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, lJb3, by and between 

OOCGLAS COUNTY, a i,ody politic a!1d corporate: of U10 S.tate of ur~Luu, ·"arty ur the 

first :part~ hereinafter sometimes called "1,csscir· and T:fE W\?iNA Ml~lNG t.;(_;1J.P.t,NY, 

' - a cor_poraliotl duly on.;:rnir.od and cxistinK un,ler :utl by virt11t! of t•;c l.iwi; u-:f trl..e 

\· 

. ' ' 

.State t>f Delaware, party of the sucond party, hcre.1.naftcr Sl>mctiu1es cul lei.! :Lesso'-!"•, 

W I T N E S S E T " : 

WliEIU:AS, Lessor is the ow:1er in fee of thu followim~ dc!:i~riticd 1i1iirnral 

r.ij;ht~ on _lands locnted in the County of Dou;;las, State of urcgon: 

All of the mines, iniacrals, ores and valuaLlc s·1bstuaccs (e>..1,;l,1d'tn1:~ 
timber) in·, on or \lndcr the Wost half of the .,uutn~nst (l!.,tlrtur ol'. 

·i.;cction li.i;. No1 theast quarter of t!11:: :-{ortt1cast q,.Hutur o1 '"c.:tion 19; · 
West halt' 'or tr,e Nurtnwost quart.er of Scctll.lll 20; a.11d Nurt1.wcst q11artcr 
of tllc 8ot tllwus t qua1·tor of ~:cction :w, all in Townt.itip ,l\) S0uth • Rnnt>.C 
1.i \',est, W 11 l &/\it: t tc_;-M'e r i di :rn, 

f ' • 

. hcroino.fter refurrcd to as ·the "111incrn1 rights''• and 

WHl::ttEA..'i.-in.accordancc with Chapter 271, urcgon Huvised Stat11tcs 1 · the 

County Court of i>ouglas County, vr~.:on, has df..•tcnu.ai.:d that t;ic wi!\cl·al i-11~hts on 

;. 

I -

tion oi· t:1is lease _has been au t:,orL•.cd l:y Ol."dcr uf th~ 'cuun ty Court ut :Jt>ui;las 

County, ure~on, dtily eat~r1.:u in its Ju.irunl an-I liut.ud , UG3, -~--
and 

ti:nbcr !l;1J t,tnt::r ri;.;hts H\ a,1J to sa1u µ.rcll,l.St..•S to 

. a$ moru. partic:,lar ly _set forth 
.. ' ';, :,,;~1i~ijj{~1~~'i1;~~~i; -~~~1i,~,~~:~J;t~'> '' 

-··j~)5•; ;- recorded in Vv..C, 284, pa,._c :1 .!J 

deed , to Husclrnr~ ;:,~: ,' ' ... 
~i: d :.: '.'. S , ::.k e .i He ,'\ff J:.; , Uo 1,, l ~\ ~- -2 o,, n t y , 

HO\, '1'HLR~1'\)Rl:;, Lt consideration Q[ liw s,nr• vJ u:1c ·lulJnr (:.d) to it in 

, , hau<l pai-:J, and·in co.,siJu1·0.tiun of .thu ..,,f1·c.:c .. m.ts hcn.,i,iaft.Jr set fl.:rt~l tu· l,e 
~ 

,·. 
· .. ,, .. \ ' 

,:l. 

,, 
such pcriou of t.i.".'110 an,J 1·pon st.c 1 ti.:r.o:.; :1.11•! cui,.h L1v1,s a.s aro i1tn·,1L1,a I tt:1·· set 

Jortn o 
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.1. 

o tefm o this lbase shall yeara from an 

· pro\lided, howvver, t11at the Leu•eo shall have the· sole and ·exclualv• 

option to ren4!w this .lcaae for five (5) year perioda for the next tnirty-Uve (3£>) 

·· years •by giving the Lessor written notice oi its aeai.re tor each respocti ve 
. . 

·· i-cnewal at· l~ast thirty (JO) days prior to the firat day of a,,ch renewal period• 

. and provided further, however, that IA!ssue shall have tne right af any time ·to 

lease or any renewal thdreof a$ a whole by giving six:ty (tiO) · d&)S' .. ·· 

· wr1tten.11otice to tue Lessor of its il.tention so. to do. On the cxpirati~n of 

· said. ab:ty ·days, thia lease ahall terminate and all Hai.>Ui ties of tho Leaaee. 

.... . .,_ 

. ' 

' ' .under,. thia a~r\Jvm-,ut ~ excel>t sucn liabili. ti.ea as shall have then acc1·uecj, whether: . . . 

or-no.t thon payable, at1all. cease and tcrlllinateo 

The Lessee dosiros to acquire· the rights o.f said Roseburg Lumber ,, · 
' ' ~,,4, 

CompanY in and to the saict above descriued premises .i.n order that 1t may uae 

tQe atar!aco of the o.~ve· descri\..1l~d pre111i1u:s .for roadways, power lines, pipe Unea, 

.stockpiles, and for any other uses and purposos which shall be necessary or con.:. 

,venient in connection with its mining and treating operations ln or.on. other 

properties~ 

3. The mineral ri~hts are leased to Lt:ssec for t.hu purpose of enabling 

.. the U,ssee to const.rl1ct, maintain aud use on the at;ovc .described promises any or all 

. :.·, ' ' - ' 

· of.tlte facilitios d,•s~ribed in Section 2hcreof. 

·.4.. While the parties horet.o expect that thore is nut contained in the 

.. •inoral righta, a mcrchautnble oro body, it is the desire of the Lessor .that tbtt 

· Lessee shall Vt.:rify the non--,xistencu of a mcrchantaule ore body in the mnnner 

represontntives of the Lessee, as soon as possilJle aftt:r tnc execution and de-

1'1very o{ this agreement, shall sut.iml t to the· Sta to Geologist of the s.1a te o! 

Oregon, a proposed progra1n for the· c;,cploration of the mineral rights,. and. when tho 

.Lessee shall hnvo. obtained the approval· of said Stu.to Geoloi;iet to such proposed 

'program, it. Shall ca1-1s0 s11ch oxploration pro~~ram to be co.rried outo D•tritlJ 

' . - . . 

the course o! such exploration, guolof:i<.:al rcprosl•ntativcs uf the Lcasce snall .. 

confer with the s11id St.ate Geologist. wttli respect to the results being obtained, 

. · LAW Ol"'FIC£9 

· GEDDES, FELKER WALTON 8c RICHMOND. 
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and at 'the COD'lpletion of the exploration pro1,rs.m, the geo:toglca repr 

of the Lessee anrl the said State Geologi&t Siiall agree as to tile exLstenco or ~ 

. DOA-eJChUence of a soerc'181\taule or~ body on tile mineral ri~hts •. Tho Sute Qc:ologht 

· 'shJll • tlicre1ipon _make ~ r~port of s~.ch ag.reemen t tQ tho Lessor, furn.iShit.g s copy 

. ' . . ' 

of euch rep()rt to the !.<.issue, alllt · if such report shall in,iical.1: there ,la contain<1d 

·,·no morchantatJl~ _ore· body on the mineral ri.;11t&, the Lessee _st1all thuroafter 1 

.during th~ .term of. _this· 1_ease or any renewal thereof, have tho sole and· e~cluai ve 

, right-._to i:se the. 111fueral ri~hts fo1· the p 11rposus heruin set forth. u:- such report 

,, . 
··aball indicute that.· \ht.:,·e is contaim:d ou the rai.net·al ri\;hts a uierchaniaulo ore 

'1: 

body_~ t:10 SM.id ,eport. •hall also _i11dicat~ .the area covered by s.icn,11erchan\able ;_ 

'· 
: ore body, and s1J<:i1 ar'1a anall thert:aftcr I>~ excl.ydc<l from the uperat.ton ot _this 

·.· 1casb witho4t any f.1rtner. a~tiun on tile part of the parties l,crcto, b~t 'the Leasoe 
. ,;.j,;• 

11m1ll thereafter-during the torm·of th1a leas~ or auy runewal thereof, havo ·tnc· 
'· 

.io1e' and oxcl;iS .. vt; right to UBCJ all of the mincra.l rights, uxccpt the aron so 

' ' 

·excl\,uled-, ~or: the purpose& hex·ciu s~t forth. Tho Lessee sl:all pa~- all l.!OSts and: 

expenses· incurred in. 'Cot,nect.1011 with s tch exploration. 
j 

E'or all purpo&e-11 of· thls 

lease, a merchantable orQ !Jody shali ue undor~toud to tic a coucentration o.f 
. ' ,i 

!l'inerals Which C1.>uld be uuned. and Sul,l ur min(:d, tr~i ted and sold 0,11· the market 

by tl']e Lessee• 1n -the year 1n which s,ich e-cplorat i.on J..s llladc. 
l' ' ... ,. ., 

5. In the event that the Lessor shall ac,1ui.rc at nay tirAc tL,rin~ the 

torm of this lliasc or any renewal tllert!of, any i.ntorust or l11tertJS \.a ia tnc· al.Jove 

desl.!ri.bcd premifh?S in addition to.its ownoriaLip of the wincral or 111i11eral · rii;hta 

.. 

., 

. th..:roi11, sqch 111.ldi tional · int.crest or in ll:-r~s ts snall I.Je autumatically 1ncludud ber9in: 

and .coyered hereby with the aamc force aml offcct as if such u.tercat. or interests· 

