •• en a oop,. ot the or181Da1 ASwe.bot, b'&lt • cOPJ 

ot tba recentl,. e.eou'e4 Suppl ... nt ~'''Dt 1 •• ttaabe4 •• an 

ap JlcU.x to thla l"pol"t. A. provl.4ed bJ' the two ap .... nt., 1t 1. 

ilhe writer" UIlder,taft41bi tbat the ro,'altJ' pald bJ' P.e .. ,., 

L1JldekUSel and ... oelat •• ahall b. 60 OAInt. per ton of concan'ra •• 

tor tm t1l'.t 200,000 tea aDd then 1.00 per ton tro. thare on out. 

(The or1g1Dal e __ t 8hou1d ~ checked to ~tera1il ... hethel' 'hle 

1, on a lema to*, or .holtt ton but., &Ad to aake aure that 1t 1. 

baaed OD conoentra'. p~4uotlon ot a .peoified ~.de.) 

l'e,ne1. L1n4ekupl aDd _.olat •• pro,.. to ~od\loe .. -

netl'_ OOAoeQ. rat •• trOll the propel'" cd '0 "duo. th •• '0 .PODg_ 

iron bJ' • to-oalled clara. proo.... For thle PllrpO.. tl»7 ba v. 

oontraoted wltb. Jullua D. .da~a. and .<lal'U 00rpOI'&t1011 tOI' ua. 

ot thl · p.o.,... and tor .. "nalA ore red.l1otlOA pilot plant DOW 

at LoDaYleW, ~xa.. A GOPJ' ot thl. 81"_nt (which ..... ~.d bl 

Ltndekug 1 and 4ara. tn tbe .rl,.~f. ottlce on ept.-ber 1, 19 0) 

18 attached •• an appen41X to thle report. 

Its 11111 ~ noted isha' a •• coD411;loD ot tM. 8.8"_ot, 

a corporation to be ., up b7 een'1, 1'4lldAtkugel and ... oclat •• 
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ahall hay. an 8xolu81 ... s-lght to lie.,... tM \de ot tb. "aela1''' 

proce •• in Ar1~Ona (onll). provided: 

1.. &»utb . ,aterll 1:):'= and 8t •• l Ia41Uttrl •• , Inc. 

a.8~ 1 t. lieens. · to u.. and aub-lloena tbt 

a4~a. proo.... to this oorporation. aDd 

2. ~t I atteJl '",,0 ,.ara, oDl.,. •• lobS .a the ~. 

corporation tf e&pand. Pl'O<hlo ton and, Ada tadl1t! • 

••••• ••• lODg ... protttable _.r __ dey.lops ~or 

a~. iron or pig lrOD or .'e.l~. 

••••• 

,This Mqu.1r .. nt of oontllluou. expanalOA could pHve ' 

lnarilenao. _4 mould b. JIOdltle4. 

!!E BJMQH C10J!01:ltt,Sloa 
It 1 d1 ttloult to anal,.... the Pl'opert)' and the Pl'oJeot 

at the pJ'eae.t .t. 01 it . &tveloPIICt. ",. writ., ,. generall,. 

opt1mlatl0 }),,' lAol1he. to ~he vle. thai; a _ll-tODnaS- pllo1t 

plant tor OGD.cen raSe produotlon "7 tu~ ou to be • hlgb-o , 

operation • 

• vetI'helA •• ,. tDe Ibowl ) 1 .0 lara_ t~' 11) _anlUlt. 

ad.quat. explora lon aDd !Dve.,S. atlQQ. 

Scottadale, Ar.t zona 
S.pt.llber'1. l~ 0 
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SUPPLEMENT AGREEMENT 

BETWEEN 

SOUTHWESTERN IRON AND STEEL INDUSTRIES, INC. 

AND 

PATRICK FEENEY AND ASSOCIATES 

DATED JULY 14, 1960. 