.. ., ,•,' 
·, bai.l'•ii~eri included herein on the date horeof. . • . ', . . . · , , · 

~~~~~~~~~t~~ii~i'~li1t~.i~i;'',~~~~~~:;;ii;~irl~f ·;:iii~ 2.::~'~:1J~\•'tue';po;~.j::.:t~~~;;·;'.·;:~•~:-'li.t~~;~ 
any renewal thereof continues in· force and effect, lil~S&<JU ,;ov~1 aut.s and 11.;rcei,1 

to pay to Losso_r I all annual reatal I payable annually in u.dvru1ce, o[ tilt.? sum of 

twellty,,-rJvo c_trnts (2jr;) for oacu acre of ntitwral ri1;hts covered IJy this lease, 

at t11c. ttrnc o[ each respective payment _ol rct1tal • 

·1.. The l,cssor a~reea that [.,cssce s ► ,a 11 have the r Ltth t to a,11.>,..li-.lase 

the mineral rights or any part t.hercof and to co1:tract •,-!itn uthcrs i,o ll9C. the 

•. - -
111in~.ral rigt,tti or any part thereof for tt10 purposus l1erc1n specified wi(h ·the· 

. . , '1..AW,OFFICE:3 . · 
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of tbe.Les8ee. 

The Leaaee. agreea cit.iring_ the. torm of thls · 1ease to pay imy and all .taxes 
' ' ',-;. .,. 

~" :e~•ry_kind arid ,11·-- •• a.~■--~t• dul; an<lil•wfully made: against aw. iaproveaonta:?\::-::.s- .. ,-~ 
1?,; .,·'. _; ,'/ ·- . . ' ' ' . ~-- ' I • ; '"~ , , . , ,· ' _, . , . .-,,. ·•. ·<,'·. J._'.'.1 

;;;_~_~ _ '-~ •J 
-~'_':.--..)/:~ •.,•,_, '-"'' ',_; ,•I'~•'"', ' fC" 

ol the.,pre•i•e• •• ••i be' provided by the laws arid statutes of. the.:.·:, . . - ' . ' . , _· . ., 
_,,,., ... ·~. ?.. . . ·:•< ' > ' • :,.,,, ,. -- ,", •,,;, ' : :i,; ' ' 

<$tate :~f· o.rcgon ·and '1h1cb 11ay Q~ le~ied ag,til8t that part ot the 
•• •; . ' .t ' ' I . • ~• • ' • 

''.":~-:. ··; 

_'b,:,thia,lease at'too·uae of'each levy of said.taxes and asaea1JJ10nta 
. . :.'_. •.· ... . •. . . 

~ •• -·~:,···. ' . ' ' ,., ' ) • ;·,:~ ·~- -~ ·1· ~- -~ 

;:;:,;;. (excludina all of.thti surface thereot except that part \l&ed by the l.uJUl~'in'', ,,. ·:,.,!_\~~: 

{?t{tf t·?~qI:::f ::.::yt:~:::· ::::~:::.:·:h:·L:::::·::.:·:::: .. :;:_ :;t:;:{ :g. :·~! 
:rtt,;;6:f.:~~t~::Jr.:.t~e·,~n·e:r lro~ided' by l•.•· a~y-••.•t:•s:nentll levied against: anf••:i~h'·. ~ :·:\', :,,.,.,,·, 
.',,\'. ·,' J ·· · , leased' property for local. btprovelllenta and, to pay the aame in installment a in. tli~_··::·· · 

i f.S'J '} / . ' .' >' • ' ' ' ' ' •. • • l • ' ' ' . ,. ' ' :·<[: -~ 

· ;'.;;:{:y,;• , manner ·provided ·uy law;· J)iovided furtner that ou>.y such 111stnUme1ns of a't1j auc)l , .,_ 
~ ?-:~:~~r~:~~r'.}'~<'i.:•>,?' ~--•' •~••:),~ i, •' .,•,, •: -....... , ·:- t,,•) ~ • f ·• •,':Cf:'. ·• ~- •~• ~ ., , : c ~ ' " ., • ,'>\ .T \7 

! t·.;:".:\t,(:) •••estnaents :~ al~all beco.,_ due during the -lease ter111 shall L>e pa{d by the Lessee;' 
, 1~\t,.t ,::~·- :':· .. _. . , .· '. · ''. , ,:. ·,. · '• , .' . . . · . ' . . , , · · ,. • ·, _ :· '• .: . , ·. . ,. ,··:. 
t -;••:' ~t:, ·'';" PRQVJOID, however.· the Leas~e shall always have the right to conteat 1u·,the· courtil, 
~i;;~i),,\.~~,.;,•,\-\~:'""'~:• "! :1!•\~'' t , 

0 1 

l ) " I • ,,;, •. ,·,>> ' •,.~·t~: '._/ 
ht\.c,·:; , .. ·.· ·,,or,oi~~rwise/ the v9:lidity of any 8,}Ch ta,c ot as■ess1nent in case it ,stiall dee•_: ·;.': <'.'..,.' 

'. tj:}/::t . . ' ' . . ' ' . , ' ·. ' .\. : . ~ ~ . 
,:'\\~.,:;;\;_,.:>tbe;»ame 1mlawful,. unju■ t, unequal, or excessive, before 1~ &hall bo requi~ed. -~.,;. :·'':..i. 

~- ";·,1,_; :<.".'<.••,i·,,.i~ ... ,<t,:_,':..,_··. · .. ':. , . .. . . ·' ,·,,· _ .. ,; ~. ~\ 
• ' ••}•~ '•-;•~.r~'-:.•~ 

pay: oi· ~iacharge it!·· ur any ·p~rt. thereo.f; ·but all auch taxe1 and 11saeas111enta, · ~•t· 
.. ~- ~- ~ :-,-~'.Y~): 

thereof aiil · anall not have been. cancelled _or St!t aside/ shall·. be 1>. 
. . h' 

( : .. _._ . ' . ·,· ,(. ' -~ .. ' . : .· ., ' . ..'I\~- ·-
.. ,, p~id ;o:v Lessee in. time· to prevent an~ sale ,of th'e ininera.l •right•., ur proper·ty' 

. ~ ·''. ;, ,' . t . •• ._,. .• ''. • • • :, • , "' ' \, ..• , ' . ' ' . ·. ,' • ~ • . ., , '."" . . ' . . ' .) . . \ ~ . , : ,;, . ' .. 
<"of ~ny. part , tltereof, · for aa1d taxes and asse••ments. 
'' ',,! • .. • ~- ._. ~ ~ • , •"'~ t - ,.. \ 

,:10, .L_essor reaervea and shall.have_ a lieu upon all machinery, i111ple11enta- ...... · .. ;, 
.;,·,.' ... ·::i,:::/?4 

an~ 1>$_~•onaf proporty of' Leaaee tha_t 11ay be on lllincra},· rights as securit.y, for the, >··,,~'~}:,:ii 

~n)'• ann•air•ntal ibat m&r have .accrued uiider' u,,a lease, .a"d fol' S.}f~ 
taxes and asseas111ents on· the mineral rigi:1 ts and for any anc,t all /. ' · ' · ,;-,' :i 

' .. : ' . . t ·'"; _•. ~t~?~:t; 
.. , 1'1abil1.ties 'oi/ Lesaeeo Any'sucb unpaid annual rental or tax:es or (tabil{tiea 8hall ~-: ·,7'=7 

·. l>e d•.~--d to ~/- .... treated .. a balance Or b~lancoa of unpaid oaf~-c.tohue~ts~~-:t•.de:t'.; :\;~ 

·.·, ;:} :\~a•~·, and' such ~ion ther~of :! =c::~orced unde~ the laws • .. •,- ... \l 
•*~}t,;t · .· C (, GEDDE&,i;:.1;f;;~~,RICHMOND , . ~{~~; 

•'-'' .-:_! _··_.;,~·~>:'.'i,~-:&;Ji 



S•lCh u~t:: however., ~hall !lot follow any of said ;, . ~, ~­

.. s p1·opert:- after it _ !1as oeen shipped or rcmo\ieu .from v.i thi.11 Le .ooonfiaries of the 

/ ,. •:'. 8,t;,tc of Or~gon, and 11othtng her•:?.i.n cout ainet..l S~•~l'l pr":vm: t tile ~1.HIIO\.a,l 'of 

1
any' ... , : , .· 

or ali.' of said Pl'OJ){}rt;, at tiny ti:DC •t1er~ .the Lt·ffsee .shall llUt UC i:1dc!at1lt h(freundef, 
. ' ,. ~ ' .... , .. ,. 

' " ::: ... 
and 'the ·at,ovc rcfcrrud to lien shall no't, :1n · case· oi sal,c· of s •c!1 propc~ty to 

, th_frd ·pat.tics, be ·doc111cd to •follow t11c · same as a~~ainw t. aal<.! thin!· pa.rtios/ 

··>• ·.1.1 > . 'The grants of Lossor as contaiued nercln a_1:c 6.tl!Ject ,· hu;..,evcr_," to· 
·, ,, 

the ·pc.nformancc, or IJy the violation of, .auy of thu several al4rocriwnt• expresa(!<_l. 

,here.in to I.)~ kept Bild porformcd on 1ts _part, aud s~1c1,·defa;;lt·&hai1 cuntln!JC 

'·,_u~cor,rccted o~-~neatis!ied··ror thtl,Pl.!riod of,ninct) (90) da.;,s after ~rittun 

notice ~pocifyil'lg tue do~:µilt co1nplaiu.t!d of· &!tall\ l,e ~i Ven tu I.css~~ bY, Lessor,; '.' 

:,then nud · in s1.1ch case Lessor saali havo _t11e· ri~ht to enter _-ih ·anl.1 •upon·· the iunera~ 

, _rights artd .· to have and ,possess thew _ai;:ain.ias ,ot: _i 1.5 first and fvrmer ustllt.o, and . 

to excludo I,ess~c ahd all paru·~s 1.:lai.min~.undcr_ it, 

S_imple., and· t_hat tho same are. frco a.ad clear tr_o,n .all enc1uul;runc~s anJ .that (tne · 

Lessc~ kcopiui; ~ peJ"iorr:1ing ui,d cnrr_vinb out nl l hf the -:covenants• protaitH;S a.id 

during Che term afo,rcsaid ~r nntil · the le1·mi.nation -·of this lease ae henHn prov1.l4,:d 1, • 

warrant ancl'defend tho Lc::ssoe in the quiet ,and p1.:ucoable possession o! the 

nu.ncral rqr,hts.and privileg-es herein ~ro.11tcd, u_KRinst «;111 p~rs,me and· corporat.iona" 

:': Wh()mSocvcr, anu,tt1c l,CS!iOt' ,L1rU1er covenants.that at_t~c tie~iuning .ot·t,he'terlll ·, ,,,• 

:~~~i~i~fi,;~,~~~~1~~~i~~¥t~~~.~~~~h~~~:~1~~~~~J~~i~~i~~~~~~-••.:_·?~~ -·· 
,c,ondition that r.othin!'ttiiere1.n ur thcrcun snnll c.:01;stitut.~ a i.;onti.nuin;,. 1Hasam:c 1 

, or a., c011 ii11uirig lll<'11ace to aJ.111.;c1, t property. 

, 
13 • Loasee ,ai,{rces tha l w}u::ntiver t!ll!i lease ii;_ tcn11inatetl, l,Cf;Seo. shall 

. peai.:~ft;l ly ·•·trrt:ndcr the mi 1icrnl ri,.:i. ts to> , Lt.ssor, provided that l,uSSQe shall 

' . 
be enU tled and JXJrrl\i ttod to remove wi t:1in ninety (':Ju) days artor A\JCh termination·. ' 

all. building■, stru·ctures (it:cl 11din~ milling and 'treatment pla11t8), cn·~~i_nos, tools, 
\: . " 

11ach incry, railroad tro.cks, pipe arJ,l pov·cr lin1,;s, i,nprovm11\.'11ts, ~ud vthiH: property, 

GEDDES, FELKl;:R, WAL.TON & RICHMOND 
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j 
j 

of thls lt:iase. 

• 

governmental descriptions aifcctcd tnercby, as the cuse ni:,y u~. to t;h: _1,~~sor \\.i.th 

all <.:.aves ._anci npeain.;e properly foncod, filled or µrotccteci as may ,i>c r.JQuiruc.1 by 

then 1n u11'ect and in go,">li order ·1111 .. t condition, c,r•li.111.tr;. ''-':ar a.a:J .teal'. in usu 

anJ detorioi-atiun (ro.111 a11J t1aIaa,.;o b~· ·t:,c eloroer.ts exceµLctl. 

i -

14. · Aux di f fore:mcc or controvt?rsy. which· c,:l) - ar is~ L>e tween LL'6&,Jr anti 

Lcssc~, ~.!I to ·t11e construction or ca:rryin6 · out of this len»e. or the ri~ll~•· of 

15. It is 1111tl.allv covc,:P.nted llJ.Hl R,,re1.:.J tnat ::.n cusc auy i:oHtroversy 

·, 
o,,servancc an-l fnlfiilncnt of tht,• •lcrn:i. a.id o~,lit:at1011s l.tn·vut L) (;·l·thci· party, 

El ther 
',. ••• :', • .-,- :,?· .. ·. ,. :6i~(;•• · iir 

\1c_sullHittcu to nrlitra.tion, a1d at. lhe sai.1c ti:lt', ci,outh: aid no1'riin.i.tc- s~t,e_couipetcut. 

nnd wholly disi.ntcr..isteci pcrsu~1 lv act n~ an ari)itratur; ti1c.r,:•·_1pu11 i.1thi_n ten (10) 

and notninut~ a. comp,.:-te:\t a,1d wholly rJisi.ritL·I'~f\tcd ~r11itJ•ator, a,,d "t!>c t.wo aruitrators 
L.AW Ol'FlCE: • 
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·,, 
l: 

··' 

apµear 

(30) da:s, wtich dc..,;:.ision oJ said arbitl'at•)r8 a'wll. he ruadc ln .,,.r.i.ting, ar.d when 

the award so u13 fo s'.al i . tm for frrwi ti, .::01:ipb.ct! with, l!1 -:aiil: ,.d,!n:r t.cssvr or 
'· 

troo1 toe' otnc-rpart.:,, or lll case tre Jirst L\.O ar.,,it.ruturs !h.'11:..:Led [:iil tu &~rce uµ-:-

on a thi l'u arla traL01 w.1. tniu ten (10) t:a.s, t;u.·n s•icl; rtr ,1 u·atur o,· .1.r\1.i ll'lllur1:1 

(10) duys written 

having j\Aris•.H.:tion within the federal .. J\tJir.•i~11 distri.c:t i.1, whJ.c;1 the mi.no 'is 

1 \,/(J An., r~4 uus t or noti...:c wr:ich 1..:ither µ.tr t,> !:'•rl:,' dt.:l:i i. ,,~ 

.. 
StIRl l be prop«·r i, ~\;n,ou 011 t'.lC ntiwr. pai:-t-, \>l" ,.;:\1: l lt.:S ·<)'I l,,· W. I•' ll 

aay 'U:iitcd States Pust Of.ficc ad:J1'(:!Hit:d as iuUu1>.s, t,, .,..il: 

.county Court, Doll~l:lM Cu11nty 
<.;uu11ty Co,1rtnu,'.S<.: 

· Ros,.:l,ur,~, urc:~oH 

to-f,:lvlJ hcr,1undcr 

reduced tu 

to wlJJ.(;h n'otic-.:s to s·.1ch party ma., LJe svnt., or •ksi,;i1at(.• a new party Wi tl\ the.· 

same or a tlif fl r_,.rnt a,ldrcss .t(J which s .ich 11ot,iccs m:iy ,;c sent.; 

17, · Iu ti,e uvent !,ess,,r, in a:iy u•e lallcc, Siial l wa i vo any def nu.I. t· by L..:-ssce 

·or waJ.vc auy provision hcr~of, such w,a.i.vur s;,rlll not constitute 1a -.a.1.vcr .by Lessor 

o:f any,·1.)thor default or, ns tu any oth~H· inslanco, of any prov1sion hereof.· 

LEASE 

L.AW O~"FICf" 3 

GEDDES, FELKER. WA.LTON 8: RICHMOND 
435 S F.:, KANE ST,.1/:1!:T 

ROSEOlJRG,OHECON 
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The 

Hanna 
Nickel 
Operation 

Nickel Mountain is located in , 
southwestern Douglas County, Oregon, 
four miles west of the town of Riddle. 
The deposit was discovered in 1864 by 
local settlers, but it was not until 1881 
that the ore was recognized to contain 
nickel, rather than copper as originally 
assumed. Subsequent to 1881, much 
prospecting and preliminary development 
work was done, but no ore was 
processed, other than for testing 
purposes, until the present mining 
operation began. 

The Hanna Mining Company and 
Hanna Nickel Smelting Company began 
production of ferronickel (a combination 
of iron and nickel), the first to be 
produced in the United States from 
domestic ores, in July, 1954. The 
companies have operated on an around­
the-clock schedule since that time and 
provided steady, year-around work for 
approximately 600 employees. 



Mine 

Geology 

The deposit is made up of six major areas, 
covering approximately 600 acres. Ten percent of 
the nickel-bearing mineral (garnierite) is found 
filling voids in fractured rock. The majority of nickel 
ore occurs in weathered rock. AveragE{nickel 
grade in the crude ore presently under active 
development is approximately 1 .0%. 

Grade Control 

Overall chemistry, as well as nickel content of 
ore delivered to the smelter stockpile, must be 
maintained as uniform as possible to produce the 
maximum amount of ferronickel. This is somewhat 
difficult due to the wide, inconsistent variations in 
ore type and nickel content throughout the 
deposit. Twenty-foot bench heights, narrow 
shovel cuts, bank samples, drill hole samples, 
geologic interpretations, mobile· grade control 
trucks, slice maps and visual classification, 
combined with widely spaced daily cuts, make up 
the grade control pattern. 

Development 

Open-cut methods are utilized. The lay of the 
land is ideal for the development of level mining 
benches at 20-foot vertical intervals. This interval 
was chosen for grade control purposes. Benches, 

Mining and Hauling 

Up to 80 percent of the ore can be dug without 
blasting. When blasting is necessary, however, a 
hole is drilled and filled with an explosive and set 
off. 

Loading crude ore is accomplished with diesel 
shovels. Large boulders, called pit rejects, are 
separated from the ore by the shovel operator and 
ultimately deposited on waste dumps, as they 
have low amounts of nickel in them. The ore is 
loaded into 60-ton diesel trucks and hauled to the 
screening plant. 

a minimum of 50 feet wide, extend to the limits of ·, 
the deposit, and main haulage roads, 60 feet wide, 
traverse the area. 



Tramway 

At the tramway the ore is fed to the 
loading terminal where it is loaded 
automatically into SO-cubic foot tram 
cars. It is conveyed downhill to the 
smelter storage stockpile. 

The tramway runs continuously, 
carrying ore in the upright tram cars and 
returning the empty cars in an inverted 
position. The ore is discharged by 
inverting the cars at the lower end of the 
tramway where it is stockpiled. A speed 
of 600 feet per minute is maintained by 
the braking action of the two 300-
horsepower generators driven by the 
weight of the loaded tram cars. The 
braking action of the generators 
produces approximately 500 horse­
power, which is used in the generating of 
electricity for the operation of the mine 
facilities. 

The tramway is 8,300 feet long and 
drops a vertical distance of 2,000 feet in 
its length. 

Smelter 

Screening and Crushing 

The ore is deposited directly into the 
screening plant feed hopper. A separation is 
made according to the size of the material, 
with the smaller going directly to the tramway 
and the larger to the crusher. After crushing, 
the material is visually classified and directed 
to the ore product or the reject stockpile. 

Ore from the stockpile is processed at the 
smelter to produce ferronickel, containing 
approximately 50 percent nickel. Steps in the 
process include reclaiming ore, drying, fines 
screening, rejection of lean rock by screening, 
crushing, sampling, calcining', melting, reducing 
to ferronickel, refining, casHng, and skull 
metallics recovery. 
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Form PR. 1-W 

FEDERAL WORKS AGENCY 

PUBLIC ROADS ADMINISTRATION 

State --------~--------------------- ___________________ _ 

( Corps area or engineer division) 
(Army reservation or defense industry site) 

Project No. DA•~-----------------

PROJECT STATEMENT 
DEFENSE HIGHWAY ACT OF 1941 

THE COMMISSIONER OF PUBLIC ROADS, 
Washington, D. C. 

Sir: lflllt PN4luet1on ~ 
The ,.. ... .,.,_,.:u:ar having indicated that the construction or improvement of access roads to 

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
is important to the national defense, the undersigned considers that the project described below as to 
general character of road work (including bridges thereon) and delineated as to location and termini 
in diagrammatic form on the accompanying sketch map, will provide a reasonable access road improve­
ment for the above-named establishment, and recommends the construction thereof, under the provisions 
of the Defense Highway Act of 1941. 

1. Description: __ !~~!--~~~•~ Ro814 ~~---~1..--~~-- to tat •~~------------------
(Local name of road and points of beginning and ending) 

---------------------------------------'t' lo 1n.1tf . o£ _ I iok•l _ ll!ouat Ill 11 _______________________________________________________ _ 

--------------------------------------------------------------------------------

2. Length in miles ___ 6.0 ________________________________________________________________________________ · -----------------------------------

3. General character of improvement----~-~-'--!~~-~--~---~~~~~-! ___________________ _ 

--------------------------------------------------------------------------------------------------------------------------------------------------------------

4. Preliminary estimate of cost: Total, $--~•~-~~----------------------------------------------------------------------------------

Approval recommended: 

--------------------------------------------------

------------------------------------------------------------
(Title•) 

Respectfully submitted, 

"· •• L!1IC!l --------------------------------------- ------------------------------------------------ ----
District Bngineer, P.R. A. 

• Corps area. commander or his representative for stations under corps area control, U. S. Division Engineer for Indui,trial Establishments, an<l 
military stations exempt from corps area control. 

16-24602-2 U.S. GOVERNMENT PRINTING OFFICE 



MONTHLY B.EPOftT 01" ?lJHCH1,SES 

tachjnery, s~pplies, tajntenance Items and hepa5rs 
under Preference hating Order P-56 

,~{ro~ffll//~~ ... 
l JAN 13 1943 b 

STA.ft::;. , .. 
' ' I C: 1- ULULOO\' 

& MINERAL INOS. 
J"::Ji.ATOR OR 1\UTHOEIZED AGENT ?Oh S'.JCH OPlLf, rc.:H _r_·_r_e_e_r_io_r._t __ S_c1._l_.p_h_u_r __ C_o_._ 

PURCH!~SsC:S !!J;J~DE IN 1/GNTH Of __ D_e_c __ e_m_b_e_r ______ , 19--1±.?._. 

I. P'.JRCHt.SSS 1'0 V1HICH lU\Til-!G .4-8 HAS BL1:I'J f, Pf LIED I;[Jfi.IIJG l!QIJTH: 

Li.l. 

IV. 

Material None 
~uantity ~.P.B. Authorization No. -------------- ------Supplier ________ _ 

late rial ~one ---· 
'.;uantity ______________ '.::.P.E. ii'.tthorization No. _____ _ 
Supplier _______ _ 

:) JhC:Hi~3iS tJ "';J~ICW>"'r'w~'~1ll',i 1
:~ 11-l-c TH: 

;,,uteri al None ----·~------------ --------------------
..;;uanti ty '.,-.P.B. HUthorjzation 1,o. ------
Supplier _______ _ 

Uaterial 

.Juanti ty 
,:dpplier 

l\J ',JiJCH n.,;TJr;r;. ,,-1-a t:.aS Br'.'.~i: ii'.'Pi..I::.D DUhlF~} : Cl1•iTf-i: 
3/L+-ton pull lift chain_hoist; solid rubber st;)~mers; 
12-inch stroke drilltn~ jars 
l; 1 nound; 1 s~~---·;,. i. 6. ,•authorization Lo. _____ _ 
li.o""ue :dver tldwre, '~rants· f&s,3; Braun-KnE:cht-:ieim:,:;r.!_Q_~~ 
S&n /r2.ncisco; .::;t1:ir }jrjJlin.cr kcichinc, C,J., ~_))rtland 

iv,atcd al 1.1nderreamc,r; drive c,c1s:in'":, ca,sinr,' C'.JtH:, :i,1o:s s:toes ,:E,,d; 
sh'-'ets blc,.ck I'H-:t,~l; ch:,incJ:',' ,jc bc:l:."Jtc~ sU:dn:1 e-;s stE.:c-,l 

T'\) ~~-, ].;·~ nC; l_~r-1 l l 
San /n,:,ci sco. 

I'r1tc 1rn<:ersi(7ned hereby cert:: fies to the · :ar :JrJc;:1ction ,~):J2rd, tL,,t 
~l) he e:xec·1ted thR f)re.cr,::iinrr ,3tater:1ent 'Jn behalf' 'Jf ;rnd Lr ;nt~,Jdt~r of 

the ah7ve-nar1ed ;'d ne rator; 
(2) the above-named ine JpEorator h2s, d·irjY\~ t,he ,,cr:l Jd c ivcred tw trds 

report, c:),'tplied v,:ith 2.11 the nr:wisi:ms of '.ref,.;rc:ice iLcJti,1a- Jrcfor 
P-56, anci hc:,s arlplied iLatin'"'S onl 1 j n ace irdar,ce therevr't th; 

(JJ d11dn~ s:.1ch : edod the i.,~ne vr,(TcJLor's ir,vcnLiry of operatjna s!l:·,r·lies 
and ,;thcr ,12tf:~rii=il has n,)t been rrreater t. an the raini::un :1ecess2r,:r f,Jr 
the: effj ci ent o:ieratj JD rif hj s b ts:i ness, and t'!c rat:h of invent1ry 
(cmantity) tri ct1rrent ;1rod1ctjon has ncit exceeded th,, r2.t:i'.) rif LWE.'.'3":8 

yc&r-end jnventor:1 (rpcritit,v) tc1 2verw,e r,r:J0'1ct-ion f,>r tcte 1e2rs 19}'<, 
1c:39, and 19/,CJ; 
the facts stcted herein are, to the best Ji' lds 1-:1,w,h,tJ-c a:1c belieof, 
tr w and Cc"Jrrec t. /' ··•. . .. / -J 

l ree r~o rtl ~ y"~or:(YJa;1 1fi 

J an:18 r7 lC, 
(Date; 

l'J/ '), l3v: / >-<"'~- !.<-:r., .. cste;rn ,Jffice 
fa:-t'1thorj '.3Cd _;ffj ::j ul; 
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MONTHLY Ii.SPORT OF PURCHASES 

Ivlachinery, Supplies, h':aintenance I terns and Hepairs 
under Preference Rating Order P-56 

STATb Dl:P'T OF OEOLO()' 
NAf,:E OF ;\1lNE OP"r<:l-Al'l)R OR AU muRIZED AGLNT fOR SUCH OPERA TOR Freeport s,-1lphu4°' ~E~AL lNDS, 

ADDRESS Box 160, Riddle, Oregon int~E SERIAL l'J0._......_3 ..... 3-_6_.._5 ____ _ 

FUHCHASES Iv'.ADE IN lv'.ONTH OF __ N_o=-v-'-e"'-'m=b_e~r;.._ ____ , 19_Jd_. 

I. PURCHASES TO 1:'iHICH HATING A-8 HAS BEEN APPLIED DURING t!iONTH: 
Material none --------------------------------Quantity _____________ W.P.B. Authorizatfon No. ___ _ 
Supplier -----------------------------

II. PURCHASES TO WHICH HATING A-3 HAS BE~N A.:)PLJED DUH.Jl'jG }\)NTH: 
lv,aterial none ------~'--'------------------------Quantity W.P.B. Authorization No. ------------- -----Supplier ____________________________ _ 

III. PUH.CH,,SES m 1,mJCH);i.ATING A-1-c HAS B1,:EN A'J?LlE:D DiJhING l'DNTH: 
i:aterial none 
~uantity _____________ W.P.B. Authorization No. ___ _ 
Supplier -----------------------------

IV. PURCHASES TO WHICH RATING A-1-a HAS BE:.i::tJ APPLIED DUHING 1!.0NTII: 
iv~a t e ri al __ B_r..;..a..;;.s..;;.s----c,;;;;l.c.o-'-t-'-t ____ s-i_e_v_e...._, ----s.;;;;;.i...;.ev.;_;.e_b-o...;.t-'-t-orc..;n__._,p.;;.;.an;;.;..., ---tc..r.;;;;;.i.:;.;.an°"'g ..... u~l.;;.;.a.c..r_f=-i==-· .:;;;.l.c.e=-s __ 
Quantity 1, I, 3 Vi.P.B. Authorization No. ___ _ 
Supplier Bratm-Knecht-Heimann Co. 1 1400 16th St., San J.<'ranci sco, Calif. 

v. PUrtCHh.SES TO '/.'EICH RATING AA-2X HA~5 B;1~EN A?!"'LISD DUHHJG t'.Ol'JTH: 
Material _ _.4_x_8_f_t..;.._1 ..... 4_-.... g_a_u ... g_e_b_l_a_c_k_m_._e_t_a_l ____________ _ 
.)uantity 16 sheets 1N. P. B. Authorization l~o. ----s u ppli er __ L_o_r_e_n"""z_C_o_P.1 .... P"""a_n_.,._y..._, _i_v._e_d_f_o_r_d..._, _O_r_e"-'g_o"""n ____ 

1
...--______ _ 

CERTIFICATI:Jlll 

The undersigned hereby certifies to the i,var Production Board, that 
(1) he executed the foregoing statement on behalf of and by autnority of 

the above-named Mhie Operator; 
(2) the above-named kine Operator has, dudns the period covered by this 

report, complied with all the provisions of Preference Ratin1; Order 
P-56, and has applied 1tatings :mly in accordance therewith; 

( 3) during such period the L:i ne Operator's inventory of operating supj-1lies 
and other rnatforial has not been greater than the ninimum necessary for 
the efficient operation of his business, and _the ratio of inventory 
(quantity) to current production has not exceeded the ratio of avera~e 
year-end inventory (quantity) to averag;e production for the years 1938, 
1939, and 1940; 

( L+) the facts sb, ted herein are, to the best of his knowledge anci belief, 
true and correct. 

__ D_e_c_ember 10, 1942 
( Date) 

1~gr., Western Office 
icial) (TitleJ 



MONTHLY H.EPORT OF PURCHASES 

Machinery, Supplies, Maintenance Items and Repairs 
under Preference Rating Order P-56 

NAME OF MHYE OPERATOR OR AUTHORIZED AGENT FOR SUCH OPERATOR Freeport Sulphur Co. 

ADDRESS Box 190, Grants Pass, Oregon MINE SERIAL NO. __ 3_3-_6_5 ___ _ 

PURCHASES MADE IN .MONTH OF __ O;...;c:;..;t;..;;o.;;.b.;c.er"--_____ , 19 42 

I. PURCHASES 
Material 
Quantity 
Supplier 

'ID WHICH RATING A-8 HAS BEEN APPLIED DURING MONTH: 
none 

W.P.B. Authorization No. ------------ ----

II. PURCHASES 'ID WHICH RA TING A- 3 HAS BEEN APPLIED DURING MONTH: 
none Material 

Quantity W.P.B. Authorization No. ------------ ----Supplier 
>· 

III. PURCHASES TO WHICFf' RATING A-1-c HAS BEEN APPLIED DURING MONTI-I: 
Material none . 
Quantity W.P.B. Authorization No. ------------ ----Supplier 

IV. PURCHASES TO WHICH H.ATING A-1-a HAS BEEN APPLIED DURING MONTH: 
Material 
Quantity ____________ W.P.B. Authorization ,No. ___ _ 
Supplier none 

CERTIFICATION 

The undersigned hereby certifies to the War Production &ard, that 

I 

V 

(1) he executed the foregoing statement on behalf -of and by authority of 
the above-named Mine Operator; 

(2) the above-named Mine Operator has, during the period covered by this 
report, complied with all the provisions of Preference Rating Order 
P-56, and has applied Ratings only in accordance therewith; 

(3) during such period the Mine Operator's inventory of operating supplies 
and other material has not been greater than the minimum necessary for 
the efficient operation of his business, and the ratio of inventory 
(quantity) to current production has not exceeded the ratio of average 
year-end inventory (quantity) to average production for the years 1938, 
1939, and 1940; 

(4) the facts stated herein are, to the best of his knowledge and belief, 
true and 

.... 
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MONTHLY REPORT OF PURCHASES 

Machinery, Supplies, Maintenance Items and Repairs 
under Preference Rating Order P-56 

!JAME OF MI.!I.TE OPERA.TOR OR AUTHORIZED AGENT FOR SUCH OPERA TOR Freeport Sulphur Co. 

ADDRESS Box 190, Grants Pass, Oregon 

PURCHASES MADE IN MONTH OF September 

MINE SERIAL NO • __ 3 ..... 3-__.65..___ ___ _ 

' l 9_....42 _____ _ 

I. PURCHASES TO WHICH RA TING A-8 HAS BEEN APPLIED DURING MONTH: 
Material none 
Quantity ____________ W.P;B. Authorization No.'-----
Supplier ----------------------------

II. PURCHASES TO WHICH RA TING A-3 HAS BEEN APPLIED DURING MONTH: 
Material none __ ,.,;;.;;.;;.;;.;..;;...._ __________________________ _ 
Quantity _____________ W_.P.B. A.q!'.horiz~~~-onJ~o. ______ _ 
Supplier ___________________________ _ 

.J~)"'' 

III. PURCHASES TO WHICH RATING A-1-c HAS BEEN APPLIED DURING MONTH: 
Material __ ~s_n_a~t~c=h~·~b~lo.....,.ck...__ __________________ _ 
Quantity one _W.P._JR,:. Authorization No. ____ _ 
Supplier __ ~J_arn......._e~s:.....T=r=im=b=l~e_,_5~1~5 ...... I ___ S~t=r~e~et ..... ,_G_r~a-n_t=s_P=a~s~s-,_O_r_e~g~o_n __ _ 

IV. PURCHASES TO WHICH RA TING A-1-a HAS BEEN APPLIED DURING MONTH: 
Material none ·--~:;.;;;.;;..;;...._ ______________________ _ 
Quantity ____________ W.P.B. Authorization No. ____ _ 
Supplier ----------------------------

CERTIFICATION 

The undersigned hereby certifies to the War Production Board, that 
(1) he executed the foregoing statement on behalf ot and by authority of 

the above-named Mine Operator; 
(2) the above-named Mine Operator has, during the period covered by this 

report, complied with all the provisions of Preference Rating Order 
P-56, and has applied Ratings only in accordance therewith; 

(3) during such period the Mine Operator's inventory of operating supplies 
and other material has not been greater than the minimum necessary for 
the efficient operation of his business, and the ratio of inventory 
(quantity) to current production has not exceeded the ratio of average 
year-end inventory (quantity) to average production for the years 1938, 
1939, and 1940; 

(4) the facts stated herein are, to tbe best of h_is knowledge and belief, 
true and correct. 

Freeport Sulphur Company 

October 10, 1942 
(Date) 

B:l: Mgr., Western Office ~( S-i-· g_n_a_t_u_r_e_o_f_A_u_t_h_o_r_i_z_e_d_O_f-fi-· c-1-· a-1 .... )- ( Title) 



MONTHLY REPORT OF PURCHASES 

Machinery, Supplies, Maintenance Items and Repairs 
under Preference Rating Order P-56 

NAME OF .MINE OPERATOR OR AUTHORIZED AGENT FOR SUCH OPERATOR Freeport Sulphur Co. 

ADDRESS Box 190, Grants Pass, Oregon MINE SERIAL N0. _ __._3 ..... 3-_6_.,5 ____ _ 

PURCHASES MADE IN !WNTH OF __ A_u...,.g __ u_st ______ , 19 ........ 42 __ _ 

I. PURCHASES TO WHICH RATING A-8 HAS BEEN APPLIED DURING MONTH: 
Material none 
Quantity W.P.B. Authorization No. 
Supplier 

II. PURCHASES TO WHICH RATING A-3 HAS BEEN APPLIED DURING MONTH: 
Material none 
Quantity W.P.B. Authorization No. 
Supplier 

III. PURCHASES TO WHICH''RATING A-1-c HAS BEEN APPLIED DURING MONTH: 
Material none -----------------------------Quantity W.P.B. :!uthorization No. --------------· -----Supplier -----------------------------

IV. PURCHASES TO WHICH RATING A-1-a HAS BEEN APPLIED DURING !,'.ONTH: 
Material none -----------------------------Quantity W.P.B. Authorization No. ------------ -----Supplier ____________________________ _ 

CERTIFICATION 

The undersigned hereby certifies to the War Production Board, that 
(1) he executed the foregoing statement on behalf•of and by authority of 

the above-named Mine Operator; ' .t 
(2) the above-named Mine Operator has, during the period covered by this 

report, complied with all the provisions of Preference Rating Order 
P-56, and has applied Ratings only in accordance therewith; 

(3) during such period the Mine Operator's inventory of operating supplies 
and other material has not been greater than the minimum necessary for 
the efficient operation of his business, and the ratio of inventory 
(quantity) to current production has not exceeded the ratio of average 
year-end inventory (quantity) to average production for the years 1938, 
1939, and 1940; 

(4) the facts stated herein are, to the best oi: his knowledge and belief, 
true and correct. 

Freeport Sulphur Company 
September 10 2 1942 

( Date) 
By: 

(Signature of Authorized Official) 
Mgr., Vlestern Office 

(Title) 
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ABSTRACT 

Nickel-bearing saprolite developed during the early Tertiary ever a north -

east trending ul. trmnafic body of Jurassic age near Riddle in southwestern 

Oregon. The principal nickel ninera.1. is garnierite, but other ca.i.plex nickel 

r:iinerals. :may be present,, There are two nain orebodies, an upper (older) one 

associated with the Uamath peneplain, and a lower (younger) one on the Sherwood 

peneplain. 

Saprolite constitutes the bulk of the ore, and was-; probably derived from 