MADARAS AGREEMENT 

BETWEEN 

PATRICK FEENEY AND MARNEL LINDEKUGEL 

~D 

JULIUS D. MADARAS 

AND 

MADARAS CORPORATION 

DATED SEPTEMBER 1, 1960 
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HARRISON SCHMITT 
Mining Geologist 

Cottage Sanatorium Road 
Silver City, New Mexico 

Omega Mining & Exploration Co. 
516 Luhrs Bldg. . 
Phoenix, Arfzona 

Gentlemen: 

July 16, 1956 

I am enclosing my report and statement on the Owlhead 
magnetite prospect. 

In order to start mining at an early date there is no 
doubt but that trucks and shovels would have an advantage 
in prompt starting and flexibiltty. No long belt conveyors 
would be needed at first, the tailing could be stacked near 
the mill. 

A five and one half yard shovel will move up to 6000 tons 
a shovel shift and would require about five trucks for the 
shovel capacity if the haul to . the mill is not over a mile. 
The total investment in trucks ~and a shovel would be around 
$450,000 without a shop, etc. 

Yo·urs very truly 

/s/ Harrison A. Schmitt 

, 



_ Omega Mining & Exploration Co. 
516 Luhrs Bldg. 
Phoenix, Arizona 

July 14, 1956 

Subject: Owlhead Magnetite Prospect, Arizona 

~he Owlhead magnetite prospect lies principally in R12E, 

T8S and RIIE, T8S. The area you control is covered by placer 

claims and is eight miles east and west by about four miles north 

and south. The prospect is 42 miles northwest of Tucson and lies 
\ 

astride highway 80-89. The nearest railroad is the Southern Pacific 

which is 15 miles west at Red Rock, Arizona. .An electric power 

line and a natural gas line cross the property. 

The area is an alluvial plain traversed by several large. 

washes. The drainage is t6ward the west. The surface rock is largely 

unconsolidated, moderately-sorted, cross-bedded alluvium ranging from . 
fine sand to coarse gravel. There apparently has been a good deal 

of reworking during a history of many erosional and depositional 

cycles. The unconformities resulting from these cycles are visible 

in shallow pits that have been dug. The rock material was largely 

derived from a granite, schist and volcanic rock terrane to the 

east. These rocks supplied the magnetite which is always fine 

grained compared wi th .the rock particles in -the gravel which may 

reach three inches in diameter. There is some local, layered, 

cementation of the gravel by caliche. This appears in depth as 

shallow as 15 ft. as revealed by at least two test pits, but may 

have poor continuity and cause ohly local trouble when the ground 
\ 

is excavated. 

The magnetite is distinctly segregated in the fine sandy 

layers. Little to none is seen in the gravel layers. 'roo coarse 
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material represents a deposition of gravel at stream velocities 

too great to permit the deposition of fine magnetite. The segre­

gated magnetite layers are often relatively rich and may in cases 

be composed of up to 50% magnetite. Apparently the ground has been 

eroded andredeposited many times. The cycles of erosion and deposi-

tion have presumably increased the concentration of the magnetite 

to greater than the amount normally 'found in sands. 

the preliminary drilling test pitting and surface observa­

tions have given a qualitative to rough quantitative idea of the 
I 

distribution of the magnetite. After discussing the work done to 

date it was concluded that the best and most rapid method of sampling 

probably would be by drilling with an auger-type drill. To avoid 

handling a great deal of spoil all the material would be tested as 

it came out· of the hole by means of a truck mounted concentration 

plant with screen, magnetic pully and sample cutter. The latter 

would be needed to cut a sample from the minus screen product. 

All product s would be weighed and allbut the plus screen pro duct 

would be analyzed for the ir magnetite content. Possibly a sample 

cut should be taken from the bailing also although the magnetite 

in the tailing could be arrived at indirectly. 
j 

The first problem appears to be ·to determine the area or 

areas of magnetite concentratiort that have the best economic possi­

bilities. The possibilities may be narrowed down by surface 

observation and a few test pits and then further delimited by 

drilling. It is suggested that the drill holes be around 12 inches 

-in diameter and placed on an equilateral triangle pattern at 2500 

ft. intervals. When a desirable ore body is found these intervals 

may be reduced to 1250 ft. or less. The samples at first, at 
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least, should be taken at not more than three foot vertical 

intervals. The holes ahould penetrate to around 100 ft. but 

every seventh/hole (center ~f the hex~Rn developed by the equilateral 

pattern) should go down to at least 200 ft. The magnetite concen-

trations can conceivably have formed at considerable depth, since 

the alluvial plain has been built over a long period of time. 