peridotite and dunite throu.g..~ chsnical decanposition by downward percolating 

meteoric groui:xlwater. DErea:nposition took place by net loss or HgO, Si02, and 

Fe without a change in voluue. Faults and joints provided permeable zones 

which localized saprolite devel0Jlll8Ilt, and faulting may have helped preserve 

sane ore fran loss by erosion. 

Garrderite-chalcedoey boxwork ore was deposited by meteoric groundwater 

along faults, joints, and at the level of fonner water tables. Boxwork ore is 

entirely supergene, the che:-;,.ical constituents having be_?n derived from higher 
I ~ 

in the soil profil~. The saprolites show evidence of both supergene and resi-

dual enrichment in nickel. Red and yellow soil occurs aa a capping over sap­

rolite and boxwork, and was derived frcr.i t!1&1 by chemical and mechanical de­

car.position. 

The present deposits are probably truncated rer-.nants of a formerly thicker 

and r.:tUch more extensive deposit which probably includ~d laterite at the surface. 

The deposits started to for.:n. in the early Teriary due- to deep chemical weathering 

under sub-tropical. to warm. temperate conditions. Early Tertiary erosion sur­

faces of low relief probably contributed to the predaninance ot chemical weathering 

over mechanical erosion. Alteration under present climatic conditions favors 

the forrr.ation cJ soil fmn saprolite rather tlaa.n the fornation of new aaprolite 

fran peridotite. 
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INTRODUCTION 

The Nickel Mountain deposit occupies a unique position in the metal econ­

omy of the United States. Although the deposit is quite small, it produces 

seven per cent of domestic nickel requirements, and is the only producing 

nickel mine in the United States. Moreover, it is the only operation current­

ly utilizing nickel silicate ore on the North American continent. 

The deposit is located in southwestern Douglas County, about four miles 

west of the small town of Riddle (figure 1). (Figure 1 near here). The de­

poait- covers much of the upper part of Nickel Mountain, including parts of 

Sections 8, 9, 16, 17, 18-j,...'20, and 21, T.30S, R6W, Willamette meridian. 

The ore is mined by .open pit methods by The Hanna Mining Company. After 

preliminary screening at the mine, ore is conveyed by an 8300 foot long aerial 

tramway to a smelter located at the foot of Nickel Mountain. The smelter, 

r-- 2000 feet below mine level, is owned and operated by the Hanna Nickel Smelting 

Company. 

Ore is smelted by an adaptation of the Ugine proce~s (11) in which ferro-. 
I •• 

silicon is used to reduce iron and nickel oxides in molten ore to ferronickel 

containing about 48 per cent nickel. Production statistics over the life of 

the property are given in table 1. Expansion· of the smelter facilities should 

increase the annual production in 1965. ?resent knowledge of ore reserves in­

dicates a life of approximately 16 years, although technological innovation 

could change, t.his somewhat. 
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Figure 1. Location of Nickel Mount~ 
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Table 1. Production of Ore and Metal, 1954 - 1964; 

Ore Shipped 
YEAR Lbs. Ni. Produced Dry Short Tons U! 
1954 318,489 98,583 1.58 

1955 6,505,329 284,416 1.47 

1956 ll,382,984 408,961 1.53 

1957 18,121,452 813,842 1.51 

1958 21,233,634 846,489 1.51 

1959 20,794,091 819,501 1.51 

1960 22,228,720 874,318 1.50 

1961 
-,,. 

20,650,142 863,llO 1.49 

1962 21,138,893 874,646 1.50 

1963 21,447,986 892,903 1.50 

1964 22,472,891 1,070.866 ~ 

Total 186,294,6ll 7,847,635 1.50 

;. 
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PREVIOUS WORK 

An interesting description of early settlement in the area and explora-
., 

tion of the deposit can be found in an article written by the staff of the 

Oregon State Department of Geology and Mineral Industries OJ). The nickel de­

poait was first discovered by shepherds in 1865, not long after the area was 

first settled, but it lay dormant until 1954 when production began. 

The nickel deposit has been described by a number of writers. Geological. 

aspects have been covered by Clarke (10), Von Foullon (15), Austin (3), Ledoux 

(26), K.lcy' (23), Diller and Kay (13), Pecora and Hobbs (34 and 35), Schoenike 

(38), and Dl08t recently by;.!fotz (19). Mining and exploration methods were de­

scribed by Foster (14), Van.Voorhis (40), Walker (41), and Guatafson (16). 

The smelter and smelting operations were fully described by Coleman and Veden­

aky- (11). 

Many of these papers were written before or shortly after mining commenced 

in 1954. The additional inf orma.tion revealed by over ten years of mining and 

development drilling has given a better insight into the geology of the deposit 

" than was formerly- available from surface trenching and atlimited amount of 

drilling. 

This paper is intended to describe the geology of the Nickel Mountain de­

posits; to classify the types of ore which occur; to show the influence of 

climate, topography, and structure on ore development; and to investigate some 

ot the effects or residual and su.pergene nickel enrichment. The factual data 

were obtained from study of the Riddle deposit. The c(>Jlc.lusions may be appli­

cable to other lateritic nickel deposits, but this is not necessarily assumed 

to be true. 

r 
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GENERAL GEOLOGY 

Nickel Mountain is situated at the northern end of the Klamath mountains 

(figure 2) (Figure 2 near here) which extend south into northern California. 

The Klamath mountains are composed of rocks older tha.~ the Tertiary volcanic 

rocks forming the Cascade Ran6e to the east, and the Tertiary sedimentary rocks 

of the Coast Range to the west and north. ?he peridotite on which the orebody 

is located is one of several north to northeast trending ultramafic intrusions 

which traverse the area. 

The Orebodies 

The laterite-type ore,;,on Nickel Mountain occurs as a discontinuous mantle 

of residual material covering approximately 500 acres with an average depth of 

only 50 feet. However, the apparent simplicity of the deposits is misleading. 

Jointing and faulting caQse considerable variation in ore thiclmess (5 - 200 

r"' feet), and in ore type over relatively short distances. 

There are two main orebodies, one coinciding roughly with the top of 

Nickel Mountain (3535 feet), and the ~ther on a terrace ~n the south side of 

the I110untain (figur~ J). (:i'igure 3 near here). The lowe; terrace, lmown as 

the Lower orebody, slopes to the south at about 13 per cent. It ranges in 

elevation from 2000 to 2550 feet and is separated from ore above by a steep 

aloperQf' barren peridotite. The south side of the terrace coincides essentially 

with the serpentinized and faulted contact of the ultranw.fic body with the Eid­

dle formation (figure 4). (Figure 4 near here). 

The Upper orebody includes the highest erosion level and a narrow discon­

tinuous step in the topography at approximately 2900 feet. Ore associated with 

the two erosion levels merges, B.!,d is not distinguished in figure 3. The Upper 

orebody has a mean slope to the south of 31 per cent, but ore is preserved on 

slopes as steep as 47 per cent. 

r 



Figure 2. Geologic Map of Southlrestern Oregon 

Figure J. Geologic Map of Nickel Mountain 

Figure 4. North-South Profile Through the Lower·~ and 
I 

Upper Orebodies 

.·, 
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StratigraphY 

The geol~gy- of the Riddle Quadrangle was first described by Diller and Kq 

(13). Since that time, the work of Imlay, Dole, Wells, and Peck (20) has fur­

ther clarU'ied the Jurassic-Cretaceoua sequence in this part of Oregon. A re­

cent con;rl.lation of Oregon geology west of the 121st meridian by Wells and 

Peck (42), and the succession given by Imlay et al. (20, p. 2777) have been 

used aa a base tor the stratigraphic aequence given in table 2. 

Part of the Jura.esic sequence is represented on Nickel Mountain. Rocks 

assigned to the Dothan f onnation outcro~ mainly on the north side of the moun­

tain (figure J). In additj;en, faulted remnants of Dothan sediments have been 

preserved v.i.thin the peridotite mass. The Dothan formation consists essen­

tially of graywacke, but includes shale, conglomerate, and chert. As a rule, 

the fine grained members are thinly bedded, while the gra.ywackes are thick and 

massive. In places, some of the sediments are schiatose and are cut by thin 

quartz veinlets. No fossils were found in the Dothan formation. 

'!he Dothan formation is intruded by rocks of basaltic, andesitic, and 

gabbroic composition, locally altered to greenatonea. 

associated apat1.ally with the greenatones. 

# 

Thin chert lenses are 

Riddle formation rocka are found on the south side of Niokel Mountain. 

TypicallJ', the Riddle formation consists of thinly bedded fossiliferous silt­

stonendth sandstone and shale, and includes cOlftglomerate lenaea. The silt­

stone and sandstones contain the pelecypod Buchia piochµ (Gabb) considered 

diagnostic of the Riddle formation, while lenses of sandstone and grit within 

the congl.0111erate contain wood fragments and carbonaceous la;rera up to 5m. 

thick. 

r 



SYSTEM 

Lower 

Cretaceous 

Upper 

Jurassic 

- ... 
i 
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Table 2. Stratigraphic Column in the Riddle Area 

GROUP FORMATION J INTRUSIVE ROCKS 

Days Creek 

rvz,tle 

:liddle 

Ultra.ma.fie Intrusions? 

Dothan 
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filtramafic Rocks 

The Uickel Mountain ultramafic rocks include peridotite (aa.xonite), clunite, ., 

and serpentinitec Peridotite is the predominant rock type and underlies most of 

the orebodies. Dunite accounts tor perhaps ten percent of the ultramafic area 

and appears to grade into peridotite. Serpe~inite occurs mainly close to contacts 

with Jurassic sedi:Clents. 

The peridotite is a coarse grained rock containing approximately 80 percent 

olivine (F°9()F'a10) and 20 per cent enstatite (~oFsio). Enstatite grains range 

up to ~ in diaoeter, while the olivine grains are generally sanelilat maller. 

Minute grains of accessory. chra.dte are found in both peridotite and dunite, and 
_.,-.I"'' 

account for 0.3 - 1.0 per cent of the rock by weight. The raagnesium content of 

olivine tends to be slightly higher in dunite than in peridotite. 

Serpentinized peridotite and dunite are variable in canposition, depending 

on the degree of serpentinization. Generally, peridotite am. dunite contain 

tran. five to ten per cent of serpentinized. olivine grains. Enstatite tends to 

remain unaltered until serpentinization has advanced towards cot1.pletion. Second­

ary maenetite in microscopic layers and grains ~curs nth the serpentine minerals. 

Contacts of the peridotite with the sedimentary formations on Uickel Moun­

tain are r aulted and the age relationships are uncertain. Faulted remnants of 

the Dothan formation are found within the peridotite suggesting that the ~ 

sion m.&y' be ot poet Dothan age. Im.lay et o al. (20, p. 2776) noted that the basal 

conglanerate of the Riddle fonnation contains sane "limestone or serpentine" 

pebbles. li:k'addition, Ramp {.36, P• 5) reports cobbleti of serpentine and partly 

serpentinized peridotite in conglanerates which also contain fossils of Port­

landian (Riddle fonnation equivalent) age at Otter Point near Gold Beach in 

Curry' County, Oregon. The two lines of reasoning, though not conclusive, inii­

cate that the ultramatic intrusion and the ae~ntinization may be of post 

Dothan - pre Riddle formation age 



r 
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Chemical Anal,y;ses 

Chemical analyses of Nickel Mountain peridotite a.re given in table J. 

Analyses by B. J. Grimm were made by standard wet chemical methods at the 

Hanna Nickel Smelting Company laboratory. 

Loss on ignition, plus silica, magnesia, and the oxides of nickel, chrome, 

and iron account for approximately 97 - 98 per cent of the chemical constituents 

of peridotite and normal ore. Rapid routine analysis is accomplished by arcing 

a pulverized sample and reading the intensity or Mg, Fe, Cr, and Ni spectral 

emission on a quantometer. Loss on ignition varies with iron and nickel con-
. 

tent, and can be estimatecLeiosely by reference to the analyses or these ele-

ments. Minor c::..11stituents. such as Al, Ca, K, Na, Ti, P, and Mn average 2.5 per 

cent. The amount of Si02 can thus be found by subtraction from 100 per cent. 

Check chemical assays usually agree with calculated silica values to within 

±2 per cent Si02. 

A colorimetric method is also used to obtain accurate nickel analyses. 

Accuracy is:!: .02 per cent Ni in normal ore. Unless otherwise stated, all a4 .. 

alyaes given in this_paper are colorimetric or quantometfic. 

r 
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Table 3. Analyses of Fresh Peridotite and Serpentinite from 

Nickel Mountain. In Per Cent. 
,'., 

1 2 3 4 5 

Si02 42. 7 43.2 43.7 42.8 42.4 

Al203 1.0 1.10 1.1 1.05 

Fez03 * 0.87 0.83 * 0.94 0.8 2.49 

FeO * 7.06 7.80 * 7.64 6.8 3.94 

MgO 44.2 44.0 4.3.2 45.7 41.50 

Ca.O 0.9 0.48 0.9 0.35 

N~20 NR NR 0.03 NR 

. K20 NR 
_;.,,,., 

NR 0.01 MR 

H20+ tffi. . 1.47 1.6 7.18 

L.O.I.K 1.42 NR NR NR 

Ti02 NR 0.01 0.02 0.01 

P205 NR 0.01 0.02 0.005 

MnO 0.15 0.12 0.12 0.09 

CO2 NR 0.05 .. 0.12 0.15 
-,, 

Cr203 0.38 0.43 0.47 0.45 0.39 

NiO 0.52 0.34 0.32 0.36 0.29 

coo 0.01 0.01 0.02 O.Ol,3 -
Total 99.98 99.85 96.27 100.85 99.85 

NR = Not Run. -lf9()% Total Fe converted t0 FeO, remainder to Fe203. 

HL.O.I. = Lose on ignition, includes H2<)+ and CO2. 

S8JDPle Descri2tion 

1. Single sample fresh peritlotite. Analyst B. J. Grimm. 

2. Composite sample fresh peridotite. Anal.yet B. J. Grimm. 

3. Same sample as No. 2, but analyzed by quantometer and colorimeter. 

4. Saxonite .from Nickel Mountain. From Hotz (19, Table 2, P~ 363). 

5. Single sample or serpentinite. Analyst B. J. Grimm. 
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PHYSIOGRAPHIC HISTORY 

Concordant summ:i.t levels at approximately 3500 feet are a conspicuous 

feature of the landscape aro\Uld Nickel Mo\Ultain and throughout the Klamath 

mountains, although the precise elevation is variable. Thia surface was named 

the Klamath peneplain by Diller (12), who concluded that the long cycle of 

eroaion and uplift vas initiated at the close of the Eocene. Diller considered 

that marine sediments (Wimer formation) were forming on the western margin of 

the developing peneplain. These marine sediments are preserved in patches at. 

an elevation of about 2000 feet along the western edge of the Klamath mo\Ul-
, 

tains in Del Norte County, C_alifornia (21). Diller, and later Maxson (30, p. 

~ ' 135), assigned a late Miocene age to the Wimer formation, but Diller ilso con-

sidered the Wimer sediments to be erosional remnants of marine deposits found 

10 to 15 miles westward at Point St. George, which Allen and Baldwin (2) have 

since concluded are of Pli~cene age. 

Cater and Wells (5), in considering the topography of the Gasquet quad­

rangle in northwestern California, emphasize that the surface on which the 

Wimer beds were deposited is separated from the IQamath peneplain by a dis--I •' 

tinct break in slope-. They concluded that (p. 114) "the Klamath cycle of pene­

planation ended lfith moderate regional uplift before the upper Miocene beds 

were deposited." Later subsidence all01fed the Wimer sea to deposit upper Mio­

cene sediments in the l01fer ends of the river valleys and along the coast bor­

dering the land mass. 

r 
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The Weaverville formation was considered by Diller (12, p. 12) to be as­

sociated with the development of a second major cycle of erosion which he named 

the Sherwood peneplain. Unfortunately, there is some doubt as to the age of 

the Weaverville formation. Diller thought the Weaverville was of Miocene age, 

but Hinds (18) and Jenkins (22) both thought it was chiefly Eocene. KacGinitie 

(29) did a considerable amount of work on fossil floras of the Weaverville for­

mation and concluded that it was of Oligocene age. If the later is true, the 

Sherwood stage is Oligocene, and the Klamath peneplain is of pre-Oligocene age. 

There appears to be no reason why the sequence of events discussed above 

cannot be applied to Nickel Mountain. If this is so, the Upper orebody (Dil­

ler•s Klamath peneplain) :rs" of pre upper Miocene age, and could be as old as 

the Eocene, while the Lower· orebody, (possibly Diller•s Sherwood stage) is of 

pre-Pliocene age. This dating, though not as close as one might wish, probably 

serves the present purpose of assigning an approximate age to the distinct ore 

levels on Nickel Mountain. 

other erosion levels in the Riddle area are considerably yo"Wlger than the 

Klamath and Sherwood peneplains, and are found at lower elevations on the moun-

tain side and in the present river valleys. Ore has not been developed where 

the ;younger terraces cut ultramafic rocks, and in fact, low level ore is con­

spicuously absent throughout the IG.amath Mountain province. 

Indirect evidence of the age of laterization is provided by the Cle Elum 

nickeliferous iron deposits in Kittitas County, Washington. These deposits are 

generally considered to be residual laterites, altho~ portions of the ore ap­

pear to have b~en reworked (21). The deposits rest upon serpentinized perido­

tite and are overlain by continental sandstones of the Swauk formation. The 

age of the Swa:uk formation is uncertain, but Lupher (28, p. 8) concluded that 

11 the SVauk Creek flora is suggestive of a time near the Mesozoic-Cenozoic 

boundary". 

r 
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TERTIARY CLIMATE 

Direct evidence or the early Tertiary climate is not preserved in sedimen­

tary rocks on Nickel Mountain, but some indication of the prevailing climatic 

conditions at this time can be gained by study of continental Tertiary sedi­

ments and fossil bearing volcanic rocks in other parts of Oregon, Washington, 

and California. A fairly complete sequence of Tertiary terestrial deposits con­

taining moderately abundant plant and tree flora has been preserved in the John 

Day Basin of eastern Oregon, and floral assemblages from other isolated areas 

in Oregqn, Washington, and California can be given a stratigraphic position by 

reference to this sequence. . ,The basin deposits ,have been described by a number 
r' ...... 

of writers including Merriam (31), Knowlton (24), and Buwa.lda (4). 

In a comprehensive survey of early Tertiary climate, Chaney (8). used two 

distinct floras to trace migration of climate. The two floras, one dominated 

by redwood, and the other by avocado, fig, and palmetto, indicate temperate 

and subtropical conditions respectively. Study of the distribution of the two 

noras has shown that during Eocene time, there was a lowland area extending 

from Washington to California which supported a subtropicJ,l. vegetation. The 
I •• 

similarity of floras ·west and east of the present Cascade axie indicates that 

this range vas probably not in existence in the Eocene. 
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Subtropical conditions continued into the Oligocene, as shown by the Weaver­

'Yil.le flora of Califomia (29), but by the end of the Oligocene, the subtropical 

forests were mi.grating southwards and being replaced by redwood.a. Thi.1 is par­

ticularly well shown by the upper Oligocene flora froa Bridge Creek near Mitchell 

in centril Oregon (6). The flora indicates a redwood forest aomewhat more di­

versified than JIOdern Californian forest•, but generally ot the same type. By 

early Miocene, the redwood and other broadleat deciduous genera were doain&ting 

the forests of middle latitudes in western North America. The Mascall fiora or 

Miocene age ia Y.lde}¥ distributed through western Oregon, Wuhington, and Cali­

fornia and, according to Chap.ey (7), indicates a cli:a&te comparable with that 
_;,r' 

of modem oak - madrono forests which have about 39 inches of rainfall. The 

progressive change 1n climate culminated in the Ple:i.atocene glaciation. 

At the on■et of the Pliocene, differences between the nora ea.at and we,t 

of the Cascade axis can be seen. A redwood flora is known from western Oregon 

but is absent from Pliocene assemblages east of the Cascades. Thus it seems 

reasonable to conclude that the Gasca.de barrier came into existence in late 

Miocene or Pliocene·t1me. 

Coal swaps figure prominenti,- in the Tertiary history of Oregon and Wash­

ington. Snavely (39), shows that they existed froa ear}¥ Eocene ti.lie to as 

late as the middle Miocene. Thick beds of parti,- carbonized wood are typical 

of the upper Miocene but are not recorded from Pliocene strata. The existence 

or coal 8lf8lllp8 suggests a warm, hwaid climate &t least until the middle of the 

Miocene in the coastal regions. By the start or the PJ.'.:iocene these conditions 

had changed to a diatinctly cooler clim&te. 
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Ferrugi.nous bau.xites are found in northwestern Oregon. According to IJ.b­

bey et al. (27), laterization took place follolfi.ng extrusion of the Miocene 

basalts, from wh:i'.ch the bauxites were derived, but prior to their folding in 

the Pliocene. Allen (1, p. 625) further states that the formation of bauxite 

was completed before the deposition of an overlying silt, probably of Pliocene 

age. The formation of bauxite strongly suggests at least a humid, warm temper­

ate climate in the Miocene, although as Reiche (37, p. 81) points out, later­

ization is not alwa.,vs confined to tropical climates and may occur under temper­

ate or even sub-polar climates. 

The gradual change from a.humid subtropical climate in the Eocene and 
·r• 

Oligocene, to more temperate ..... conditions in the Miocene and Pliocene appears to 

be well established. The coincidence of subtropical climate and low relief in 

the early Tertiary may have been responsible for the favorable conditions which 

allowed widespread development of nickeliferous deposits over ultramafic bodies 

in Oregon, California, and Hashington. 
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OtlE CL!.SSI?I~ATION 

Ore erade is an :important econax: .. c factor, and is signi:f'icar.t in other 

ways, Lut classifyin,.:; l\ickel r:ountain ore according to rucl:el grade tends to 

eroup toC';ether ores whic~1 ot~crwise are quite dissirruar. Ir~st.ead of Ni, 

differe~ces in texture and structure have been used to suWivide the ore into 

three main groups and six ore t:Tcs, as s::ovn in table 4. 

'.rhe pr:i..'ilB.r;r division between son ani.l saprolite is based on the presence 

or a!.:sence of joint planes, t~e appeare.1,ce cf residual rock boulders, and the 

granularity of iuterstit:l..6.1 decoc~pose.t r.,aterial. The soil 6roup ia subdivided 

on color, wM2.e the saprolite~ are f"i.lrther subdivided according to the amount 
.AJ'' 

of fros~, rock they contain. Do.xwork oro is quite distinct, as it occurs in 

veins, and is cat,1~•osed of ehalcecon;,- and a number of hydrous 1:i-Hg silicates, 

including 6arnie:-ite. The tern saprolite is used in its origi.nol sense to de-

scril-e a deccraposer.1 but untran::.;ported rock, and to distingui3h the high l:gO -

low Fe ere prese!"Ved on idckel 1•:ountain frcm t;ypical low HgO - high Fe later-

ite ltlic:1 is uot present. 

Soil Crouu 

The orebody is mantled J::: a cover of iJrick red soil which grades downward 

lo~all:; into a yellow ooil. T:.e sc:Lls accou.:-it for approx:L.'lately 20 per cent 

of tr:e ore reserve, and their [e,,.eral distribution is shown in figure 3. The 

t.Lic~~ess avel'ages ten feet, bt soil r.iay Le virtua.lly absent or up to l+O feet 

t!lick. The soil is a porous, incoherel1-:;, r::aterial coraposed of p,cl:rerulent a.g­

gre['.2.tes rich i:i r.ydrous iron oxides and cla::,· ir.inerals, aild scattered fresh 

per:ic:otite boulders, ra1.zi11[ in size .fran a few irlches to over 20 feet in dia­

meter. In sane are&.s, irregular fra;y,ents of leached honeyco.r.b c::ialcedol\"','· box­

work and chalced.or~ vei,1 fre.,,.::,;~e:1t::; are abu.-idar~t. Soi.1s devel~d OYer serpeu­

tinite are brow:. i:i co~cr ratter t'.l.an. crick re-::, and no:rn;.3,J.1:r contain a smaller 

a.wunt o.f nickel t'.1ad red soil. 

r 



Table 4, Ore Classification 

GROUP 

Soil 

Saprolite 

ORE TYPE 

Red Soil 

Yellow f>Oil 

Soft Saprolite 

Hard Saprollte 
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± 
Saprolized Peridotite .....----------------,- ----..... ,., ......... -·· -..:-,...i.---~-~--.,----,..,..--...._ ... ,f.,..~ ~ .... « --~· 

Boxwork I 
--------·--•--... ,-J\ --.lh'""~ ......... -~.-"lt'---""'""'~"'"-. ,,,,.,-, ..... ~ ... •,<.- , ..... ~~- • _,..., ....... ~'"''t°~ ff'~•_.,.,..-,. -~~~ 

Bo:nrork 

' 
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The brick red color is cauaed by iron mineral.a and iron ata:iJling. The 

transitional cl.ia,nge to yellcN soil. takes pl&ce over about one foot and renecta ., 

the change from predcmtbwltly ferric to predominantly .r errous compounds. Cea­

pared with aaprolite ore, the soils are higher in Fe, and tend to be rather high 

1n aillca where the underl-,ing ore is boXlfOrk. The soils have a variable aag­

nee1& content, and are general.ly- lower in nickel content than the ore which 

underlies thm. Soil.8 in the Lover orebody are higher in Fe and 5102, and lower 

in Ni and MgO than soils in the Upper orebody. 

The top few inches of soil contains moderately abundant grains ot mag­

netite approxi.llately .Jmm..JJi size, and the lffl4Ue soil thickness is alighti,- en­

riched in chrcaite and enstatite grains. The soils show no trace ot· original 

joint planes., and peridotite boulders are randomly distributed. 

Where soil occurs over fresh peridotite, the soil contains abundant peri­

dotite bouldens, aaue of 'Which may be quite large. Where aoil occurs over a 

thick aaprolite sequence, fresh peridotite boulders are either absent or~• in 

number. No exotic rock float ha.a been found 1n the soil, which probably means 

that the orebody vas never capped by younger rocks. 

One of the most distinctive features of the soils is the appearance of the 
' 

peridotite boulders. These tend to be somewhat rounded and completel.J" fresh 

except for a thin rusty akin which is never more than 5mm thick. Thia feature, 

combined vi.th a total lack of relict joint plane• in the soil portion, ia in 

marked contrast with the physical appearance of aaprol:J.te. 
·, 

The base of the soil coyer m.a;y be thought of as an. ."tmconformi.ty" separ­

ating QNS which differ both chemically and physically. Planar features in the 

underlying ore, such as boxwork veina and faulta, do not penetrate the soil. 

The contrast between soil and saprolite is stressed because the differences 

probably- imply somewhat different modes of origin. This will be discussed in 

a later section. 

i 
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Boxwork Group • 

Some of the richest and most colorful. ore on Nickel Mountain occurs as 

rather thick veins of gamierite, chalcedony, and serpentine, often showing 

typical boxwork texture. Bonork ore from Nickel Mountain and other local­

ities has been described in many publications, consequently only the major 

features of interest will be outlined here. 

Pecora and Hobbs (.34), in describing the ores on Nickel Mountain, uaed 

the term 11boxwork layer" in a. broader sense than it is presently being used. 

They distinguished between the peridotite basement and the red soil cover, and 

called the ore lying in between "the boxwork layer". Thus they included in 
.~Y' 

the term material which is classified here as saprollte as well a.s boxwork 

sen■u stricto. 

There i• some merit in the grouping used by Pecora and Hobbs. Thin gar­

nierite-chalcedony-serpentine veinlets are very widely distributed in sapro­

lite and coat 110st joint planes. However, these veinlets rarely exceed five 

per cent of the total weight of the material, the bulk of which is fresh and 

decomposed peridotite. On the other hand, zones of predom.lnantly garnierite-' .. 

chalcedony box.work occur, some as much as 40 feet thick, and it is to these 

zones that the term 11baxwork ore" is restricted here. Boxwork ore, so defined, 

accounts for approximately ten per cent of the total ore reserve. Saprollte 

ore With minor garnierite-chalcedocy veinlets mtq grade into boxwork ore, but 

more of'ten than not the transition is rather sharp, and the two should be con­

sidered separately. The separaticm may have genetic a.s ~ll as economic aig­

nif'icance. 

The term boxwork ore, as presently used, covers a variety of textures, 

not all of' which are true bQXWOrks. Three main varieties can be distinguished: 

,......... 
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(1) True boxwork veins. These vary in thiclmess from a few inches to 

more than fifteen feet, anu are composed of thin-walled chalcedony boxes, 

l-5cm square, commonly filled or partly filled with hydrous Ni-Hg silicates in­

cluding t:;a.rnierite, and minor amounts of limonitic earth. 

(2) Chalceckny veins, massive or banded. These are up to ten feet thick, 

are comp0sed essentially of chalcedony in shaces of white, gray, and brown an:..: 

may contain up to 75% per cent .Si02. Occasional bands ·~r partings of garnier­

ite are common, and some green chalcejony (chrysoprase) is also found. How­

ever, this ore is cenerally of L:wer grade than other types of boxwcrk. 

(3) Breccia veins. Th~se consist of fra,;ments of periJ~tite, saprolite, 
_ _;_y, 

serpentine, early chalcedony, or early garnierite, cemented by later chalcedony, 

serpentine a.rd. garnierite; Pault groovins and striae, often c•Jated with later 

;__:;arnieri te an i chalcedony, are very common. ''hin partings of soft, plastic, 

white or greenish sepiolite also occur with the troccia veins and may repre­

sent a fault £Ouge 0r eylonite. 

True boxwork veins anl breccia veins are nearly always vu.gry or even cav­

ernous. The openings typically are linec. with garnierite and chalcedony, often 

showing bilateral symmetry. Thick boxwork zones are usually compound and often 

include representatives of all three varieties of boxwork. A normal sequence 

would be a brecciated an-l striated footwall, with an overlying true boxwork cut 

by thiru1er chalcedony veins as sh'--wn in figure 5. (Fi8ure 5 near here). 

Most boxwork ore in the Upper orebody is found. along structural control::. 

(faults, joints), but some boxwork along the south si~:e of the ~rebody is in 

layers more '--r less parallel.to the present surface and possibly represents 

fossil water tables. In contrast, most of the boxwork in the Lower _rebody is 

flat lying and is believed to be relate:i to fossil water tables. 
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Figure 5. Geologic Sketch Section Through Typical C0m.P9und 

Box.work 
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Average analy-aee given in table 5 show that box.work is notably high in 

silica and nickel, but relatively low in :magnesia and iron. Boxwork in the 

Upper orebody carries appreciably JR0re nickel and slightly less iron than in 

the Lower orebody, thus contributing to the pattern of dii'ferences between the 

two orebodiea. 

Changes in the character ot some boxwork vein• with depth have been ob­

served. Most boxworks extend to the top of the saprollte zone and leached 

fragments are found in the overlying soil cover. However, some boxworks are 

capped by high grade soft saprollte which grades dOlil?lWard into high grade box­

work, then into lean boxwork. Figure 6 ahovs a sequence which has been pieced 
.~r' 

together from a number of scattered drlll hole intersections and bank samples. 

(Figure 6 near here). The analyses and depths given are intended only as a 

guide to the scale and type of changes, and to show the relative mobility- of 

some of the major chemical constituents. 

Iron is concentrated in the soft saprollte, and the nickel content is 

highest in the upper part of the vein. Silica increases to a maximum at about 

the middle of the high grade zone and decreases b~ow t~s level. Magnesia is 

present in the sott'saprollte as both hydrous and anhydrous silicates and 

tends to be moderate in amount. The richest portion of the boxwork vein is 

low in Mg0, vhile the leanest part of the vein is high in Mg0 due to the abun­

dance of hydrous silicates.-
~ 

The sequence suggests that Ni and Fe are either relatively immobile or 
I 

are easily re-deposited, silica is moderately a.l>ile, ,.and magnesia is highly 

mobile. Conceivably, veins of this kind could grade downward into material 

composed of only hydrous Mg-silicates, although thia has never been proven by 

drilling. 

r 
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Figure 6. Depth Zoning in a Hypothetical Boxwork Vein 
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Table 5. Average Analyses of Boxwork Ore (per cent) 

Orebody Ni Mg() Si02 Total Fe L.O.I. 

Upper 1.78 22.0 59.3 7.5 7.3 

Lower 1.49 18.9 59.7 8.5 7.8 



Page 30 

Boxwork ore marks the locati'.Jns of major "plumbing" zones down which ground­

water containing Ni, lit,--0, Fe, and Si02 migrated. Drill h.::les have penetrated box­

work ore as mueh as 260 feet vertically below the present surface. The thick 

c<)mp-.;und boxwcrks in particular must have had a long hist--. ry of use as channel­

ways judging from the t•:.:nnage of deposited minerals. 

Saprolite Group 

Saprolite ~re underlies mJst of the red soil areas and accounts for almost 

70 per cent of the ore reserve. Because of their econ0mic importance, they will 

be discussed in some detail. The sapr.:.,lite group has been divided into three 0re 

types based on the content of fresh, unaltered peridotite or dunite as follows: 

Soft Saprcli te ;r• 

Hard Saprolite 

Saprclized Peridotite 

0 - 20% fresh rock by weight 

20 - 50% 

50 - 75% 

Material containing more than 75 per cent fresh peridotite is classified as Peri­

dotite or Bedrock and is generally n~t ore. The.saprolite ore types represent a 

c0ntinuous sequence of rock decomposition in which peridotite, or dunite, was the 

starting point. Thus content uf fresh r __:•ck is an index t!' the degree of altera-
I # 

tion, and is used in.this sense in the discussion which follows. 

The classification based on fresh peridotite content is useful in that it 

can be applied to mine mapping, to bulk samples, and to heavy liquid and micro­

scopic studies. However, it ia not c'..:mpletely satisfactory when dealing with 

drill hole samples. This results from the fact that the ore can only be sucess­

fully drilled at present with a churn drill, and the sludge samples are difficult 

t-=: classify visually. Some indication of the type of ore·being drilled may be 

obtained by close inspectiGn of the larger chips after washing out the mud, but 

,st of the al-tered material and some :..,f the peridotite is pulverized by the 

action . .:,f the drill bit. 

r 
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The most reliable indication of the fresh rock content of drill samples is 

obtained from chemical analyses. Pure peridotite contains approximately 44 per 

cent MgO, and using this as a basis, a relationship between MgO and rock content 

has been established. '::'his correlation is n0t simple because several minerals 

in the ~re contain Mg(), the principal ones being primary anhydrous silicates such 

as olivine and enstatite, and secondary hydrous silicates such as garnierite, 

serpentine, and sepiolite. Study of mineral suites prepared b;y; heavy liquid sep­

aration has shown that the ratio of hydrous to anhydroua Mg-silicates is fairly 

constant for a given content or fresh peridotite. Thus the MgO due to anhydrous 

silicates can be separated fr0m MgO in hydrous silicates as shown by the dashed 
. 

line in figure 7. (Figure...-,f'near here). The solid curved line in figure 7 

represents the average rock eontent, and allows prediction of rock content from 

MgO analysis to within± 10 per ,;!.nt. 

As a.further refinement, an empirical relationship between iron and rock 

.._,ntent has been developed. This relationship is used to correct the figure de­

rived by the MgO method, thereby increasing the accuracy or prediction or rock 

content to ± .3 per c.ent. The correction due to iron oontent is also shown in 
. 

figure 7. 

Both MgO analysis and the amount of fresh rock may be used interchangeably; 

they vary together and both indicate the degree of saprolization. Where possible, 

rock content is estimated directly, but in the many places where only' drill sam­

ples are available, the MgO - rock relationship is used. 

The saprolites show the same kind of jointing a.s.;t.be peridotite from which 

they were derived, namely three or more sets of joint pi.,anes intersecting ap­

proximatel.7 at right angles and forming irregular blocks or rhombs. The joint 

planes are nearly always marked by thin films of garnierite, chalcedony, or ser­

pentine., and the f1llls are preserved with no sign or collapse CJ deformation 

even when all peridotite has been completely decomposed. 

1 



Figure 7. Relationship of Mg() and Fe to the .Amount:of Fresh 

Rock in Crude Ore. 
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Normally, each joint rhomb contains a core of fresh peridotite surrounded 

by concentric layers of saprolitic material. A progressive chemical change can 

be traced from the core to the joint planes. Compared with the r~ck core, the 

outermost layers are lower in MgO and higher in Si02, Fe, and Ni, indicating 

that decomposition took place from the joint surfaces inwards. Joint frequency 

must therefore have been an important factor controlling degree of saprolization. 

Decrease in the total amount of fresh rock is paralleled in general by a 

decrease in size of the fresh rock residuals. This would be expected if altera­

tion was initiated along joint surfaces. However, the size of the residuals 

also depends on the closenes{:l of joint spacing in the parent rock. A highly 

fractured or jointed parent rock produces small sized residual fragments regard­

less of the degree of saprolization. 

The chemistry of the saprolite sequence is shown graphically in figures 8 

and 9 where grades of Ni, MgO, Si02, and Fe are plotted against thiclmess of each 

ore type. (Figures 8 and 9 near here). These profiles are not true vertical 

cross sections. Irregularities due to structure have been eliminated, and the 

resulting profile is an ideal section through a perfectlr.gradational sequence. 
\ -~ 

Although this situation does not in fact obtain, the general sequence of chemi­

cal change attending saprolization is illustrated. 

The two profiles are generally similar. Both show a systematic increase 

in MgO, and a decrease in Ni, Si02, and Fe as bedrock is approached. Differ­

ences between the two orebodies are also apparent. The total thiclmees of ore 

in the Upper orebody is about five feet greater than 1n'_the Lower orebody. Com­

paring ore type 'With ore type,. the Upper orebody saprolites are uniformly higher 

in Ni, and lower in Fe than those in the Lower orebody. The Si02 and MgO con­

tents tend to be variable but consiaering the saprolites as a whole, both ore­

bodies have about the same S102, while the Upper 0rebody is higher in MgO than 

the Lover orebody. 
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Figure 8. Chemistry and Thickness of Ore Types in the Upper Orebody 

Figure 9. Chemistry and Thickness of Ore Types in the Lower Orebody 
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The density of saprolite varies considerably, the most decomposed material 

.r" being the least dense. As this is an important factor in making accurate ore 

reserve estimates, a series of b·ilk samples of ~bout 200 tons each were collected 

to deterinine in-place tonnage factors. These samples were supplemented by a 

series of smaller samples obtai.'1ed from hand dug test pits. The results of the 

samplinc:; program are shown in figure 10 where tonnage factor (cu. ft/short ton) 

is plotted against MgO and ore type of the sample. (figure 10 near here). The 

dry in-place tonnage factor is controlled by mineral specific gravities and by 

porosity; the wet tonnage factor is further complicated by the degree of satura­

tion. 
·y, 

The close relationship between in-place tonnage factor and degree of al-

teration reflects the large increase in porosity which is achieved without 

change in volume. Due to the incoherent nature of the material, direct measure­

ments of porosity are difficult to make and usually inaccurate. However, por­

osity can be calculated from the dry in-place tonnage factor (Fd) if the true 

mineral specific gravity (Gm) is also known. Dry in-place tonnage factor is 

converted to dry in-place specific gravity (Gi) as follows: 

Gi = 2000 
Fd. 62.4 

Porosity (P) is then obtained from 

p = (Gm - Gi) x 100 
Gm 

A clear relationship between porosity and degree of alteration is indicated by 

the six samples plotted in figure 11. (Figure 11 near ;ttere). The highest ob­

ser-~ed porosity is about 60 per cent, expreseed as the ratio of void volume to 

total volume. 

r 
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Figure 10. In-Place Tonnage Factors of Saprolite Ore Plotted Against 

MgO and Ore 'I',ype 

Figure 11. Moisture Content, Porosity, and Degree of Saturation of 

the Ore TYJ>eS 
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Given the moisture content and poroaity of a sample, the degree of satur­

ation (per cent volume of voids filled b,- water) can be calculated • 
. , 

% vol.water 

% saturation 

= % weight water x vet in-place S. G. 

= vol. water x 100 porosity 

Figure 11 also shows the results of this calculation plotted against fresh 

rock content of the samples used. Although the data points are few, the trend 

seems to be clear. As peridotite is decomposed, the in-place density decreases 

due to an increase in pore space. As pore space is made available, the re­

sulting rock becomes increasingly saturated with water due to increased per­

meability. The increase;fu surface area available to chemical weathering, and 

the increase in permeability, may have had an important affect on the rate of 

saprolization. 

The impertance of the saprolite group is twofold. First, the saprolites 

account for a large part of the ore reserve and are valuable ': in 

their own right. Secondly, the saprolltes have been preserved in place with a 

few, if any, physical changes so that their origin frolll peridotite can be demon-
• .. 

strated almost beyond doubt. This provides a stable foundation for theories re­

garding the·origin not only of the saprolites, but also of boxwork and soil. 

The saprolltes are secondary after peridotite. Boxworks were derived from the 

chemical breakdown of both peridotite and saprolite, and are also secondary. 

However, the soils were derived from saprollte and box.work, and are therefore 

tertiary. 
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STRUCTURE 

Depth and intensity of saprolization follows a pattern which is complex in 
,, 

detail but fairly simple in its broader aspects. The pattern is 1.nf'luenced by 

three structural elements, namely, .former water tables, two sets of faults, and 

zones of intense jointing. These three elements make up the large scale struc­

tural framework which controlled ore distribution and the degree of saprolization. 

Water Tables 

A discontinuous zone of boxwork ore, more or less fiat lying and sub-par­

allel to the present surface, 1a found at the eastern end of the Lower orebody 

and along the southern margin of tqe Upper orebody. The bo:xwork ore lies just 
.;,r' 

below the base of the red soil and tends to drape over the underlying structures 

rather than conform to them. The location of this ore in the regolith is con­

sistent with deposition of boxwork elements at a former water table or similar 

boundary surface. Apart from the two areas mentioned above, this type ot box­

work ore is either absent or insignificant in amount. 

Faults 

Faulting and jointing controlled the localization of the faprolite ore. 
I •' 

Two major faults show a relationship to existing ore. One of these., known as 

Rock Fault, strikes approximately east-west through the Upper orebody and dips 

to the south at 35-45° (figure J). The fault has been exposed by mining oper­

ations for a strike length of 2800 feet and can be traced through surface map­

ping and drilling for an additional 3300 feet. At least two other sub-paral­

lel faults have been mapped above Rock Fault. These faults br~ch from and 

converge with Rock Fault forming a fault zone which in places is 50 feet thick. 
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'nle low dip of Rock Fault auggeata reverse movement, but ore thickness is 

greatest on th~ south or hanging wall aide, implying that a greater thiclmeaa 

of ore was preaerTed a.a a result of normal movement. However, this ia not neces­

sal"ily true; thicker ore could have developed as a result of grea.ter shattering 

1n the hanging wall member regardl.esa of the sense of movement. Striations on 

the several planes or :movement pitch steeply (75°-90°) both west and east., in­

dicating a atrong component ot dip slip. Striae are perfectly preserved 1n 

many places but, contrary to expectation, do not provide unequivocal proof ot 

the di~ection of movement. 

Rocle Fault is over1a1..9,.:1n D11111' pl&oes by a remarkably thick boD'ork which 
·""' 

is invariably vuggJ" and in places cavernous. This iJll>lies that the boJLWOrk was 

deposited in an open fracture, a condition not likely to be encountered under 

thrust fault conditions. In addition, the massive bcmrork is cut by steeply 

dipping tension cracks tilled with l.&ter barren chalcedony (figure 5). Thaae 

too are cansiatent with normal movement, and the balance of evidence suggest 

that movement on Rock Fault was normal dip alip. 

The tootwall o:t Rock Fault is usual.l.y fresh peridot!te, hence the name of 

the fault. &mfork ore along the plane of Rock Fault is known to continue lo­

c~ to a vertical depth of 260 feet below the present surface, indicating 

that the fault zone acted as a 11&jor artery for the escape of mineralized 

groundwater. Downward migrating groundwater would have impinged on the toot­

vall, but clearly had little or no ettect on the footwall peridotite, indicating 
' 

that the tootwall was sealed in some~-
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The eecom major fault, known as Spring Fault, strikes approximately east-
.-

west throu.gh the Lover orebody. The tault dips 28°-60° to the north, and can be 

traced for approx1mately 10,000 feet. Reverse movement on Spring Fault is sug­

gested. by- the tact that barren peridotite occurs at a higher level on the north 

(har\gjng wall) side ot the tault. The plane of the fault is not marked by box­

work despite the fact that boxwork is prevalent in the Lower orebody. This 

contraste markedly with Roek Fault, and suggests that the fault was not an 

"open" tracture. However, saprolite ore has been developed adjacent to Spring 

Fault to depths ot 230 feet be).ow the present surf ace. 
_;,r' 

Rock Fault and Spring Fault are both cut by" north-south trending, steeply 

dipping, normal .fau1ts. Mining has exposed three cross .faults cutting Rock 

Falt, and the sx:istence of at least two other is suspected fran drilling. 

striations on the expo'3ed :cross faults pitch steeply, indicating eseentially 

dip slip monment which resulted in horizontal offsets in Rocle Fault ot 10-220 

.feet. The structure o:t the Lower orebody is not as well known as that ot the 

Upper orebodT, and only one fault cutting Spring Fault has-been recognized. 
' -~ 

The cross fault dipe to the west, and the offset of Spring Fault is consistent 

vi.th nonnal movement on the cross fault. 

The relationship of taul ting to the age ot saprolization and boxwork for­

mation is canplex. SQile of the factors having a bearing on age are as follOWB: 

1. Rock adjacent to the known faults has been saprolized, and boxwork 

ore was deposited along maxzy- of the faults. Sme sapro\ite and bcmrork is there­

fore post-tault~. 

2o The average thickness of saprolite south of iwck fault is much greater 

than on the north (toot.all) eidec. This mq mean that saprolization started 

before Rock fault came into existence, and that saprolite was preserved .fr<ID. 

erosion by' dONnt'aulting. 

i 
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3. Striated and brecciated garnierite is common, thus some garnierite is 

pre-latest fault movement. Some garnierite cements brecciated garnierite frag­

ments showing that there is more than one generation of garnierite, and that 

some garnierite is post-faulting. 

These facts indicate that the processes of saprolization and box.work for­

mation started be.fore the .l&st· period of fault movement, and continued for 

some time afterwards. Whether the period of saprolization synchronized exactly 

with the period of boxwork formation is not clear. _'l'he fact that many boxworks 

penetrate deeper into the peridotite basement than saprolite ore suggests that 

deposition of booarork contin~ed after saprolite had stopped forming, or that 
_;,,,., 

the rates of formation were different in different parts of the regolith. The 

two major faults were probably in existence long before ore started to form. 

Renewed movement in the early Tertiary cut some early-formed ore, but ore con­

tinued to develop after movement finally ceased. 

Joints 

Joint intensity exerted a considerable amount of control on both the depth 

and degree of saprolization by providing permeable avenue• through an otherwiae 
, -~ 

relatively impermeable rock. A relationship between joint spacing and degree of 

alteration can be recognized in the field. Massive blocky peridotite With a 

joint spacing of about 24 inches is little altered except along the joint planes, 

which are usually coated with .films of garnierite and serpentine. On the other 

hand, relict joint planes in exposures of soft s&prolite show a joint spacing of 

the order of two to six inches. 

Although this is the gen.eral rule, a few exceptions are found, particularly 

close to major fault zones. In these zones, joint spacing may be less than two 

inches but the degree of alteration is often small. Where this is the case, the 

well jointed area has often been extensively mineralized by garnierite and chal­

cedony. This may have effectively sealed the rock against circulating ground­

water, thereby preventing further decomposition to a typical saprolite. 
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Irregularities in the bedrock togography can be related to permeable zones 

produced by f8:ulting and jointing. This is shown in plan in figure 12, (Figure 

12 near here) which rep-oduces a portion of the 3200 foot level of the Upper 

orebody. In this area, the major joint zones strike north-south and dip 50°-60° 

to the east. They are truncated by Hock J"a.ult on the north, and cut by a 11Y11 

shaped fault system in the southwestern part of the area. The pattern is sim­

ilar in other parts of both orebodies, and results in a series of "ribs" of 

peridotite elongated in a north-south direction, and dipping steeply to the 

east •. Saprolite ore types are not shown in the illustration because of scale 

limi:tations, but the centr,P: of the large saprolite areas tend to be soft sap­

rolite which grades outward.into hard saprolite and saprolized peridotite. 

Boxwork ore is closely related to the faults. 

A typical pattern of ore distribution in vertical cross section is shown 

in figure 1,3. (Figure 13 near here). In this ex.ample, two joint zones strik­

ing northeast and dipping to the southeast are cut by Hock !"ault. Saprolite 

ore types are developed synnnetrically around the joint zones. A l'7"er of box­

work lies slightly above, but parallel to the plane of Rock Fault. 

In detail, the distribution of ore types is more complex than shown in 

figures 12 and 13, and day to <lay mining operations have to be carefully con­

trolled in order to provide a.n optimum product and to reduce stripping. Toe 

complex bedrock topography increases the problems of pit design, haulage road 

location, and equipment utilization. 



Figure 12 • ·lffll Map Through a Port.ion or the uJ>PF Orebs>gY, 

3200 Foot Jlmtion 

Figure 13. GeoloP).e Cro@s Section C-D. ShQlling the Intersection 

of Joint Zones and R!£k Fault 
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NET CHEMICAL GAINS AID LOSSES 

Detailed mapping shows that aaprolization involved no change in volume. 

As already noted, undeformed joint pl.a.Des a.re preserved in the saprolites even 

1'hen all vestiges of peridotite have disappeared. If saprolization truly in­

volves no change in volume, net changes in chemistry can be followed by compar­

ing the metal contents of equal volumes of peridotite and saprolite. The prin­

ciples llllderl.ying the method are shown in table 6. The results of stm.il.ar cal­

culations on saprolites in the Lower and Upper orebodies are shown in figures 

1A and 15. (Figures 1A and 15 near here). 

The two graphs are generally- :ia1:m1J ar in shape and to some extent in amount. 

Both ahov a net gain of Ni, and net losses or MgO., 5102, and Fe. Nickel enrich­

ment ia less in the Lower oreboay'., and the "nickel bulge," shown at the base of 

the hard saprolite in the Upper orebody, is probably in the soft saprolite hor­

izon in the Lower orebody. The net gain 1ri nickel can only be explained by the 

addition o! nickel, presumably .from higher 1n the profile. Thia is perhaps the 

best chemical proof or supergene enrichment as opposed to purely residual en­

richaant. 

The net loaa or·1ron, amounting in IQJDe cases to one third or the original 

iron 1ri peridotite, appears to be atYariance wit.h residual. iron enrichment 

which often accomp&nies later:l.u.tion. In fact no conflict need e.xiet. If mag­

nesia and 9illca. are lost at a greater rate than iron, the residual material. 

will be enriched in iron. 
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Table 6. Calculation of Net Chemical Changes 

Weight 1 Ft) 

Ni Assay 

Lbs. Ni/Ft) 

Peridotite 

200 lbs. 

0.,32% 

Saprolite 

104.2 lbs. 

1.26% 

0.64 1.32 

~ 
Difference + 0.68 lbs. Ni 

Net Change + 106% 

r 



Figure 14. Net Chemical Chary;es in the Upper Orebodz Plotted 

Against Depth 

Figure 15. Net Chemical Changes in the Lower Orebod,z Plotted 

Against Depth 
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The results included in figurea 14 and 15 for the aoils are or doubtful 

value. The total lack of relict jointing, the prea«nce of boxlflork fragments, 

and the eroded appearance of peridotite boulders in the soil, all point to D:>Ye­

aent and therefore to some vol.ume change. A change in volume invalidates the 

calculatioD. However, if there hu been a change in soil volvme, 1 t probably 

tended towards decrease in vol.ume, and increase in density. Hence the va.l.uea 

given are JM.ximmu. gains and m:l.n1m:um loasea. Thus, the soils shc,v a net loas of 

•111ca, magnesia, and total iron. The change in nickel content was i.mall -

probab~ a net gain. 

Using alumina a.a a constant, Hotz {19, p. 380) cal.cul.at.eel the net chemical 
.A)""' 

ehangea shown by four near surface samples of W.ckel. Mountain ore. The chelli.­

eal ~• of the samples show that they are not representative or typical 

aoil, and the net changes are difficult to CODl)Q.r"'I vi.th the reaulta presented 

here, llhich are based on the weighted averages of the two orebodies. It is 

perhaps sufficient to conclude that, so far a.s the aoU is concerned., MgO al-

waye shows a net loss and that silica frequently_ does. 

nickel and iron are probably small. 

..... 
The net changes in 

Hotz• samples are not at all representative ot the saprolites proper, and 

fo:t this reason the result• cannot be campared with those given for aaprolites 

1a figures 14 and 15. 

Becauae boxwork ore does not shoV relict jointing, the "equal volu:me 11 

method cannot be uaed to follow net change& in chad.stry. The W&81' texture 

of the boxlR,rk ahovs that some or mNt boxwork wae depo~ited in ope fractures. 

The presence of angular fragllilents or fresh peridotite in some bcmforks suggests 

further that the aupergene solutions did not netab~ attack peridotite, and 

that. replacemmt did not take place. Clearl.J-, if bonrork vu deposited in open 

rracturea, the boat aaproli te would gain in all boxlfork elaen.ta: it would be 

valid to correct the net chem.cal changes ahown b.T the saprolit.es alone by- ad.d­

ing the chelld.ce.l contribution ma.de by the bcmfork Teina. 
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Unfortunately, the amount of box.work ore in each saprolite type has not 

been measured, ao that ore types cannot be corrected individually. Hawever, 

the aaprolitea as a group can be corrected as shawn 1n table 7. The soils are 

not cut by boxwork veins and are therefore excluded f'ram the tabulation. The 

figures given in table 7 agree in direction with the trends shown by saprc>lite 

ore alollf! indicating th.at the aha.pea or figures 14 and 15 are substantially 

correct. 

Tm present amount of nickel in aaprolite exceeds the total amount avail­

able from an equal volume of peridotite. The excess nickel is eupergene, and 

1! added to the aupergene;,Jlickel represented by boxwork ore, the total excess 

asunts to approximately _52 per cent of the nickel in the Upper orebody, and 

47 per cent or the nickel in the LoWer orebody. If same nickel has been loat 

from the system, as is probable, •upergene enrichment account• for even more 

or the present nickel reserve. 

It is extremely doubtful whether the present soil cover could have pro­

vided all the supergene nickel, and one is left with thepi-.-umption that the 

nickel vas derived rrs a thicker sequance of ore, now.~ost by erosion, which 