Possibly several test holes should go down deeper than 200 ft. to 

test for ore and to find water if possible. 

Everything being equal, the most desirable ore body would seem 

to be one of some thickness (depth), say, up to a hunqred feet or 

-more and, of course, as high a grade in magnetite as possible, and 

with a minimum of caliche beds. In order to find the ideal situation 

an extensive drilling campaign would seem to be justified. 

The deeper and' ri cher the ore body the le ss moving about of , 
equipment would be necessary. It may be and probably is possible 

to stack or return the mill tailing to those areas from which the 

ore has been removed. If in the beginning, however, some considerable 

tonnage must be stacked on the surface, some effort by drilling may 

be advisable to find a low grade or waste area for tailing storagg. 

The test drilling should penetrate through the caliche layers 

if they are not so thick as to make the area obviously non-commerci-al. 

hach hole should be carefully logged for caliche layers, thickness 
I 

and character of the gravel and sand, water, etc. 

In order to arrive at some idea of the tonnage and grade 

necessary to constitute a commercial operation it is no doubt worth 

while, even at this early stage, to make some rough estimates of 

probable costs. A number of methods of course are used to move 
/ 

large volumes of gravel. Hydraulicing and wet dredging would seem 

to be out of the question because of the p9-~osity of the gravel 
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and sand and lack of sufficient water. Of course, if on the off 

chance much water is encountered at a depth at, say, not greater 

than 150 ft. a dredge might be feasible. 

Joy loaders with an especially great width and carrying 

or dragging a screenin~, concentrating and waste disposal might 

be considered. The gravel could be assisted by bulldozers and a 

roughed-out concentrate could be pumped to a central plant for 

cleaning. Such an outfit might have advantages for small production 

such as at the beginning and/or for scavenging the rich streaks 

in the arroyos, etc. This would have about the same function as 

the dry land dredge that has been suggested. The latter, presumably, 

would have a greater capacity. 

Probably the cheape'st known method of moving large Volumes 

of dry gravel is by dragline and next to this shovels andtrucks. 

The dragline should show direct costs not exceeding ' $.08 a ton 

(or $.12 a yard) including delivery to the mill by belt conveyors, 

and the shovels and trucks not over $~15 a ton (or $.225 a ' yard) 

if the haul to the m~ll is not over a mile ad does not have grades 

over, say, 3.5%.. The 'tailing probably should be disposed of by belt 

when using either method. Belt conveyance may cost around $.03 

a ton mile. 

The first cost for the dragline as compared with shovels 

and trucks should be /much less for the same capacity, but one could 

start on a small scale and get started very soon with, say, a 5i yard 

shovel and several 30-ton trucks. The shovel would cost around 

$200,000 and the trucks around $50,000 apiece. Two 60 in. 3000 ft. 

belt conveyors would cost around $500,000. 

, 
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. 
A dragline plant which is likely to be favored for large 

tonnages and for a period of operation of many years would require 

much less labor, power and original capital than trucks and shovels. 

The following costs are estimated: 

Mining (1,000,000 tons conc. year) 
Delivery to plant possibly by belt (?) 
Concentration 
Tailing disposal - / 
Capital charge including R.R.($2,000,OOO) 
Overhead 
Taxes J 

. 

$ 

$ 

.05 

.~ 

.00 

.03 

.0200 /1 

.0125 

.0250 

.3675 

One ton of magnetite concentrate would require 1.2 tons of 

magnetite in the equivalent head fee if the recovery is taken at 80% 

where a siliceous middling must be wasted to keep the silica low 

enough to allow for the use of cement for pelletizing. 