existed on Nickel Mountain at some time during the evolution or the deposit. 

i 
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Table?. Net Chemical Changes in Saprolite and Boxwork Compared with 

a Volume of Peridotite E9U!¼ to the Volume of Saprolite Only 

Upper Orebody Lower Orebody 

Sa.prolite Saprolite Saprolite Saprolite 
Only and Only and 

Boxwork Bo.xwork 
.., . .._ ,·~.•• >• '"•·••-.. ~--i.-,"M"•-..-. ......... ,,_.,.,..,.~,--.••,.H -~,,_- ",.,i,-,,_.,,-...,1-s._,.....,,-,.._f<>\_.,_.._,_,_ . ...,__,,..._, ___ ___,_.._ .. .-.L .. 

+95.1 +110.9 +57,8 +90.0 

-59,3 - 57.8 -68.5 -65.6 

-39,8 -.J,.8 -45.7 -36.2 
A r' 

-24.8 - 21.8 -15.6 - 5.9 

+ Net Gain - Net Loss Values in Per Cent 
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ORE MIKERALOGY 

The large and small scale chemical variations in ore reflect the progres­

sive mineralogical changes due to saprolization and supergene enrichment. 

These changes are difficult to follow microacopically because moet of the min­

erals are fine grained and •tained with iron oxides. Moreover, many of the 

secondary minerals belong to little understood and poorly classified mineral 

groups. 

The ultramafic rocks on Nickel Mountain lack sulfides of any kind. This 

supports the generally accepted view that the presence of nickel in peridotite 

us~ can be explained by t,he substitution of Ni2-t- for Mg2-t- in the olivine 

lattice. Most of the nickel in the orebody occurs in a. number of secondary 

minerals or mineral groups; one of which is garnierite. 

Garnierite 

The existence of garnierite as a distinct mineral. has been questioned by 

many workers. Pecora et al.. (35, p. 22) concluded from a study of eight Nick­

el Mountain specimens that ga.rnierite "is not a single mineral but a mixture 

of at least two and possibly three hydrosilicates analogous in structure to 
\ -~ 

serpentine, deweylite, and saponite (pimelite) 11 • They suggested retaining the 

name garnierite as a field term. Hotz (19, p . .385) concluded that his X-Ray 

diffraction data of the specimens of garnierite from Nickel Mountain could be 
0 

interpreted as "mixtures of serpentine and a lOA layered mineral". 

r 
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Garnierite varies in color from a pale greenish yellow (1-Y 8/2)__/ 

through shades.of moderate yellowish green (109Y 6/4) to a brilliant green 

_}Color terms and designation from rock cclor chart, published by the Geologi­

cal Society of America, 1963. 

( 5G 6/6) . The colors are more intense in wet specimens. Pecora. et al. (JS) 

showed a close relationship between color, refractive index, specific gravity, 

and tenor of nickel. Low grade samples are pale in color, have a low specific 

gravity (V\ 2.55), and low refractive index (1.56 - 1.57) . 
. 

Garnierite is megascgpically homogeneous. It appears to be amorphous, and 

when dry it is brittle and_soft (H=2-J). It has a white streak, and fracture 

surfaces are earthy and dull. Garnierite_frequently shows a colloform. texture. 

Dendritic manganese can be seen along fracture surfaces. Thin secti.£ns and 

grain mollllts frequently show two or more generations cf garnierite which can be 

distinguished by differences in grain size and color. Under crossed nicols, 

garnierite is crypto:-crystalline and fibrous with low bir~fringence. 

Occasional pieces of moderate yellow green (5GY 7/4), clay-like mineral 

having a sub conchoidal fracture are found, mainly along joint surfaces. The 

:material adheres to the tongue and is megascopicall.y homogeneous. It is brit­

tle, has a white streak, a hardness of J, and a greasy feel. One sample as­

sayed l.J per cent nickel. Under the microscope it has a speckled mosaic troc­

ture. The mineral is feebly anisotropic and fibrous, h~s a mean refractive in-
' 

dex of"'l.58, and a low birefringence ("" .004). The mineral is probably a. 

clay-like form of garnierite. 
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Chalcedop.y 

Chalced°':lY occurs in a variety of pastel colors, including white, gray, 

yellow, brown, pink, and green. It is brittle and has a hackly fracture. Open­

ings and vu.gs are commonly lined with chalcedony which has a sugary appearance 

due to light reflections from minute prism terminations. Some vu.gs, however, 

are lined with coloform chalcedony. Shrinkage cracks are typie&l of thinly 

layered chalcedony. Under crossed nicols, chalcedony appears as a distinctive 

moaaic of small particles, about .01 nun in diameter, each of which extinguishes 

aeparl!,tel.y. Thin sections of chalcedony cut normal to the walls of vu.gs some-
i. 

times show several curved ,,_;,.colored bands of moaaic chalcedony ending in a layer 

of slight]J larger (.0.4Jmn) crystals of clear silica. 

Garnierite and chalcedony are intimateJ.s- aesoeiated both on a megascopic 

and microscopic scale, and exhibit a variety of textural relationships. The 

a,sociation and textures make it clear that they were deposited essentially at 

the same time. Colloform banding indicates that both garnierite and chalcedony 

were deposited partl:y as colloidal precipitates. 

Sepiolite 

Thin veins of a white to very pale green (lOG 8/2) mineral are found oc­

caaionalJy in massive compound boxworks along Rock Fault. Hotz (19) identi­

fied this material as sepioli te. When wet, sepioli te is highl:y plastic but it 

dries to a semi-plastic or brittle material With a hardness of about 2 and a 

amooth or greasy feel. The vein material is foliated parallel to the vein walls. 
·, 

Microscopical.ly, each mineral plate appears to be fibr.c;UQ. The mean index of 

refraction is close to 1. 53 and the birefringence is low ( V'\ • 01) • Sepioll te is 

not an important ore mineral,aa it h&s·,been f-:)undGlly in places along the plane 

of Rock fault. 

r 
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Chlorite 

In the eastern part of tlie mine area, a micaceous, pale blue green (5 BG 

7/2) mineral occurs in veine up to 2 inches thick along joints and fractures. 

The mineral has one strongly developed cleavage and two other partings at about 

77° to each other, consequently the mineral crumbles to triangular or rhombic 

plates. The mineral is soft (H=2), has a white streak, and the specific gravity 

is about 2.43, One sample had the following partial chemical analysis. 

NiO 1.0 .• r. Total 

36 .. J 42.6 J.8 7,3 9, 5 99,5 

;,,,,: Analyst - E. J. Jrimm 

Under the microscope, this sample has a small(-) 2'!, and low birefrin­

gence (V"I .04). Dr. M.A. Kays__/ notes that the X-ray diffracti0n pattern of 

__/ Personal communication April 5, 1963. 

this sample compares favorably with the A.S.T.M. index reference tJ penninite. 

The optical properties suggest that this may be a nickeloan chlorite in the 

schuchardite-nepouite· series. The mineral has been fou.'1d only at the east end 

of the present open pit in the Upper orebody on the 3160 foot level. It is not 

an important ore mineral. 

Sa.prolite .Minerals 

Fresh olivine crystals decompose to a hard, brown, compact material known 

colloquially as 11 hard oxide 1:. This in turn decomposes ~o a brownish yellow, 

soft, incoherent material terraed 11 soft oxide". Alteration starts along frac­

tures in the ,~li vine crystals and continues until no trace of fresh oil vine can 

be seen, and the material is completely opaque. Fine seams of serpentine and 

garnierite cut the altered material but do not appear to have controlled or in­

fluenced the formation of the 1·0.xides 11 • 

r 
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The brown color of "hard oxide" may be due to the developnent of poorly 

crystalline goethite and limonite, while the brownish yellow color of 11soft 

oxide" m.q be due to an increase in the amount of limonite. Hptz (19, p. 369) 

reports that mont.1".orillonite, c..'1lorite, and talc constitute the clay fraction 

of the laterite at Eight Dollar Mountain i.I1 Josephim County, Oregon, about 50 

miles southwest of Riddle. Because the geologic environnents are similar, these 

minel'al.s may &1.so be present in the clay fraction on Nickel Mountain. 

Clay sized fractior.s from crushed 1'l1ard oxide" were prepared. by washing 

and decantation. Fine f'rag:nents ot garnierite and serpent.ine were hand picked 

witil the resulting clay tracitlon was microscopically free of gi,een nickel­

bearing minerals. Assayo of. this material show that it still contains between 

1.0 an! 2.0 per cent nickel. The fonn i..--i which the nickel occurs is not known,. 

It is likely that ~a2• released fr<r.i. olivine would proxy for 1182+ in mont­

morillonite, chlorite, serpentine, am talc. It is also likely that Ni2+ 

would be adsorbed on nearby· l:imonite. If the conclusions drawn fran. the 

study of net chemical. cr.anges are accepted, nickel in this form could be a sub­

stantial. portion of the total nickel resel"'re. 
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ORE GENESIS 

Ore on Nickel Mountain is related to high level erosion surfaces 'Which 

provided a gen.ti,- sloping terrane suited to prolonged chemical weathering. 

The oldest peneplain, the Klamath., maJ" date back to the loeene, and all the 

erosion levels are pre-Pliocene in age. The climate 1n Oregon changed slow]Jr 

from subtropical in the Eocene and Oligocene, through warm ;_ tempenate. condi­

tions 1n the Miocene, and culminated in the Pleistocene glaciation. The pre­

sent cli•te is teaperate with a marked seasonal rainfall. 

It has been sho'Wl'l that the present lllOrphology of saprolite ore is con-
. 

sistent ld,th weathering of pe~otite by meteoric groundwater migrating down 

joints and other planes of weakness. The close relationship of ore to per­

JReable zones indicates that drain&ge was an important factor in ore fonaation. 

Although the preaei-ved amount of saprolite derived from serpentinite is 

amall, this may- be due more to selective erosion than to serpentinite being an 

unfavorable pa.rent rock. However, serpentinization is not a necessary 

stage in the formation of saprolite. 

The tbiclmeas of eaprolite in the Lower (younger) oreoody is lesl5 than 

1n the Upper (older) orebod;r. This may be a reflection of the amotmt of time 

each orebod;y was under tho innuence ot a relatively favorable subtropical 

clilllate. Further confirmation of this ll8Y' be found in the higher degree and 

greater dept,h of nickel enrichment in the Upper orebody profile. 

Table 8 lists analyses of three selected Ballples rep~senting 70,':X)O tons 
I 

of sort saprolite containing little or no visible fresh peridotite. If the 

trend of chemical weathering were to continue towards a lower MgO, the result­

ing Mterial might properly be elaesif'ied as nickel laterite, and would be sim­

ilar to soae of the New Caledonian laterites described by Ch;telat (9). Nickel 

r--- laterite JIIIY, therefore. have overlain the t!laprolites at some tiJRe during t,he 

ewlution of the deposit, and have been lost through subsequent eroaiono Part 

or the present eoil cover rr,ay be a re-worked and leached reeidne froJa the laterite. 
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Table 8. 

§ample 

1 

2 

3 

Weighted 
Average 

r 
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An~ses of Selected Sa111>les of Soft Sa2rolite 

(per cent). 

Ni MgO Si02 Fe 

1.ll 15.5 56.0 ll.7 

1.46 13.2 50.5 9,9 

1.36 14.0 50.5 15.3 

1.23 53.8 ll.8 
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A distinction has bee:1 drawn between residual and s·.1pergene nickel enrich­

ment. These processes overlapped, and it is likely that supergene enrichment 

took place partly as a result of residual enrichm.a.'1t, a..-.d perhaps continued 

long after residual enrichment of the saprolites had ceased. Cuccessive stages 

in the genesis of the Nickel Mountain orebodies are sunmiarizec. i:1 fi13ure 16, 

where c~a..nfes in climate and elevation with time are related to the predominant 

ore forming process. {Figure 16 near here). 

Residual cnrichme!1t of saprolite by selecti·,e leaching can be inferred 

from the data presented on net chemical changes, where large net losses of Mg() 

and SiO::;, arid smaller nct_j.&sses of total Fe were shown. The lar,t':e net rain 

of nickel does not preclude- absolute loss of nickel; simply that more nickel 

was introt!uccu th.::..n w-1s lost. 

'I'he inti.Date associatio:1 of earnierite and chalce:lon:.r inJicatos th&.t t:1ey 

were deposi tod csscr;tially at tLc S<ir.le ti.1:.c. ·:'ho physical ard chc:::-ical conoi­

tions at variov.s horizons wit'ri:1 t::") saprolitc profE.e at the ti'/H; of for-rnn-

tio.:1 aro not know:1, Le:icc it is diff'ic·..u.:. to po3t.Jlo.tc th:: ~ec:umi3:n of super­

c;ene em·ic;-u:.1ent. Precipitation frorJ sol..1tio~1, aw; deposit.:0::1 as colloids are 

both possicle mec' :anisms. 

r:.:{!)erine:1-t.al work by 1-:tlgller- (3::) a:11 otters has sLown tr.at nid:el ric;, 

hydrous ;~.i-silicatcs can c. c syntLesizei a.t essentially atmospheric temperature 

and presau.re. . . , ... +2 , +2 f:uoller l.1c~s also srow:1 ti.at icru.c excJ--,an:~e 01 ;Ji Lr 1'-f: can 

take place :.n a LTJ.ch more acidic environ.:.1cn:. tl.;:;.;1 precipitation of nic;..:el, 
I 

suggestini:.~ t~iat iorJ.c ex.ci-ia.1160 co1:lJ occt:r at I1i;)1cr lov€.;1S in trie ::;o.prclito 

profile than precipi t::tio;.. \','hether tids in :~act took place is net bown. 

i 
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Figure 16. Stages in the Genesis of Ore on Nickel Mountain 



AGE Eocene I Oligocene Miocene I Pliocene I Pleistocene I Recent 

CLIMATE Sub - Tropical I Warm Temperate I Temperate I Sub-Arctic I Temperate 
. 

. 
ELEVATION . ./>"' 

4000
1 

-

UPPER OREBODY 

3000
1 

-

LOWER OREBODY 
2000'- ................................................. 

1000' -

o' . . . .. . 
I 

. .. 

ACTIVE a. - - - - - -
PROCESS --b. - - - - -

C. - - - - -
a. FORMATION OF LATERITE AND SAPROLITE BY RESIDUAL ENRICHMENT. 

b. FORMATION OF BOXWORK BY SUPERGENE ENRICHMENT. 

C. FORMATION OF SOIL BY ALTERATION OF LATE RITE. AND SAPROLITE. 
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The source or the supergene nickel and silica was probably the missing 

lateritic portion of the profile. Successive staaes of uplift would tend to 

activate the drainage, thus enhancing the role played by supergene enrichaent. 

Al.though the exact mechanism of boJCWOrk deposition is not known, it was probably 

dependent on a gradual change in pH with depth. Erosion o:f the la.terite cover 

would cause the pH zon.ation to shift downwards, thereby increaaiDg the chance 

of early garnierite being redeposited lower•in the profile. 

Austin (3) was of the opinion that some of the quartz veins (garnierite­

chalcedony boxwork veins) were deposited by hydrothermal solutions, but the 

field and chemical evidenc.e·does not support this point of vi• . 
. ..A-r' 

Some difference in the. mode of origin accounts for the textural and chemi­

cal differences between soil and saprolite. If one a.ssUMs that soil was de­

rived from saprolite (or a pre-existing laterite).then it is necessary to find 

a process whereby joint planes were obliterated, eaprolitic skins were removed 

from residual rock fragments, boxwork veins were truncated and fragmented, the 

total Fe was increased, and Ni was decreased. Movement in the form of downhill 

creep, landslides, frost heave, and the like would tend.to accomplish the 

textural changes involved. It is unlikely that the amall amount or movement 

which did take place would completely destroy the .former textures, but remnants 

of these textures are not found, suggesting that a chemical agency was also 

involved in the transformation. 
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If chemical transformation took place, the environment was not the same as 

the envirenment of sa.prolite formation. This is deduced from the fact that 

peridotite boulders in soil are not saprolized. It appears that the soil-form­

ing environment was effective in altering previously formed saprolite, but not 

peridotite. Further confirmation of this can be seen in ...:..ld test pits and 

older mining cuts in rocky ore which show evidence of decomposition under pre­

vailing climatic conditions. In these cuts, the saprolite crusts are weather­

ing 1'J soil, but the peridotite at the cores of the joint rhombs is not being 

altered. If this were to continue, the end product would be similar in ap-
. 

pearance to typical soil. _;.r• 

Neither soil nor saprolite are found on erosion levels below 1900 feet in 

the Riddle area. From this it may be concluded that saprolite is not forming 

under mdern climatic conditions. The fact that soil appears to be forming 

over saprolite at higher levels, but does not form directly over peridotite 
I 

at low levels, further confirms that soil does not ,:riginate directly from peri­

dotite.Where soil is found directly overlying peridotite above 1900 feet, it 

is reasonable to assume that the saprolite once present-has been changed to 

soil. 

The soil/saprolite thickness ratio is appreciably greater in the Lower 

orebody suggesting that the thickness of soil in the Lower orebody may have 

been enhanced by erosion of the Upper orebody. Transported soil, probably 

overlying the Riddle formation, has been found in the NW¼ Sec. 21, and was de-
, j 

rived from the Lower orebody. 

For these reasons, it is likely that the soil cover originated from -

eaprolite by a combination of mechanical movement accompanied by chemical 

weathering under more temperate conditions than were needed to produce sapro­

lite. 
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Honeycomb boxwork fragments in the soil have been partly leached of their 

garnierite C(?ntent and tend to be barren. When the larger fragments are broken, 

garnierite can often be seen enclosed by chalcedony septa. Some of this leach­

ing is Recent as shown by thin coatings of a pale, whitish green nickeliferous 

material on modern tree roots. Other roots are partly replaced by the same 

whitish green material, and one of these assayed 1.83 per cent Ni. The wood 

fibers in this particular sample were still visible, shOW'!i.ng that movement of 

nickel took place quite recently, certainly within the last 150 years • 

. Analyses of mine waters also shows modern movement of some of the major ore 

forming elements. Table i:gives analyses of two water samples. ...... Sample 1 was 

taken from a drillhole at a depth of 150 feet in the Upper orebody. The hole 

was stopped at Roe~ F.ault and the sample is of water draining down the plane of 

the fault. Sample 2 was taken from a drillhole in the Lower orebody which was 

drilled into Spring Fault. The sample was collected at surface, approximately 

one year after the hole was completed. 

Hawkes and Webb (17, p. 115) indicate that fresh water may contain from 

.02 - 10 ppb nickel. The nickel content of the two samples in table 9 is ap­

preciably higher than the high end of the range (.01 p.p.m.). Modern ground­

water is apparently continuing the process of supergene enrichment, but not the 

process of aaprolization. 
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Table 9. Analyses of Natural Watera on !Y:ckel Mo1111tain (in !·J!•m·) 
~ 

Total 
Sample Ni MgO Si02 Fe Solids pH 

l 0.06 67.0 42.0 0.7 180.0 7.9 

2 0.02 65.0 16.0 0.2.4 166.0 8.0 

Analyst E.G. Wilson, Hanna Nickel Smelting Company 
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CONCLUSIONS 

Sub-tropical to warm temperate conditions during the early Tertiary were 

responsible for the development of nickel laterite-saprolite profiles over 

peneplaned ultrama.fic J::,odiea, .. : of Jurassic age. A series of mid-Tertiary 

tectonic events, which included at least one other major stage of terrace cut­

ting and laterite-saprolite formation, lifted these deposits to approximately 

their present elevation. Active erosion due to uplift reduced the nickel de­

posits to their present thickness and areal extent. 

N~ckel Mountain ore was enriched in nickel by residual and supergene pro-

cease■ • Downward percolating meteoric groundwater selectively leached MgO, 
_.,;;Y' 

s102, Fe, and Ni from the p~~dotite. '.!'he depth and degree of alteration was 

largely controlled by the intensity of jointing and faulting. 

Saprolite is quantitatively the most important ore, and is recognizably 

residual after peridotite. Enrichment of nickel in the saprolites took place 

by selective loss of MgO, s102, and to a lesser extent of Fe. In addition, 

nickel leached from overlying ore was redeposited in underlying sapr01ites by 

eubstitution for Mg or a.dsorbtion on limonite and clay ~erals. Formation of 

saprolite was at a maximum in the early Tertiary due to favorable climate and 

topography. 

Solutions or sols containing Ni, MgO, Si02, and some Fe migrated down 

major fracture zones, depositing some of the contained elements as cha.lcedony­

garnierite boxwork ore. Colloform garnierite and chalcedony indicate that 
.·, 

some of the material wa.a carried and deposited in colloip~ form. Supergene 

enrichment is probably still tald.ng place today, although at a much reduced 

rate • 

f 
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A thin lS3"er of nickel bearing soil was derived from and blankets the sapro­

lite and boxwork ores. The original ore textures have been lost, in part by 
., 

movement, but also by chemical weathering under temperate conditions. Soil is 

probably still forming from saprolite ore, but is not forming directly from 

peridotite. The stability of anhydrous magnesium silicates under present cli­

matic conditions is apparently much greater than the stability of hydrous sili­

cates. Soil is generall..v of lower grade than the ore which underlies it due to 

leaching, which is still taldng place. 

Chemical and mineralogical trends in the preserved. saprolltes indicate that 

a laterite capping may once ~ave covered the orebody, and that the full profile 
_;,,..., 

mJ:J:'J' have been very similar to some New Caledonian orebodies. If allowance is 

ma.de for the physical and chemical differences between serpentinite and perido­

tite, many of the features of Cuban and Phillipine ores derived from serpen­

tinite can also be matched. Nickel Mountain is the preserved. remnant of a de­

posit vbich originated under conditions now prevailing 1n the tropics, modified 

by effects due to later temperate conditions, and presents an excellent oppor­

tunity of studying the root zone geology of a nickel laterite deposit. 
' : 
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Niokel Mountain (nickel) 

702 Woodlatk Building 
Portland, bregon 

Report by: Ray c. Treasher 

Date: Aug. 10, 1943 

Riddle area 

Douglas co. 

Mr. o. D. Rohlfs, Principal Mining Engi~eer, Ferro-Alloys 

Branoh, W.P.B., Washington, D, c. had requested that I take 

him to visit the Freeport Sulphur Co. property at Nickel :Mtn. 

He arrived at 12:39 p.m. Sat., July 31st, with Mrs. Rohlfs, 

and they were taken to Nickel Mtn. and to Rose.burg at 11:58 pm. 

The aooess road is open about half~~etween the 

Discovery area 8.Xld the West area.~e~~to the West area, 

looked at the shaft an4 ente~~~O toot adit. Rohlfs 

secured some excellent~~~. Note was made of garnierite 

in a narrow shear~~~~ N. side near the floor, and as 

thin crusts ~~~t planes. We next visited the Discovery 

area, entere~e adit and the shaft. 

Rohlfs had 6limax ~oly. drilling data, but no Freeport 

data. In the West adit, about 2% tor 100 ft. and then less 

than 1%, after fairly solid rock is encountered. At Discovery 

adit, 3% tor 75 teat and then l to l.5% in harder rook. 

Discovery shaft, up to 4% for 20 feet, and then the grade drops. 

Clima• drill holes show erratic valwes but little below 30 ft. 

Nickel seems confined to brown, soft zone and to depths 

ot 30 feet. Even this will 
1

be erratic. The limonitic material 

of the "boxwork" may carry li %. The red soil may carry up to 
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702 W Qodlark Building 
Portland, Oregon 

3/4 % Mineralization is spotty, I'd be interested in 

Freeport's drilling results. 

Some geologists prefer a hydrothermal origin for the 

garnierite, whioh theory I cannot see at all. Neither can 

I see laterization, with all the silica that is obviously 

present. Ralph Taylor {Freeport) collected silica gel, in 

the process of formation in the We$t area adit. I believe 

the silioa, nickel, etc., came from the decomposition of the 

peridotite, in situ. 

Rohlfs said that W.P.B. is interested in New Caledonian 

ores, Three furnaces are in operatio~~~- plans on a 

fourth rurnaoe either at the ~~~~an Francisco. 

In events. F. is chosen, do~~garnierite of plus 3% 

grade will be aceeptwA~~s idea is that if Freeport 

gives up their le~~p:iJ. might be interested in High­

grading the~~-
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' -,· . ,, 'P'T oi:-: ut:.uLOU} sTAtLu~ 
& M.lNERAL INDS, 

702 Woodlark Building 
Portland, Oregon 

Bil4l• .area 
J)~A-S CJ 

F.reeporl SUlphu;r: 1a eXploring the Jlickel deposits here. Oll. 
workin&• haw 'Deen o.leanel ou:t panieu.larly the a41l and shaft ai 
'the "DlaooYer;," and 1he 80 toot · ah.an an4 ihe lower adi t at the "Vleat 
area."• Xn 8441.tion 4rllllng haa been atarte4. 

Climax Jlol7bdenum drilled a nor'th-aouth line of hole• through 
the •DisoOTery" area on 40p. too;. cen1iera, about l938 or 1939. Bobb• 
an4 Jecora cUA ~, lll8nticm thia work am. it 1a doubtful it the)" knew 
V 1$. Jreeport b.aa atarud a line or holea 400 teet weat an 400• 
oe?:'tera.,, .and will ten tinu.e to •XJ>lON on U., 1re.a1s., ·~ ln1max warlc 
conaiatecl ot three hol••• the tleepen lteing liG , ... i. rha w•.1ghta4 
anrage assay waa l.87 percent niokal • 

. R•••' heeport clzlUin& pr•yecJ. nicte+ in ~a peridotite at a 
d.ep\h ot 121 tea"• - a zone I J:eet. thilk. Jfinor oowlnga were fOIUld 
at 161 teet. 

Ge.na1n oaaerva.U-.. were mad• at 'th•~• ot '\ha dait. Th•J' 
are reeord. 8d here frd what they are wort~ . ~ ~ ettort to evaluate 
Bo\'tlta and. Pecore•• (B ll J?) oltaerTati~ 1 nclusions. A study or 
their ;paper 1• advisatl-. ~\ ~ 

1a preaent; both in the co t e urraoes and in "Wea• at 
Red soil aeems to a..-er~ bly uniform in nickel when nj_okel 

~r elevations aooord • P. Wh.8' does thia indicate .. · 
rele.Un ,o aupergene./',-~·-~.................... i, Perhape the present nickel show111t;s 
represent a onoe c t~'IIV"""" blanket the., oayered the JIOUA"a1n1 • 
later eroded int J{~HRllJ'-¥ terraces. (su.ggested b7 Dan Eyana,. 
B. • P • ..t 421214 . t at the limonite enclosed in the baxwolk aaaa:ra 
aboui 1,-. nickel. s 1a wry similar to the percent ot niokel. in 
the red soil. They also say that the amndanee ot quartz in garnie­
ri te ~•c.~ues downward, y~t we tonnd siliea being dapoai ted, right 
now. n e rower r oak. 

On .P• 213 B. &. P. mention e. progression of paler wr1et1e• ot 
garnierite to darker nrieties tO'W'&.ri the aurtaoaa and that 'ih• 
darker color• l'8preaent richer material.. In the lower ad.it, "West 
area•, tl:d.a ia not true as dark garn.ierite ia abundant in seems 1a 
the per1dotile. 

On ll• 2141 R. &. P. et.ate that brown cherty silioa ia more abuJl4ant 
nearer the 8\lrraoe, but I found abundant brown cherty ailioa 1n the 
lower adi t, "West area"• e.n4 'han aome 'beautiful sp ec1.mens to ;prove 
it. 

!he abOTe o'baerntions suagest difficulties with the R. & p. 
'theory ot origin and the apparen, "upward" mOTement of sUioa and 
nickel in ,he aeoond siage. Anoth• auueatin feature is the s1m1• 
larity 1n niokel aasaya ot the red soil and ot the l1ll1onite between 
the boawork.. U the aeoon4 stage is a re-conoentration it is odd 
tha, that "matrix" ahould 'be ao unitorm in nickel content. 
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~tal:e :bepa 7-tment of §eofo9y and clV{ ltwd ff nd1.1,1,bue1-
702 Woodlark Building 
Portland,· Oregon 

Some obserYationa aboui silica were made. 1'here ia 11 tile d. liea 
in tle red soil, exoept cellular masses that probably haye worke4 
up troa -the lim.oni te sane like llilrp rocks work upward in a pavellet 
read. Silioa 1• al)und.ant aa box work 1n the lim.onite zune.. Silioa 
gel 1• \eing depoaiied ~ m-•ent time in ihe per1dotitt1. aa 
e't'idenc•4 bJ the gel on ~\ iera ancl ah.on& Joint cracks !n the 
lower ad1t, •weat area"• Whether nickel is bei_na deposited with the 
gel is not lalOwA. 

fhG poiJlts ot the uove diaeuasion. is tha, ailiea appe.J",ntly 1• 
D10V1ng JR.~. It the oYe l:'.lying limon.i w and red a oi1 1 s ,rue la wr i 1e, 
it she · efioien'l 1n ail.1•• K1ght ih• be a poaaib111 v that 
-~oth a.Uioa. and. niokel.: _a.re. -~iii&- l.e~ frdl.,:t-Jla .. -puJ.4&\1~• "a" \he 
present th&.e. 

A factor QYerlooked l.>y H. • p. was the tlat top o~ a portion ot 
Nickel •oantat n. Thia area is covered w1 th a red soil or UJllal.own. 
de» th. ()utoropping perido'iite frequently baa eellular quartz on its 
surtac••• 8ome ot thia qmrtz shows 1--.t•rite. 

ly,tareno•.!. H. A. P. e Hobb!t S. Wl\ff~en ~~ 1 William!., l'lickel 
deposi'ia near nddle, l>o . ~~avregau u.s.CJ.8. 

Bull. t31-I. 

Wol"lllll.a';. Ba7 c. 'lreaahe~\ ~~~ l!O, 19.f.2. 

~~~~ 
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be ~ u.. i-c f- c=:d . r Lt l~ s+~c er \Ii/ Lt C t-r ¼ ~ c:::; VO ( l::1 (J I~ 
co~ ~C, is u.of- a dcc;ua.-{c.. +o cover ~ f;~t-t(~u la,~ 
5 I·+ U Ct 't- io 4 

1 
-f-~ ~ ·K-< e. I(' c +ct--~ C" ~s ~ d Co L<..., v"'I.. e. u.--f-5 

{2 cco i-d.s ~ ,-~ us cL ~ ~x J.J ( .. ~ G -f-(.a· 4 . 

,. 



Gt..+f'-,.es cL-.s19 t.t.::.i-~d ''a'' CA/-C op+l~v.t;.,/ c+a-t-a. 
17 of- CA b sofuf-t'" fy e:-;.S~l.(tt4.( i-o c>prr-a+r~l.{ ~-t=' 
sys+~ 

1 
bu+ f-ef.Jf-l!"se:.u, f- 7 6od t.u {o,v..41l0<-1 

5 Lo v / d b ~ ,·l.{ c ( u d c-d . 
I\~ os+ rn ,·.v.. c r-ct ( co'-'--<~ o ~ft+(· es eu {~,c.J LI.A. i-6 /VI AS 

1-c.-9u;t-c cowrfcit.;L<. of a_ B~<Aef(.C(4'°h~u Rc.-cor-d 
d ~.s ct-,· h IL'-7 ~d cos+ l·~ aLJ+- ff: e be~ c {:(C(~'t-tou_ 
p (-t) c e ss,., ~d. 4 11-~s jJ" r+- a 't-t o c..t tr ecc:> c-cL rl e sc H b t ~ 
tl e ;o &4 +G. of fl~ Le £'..A~ +rc,a+ co~ rt-oducf- +o fl~ 
--F,~f- l1"'C#tfte_+ ~o~u.t. Tle r_-cs,'clu~ t,,~frc( A~pos~-ts 
Ci 1-<:". UIA 1 ·9 u e ~ 4 f-L ~ f a d t 1-ec f- o t-~ t'C-d uc.. i-l~ L{ 

pi-~ ces,s- is etAAployeJ.,J ~d -te~ Ot-c ,-+s~ rf 1$ a 

n-..c,,~( ~ tobfc . ;.; t-oducf-' tl ere-tot-c_ fC ~5 c_ +wo . 

f? ~ CO l -d -5 C< .-C l-« 0 f-- us r=.d,; a-., d LL-t C. y b C C) l.L< ,.--H ~ d . 



., 

l-ec. d 1·n9 .z c:.ros r~Cl ui red wkeLt. ..so coded 
U.S. BUREAU OF. MINES 

MINERALS AVAILABILITY SYSTEM 

IDENTIFICATION · I,.. e~ ye_ b lt:.1.o ~ 
E'k.··tc·i-- 1~ .pe1A.cil) ~5 ...5et"lvcucc_ vvL..i='-'t_ t:'.-1 ... dt'ri 

Record . nu m b cr-.. s 111 o/ /) c cl... a IA q c d ·11.-\ 
1
· +\> J d -' "'i 

I 2 5 9 10 12 .Jl/ "" ~ 'G{. 

Gwstate Id I I9Icounty lololol ti sequence ·lol 1 lo! Record lJAct~~c';de~{fos,'t-

/coded INDEX 001 \ coded INDEX 002 Number Identification coded INDEX 006 

0 re9 Ol.-\ Dou,s 1~..s r 1.-c.5+ ,;z.. d ~9; +.s of y C C41- of- e4 -1-t-y - clo es IA.O t- ... 
14 · ~ 15 16 17 cf....c.....-..q c. ol.-{ vr1d~+~ 

ICI Type of Deposit Description. E [zEiJ Year of Initial ~ Field Center Maintaining 

t coded INDEX 007 Information Entry. E t Backup File· E 

L c.+\-q-
11 

C.
11 

s10ni-f1'c-s e«... \ coded INDEX 008 

co my lc1c) c. II record Cod~"~ •c :::-__ W PO c__ +, 
des c 1~,·yt',ciL(, Commodity Description- E be· used Oc..t c:. (/ j . 

, .11 11 L'' · 1 • J e> t--e3 °t-t <! C411-furt..cl~ 
'- ~ nc r . / IA.O 

I cc. r_cs . Commodity Name Grade Units e 1.A+t-- ~ cs ' 
~, l oced-,o'--< d c.scr-1p+1°"1 coded INDEX 009 coded INDEX 010 · 
w1+4 l.,\O i-e.so1.Jr-cc:. 10 20 21 

d c-\--c rrn ; 1.-1.c. + c·ol( sCommodity 1 !4 l:2 . .-lo~ N ~c ~c. l OJ<- \N C'l 9 ~ t y? e I-c et<+ 

C-t "'-<.\ l.A. o tr. 1 ~ c. .Commodity 2 ljj,;2-(t~ :.C-1-0\..\. ~ W c 19 ~ 1°" f t:=C-C e(,,(.t 
o \- \J ,r-o c..c.5.5 ' '+ 26 28 29 

~sl 'J · C~ Commodity 3 ·. [IIJ D 
I I.\, C. U C I.Jr i-o 30 32 33 

+<,., c... +,·l"'"st- '3 Commodity 4 I I I I D 
Commodity 5 

Commodity 6 

42 

DJ Current Operational Status - E 
coded INDEX 011 

34 

t· I 
38 

I I 

36 37 

I I .□ 
40 41 

I I □ 



. ' U. S. BUREAU OF !'vt°INES 

Mlr-.JERALS AVAILABILITY SYSTEM 

. DEPOSIT NAME 
colomlAS /- 9 eu<-d... /3 c.'a'-4~,t.sc.. ftc._ Kefc-rc-~c~ l/un1bef-j 

Record Reference - E c; l( d (jf/}:?e4r-· t:J?t all 1-ect:J1- 'd5 
I 2 3 5 / 'f, 9 - 10 12 13 

~ State I Ol I I? I County I dolol / J Sequence IO 11 11 I Record D Action Code - E 

coded INDEX 001 coded INDEX 002 Number Identification coded INDEX 006 

con1 mok fy Gt cc?-Jcd c.u ✓-1-Cll. f- /?Ci tM e_ 
Primary Name - E . ./ 

14 20 ~ 30 40 46 

11~1, lololt-.lEJ 1~11 lclts:IElLI lt11l1 INI@ I I I I I I I I I I I I I I 
Additional Names - 0 ( S, l-\4 / c. siac.c c..- b c...+vvc~I.-{. wo t-ds) 
47 50 60 70 79 

IRI \ lolo IL.JEI IN I I lcll-dEIL--1 ILIAIII E!~I l I ti El LDIEl#?lol.:s·I, lit I I I 
( /-\- +o--k / of /() proye-r/y l/a"'-1e5 u,c;y ..6e eu /c,ccl) 

10 12 13 

Additional Names - 0 IO 11 I 2 I Record D A t' c d • E .___._~__, Id ·t· . c I0n o e entI IcatIon · 
14 20 30 40 46 

l1±lAININkA I Wit I c_jZiJEILI IMI I IJVIEt I I I I I I I I I I 
47 50 60 70 79 

fNTTlc.lfddt--1 IMlolulNl1iA-I I INI IMI I INIEf I I I I I 

10 12 13 

Additional Names • 0 
14 

I I I I 
20 

I I I I I 

IO I 1 I 3 I Reco~~ .D Action Code - E 
"O I dcnt1 f1cat1on 
v 40 46 

I I 1· I I I I I I I I I I I I I I I 
47 50 60 70 79 

I I. I I I I I I I I I I I I I I I I I I I I I I I I I 

10 12 13 

Additional Names - 0 
14 20 

I I I I I I I I I 
30 

I I I I I I 

IO I 1 I 41 Reco~~ . D Action Code . E 
ldent1f1cat1 on 46 40 

I I I I I I I I I I I I I I 
47 50 60 70 . 79 

I I I I I I I I I I I I I I I I I I I I I I I I I I I 

10 12 ~ 

Additional Names • 0 IO I 1 I 5 I Reco~d- . D Action code - E 
ldent1f1 cat1 on · 

14 20 30 

I · I I I I I I I I I I I I 
40 46 

I I I I I I 
', 7 50 60 ITJ--,1~1 -,---,--~~~~I ·-,-1 -,----r-1 --.,--.1--.-r---r--,---,--'--'"-r---r--,------r 70 79 

I I I I I I 



. ' 

U.S. BUREAU OF MINES 
MINE~ALS AVAILABILITY SYSTEM /=1°,sf ,eccnd. l)~ 1o5 

OWNER/OPERATOR re-ccnd..5 tnc,y 6e- v5cJ fo 
· ldc~cri bl'... CP;n j/lr,K ow11 ct-.s~,p· 

Record Reference - E 
I 2 3 5 6 9 10 I 13 

lqJI] State lol / 19 I County It? lolc>I / I Sequence IO 12 IO I Record D Action Code - E 

coded INDEX 001 coded INDEX 002 Number Identification coded INDEX 006 

No Co1..<f'i'cl~L-t+i'a/1'ty' Cal-I. bl'.'..ch.a1.<.qcd. OLA u¥9dc.-t1~9 
14 ~ 15 16 ~ 17 

[Q] Confidentiality• E Cz@J Date of Information• E ~ Status of Owner/Operator. E 

coded INDEX 015 coded INDEX 016 

Owner/Or,erator 
bc\w~ct..(. vro,,Js 

51 

~ ro ro 73 

I I I I I I I I I I I I I I I I I I I I I I 
74 75 76 78 U v. 1 +cc! StcAt" ..5 79 80 

~ State - O 11 19§ ITuuntry. O [q@] Percent of Ownership• 0 

f coded INDEX 001 coded INDEX 005 ~Eqviv~lewf f" /00 f1erce."'.f 
Cor~o1-.a-fc ~~4dc1u~1-4n~s ,· Ol.-tio · 

No+c. : Dctc1 lc.J_ c..ddrc~ o-f co,.._.IP~YJ 
10 12 13 

w; K bot!.. I on::. I cyi e,"+~ a..c..d Cotyat':'-fc_ IO I 2 I I Record D Action Code - E 

&t~d1-.c;.scS.) sC..oc,.,(cl De lv...C.OtJJOrt:tted_ 1 ~ • Identification coded INDEX 006 
bc.c.kvp -f=i \es. 

14 15 16 17 

D Confidentiality• E 

coded INDEX 015 
OJ Date of Information • E [J Status of Owner/Operator - E 

coded INDEX 016 . 

Owner/Operator Name· 0 
18 20 30 40 

I I I I I I I I I I I I I I I I I I I I I I I I 
52 60 70 

I I I I I I I I I I I 
74 75 76 78 79 80 rn State. 0 I I I I Country· 0 rn Percent of Ownership· 0 

coded INDEX 001 coded INDEX 005 

51 

I I 
73 

I I 



~ ~ +i-tucJ c - Lo u9 ,~M~ G · (cu f c.. +l·O vt 

P-ro ~ Sec o <..t cl ...s i JYl t ~ u +c 5 '4-o (~ /-a c i-l ; 1.1 tt / D c-J c-e- ~ .s 

4;).. 0 5 7 I ~ a fl 

I ?-3 -!ff ~4 ;;2/ 7 ° 

I 
- o. G7 

II I 
&0 ye1-
37. c;. 7' _ C.9C.l/7, 0 

. 
I-. Olf y 1. /-u J e 

_3.,:2 /I 
•l 0. 53 

I 

L-~+t·+uc\~ 
'7" ;2 0 5 (' I A. /I I/ 4 0 • 

-,v bO• = 
•66666 656666667 * 

6 0 • = 
•9Gllt6666666G7 * 

2 6 • 5 3 
6 0 • = 

•442106~666&667 * 



U. S. BUREAU OF MINES 
MINERALS AVAILABILITY SYSTEM 

LOCATION 

Record Reference - E 
I 2 3 5 6 9 10 12 13 

Gt[] State [al t I qi County lolol ol / I Sequence. I O 13 10 I Record □ Action Code. E 
coded INDEX 001 coded INDEX 002 Number Identification coded INDEX 006 

Latitu de - ·Longitudy Loc_'.}.tion 1 -L \ 
c._ ~ ec. Q tfc,c-4 ed o;,fc ulo rr tu $ l{ c:-~ o Universal Transverse Mercator Location 

Latitude - E 
14 15 16 20 

14-1:cf 91~ I I I I I 21, 

31 32 rn Zone- E 

33 

D Hemisphere - E 

coded INDEX 018 
34 40 

I._ _.I_____.____._____.____.___._I ~' Northing - E 

41 46 

'~~I ~~~~I _I Easting - E 

To too mc+c-rs - c&1~.:>; dcn'"'-7, n,~ f scc;..f c_ 

48 ec'4d... e;cc.~1--z:-.ry of 1,-,i=-a.so1-lkt 1i..s+t-(.)rr·i'e.u-i 
~ Precision of Point Location Measurerrfent • E 

coded IND EX 020 

' Public Land Survey Location 

61 62 63 64 65 

[LG Section - E -if" [q) [zJ b3J Section Subdivision• E 
5 wY1 NwY1 S~oded INDEX 023 

66 s (..Jr v e y c cf 
~rvey Status. E 

* M cfl od of ckd1-v ·,:s f=C"Y en~ of: s±t£1.:,. da.r:J C.. k() 
I r· 

67 71 E:le-ve:{111~ of t--c-fet- et.4e"c.. 
r"' lo lol9 I 9 l-il Elevation • E 

f,;,v. t/ cot,,-Ye,1-~ -J-~ meters 

\.... {<, ~ l, f- / u5 17 Ac J ,/ I a:, d ~ f 2 e ro s 

1!=-e Abo vc ll;e~ .:sec; lc-vr/ 
LiJ Datum for Elevation Measurement. E 

coded IND EX 025 

74 76 ~ /Y/~dlord 
II I c::,]j] U.S. G. S. 1 :250,000· Quadrangle - E 

coded INDEX 003 

13 e ro 10 me lrrs 
W Precision of Elevation 

coded INDEX 020 

Measurement• E 



RI--COR,D 0--=fv ,/ Cc/vm1?--S 3~-3? 

Pub/; Cc;,/rCq us d /-U co cl /o/ .' . I 9' 70 Eo?lt;;t-t,, U..S C-5 

O#/ce> of' Wa/c-r t?a /4 a,.,,,,,_d/u; 7?~,.) Co/4/4/' CJ/­

In /41~ a /2-~ t:7?, }1/a /;.,r- -LJo £ .' 

;1;11-}~s 51/0WI/VC J()01-1/0/II-.S c.J/-- J1/~1FR._ 

y)V/l-Ll1Y OT?1Tl~/VS 
. 

L=ttu~P(~ .•_' Sovft. lJ_rny9uC<. ~Ye, LJ;-a1'u.~c:._ ,Bc;-.51;7.1 

· C.cJ~/a1tt 1u? Me: /eJ de! le t1/tc/~/ cl ~as1 f. 

/)1 e !Car/ of- (:'tJc/1~~ .' c·ocl~ is- c; -/'our- d19 t"f c:7//r'. 

Tt,c- -Pti-sf -J-vyc, drv;/2 4'/-C /-4e /n4/; /1~~,.!>~;- wtc-ri 
~ e dtatuo/ e:- /s yeu ~rc;/(y. kca//c/./ /'?t 7T41s cc;sc_ 
73 ~r Mr 73 _; ,Ii~ ~->1 ffyo d19ils 1-7/-e_JC-t-( , 

/Cr t--rv ~c/1cc:2.( /1.os;_//~/ ~ ~e... a~taJ~f o~ 
/ae /el/e-r dc-~/j??f~/2.o/ /-t:, ~ ~per11,cr"c /~cu fr~_/ 
c:r /t C d j-r::;/'Uuyc .I /C, ~r:S. c~.se ~ e: 1~?f"c1-
IS M _, ~ d ft~ nu~c;--/ca/ epu1 'y,c;./e>c?l-
;s 1.:5 - - Tlc: !o/2/ /)17~1~3/c fic:;_s-1~ ca-/4-
/,;; ft,c-/--c fe,rt:_ 73 /3 . 



.. U.S. J3Ul~EAU OF MINES 
MINERALS AVAILABILITY . SYSTEM 

GEOGRAPHICAL AND ENVIRONMENTAL CHARACTERISTICS 

Record Reference - E 
I 2 3 5 6. 9 10 12 13 

0:ITJ State IO I! I 91 County lolobl / I Sequence IO 14 1 O I Record D Action Code - E 

coded INDEX 001 coded INDEX 002 Number Identification coded INDEX 006 

----- 017 S, ·f e--------
14 ---· 15 ,___---- ~ 16 

DJ ~oad Needed - E ~istance to Adequate [ZJ Distance to Adequate Electrical 

coded INDEX 026 Water Supply- E Power Supply· E 

coded INDEX 027 coded INDEX 026 

o ✓ c t~Js -- BLM c,Jn71~,;fr-r-cd 
Mining District• 0 5 ~c..c..c 1 

/ r 
17 ?,. 31 32 33 ~ 34 37 5 e c a. fta.c.L.c ~-/--

I RI I lolDlbl El¥ii511 Lsl,ltl1 lclTI ~Domain-E 171311 [jl~inage BasTn~,..{ 

~ R, 5 L.t Jusfi ( 1cJ , , coded INDEX 028 
- I Aytt-oXll.>'1t.i'tC./ 

V n-y ru9:7 C--(1... - c,yn-- +I · · 
coded - see manual 

( 
38 4-50 '1: c-\-cr5 locq I 3 ..fro""1. V:.S f:-S ~ ~-5 ~3Y\/ 11.,.--\-q-- tn c. X \ i...-. lll-c1, 

r7l 1-c l,r~ fi 3 ~Topography· E LF-J....!,_L,...;.,_1..=-1 Annu al Precipitation· E cm) Distribution of Precipitation. E 
coded INDEX 029 1 coded INDEX 030 

44 Tl'.!' n, pe1-d ~ ·. 
ltJ'temperaturc • E 

coded IND EX 031 

Co In,.,, cr-c,~ / 

47 / .,Cai r.s'fty 
[1J Primary Land Use - E 

coded INDEX 034 

- ct~ '2-C/-0 

45 Cot..1.+c(-0 u.5 o i­

r;:::;ie:- d ec t c\ v 005 -fot-c.) f-
b2.J Vegetation• E • 

coded INDEX 032 

48 c'AI I yct:<1-

[1j' Working Season - E 

coded INDEX 035 

Environmental Sensitivity to Mineral 
coded INDEX 037 

C 
0 ..., (l) 
ro ...... ..., .... 

-0 Q.) "O (l) 

C 01 ..., .... 
ro (l) ro 

...J > ::;: ::;: <l'. 
50 52 54 56 58 

46 . c ICiy 
~ii Texture• 0 

coded INDEX 033 

~ A ve,;/c;f;I~ /c;c-4 //f 
L&J Labor Supply - E 

coded INDEX 036 

Extraction• E 

V, 
(.) ..., 
(l) 

"O ..c ro ..., C .... 
V, :::, (l) 
(l) 0 > 

<l'. Cf) 0 

60 62 63 

Short Term §j ~ ~l ~ 0J ffi ~ ~ A V-C-IQq c__ 6 f--
51 53 55 57 59 61 0-E::- ~ 11 -fu C-+o t---5 

Long Term ~ ~ ~ 0 OJ [gJ 

65 69 
<,~o ~c_~s+;u..afeJ) X 6-4-0-1-7 he-cfc,r-r_sj~~,,,:z-59. oo& 

~6 Li-J.di 9 I Max-itnum Surface Area Potentially Disturbed• E (hectares) 

1 c 4 cl L~r z r. ,o s 
ro 11 ro 

r0Map Series-E ( lciAINIYlolNlvl1-.IL-IEIMap Name-E 

~ co~ed IND[X038 .:sL.o 1-{-ct-tc.d +o lo c~c.c-£.c,-t-q--s bv 
15 11114u+~ r 

,I 

c; r .? 5 y 4 e c. £.n;-J 



U.S. BUREAU OF MINES 
MINERALS AVAILABILITY SYSTEM 

Fti-s f- c K/7/orz; ft'n.. rr:-cor-J. Uf ft 
IO ey 14ton;fc./J\,,r r eco tds,1 number~ 

. EXPLORATION 

Record Reference- E O +o 7) m~y b~ vscd. 
I 2 3 5 6 9 10 12 13 

l1ItJ State I ol I I 91 County lo lo lo I I I Sequence I O I 5 IO I Record O Action Code - E 

coded INDEX 001 coded INDEX 002 Number . Identification coded INDEX 006 

a A II '"'•~+r_i-·,~ I _h~ re ;l-( is_ pub I '.slc J ~ De;+(._ c~+c~cJ ~io -ta C. .sysh~""'. To be: 
w l"lo coi...f1dc1-<4'Gl,-\1 cot-1s1cfe1-a.1to(..(5.~ c..L..c-1 cJ <:>POLA.. uy,dc...+U:-.c. 
l!.lJ Confidentiality - E . L.LJ.1J Date of I nformat1on - E ' 

coded INDEX 015 

01-c. li'l;I..\.Cl'4.'/ c x.f os.cd.. ~ 
;.!!.,,,/ f le, C" C 

LL.fMode of Discovery - 0 

18 21 

I I lelc; lq-1 Year of Discovery - 0 

coded INDEX 039 

22 25 

I { I q[j 14::I Year of First Significant 

Production - 0 

Description of Exploration Methods Employed - 0 

Extent Method Supports 
Method Employed Extent Employed Resource Evaluation 
coded INDEX 040 coded INDEX 041 coded INDEX 041 

G-colu91_"c_ 30 31 32 33 

In c, f1 jR ~t:j Method 1 [ill] ~ Ex f-et..s_rr~ OJ /,...., ·ft/ C 

Co_rc 
38 39 40 41 

Method 2 ~ IT] Ltffle IT] d,-, II IL<:J 

c?u1-4 46 47 48 49 

d ,-, II ,~'t Method 3 ~ @J Mod ~,-a fc [JJ 

B~ 1-r,c./r 54 55 56 57 

54<-jPI~ Method 4 [fIQ] ~ [JJ. 

62 63 64 65 

Tesf ~le. ff Method 5 ~ w w 
70 71 72 73 

Tcsf ~J;f- Method 6 [mJ uJ w 

Year of Work 
34 37 

I I lq I 4-1 1 I 
42 45 

lt 19lilil 
50 53 

It rzl+lil 
58 61 

11191'1-l.z+ 
66 69 

11 lql1J.2J 
74 77 

IL 191-11.21 



U.S. BUREAU OF MINES 
MINERALS AVAILABILITY SYSTEM 

. EXPLORATION Secoud <=/<~loi-oh~ 1-e-cord 

Record Reference - E 
I 2 3 5 6 9 10 12/ 13 

IO I 5 I / I Record O Action Code - E 
Identification coded IND EX 006 

@ZJ State IO I 1191 County le? lo lol / I Sequence 

coded INDEX 001 coded INDEX 002 Number . 