If the concentrate is worth $11.00 F.O.B. \mill, the tailing 

and middling loss would ·reduce this to $9.16 ($11.00) in te~s of 
1.2 

value in the raw ore. This divided by $037 (the cost) gives 24.5 
; 

therefore the minimum tons of ore required to break even for one 

ton of concentrate. That is the concentration ratio is 24.5. A 
1 

concentrate that assays .64.0% iron is said to be possible according 

to tests so a mill head or ore value that assays 64.% Fe equals 
24.5 

2.61%,Fe which is the estimated break-even grade. This is equivalent 

to 3.62% magnetite so it would seem that in blocking out ore 5% 

or better grade of magnetite would be the target to aim for. 
~ 

Besides the production of magnetite the plant should be able 

to make clean, sized gravel and sand as a low cost by-product. A 

large quantity 01 this should have a market in southern Arizona for 

road building and construction work. 



6. 

A square mile of gravel that assays 3.60% Fe (a.O% magnetite) 

W)uld produce 1,000,000 tons of concentrate if mined to a depth of 

24 ft. One square mile foot contains about 1,000,000 tons of 

gravel. 

/s/ Harrison 1\. Schmitt 
I • 

-

.' 

/ 



" 

Mr. M. R. Prestridge 
Pre,s tridge Lumber Co. 
El Paso, Texas 

Dear Bill: 

Longview, Texas 
August 24, 1960 

It was nice to talk with you yesterday. My plane, Am. Air Flight 
911, arrives in El Paso, Sunday 3:20 ' P.M., and I will appreciate 
seeing you if it will not interfere with your plans and Sunday 
afternoon with your family. The next plane leaves for Tucson at 
4:00 P.M. but that would hardly leave us enough time to disculs 
anything. A later plane is at 8:45, which ,looks much more practi­
cal. It may be more convenient for you to meet me at the Hilton 
Inn and if I don't see you at the airport I will just go there 
directly. 

Feeney and Lindekugel are planning to meet me in Tucson at Hotel 
Westerner Monday forenoon. Among other things, we want to choose 
the plant location, make agreement for power, gas and water, 
incorporate the company, discuss melt plant, size and type of 
building, moving equipment, construction of all faeilities, etc. 
We all hope that you can participate in all theae discussions from 
the start. 

The necessary ore reserve has been sufficiently proven and easily 
cheeked. A few places showed that the recovery of 67~-69~ Fe con­
centrate was 5~ of the total weight. At many places the magnetite 
sand content ,is quite richer and improves with depth. At the 
above rate, the recovery is 120 tons per acre feot or 18,000 tons 
for 150 foot depth, which makes 10 million tons of concentrate in 
a section to 150 foot depth. Previous drilling data indicates 
that at some places the magnetic iron content more than doubl.s 
with depth and the rock bottom has not been found at 500 feet yet. 
We have the lease for about 70 sections of alluvial gravel, some 
of them probably more rich and others less, but in any ease it 
indicates a huge reserve, possibly running into hundreds of mil­
lions of tons. 
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The gravel is put over a screen and magnetic ~oncentrating belt, 
which gives about 50~ Fe "dirty concentrate". This dirty concen­
trate is milled in a rod mill or ball mill to about minus 60 mesh 
and further concentrated magnetically. About 1% toni dirty con­
centrate should give one ton final concentrate. Naturally, the 
material il handled twice, once in mining and second as tailings, 
which should be used as refill. The concentrating can be done 
with movable equipment to cut down the distance of hauling the 
gravel and tailing. In other words, roughly, about 40 tons of 
material has to be handled on the average to make a ton of high 
grade concentrate. 

On the other hand, we found places where the recovery showed about 
151 to l8~. This, we considered a conservative esttmate. We dug 
holes with a pole digger without any indication of salting, then 
separated magnetically all the dug out gravel, each separately and 
weighed both the concentrates and tailings which gave us more 
reliable results than quartered samples. it also simulated field 
operations. 

I would be in favor of carrying on se~ective mining at the begin­
ning to cut down the cost of concentrate considerably. By the 
ttme we increase the plant capacity and make a million tons of 
steel or so the cost of mining on a larger scale will come down 
and we can probably afford a somewhat higher cost of concentrate. 