14 

jg Confidentiality - E 

coded INDEX 0 ·15 

17 

[2J Mode of Discovery - 0 
coded INDEX 039 

22 25 

!/ I9I5I -tl Year of First Significant 
Production - 0 

15 16 

~ Date _of Information - E 

18 21 

I / lm'lt:; 14:1 Year of Discovery - 0 . 

26 29 

lfl9I?I9IYear of Last Production-0 

Description of Exploration Methods Employed - 0 

.. . 
Extent Method Supports 

Method Employed Extent Employed Resource Evaluation 
coded INDEX 040 coded INDEX 041 coded INDEX 041 

30 31 32 33 

Ti-f' t,f cl, ,;_,'l Method 1 [a[Z] [ill ExleL<S/¥~ [] t. /fl/?::" 

Bedroc/r-
38 39 40 41 

Method 2 l9Iol Q] [I] 
St:itA.~lu.f 

Year of Work 
34 37 

11 lrlslil 
42 45 

11 l9l5LiL 

Geo/o_ft~ 
46 47 48 49 · 50 53 

~;;:o;Jh~l'1lzl7I:rl ;n~r'i-f Method 3 [Z@ @ G] 

C/,t;,n,, 
54 55 56 57 58 61 

Method 4 !..sJ.21 ~ 8).- lrlrl?lil dr-t!! ,~f 
62 63 6~ 65 66 69 

Method 5 IT] □ □ I I I I 
70 71 72 TI 74 77 

Method 6 IT] □ □ I I I I I 



U. S. BU IU:AU Ut< M IJ\/ t.:::> 

MINERALS AVAILABILITY SYSTEM 

ROCK DESCRIPTION Fii-.st roc/r desc1· 1JJ--h~,,. 1·~et:,1d_ Uf', 
/0 $ue/. r-ecord.s.,, nombe;-~cf O fo '7 
m4y be. u.sed J Record Reference - E 

I 2 3 5 6 9 

~ State lol / 19 I County I ol o·lol !] Sequence 

coded INDEX 001 coded INDEX 002 Number 

10 12/ 13 

I O I 6 I Oj Record D Action Code - E 
Identification coded INDEX 006 

14 36 

...... lu~IL~lri~Je~IA~IM~IA~l~F~JL~l~c~l_l~J;_IN~lrte~~lu~[5~1/~l~v~IE~§5~1 ~l~I Formation or Group Name-0 

37 39 ~ Uyye.1- Ju1-t:iSS 1·c.... 

l.2..l,iJ / I Geologic Age of the Formation or Group - O 
. coded INDE):( 042 

FolJu.,,,r r-;:;vlf-tuf 

40? 41~ 43 
· ,:::>o.s-1- Cre-~cecu..s 

44 46~ 

liJ ! I 9~eologic Age of Deformation - 0 

coded INDEX 042 
r W [gJ □ □ Deformation of the 

"- L e.f.t-. Jus+;f,'c.J Formation or Group - 0 
~t..t-1-1e.s coded INDEX 043 

47 
. /i?. c 1-cr.S fo d et..c.s:/.y t:;f- 1-oe-lr 

[13 Relationship of Mineralization 

t- to Deformation - 0 
7'--

48 50 

In Situ Rock Density - E !~:~~.j_ 
(gm/cm3) ____ ; 

\ coded INDEX 044 , 

M i I..\ e," I ,·~~-h~ _--fo \ I ow~ 
evei..+. 

L 1!.c; d ~ z. e 1--o IA. o + c, t- +o 
Rock Types - 0 .h c:. c: c.s..s -. 1-y be_ 

• In I~ ~cl 
Rock .Name 

coded INDEX 045 ? 
51 53 · • · 

j / l~lJI Sc;xou1.'!c Rock Type 1 

56 58 • 

Rock Type 2 I/ l;zl3I Du ni le 

61 63 

Rock Type 3 l..2--l..zj~ .5crfle~h;__, 1 le 

66 68 

Rock Type 4 I I I ! 

71 73 

Rock Type 5 I I I I 
76 78 

Rock Type 6 I l I 

Relationship to Ore 

coded INDEX 046 
54 55 

ill ~~ Tu or-<::. 

~K.:::pleict!c! by ore 
sf 60 

~ [fl~ 15 ore 

E-1-..do:ses ot-c 
64 .{ 65 

~ D Nott"·. r{-

codc,s ecr--c. 
69 70 

+L-1.e.. i....,()"5+-

+wo 
u.scd 

) 

□□ \ 'IA f Ol-1"-•••; t IS I I.{ 

-+l. c. +t~st ca I u .... n 
74 75 

□□ 
79 80 

□□ 



In s;/-u /fock Dens;-ly 

( 
Cou vc-J-St~lt -/';vu, sku dc-rj -lvifu c,f c- -\ 

· volvw e /;,c/2,r le, 9m / Cl?? 3 . ) 

1-(ec '-fl,(C< M ,·~l~1 Co. rul>l,;~ed cc:x~sc,-v~+,~vc -(4c'to(­

/0S 17 c..ubie- +ect rer- slti,-+ iok ;\A r'C-t Ct:_. 

;2000 C / fk x 4-53-59 9m I,¼) == I. 8£3~.5 9m/cm 3
_ 

17/Sf.:...3 x,:2~ 31'? cm 3 /R 3 

2.,000• X 
453•59 = 

90~180• ·,, 

1 7 • X 
21},317• = 

48t389• * 

907.,180• 
48t389 • = 

1• 88450504685 40 * 



U. S. BUREAU UF M !Nt.:::i 

MINERALS AVAILABILITY SYSTEM 

ROCK DESCRIPTION 
.S ccoud Roc.f Dt".Scr"/"'l-1o·q 
t-~co1--J Record Reference - E 

I 2 3 5 6 9 

KI / l State IOI! 19) County lo lo'lo I ! I Sequence 
~-- 13 

~ecord D Action Code • E 

Identification coded INDEX 006 coded INDEX 001 coded INDEX 002 Number 

14 36 

..,_j D-"-"I o'--.Ll--1 n~H-..:.....,[Al<.,....L...C..JN_._,l'--"'--IF__.%=---'--1£c;;___olii~IA_,__,_I...._Ti_...:.I--LCla~[N.....,_I __,__.__I __.__I _._l __.l__._l __.I F O rmat i On Or Group Name • 0 

~ V ff~/- Ju /-4 s s I c__ 

~J.2.lL.f Geologic Age of the Formation 
coded INDEX 042 

or Group• 0 

~ 11,:.r Fa"'i-1-t(Ar 
~ ~42 43 

l.LJ ~ D D Deformation of the 

Formation or Group - 0 

coded INDEX 043 
47 

~ Relationship of Mineralization 

4~ 46 /Po:5 f Crc/4cc-oos 

L;z.j / I 9 f Geologic Age of Deformation - 0 
coded INDEX 042 

~ No+ r-c~ utr--cd 1 05 t-oc.h- vv; / I ~n 50 + I I f l 1n Situ Rock Density- E L-to be:_ 
(gm/cm3) rn 1 '-1, e·J O ( 

f t-occ-s.sec ; 
to Deformation - 0 

coded INDEX 044 
Fol/tJ W l;_,y e V cw -(- Rock Types - 0 

Rock Name Relationship to Ore 
coded INDEX 045 coded INDEX 046 

51 53 54 55 

Rock Type 1 (3 I I I _:)_I 5 ~ ~ s+" c.. (.. @1 □ 
56 58 59 60 

Rock Type 2 l311lsl .5 L..id C @:l □ L,~s 
61 63 64 65 a ( OL.t~ Ot-L 

Rock Type 3 131 I It l Cot... g I a n1 c, u -{ c_ ~ □ 
66 68 69 70 

Rock Type 4 l3l5[5 I Ck c1~t ~ □ 
71 73 74 75 

Rock Type 5 lat 111 C- 1-c-c 1..-1.s+ 01,.,t c.. 0 □ 
76 78 79 80 

Rock Type 6 I I I I □ □ 



U.S. BUREAU 01: MIN!:~ 

MINERALS AVAILABILITY SYSTEM 

Record Reference - E 

ROCK DESCRIPTION 
Tl, ;1- d Je cc/r-- .D cs Cf-I ,P ft ~l< 

re Ct>l-d 
I 2 3 5 6 9 

[±[ZJ State lol / 191 County I dobl/ I Sequence 

10 12/ 13 

IO I 6 I ZI Record D Action Code - E 

coded INDEX 001 coded INDEX 002 Number Identification coded INDEX 006 

14 36 

..._lg__.._l ._! ,.,;..ID_...ID=----~~IB--=---__.JF!o..._....'--'l'--'=Je'--'-"W ......... @L...-I---LJlrf.___._.__l----"-'lo~IN.__._l___.___.__......___.l'-----'-I _I.__.I Formation or Group Name - 0 

37 39 ~ U ff Cf- Jut'-4..SS I.e.... 

liJJd I I Geologic Age of the Formation or 
coded INDEX 042 

Foldft;y Avlf-1~f 
~ 41 /42 43 

W ~ D D Deformation of the 

Formation or Group - 0 

coded INDEX 043 
47 

~ Relationship of Mineralization 

1' to Deformation - 0 

\ coded INDEX- 044 

Group - 0 

44 46 .,e"Po.sf C.i--e~Ct c eovs 

I jzj I I q f Geologic Age of Deformation - 0 

coded INDEX 042 

C 
No+- \-t"('lv1i-eJ, c::;...5 t-ot'.-k. vv.tl,I i..o'i· 

48 50 · 

I · I I I b-c h"'ll1-, e J 
--~I~ In Situ Rock Density - E 

(gm/cm3) ot-
yi-oces 5 ec 

M 1·"" c1-a I ,· .:u. {.,~u fol( ow,~q 
e Y Ct. t 

Rock Types - 0 

Rock Name Relationship to Ore 
coded INDEX 045 coded INDEX 046 

51 53 
S ,· ,·+ .s +tiu c::_ 

54 55 

Rock Type 1 L~l1 bl [81 □ 
N~, ot-c: 

56 58 59 60 .,J 

Rock Type 2 1311 I~ 5 Ct uci s+ 01.( C ~ □ 
but l")C' V cc--

I\.-\. Co '-' i C. C' l"" 
61 63 64 65 

Rock Type 3 131 I L51 s LG IC. ~ □ 
66 68 69 70 

Rock Type 4 l.311 I I I C o<,,,.c; lo m cr--c;i' c_ . [g] □ L1 es ~ /o<.,,1 Of- (__ 

71 73 74 75 

Rock Type 5 I I I I □ □ 
76 78 79 80 

Rock Type 6 [ I I I □ □ 



Record Reference - E 

U. S. BUREAU OF MINES 
. . ' 

MINERALS AVAILABILITY SYSTEM Flr..5t Ecot.t()"f1tc._ f GcJu9vc_ 

ECONOMIC AND GANGUE MINER.A.LS M 1~ eic; (~ /·cct.:Jrd. Of' fo . 
/0 suc..--1. 1-ecc1-cl.!>..1 nuu..6 e-rcd 
0 fo '?) /?7t:JY be v5ecf. 

I 2 3 o 6 9 10 12 / 13 

l 0 I 7 I ol Record D Action Code - E 

Identification coded INDEX 006 
0ZJ State lol I Ir] County b lolol / I Sequence 

coded INDEX 001 coded INDEX 002 Number 

14 16 ~ IV/ 10 ct: u e 

11 I .zl .aj Geologic Age of · Mineralization - 0 

coded INDEX 042 

11 Vah.(;blc 

~ve1all Grain Size - 0 

coded INDEX 047 

. . 

cou.p lc~·rd +o +l.t: 

t-cc;J; I y t:. l(c.'cl c. Git:: -' 

Mineral Description - 0 Of t-lO(.Ae. ( t'-<+o(--v..,..a'f-t~u_ - +o be 
be.sf- cf +e.e CVtilue.foc-'s 4P1 u+y. r,: '1"4c: c:\4-+'i... 15 ~oi­
i-le1..,. om',+. 

Mineral Name 

coded INDEX 048 

Mineral Class Grain Size 

coded INDEX 049 coded INDEX 047 
23 

~ 

29 31 32 3,3 

oxide 
34 

l?lti-l ~I I 11no~, './~ ~ [& 
f' \ 

I c-~~ w9 2---C h) 

40 · 42 43 44 45 

I( lolsl de,,/ce/~y [Z]EJ si /1 ~le ~ 

51 53 

1111:Lil 5~r;o1,·4~ 
56 

~ 

Amount 

24 27 

I I I I 

35 38 

I I I I 

46 49 

I I I I 

57 60 

I I I I 

68 71 

I I I I 

Units 

coded INDEX 050 
28 

[O 

39 

OJ 

no 
50 

clti-tC< [TI 

61 

DJ 

72 

DJ 
j-)r: Ni°cf-r~/ _lt1ou1..c+t::.~_, nicfr·cl -bct<t-~ 50; { a..,...,d .S?!fJ-0l1"+-c 

C-o<..t$+li-ufc 4 s1~1..."1-ft.c4.4..-f- f~t-+ of K~ 01- ~ reset-Ve-. 1iAi'.s 

11
i-cc~1..J kc.-3. l-1.o

11 
vvvy h, 4d cqu~+_cly c\e5CH l;c .:Su~ , 

o/-!. 11,c:.+cr--1c.ls.) so 4... cic..)ci--,pf-t.oL< sLould be 31Vcv.... LI.-\ 'Kie:. 
RE PEf2. EN c.E.s 4<..<ci_ CoMM S-Nr...5 l<cco1-c:\.'.'.:> 

I 



u. s. BUREAU or MINES 
MINERALS AVAILABILITY SYSTEM 

DEPOSIT CHARACTERISTICS 

Record Reference• E 
I 2 3 5 6 9 10 12 13 

8I1J State itJJ I J9l County jt,JoJoJ / I Sequence IO J s JO I Record D Action Code· E 

coded INDEX 001 coded INDEX 002 Number Identification coded INDEX 006 

14 /' 
No Col,,( -ti c\'e~+t·,:d i''-' t-'Ot-l.M.-4i-lc·l.( 

lf3 Confidentiality• E 
coded INDEX 015 Ot4t't- - 4--e.(\e..s Lk--fc a..ccoc..,l,,(f- +<.. c: so; l ~J. 

Ft.5~ut-c v~it-1..s S.etLO\-olit~ a,-es · \ + + , 
.sl,,ee;, 2-<>~r.5__,/ r Res1clu4 C()~CC!.t ,..,., luu 

17 18 IL 19 20 ~ ~ 22 ,t::"" Sufe,-e, ec...f!. C:4.h·c.-~ ...._ e.v-+ 
(i"l.f:::.LLJ__;,,10 I iJ [2]QJ Type of Ore Body. E l1J ~ Mode of Origin• E . 

~'r ;2e,--0 ..5 coded INDEX 051 .coded I NDEX 052 

1 rreg ul~ r- 1=-a.v 1+i. ... r ~ . . . \ 
23~4 2s (r26 21 e' Fre:. e-t-u\-1.MCt ( ) en -...-h.~'f.-) 

r"'~ D D Shape of Ore Body• E ~ ~ Ore Controls· E 

'- l...C'ft- .. _coded.INDEX 053 · coded INDEX 054 
JV->il~ll"d) 11.t 0(-6cf- oF '"""¥" 0 1-i-w...cc.. Ut-..J c+c.c--~\·~c:...J Cdoe.S ~o+-.~ rtl0 

28 Ut...tde+c~ ...... ~-~J. C 1,01...c) ~30 31 32 33 34 

[a Degree of Wallrock 'A lteration . E ., .... ,..1°10 I rn rn Type of Wallrock Alteration. E 

coded lr\JDEX 055 \.. Lc-f-\- J. vS{\f\ 'cd coded INDEX 056 

Mineralized Zone Orientation and Dimensions 

35 39 

lo! d O lo b I Average Depth to the 

Mineralized Zone - E (meters) 

1 
'- e~J 1 :c, zero .s 

~ 45 48 

40 44 

Id olol olo I Minimum Depth to the Mineralized 

Zone • E (meters) 

49 52 

ldq DI 0 1 Minimum Thickness of the blo IO le I Average Thickness of the 

Unconsolidated Material• E (meters) Unconsolidated Material• E (meters) 

N ot-t~ Ec:.s+) 
53 58 ( 59 60 61 62 ~ 

~kilo I I I ab3 I() I Average Length of the [] 14-15 I []] Strik
0

e of the Mineralized Zone . E "'L 1 • Mineralized Zone• E (meters) <6~,.,-. ecS direction coded INDEX 017 
Ct:. d v-..."f 2 C ("?;> 5 'fr 

63 60 69 70 71 Soof-4 

lololol9 I 1 !sl Average Width of the r~ ~ of the Mineralized Zone. E 

Mineralized Zone-E (meters) 0 ~
7

,rec.;, direction coded 11\JDEX 017 

72 75 

[c{:::) !_, I 5; Average Thickness of the Mineralit.ed Zone • E (meters) 

x T 4 +¼c. cc .s.c 0 f q ~!c.t-lyl~ c\cyos.l't_; c.oAe :S+1--d"(' u.5 

o o ,2_ (_ ~ o ,- (i.. - S G? v tt..) ,1 Ct l-< c\ c\ ~ t,) c....5 v CJ 0 



u. S. BUREAU OF MINES M \¼.; u9 eeeo1-d.s e. r--c . 
MIN'CRALS AVAILABILITY SYSTEM \(eyed +0 f esi::>uh:'c /.Ytc.tr1: 

ee.("O(~S. II/ 11 si'91,4i·f1"es --K...i.s 
Ke l" o t-A I S. 1.-, u + c.L. c J --\ 6 ¼ C 

SURFACE MINING 

Record Reference - E + ,-,-5 t )e e .sou ,-ee.. Me,.+ r-i )( 
I 2 3 5 6 9 12 13 

GlIZJ State lal / lql County blolol I I Sequence 3 0 Record D Action Code - E 

coded INDEX 001 coded INDEX 002 Number Identification coded INDEX 006 
~ ~ be co~t"cf cou-Fi"d~c...+iA(, ·, f Coi,...v-ev-.y cost de.fa. Cit-C u.s cd_. 

'->~ 15 16 To be!'. cC..c.i..'?~J ot-t ufda4-l'." 
Confidential ity - E° ~ear this Evalu at ion Enters the System· E 

coded IND EX 015 . - 1 1 ~ d fl· I + · f + rl,.. -t<-t'l S cc..s c...; [3 uM ,~cs d cf-JV C:::o. eo.sn W ct- c u.s~ - LA.0 COi.A ,l C\.Ckt I a l Y, 
17 18 19 20 22 it:"' U t.(d e{ C.. /- '-"-I~ C' d_ 

C[g] System Status - E ~ Swell Factor - E 1919:f 91 Percent Waste Rock• E 

coded INDEX 057 ~ £3.sfl¼c.lcd - t.-u~cd loo5c_ de'-<sity -/2,1- cc;/cvlaf.1~ 
opei-4+1·1A~ sy.s+-e.c-., C ~ec tn aA.,rut4 ( fo, me f(..od) 
23 24 es-\-t\M."--f-eJ C-65{5 25 20 

(l'~ Surface Mining Method- E ~'210[0[ Average Cover Thickness- E (ml 

"- . coded I ~DE~ 063 N lJ l,{~ - t-io't u rt { I C4 b 1~ 
Be..~ c. (.__ 1,--. \ Lo\. l ~ 

Cover Description - E 

Hard ness 

coded INDEX Q64 
29 

Horizon 1· D 

Percent -of Specified Tt:,s s e~ }t ~ l,{. 1.-t.a+­

Thickness ~ ff I 1 ·ca & le. -h, Mic ~d . 
30 31 Mou1.ot-c.~ ~J yos5/ hly rn -+c o+L e1-

11 h ic( cl / .::::+cr-1 h·s- •( 
32 33 34 
□ rn vv ~ t"\- c. lA o cover- i's Horizon 2 · 
35 3G 37 s-\- 1-; I) V c d ~ ~ ~c..s+rd. 

Horizon 3 □ rn f \-~ O(- +o 11, \I,,.\ LA..J 

( soo u~ X o. 4-o"t? t.-i~c+a,-.cy~~ ==- :J.o2. 35 
38 £:Sec h.CilA vei... 39 43 · 

Eflore Body Hardness-E lc::?lol.t2-lolAsurface Area-0 (hectares) =;J.o;J... 4cc.-6r--c~ 
coded INDEX 064 ~ L c. J ,-LAC[ 2..c i-os 

44 46 e;: PO I be'-'(; C c5 47 48 e:" e·-\-e-t-1-'4 ~c i -h--o <..,,.,1 f,; Id. ~ 1-s 1 + 
0 LP Bench Height - 0 (m) ITJ Max· um Pit Slope - 0 (degrees) 

L c-c.6 (....._c, 7 c: ro__s ~ ;tt 1-nel1·/c kt.-..5 e,~ er-ode o;- c_. 
49 54 Frou.-. 1972 ~ 10 -==- 55 J 60 

-==......,.,,,;~...1.-L~iU.....7:......J Estirnatec Mine Capacity • E lolololo Idol~~~~ ~>~eproduction Stripping 
. {resource quantity Jri~[/ day) Volyme . E ( 1000 m3) 

.Ocr1vcJ -,Ln;;,.,.,._ BuM tLtc-S cc.sf cur-ve-_s, e.scc.lc;/.cd +o ~ 

.....=-~~....;:.....~::..., 66 71 ~ 

Llec::::.l..'-....J....--..1.=:::_.....-::...., Estimated Unit Production lalol/ la 6]Q] Estimated Mine Capital Cost . E 
Cost - E (dollars/ resource quantity unit) ( 1000 dollars) 

Dec; .......,.c. { o cc u J-; ·, c ') c.. -f u I \ co I u '-'C..-4 1.-t- ~ O t/ 
1

1) I t' J 
7? 73 fl 

I~ ID j Estimated Production reriod - E 

~ Y <-"'4l·S 



Record Reference - E 

U.S. BUREAU OF MINES 
MINERALS AVAILABILITY SYSTEM 

BENEFICIATION 

I 2 3 5 6 9 10 12 13 

[IJ State I I I I County I I I I Sequence I I 51 I Record D Action Code - E 
coded INDEX 001 coded INDEX 002 Number Identification coded INDEX 006 

14 15 16 

D Confidentiality - E' 
coded INDEX 015 

17 

[IJ Year this Evaluation Enters the System - E 

D System Status - E 
coded INDEX 065 

Commodity 1 

Commodity 2 

Commodity 3 

Commodity 4 

Commodity 5 

Commodity 6 

54 

/--~ . ~a~ 
P-S~t ,Jescription • { - (.;, 

~6 . "S 
9 fYrcent Recovery~~ 

Process Feed Grade / Beneficiation Product 
18 21 /') 22 ~3 

,......;;...1241~1~27 I (""'~ ~ 
.___._I I _______.__,I I ~ ~ CDC-~ 
30 33 /-ac:::, ~ 34 35 

"""'I 36'-T-l ·~l.-----.-'l3-'-,9 I '"'~ _ 

11111 ffi.._, 
42 45 46 47 
I I I I rn 
48 51 52 53 

I I I I rn 
55 60 61 

D l:3eneficiation Method Used • E 
coded INDEX 066 

I I I I I I Amount of this D Units for Amount 

Beneficiation Product Shipped - E Shipped. E 
62 

D Costing Option - E 
coded INDEX 068 

64 69 

63 

D Quantity Units for Capacity and 

Production Cost - E 

coded INDEX 014 

-' ~I ~~~-1~1 Estimated Plant Capacity - E 

70 74 

I I I I I I Estimated Unit Production Cost - E 

75 80 .... □~7__.__.l'---''---'I.____.I Estima~ed Cc:.pital Cost - E ( 1000 dollars) 

coded INDEX 067 



Fit-St Cou..u, ~ f- l!'ccorc/__. 

U.S. BUREAU OF MINES G1,/) +c; .-7~ h~·cords C4t:.-t 

MINERALS AVAILABILITY SYSTEM b~ o.!Jed.1 t-1um bet-eel +,o4l 
REF EREN CES AND COMMENTS 80tJ +o ft::/9 

Record Reference - E / 
I 2 3 5 6 9 10 I~ 13 

~ State lt?II 191 County ic?lc? kiIZ] Sequence . IBb b I Record D Action Code - E 

coded IND EX 001 coded INDEX 002 Number Identification coded IND EX 006 

Reference or Comment • 0 
14 20 30 40 46 

I I 

47 50 60 70 80 

blAlelelol1-l1 lrlEI IAIRIEI lsl1 l~INl1 lt=l1 lclAINl,I IPIAl121,I lolELJ 

. / 5 ccouci Coe,,,,~ c..c, f- A?e~t:1t-d 
10 ~,2 13 

Addit ional Reference or Comment • O 
14 20 

§_lcll] RI decot~f~ t· D Action Code - E 
en , ,ca ,on 

30 b 46 

lc@INITI IBIE1 lcb !Eu51·1 I I I 
47 50 60 70 80 

IRIElclolrl12l .11 l3lol ldolv !Elel lolElslclRlt Ir li-11 lalNI IDkllElsO 

/ rl,,-J Co~c..,.., t4, f lt:c-ca1 f 
10 IL.. 12 13 

Additiona: Reference or Comment • 0 1816 liJ-Reco~d- . D Action Code • E 
14 20 30 

ldent1f1cat1on 
46 

INlol:rl lAIPIPILIYI rrlol ITIHII Isl ITIYIPIEI lolFI IDIE~lolsl, lil 
47 50 60 70 80 

I • I I I I I I I I I I I I I -.L..I ---1-....1.----'---..__I ...L_I ....1.....I -J-1 --LI __J_! --11__.J___I ...1.-I .J._I _j__l __J_I --1.._J___JI___JIL___,I 

10 12 13 

Additional Reference or Comment • O I I j I Record D . .__. _ __.___, Id t·t· . Action Code • E en , 1cat1 on 
14 20 30 

I I I I I I I I I I 
40 46 

I I I I I I I I I 
47 50 60 70 80 

I I I I I I I I I I I I I I I 

10 12 13 

Additional Reference or Comment • O I I I j Record DA . 
1 
d .,. . ct1on 

ent111cat1on 
Code • E 

14 20 30 40 46 

I I I l i I I I I I I I I I i I I I I Li 
47 ~,O 60 70 !:<O 

I ! I I I I I . l I I I I· I I I I I i I 



past projected 11 life of the or~ bod/' figures an 
additional 6,000,000 mt was assigned totaling 30,000,000 
mt at 75 percent probability (3 chances out of 4 that 
that tonnage is present) at the 1.38 percent grade. On 
the same reasoning, it was thoJght that an additional 
4,000,000 mt would be present at 50 percent probability 
(2 chances out of 4) at the same grade, for a total of 
34,000,000 metric tons. 