I hope that from this duscussion you may be able to esttmate the 
approxtmate cost and price of the concentrate. If there is no 
sufficient ore found for Alamogordo within a short shipping dis­
tance, this may be a source of ore. The SouthernPaeific Railroad 
quoted $8.00 freight per short ton concentrate from Redrock, which 
il near the property to Houston and said it could possibly be 
lowered. This indicates that we could expect a $4.00 maxtmum rate 
per long ton to Alamogordo, or about $5.50 to $6.00 per long ton 
of iron. If necessary, you may consider this possibility if you 
run into difficulty in finding sufficient good ore reserve for the 
Alamogordo project. 

With your background and experience you may have close enough 
esttmate of the cost of making concentrate. In my contract with 
Feeney and Lindekugel, $8.50 per long ton of concentrate was only 
mentioned as a basis for guaranteeing a certain COlt of sponge 
iron but it does not mean that Lindekugel will or can charge as 
much even at the beginning on a small scale operation, something 
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like 120 to 150 -tons. of concentrate per day. After meeting with 
you in £1 Paso, we discussed this question with Feeney and Linde­
kugel and they both agreed that the mining and concentrating have 
to be competitive and that the company must be operated as a regu­
lar stock company. Mamel (Lindekugel) said you would be welcome 
to join h~ in mining or concentrating, or both, or shipping the 
concentrate, or handling any of it, whatever may work out to be 
practical. He realizes that he will not control the company and 
is not after an unreasonable mining contract. 

This brings us to the question of where will you fit into the com­
pany. This question is hard to an.wer except that any time the 
logic of the situation and circumstances will develop and deter­
mine it as the whole program develops, grows and changes. 

At this initial step you will be on the board just like the others 
and will participate in major decisions and control of the com­
pany. If you want to take a hand in the construction of the 
initial plant that is grand. Then, we have to organize and oper­
ate the plant, take care of the sales and all company business. 

As far as I am concerned, I would not want to operate the plant 
but only advise and step in when necessary. Certainly, Feeney is 
not the one, neither is Lindekugel, though he could run an operat­
ing company with some help. He has his own extended operation. 

But this small plant is only the kernel of the whole enterprise. 
At once, expansion has to be planned, finance4, market worked out, 
deals made with various users of ingots, steel mills attracted to 
use the product or our process and iron oxide. Right now, a roll­
ing mill on the scale of 4000-5000 tons a day is anticipated by a 
large steel company from the East. Others are interested. Some­
body has to do the work if it will be done at all. When I men­
tioned the possibility of your participation, it was not just the 
financial participation I had in mind. 'We can get that and know 
where to get it. 

I was thinking much further though. Participating in this step 
would give you an excellent chance to know the process, the numer­
ous groups that are interested now in using it and with my help 
and guidance you quickly would have a feel of the situation. Your 
interest in the Alamogordo project will help too. I will and do 
have a lot to do and need to build up an organization with the 
proper people. 
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In my travels and negotiations, I have built up contacts with 
people who expres.ed a great intereat in joining me, but not now, 
some of them only after we have the first plant in operation. 
Such talk doe. not interest me at the moment. On the other hand, 
able, experienced, financially independent and energetic people 
are not foot-loose, they are usually busy and tied up. So are 
you, as I .ee it, except that at this moment you happen to be 
ready and quite eager for a change. It also happens that from the 
start we seemed to understand each other and got along very well. 

There is one thought I would like to express and correct. I often 
hear the opinion that this plant will be the trigger for many 
other plants, which i. true. But it i. untrue that thi. plant is 
so essential. In fact, I have wa.ted too much time and energy on 
it. Any of the dozen possibilities would realize, possibly faster 
or easier, wherever I chose to concentrate my efforts. On the 
other hand, I thoroughly and heartily appreciate any tangible help 
and interest at present as well .as later. 

I hope this letter will help you to see the Arizona project as well 
a. your possible place in it and with me and with my various 
processes in a clearer perspective. It should also facilitate our 
di.cu.sion of the various projects even at our next meeting. 

With be.t personal regards. 

ce 1617 R~ Road 
El Paso, Texas 

Very .incerely yours, 

Julius D. Madaras 