The lower grade figures of 1. 25 percent nickel and 1.0 
percent nickel were obtained by including areas of lower­
grade material that diluted the grade and increased 
tonnages. Probability levels were obtained by proportion 
from the basic mining grade tonna~e numbers. 

The higher grade figures of 2.0 percent nickel and 3.0 
percent nickel were obtained from USGS data and represent 
small minable blocks of ground that would have to be 
selectively mined. 

In an actual deposit the existence of the minable blocks 
of ground at certain tonnage and grade figures must be 
backed up by data of some kind, varying from company 
reserve figures to geological inference , with the validity 
of the data and the weight placed on it being reflected 
by the proba~il ity. 



.• 

Length= 1830 meters, width 915 meters, 
Thickness= 15 meters (all average figures) 

1830 m x 915 m x 15 m = 25, 116,750 meters 3 

Tonnage-volume factor is derived: 
l.9. gm/cm3 (in situ rock density) is equivalent 
to: 1.9 metric tons/meter3 

25, l 16,750 meters3 x 1.9 metric tons/meter3 = 
47,721,825 metric tons, so the maximum matrix 
tonnage figure of 42,499,000 metric tons will 

11 fit 11 within the dimensions established . 

. IV. A general approach completion of the Grade-Quantity matrix 

is given on page 5 of the yellow manuc;1l; and page 15 of the blue manual. 

For the Nickel Mountain deposit, the procedure was as follows: 

l. Ore body was defined as an irregular block of 
ground 1830 meters long, 915 meters wide, and 
15 meters thick (all average dimensions) 

2. Minable grades were determined as 

a. 1.38 percent nickel (comp_any data) 

b. 2.0 percent nickel (USGS data·, for a much smaller 
tonnage) 

c. 3.0 percent nickel (USGS data, for a still smaller 
tonnage) 

d. l. 25 percent n i eke l (assumed grade for a 1 arger 
tonnage than 11 a11

) 

e. l.O percent nickel (assumed lowest average 
minable grade) 

3. Tonnage figures were determined thusly: 

The bnsic tonnage figure {at 90 percent probability) of 
24,000,000 metric tons , at an average mining grade of 
1.38 percent nickel was de rived from company information 
g1v1ng a mine life of 20 years at a production of l .200,000 
mty. On the basis of past production that has exceeded 



I. Tonnages are cumulative: (1) From right to left within a 

specified probability level , and (2) Downward, within a specified 

Average Minable Grade. For example, the 1.0 percent Nickel tonnages 

represent a summation of all the higher grade range material plus 

enough material of a lower grade to make up a minable ent ity of 1.0 

percent nickel ore. Material at a 50 percent probability leye l (for 

any average minable grade) contains all the ore at 75 percent and 

90 percent probability, plus the additional tonnage of 50 percent 

certainty. 

I I. The Nickel Mountain depos it was taken down only to the 50 

percent probability l eve l , large ly because sufficient data were 

available to set fairly definite spat ial and confidence limit s to the 

ore body, hence the lower probability levels do not apply. However, 

the system requires that the 25 percent and 10 percent probability 

entries be made (since all tonnages having a 50 percent probability 

of being there are obvious ly at least 25 percent or 10 percent 11 sure11 , 

then the 50 percent quantities a r e carried the rest of the way through 

the matrix). 

I I I. For the Nickel Mountain deposit, the maximum tonnage established 

is 42,499,000 metric tons at an Average Minable Grade of 1.0 percent 

nickel, at the 50 percent probability level. In all cases , the maximum 

matrix tonnage recorded must be compatible with the maximum possible 

tonnage established by the dimensions of the mineralized zone, as entered 

on Record 080 (Deposit Characteristics) For Nickel Mountain, dimensions 

are: 



U. S. BUREAU OF :v! INES 
M!NER_ALS AVAILAB!LITY SYSTEM 

Reference Number. E PROBABILISTIC GRADE - QUANTIT_Y MAT_RIX 
I 2 3 5 6 9 10 • ./ l\.lurn~~'_ 0 f mc.c+rr)( ~~'"'1 clevcfopcl. IY1o(-C.. ¼~ouc_ _~y 

liE] ~ bk?lol1ISequence0'Record ldent1f1cat1on be.. us':"J., t-f- c.l+cK:at<vc L...,<~tt."cls of dr:-vcfor~ +le.. 
state C~unty ~~~Number (1st digit) dcvos,t 4/-C. COl,\.:5lciet-- c.d. 

II 12 13 

@E] □ 
.g ffi] □ 
co ~.) 

-~ . "D 

~@ill 80 
CJ 

'"O C 

;@G ·tD 
0 <( 

~~ □ 
~ □ 

II l'.2 13 

[ill] □ 
C 

-~ 111 21 □ l.;.,., C!) 

(_) -
·- u 
'T- 0 .;:; u 
_g [ili] C □ 
- 0 ...., 
-0 (_) 
:.... <( 

§11! 4 1 □ er: 

l1lsl □ 

C..o l"h 111 0 d ,-{ y 11 u h, De:" r.s t r-ou.... .T ci e1.,. f1 -( frui-<'o-ti f .:'"co ,-d + · · I 
( P I o .\ r Pt-c5eL( <::even::.~~ inlt,{!UC. '9l'C.tci(". 

l'--ccot-d. <0_,1 Average Minable Grades - · · ....1-- ./ 

4" 15 19 20 24 25 b29 30 34 35 39 

uJ ~lolil· lal rlil ,Ji-Jil §~0-1°1 ~7]~ k]il- Isl , 

ItQ~ ~ Ioli lo!. lo! bl111 I· 181 bl, tiJ 141 bk?l1l- l5j ~gn 
> ...... 
-0 □ I I I I I I I I I I I I I I I I I I I I I I I I I 111 1] 0 
E 
E 
0 D I I I I I I I I I I I I I I I I I I I I I I I I I 11 I I I u 

D I I I I I I I I I I I I I I I I I I I I I I I I 111 117 

D I I I I I I II I I I I I I I I I I I I I I I I I I I I I I 
,-< -< TotA i....:.: 5 e.5 '4r('._ CUU1t.,/t:, hv~ it-< +wo d1i-ecf1otA5 

Resource Quantity (thousands~) 0~ )'0-dY ·1 pto~ ate ' 1 ,-c.5 ctv:c a± L_3_b_e;,0 Ni' • 
14 15 I !6 24 25 33 3442 43 52 53 f,0 

P 1 [filQ] W I kk?k?G~1 I I I b-l1b:~l0 H I I I Ii o}1 I I I I v k,k,6~ I I I I I u}E 
I _ t i . . . t J., ,......,_--.,-----,--,---,- J, 

P 2 ~ 11 I I !ibl5b!6H I I I Ji>Ftbl1L~~'1 I I I 80k,JiliH I I I I l1blil~ I I I I I l1&E 
i @~ t -1 .. i ~- 1 
~ p 3@@) LLl?C 11 _11 l#lBl~I I 11 liHalobH Ii I I l1 Rf;I~ I I 11 tJLifG 
a:: ~~~-~--~Max1u.uL-<-,. --\oi..,.1Ac::;9e ..:slow4. 

p 4 [iliJ I I I I Fibldf~~ I I I I ii ls'lrlilil ~11~1 ~I ~fBl"f~lo~lo~bl lli I I 11 1411 ~ I I I I I TT1 ifg) 

P s ~ti I I I FtliJ-tlrlrl I I I I kl8'19li~I I I I I btci?l0 lol I I I I I 11 1±11 Li I I i llil]i-!dl 
I 

f;; €2 

Year of this Ev~c1lation - E [i..J.~ 
_,,- I I .I 



• t 

U.S. BUREAU OF MINES 
MINE':RALS AVAILABILITY SYSTEM 

Fi,-s f- Rcfn--ct.,,_ t°<"S rceo(-6. 

u~ 1-0 too i-i:-eorr:ls c~ 

be.. u...s c.d; 17 u 1..-'-i b c1c:J 
REFERENCES AND COMMENTS -f i-o~ 700 -to ?9Cj 

Record Reference• E 
I 2 3 5 6 9 

[±uJ State Id/ !qi county · lob bl/ I Sequence 

coded INDEX 001 coded lt\JDEX 002 Number 

Reference or Comment • 0 

13 

D Action Code - E 
Identification coded INDEX 006 

14 20 30 40 46 

I I luLslGlsl IBlulLILI l9L311 I Ir! IPI l:2-lo L51 l..2lt2-l<.;;I I I 

47 

I I 
50 

I I 
60 

I I 
70 

I I 
80 

I I I 

./SccouJ i--~-fc1-C<.Acc r-ecotc{_ 
10 12 (£.. 13 

Additional Reference or Comment • O 
14 20 30 

lol12IEI loli::::lplolsl I lf1.sl 

171011 I Rldecot~f~ t' D Action Code . E 
en , ,ca ,on 

40 46 

loll§! !obi Iv lolt.-1 liJ I I I 
47 50 60 70 80 

I z I q I IP I I I k; [5 lo I I I I G, Ir lil I I I I I I I I I I . I I I 

Additional Reference or Comment • 0 
14 20 

lvl 191 INlol 

_,>T l.,,i,d ref crc: .. c .. d'C.. t---ccoi--d 
10 I~ 13 

I zlol&J Reco~d- . □ Action Code - E 
30 ldent1f1cat1on 

. 'iO 46 

I 91 I @ I q ll'.J l.31 I q lo 143 I I I I I I I 
47 50 60 70 80 

l I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

10 12 13 

dditional Reference or Comment • O I I I I Record D . 
~--~- Id t·t· . Action Code • E en , 1cat1on 

20 30 ~o 46 

I I i I I I I I I I I . I I I I I 
5".) 60 70 80 

I I I I I I I I I I 

10 12 13 

ma! Reference or Comment • O I I I I Record D . 
~--~ Id ·t · . Action Code • E ent, 1cat1on 

20 30 

i I I i I I I 
•'.O 46 

I I I i I I 
~,o 60 70 80 

I I I I I I I. I 



. .. 

Record Reference - E 

U.S. BUREAU OF MINES 
MINERALS AVAILABILITY SYSTEM 

TRANSPORTATION 

I 2 3 5 6 9 10 12 13 rn State I I I I County I I I I Seque::nce I I I I Record □ Action Code - E 
coded INDEX 001 coded INDEX 002 Number Identification coded lr\JDEX 006 

14 15 . ~l.;:...6 ~~~~.,...;2"'-,1 rn Year this Evaluation Enters the I I I I Shipping Point - E 

System - E Standard Point Location Code 
22 

D Product Number of Material 
Shipped - E 

25 30 

I I I I Standard Point 
Location Code 

23 24 

lIJ Percent of Produced Material Shipped through this 
Alternative - E 

36 

ip Code D Type of Facility 

' 
coded INDEX 069 

,/~ 
Transporta~ Description l,: 

9/. oy 
Mode 

coded IND
0

l:: X 070 Distance~m) • LJ 
37 38 A S 

Component 1 □ I I I I IT~ "qi 
43 44 48 

~/ . y; Component 2 □ I I IJ 
% /' 

49 50 54 

Component 3 D I I I I p~ 
55 56 60 ~"½ 

Component 4 □ I I I I S' 
61 62 66 ~ 

Component 5 D I I I I 
67 68 72 

Component 6 □ I I I I 
73 74 78 

Component 7 D I I I I 
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MINE SCREENING PlA~T, 

FEEDER 

CRUSIIER.~ t 
♦--RE-JE_C.;.;T =;;;.«;_/ ♦ SURGE PILE 

4 ~ 

Contmuout tramway delivers ore to 
smetlet eftd produces a 500 hp credit. 

Smelter Legend 

Stockpile; to 100,000 tons. 
Three dryers; two, 10 x 100 It, one, 

11 X 100 ft. 
J Two 9 x 250-ft rotary kilns, 

counter-current firing. 
t Two multiple hearth roasters. 
5 four 50-ton bins. 
s. four 20,000 kva tilting furnaces. 

~ 1, Skip mixer; handles 14.3-ton pours. 
I. Two covered arc 2,500 kva furnaces. 
9, One submerged arc 12,500 kva furnace. 

WEIGH l SAMPLE 

FINES BIN 
(MINUS 28·MESHl 

FLUORSPAR, IRON ORE, Ll,.E 
COARSE CONCE~TRATES 
FRON S~ULt PLANT 

-r°, 
REFINED 
FERRONICKEL 

Ferronickel builds-up at 800-900 lb per reaction at skip mixer in Hanna smelter. 

;: 1n track cables. At the discharge they are inverted and 
return to the mine in that position on a pair of 1 ½-in. 
cao1,,,. '!:_his system pumps a credit of some 500 hp through 
iodl!l;tion generators and the power is consumed at the 
mine At the smelter the ore is bedded outside by an over­
head conveyor and travelling wing trippers. 

Making 50% nickel pigs 

Unit smelter operations include: (1) Bedding, re­
claiming and blending; (2) drying natural water of 21 % 
to the 3 or 4% level; (3) screening to manipulate the 
basicity index at its best level, to also reject roughly 15% 
of low nickel-bearing oversize, and to split out by sizers 
minus 20-mesh fines; (4) calcining of minus 5/16-in. plus 
20-mesh ore and roasting of fines to drive off water of 
crystallization and to adjust tbe tri-valent and di-valent 
iron r11tios; (5) melting the ore in electric furnaces equipped 
with three self-baking Soderberg electrodes; (6) reducing 
fhe melt by means of ladling molten ore, the ferrosilicon 
reductant, and seed ferronickel back and forth seven 
time~ to promote the reduction reaction; (7) periodically 
thieving ferronickel from the reaction ladle after slag 
ha~ heen decanted; (8) refining thieved metal to dephos­
phnrize it; and (9) casting pigs in 28-lb shapes. 

Hanna makes its own ferrosilicon from local quartz, 
iron turnings. coke and wood chips in a 12,500 kva suh­
mergcd arc furnace. It is crushed to minus ¾-in. for 
alld1lil-;n to the process. Four tilting melting furnaces arc 
arrAPa,ed in two pairs of 20,000 kva each for each furnace. 
One roa,tcr and one Ci\ki11er feed each pair, They melt 

E/Jti}- #nllmber, 1958 

at 25 to 28 tpb and are operated with open arcs. 
The reactions proceed in three overlapping sequences 

as follows. (1) Fe20 3 to FeO; (2) nickel oxide to metal; 
and (3) FeO to the metallic state. To cut the consumption 
of ferrosilicon, carbon as sawdust (a product of local 
lumber industries) is added to the roasters and calciners 
to gain partial reduction of ferric iron to the ferrous state 
before melting. When the contents of a melting furnace 
is poured into a ladle in the sk,ip mixer, a ladle of 9 to 14 
tons of seed ferronickel is waiting on the other side. The 
latter is hoisted and poured into the ladle containing 
the freshly melted ore. 

The nickel picture in 1967 

Description 
O~e from stockpile . . .. .•...... 
Hard rock rejected .. . . . ... .. . . 
Ore to process .. ... .. .... ... . 
Molten ore .... ... . ... . . . .... . 
Slag and tailing loss . . . .. . ... . . 
Dust .. . . ... . ......... . .. ... . 
Ferronickel produced ......... . 

Dry tons 
(mllllon1) 

1.123 
0.175 
0.948 
0.859 

% NI 
1.43 
0.77 
156 
1.69 

50 .18 

lb nickel 
(mllllons) 
32.193 
2.686 

29 .478 
29 .053 
2.474 
0.424 

26.070 

Recovery from ore to process ( %) .. . . . . . .. . . .. . . . . . . . .. . . . . . 88. 44 
Power consumption per pound of nickel produced (kWh) ..... . . . . .... . 29 .49 
Electrode paste (pounds per ton of ore poured). ... . . . . . . . . . . . . . . . . 7. 3 
Ferrosilicon (52% Si, per pound of Ni in molten ore)... . 1.45 

105 



TABLE II NICKEL PROOOCTION 

Pounda of contained nickel 
iD £,no nickel eroduced 

3Ul,489 
6, S..05 • 329 

1i,J8l1 984 18,m· ,s2 
21, . ♦6.M 
20,79 ,091 

. , 2Z, 221,.~ 
;'11,a,...i· ,~ lO, 6SO, 14 2 

196 
196 
1910 
1911 

21,)38,893 
21,447,986 
22,471,hl. 
25,33),-000 
24,533,000 
26,070,000 
26,252,000 
26,172,000 
25 , 349,000 
2.5, 934,000 

Average o.s. price per 
pound f.o.b. Port Ctiborne, 
Ontario 

$. • 79 * 
. 74 * 
.605 * 
.605 * 
.605 • 
.605 • 
.605 * 
.736 
.774 
.8275 
.8275 
.8275 
.8275 
.849 
.915 

1.028 
1.284 
1.305 

$ Approxima 
gros.e valY.§ 

258,848 
4,840,061 
6,886,705 

10,963,478 
12,846,000 
12,580 ,ooo 
13,448,000 
15,199,000 
16,362,000 
17,748,000 
18,596,000 
20,96),000 
20,301,000 
22,134,000 
24,020,000 
26,905,000 
32,548,000 
33,843,000 

~:ntract agreement pD1ce with Government 79.39 cents for the firat 
S llion pound s and 60.5 cents a pound thereafter until contract canpleted 
itl ffl. 

·, 
it i,: , 
... ..:~· ... \. . 
~ ~ . 
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CRIB MlNERAL RESOLRCLS FILE 1 

RECORD IDENTIFICATION 
RECOfL N□ •••••••••••• 
RECDfD TYPE•••••••••• 
COU~ IR Y/ORGANIZATICN. 
OEP3SIT NO••••••••••• 
~AP CtOE NO. OF R~C •• 

REPORTfR 

r CC0l9C 
XlM 
u ::cs 
'i lu2. 

HANE••••••••••••••••••••••••••• COURY, ANNY B. 
DATE•••••••••••••••~••••••••••• 72 Ct 
UPD,TEO •••••••••••••••••••••••• 79 02 
rl Y ■•••••••••••••••••••••••••••• BRADLEY, ROBIN; 

NlME ANO LOClllO~ 
DEPOSIT NAME••••••••••••••••• HANNA NICKEL HINE 
SY~ONYM NAKE••••••••••••••••• ilCKEL MOUNTAIN 

MINING DISTRICl/lR[A/SUBDlST. IIDOLE 

COUNTRY CODE••••••••••••••••• JS 
COUNTRY NAME; U~ITEO STATES 

STATE tOOE ••••••••••••••• OR 
STLTE NAME: lFE~ON 

DOUGLAS CO~NTY••••••••••••••••••• 
DRAINA&E AiEA•••••••••••• 
~HY~l UGRAP'H IC f RfJV ••••••• 

1710:>302 PACIFit NORTHt[Sl 
1~ KLAKAlH KOUNlAlNS 

~UAD SCALE 
1: 625& 

LA11TUDE 
42-57-'tON 

UH\ NuRTHI NG 
lf 756374,.7 

<;:UAO NO OR N~HE 
CANYONVILLE 

LONGITUDE 
123-26-20H 

UTH EASTING 
46420::.. . 

UTH ZONE NO 
+l 

POSITION FROM NEAREST PROMINENT LOCALITY: CHI LES WEST CF CANYONVllll 

LKER, G. • 

LOCATION COKMENTS: DEPOSIT COVERS UPPER PART OF NICKEL ~TN. l~CLLLES PARTS GF SECTIONS, 8 , 9 1 16 , 17 1 18, 
~D 21 OFT 30 S, R 6 k . 

COKMOOITY lNFORMATlON 
tONKOOITlES PRESENl•••••••••• ~I 

RLDUt[R(PAST JR PRESENT): 
~AJG~ PkODUCTS •• NI 

CC . PGK 



COMHOJITY SPECJALIST INFORMATI01f: 
r GK r OT 

ORl ~ATER14LS (MINERALS.ROCKS,Erc.}: 
GARNIERIIE. PERIOOTITE 

~AlN ORE MINERALS: 
GARNIERllE 

MINOR DRE MINERALS: 
SEPIOllfE• CHLORIIE 

COHMODITY COMKENT~: 
URES "RE CLASSIFIED INTO GROUPS: SCIL (f:ED AND tEltOl-0, SAPROLllf (SCFT, H.l\fD SAPROLJZED PERICOTilE). ANO 
eO.XWORK. SOIL$ ACCOUNT FOR 20 " OF ORE RESERVE AVERAGING lC. Fl• lHICKtt VARYlNG FROM ZERO TO ltO FT. SAPROLITE 
ACCOUNTS F!lR 7J I OF RESERVES. SOK\iORK GROUP ACCOUNTS FOR REST OF RESERVE WITH AVERAGE Gf...AOE OF 1. 78 ~ NICt<El 
UPPER DEPOSIT ~NO l.~9 l IN U>PER DEPOSIT. PGH BAS[D Ot-t ANALYSJS• HOTl ANO EOUCAlEO GUESS. NEEDS 1C f..E CHECKEC 

AtH.LVTl CAL OAT A (GENERAL) 
PARENT RDCKS RANGE FRO~ 0.52 ro 0.29 % NICKEL 

ElPLCRATIDN AND DEVELOPMENT 
STATUS OF EXPLOR. OR DEV. 7 

PROPERTY IS ACTIVE 
186'i 

AClJVE 
YEAR OF DISCO~ERJ •••••••• 
BY WH□H•••••••••••••••••• SHEEJ>HE::tOERS 

B 
1882 

NATURE OF DISCOVERY •••••• 
YE~R OF FIRST PRODUCTION. 
PRESENTlb\Sl Ol ElAIUR ..... HAt'4Nl MINING CO 

DESCRIPTION OF DEPOSIT 

DEPOSIT TYPES: 
LATERITE 

FORErStH,PE GF OEPts1r: STRATIFIED BLANKET 

SIZE/DIREClIONAL DATA 
SIZE OF DEPOSIT •••••• LlRGE 
DEPTH TO TO? •••••••• 3 
MAX LENGIH ••••••••••• 6000 
MAX WIDTH •••••••••••• 3000 
MAX THICKNESS •••••••• 220 

COMHENTS(DESC,IPIIDN OF DEPOSIT): 

FEET 
FT 
FT 
FEET 

500 ACRES Of DISCONTINUOUS MA~TLE. AVERAGING 50 
ON TOP OF NICKEL MTN. CALLED JPPER DEPOSIT. AND 

SCRIPTION OF t CR<lNGS 
~URFAC.[ 

C □ t1MENJS (OE SCRIP., Qt- WORKlkGS l: 

FT. THICK ELJ VARt INt FRCM 5 TO 200 tT. l WO NAlN DRl BODIES ON 
ONE QN TE~RACE ON SO~TH SID£ OF MTN. CALLEO LCWER DEPOSI T. 



r~uuv-••u~ 
YES 
LARGE PROD~CTJ □ 

4NNUAL PRQDJCrlON (O RE .C OMMOO .,C)NC., OVERBU~O .) 

JTEM ACC AMOUNT THOUS.UNITS YEAR GRADE ,REMARK 
1 Nl ACC 000011.8 MET TJNS 1971 NI IN ORE 
2 tn ACC 000018. J lONS 1979 
3 ORE EST 00000860 MET TONS 197\;l.36% Nl 

CUHULlTIVE PRODUCTION (ORE,COHMnl.,CCNC •• □ V[RSUR.) 

ITEM 
15 NI 

~cc AMOUNT THOUS.U NI TS YEAR GRADE,REhftRK 
ACC OC0247.7 TCNS 1953-1979 

PRODUCTION YEARS ••••••• 1971 · 

SOURCE OF 1NFOR1ATION (PRODUCTION} •• CORN~ALL. H.R •• 1966, NICKEL th :l".!llS GF NDF.TH AHERlCA: u.s.GEOL. SURV EY BUL 
1223 

ODUCTID~ CJM~E~TS •••• AVERAGE ;RA O[ GF '.HE.: 1 .. 4~ ON LY OCMES1IC NJCKE L PROCUCTJON. SINCE 1957, AI\NU/..L PRQOUC:fl 
HAS BEEN ll T~ 13 THJUSANO TONS; 1972 PR□ lLCTlON fl GURES NOT tVAlLA BLE t3,NWALL 1 H.R., 1966, REPORTS, 1 PRODUCTJ 
RECCRD~ F□~ ftiE F-IRST 10 YEARS OF 3 : ERl\1101', f l US CONSIOERAllLfv Gf PRE.SENT CAPACITY ANG MINIMAL REQU l REl":ENTS FR 
PROFITABLE EXPLORATlON OF A HET~L OEPLSIT. IN DI CATE THAT THE DEPf:JT IS LARGE ENOUGH TO SUPPORT A PRC~~CTION RA 
OF 12,000 MET TONS PER YEAR FOR A MINIHU~ OF 30 TCARS.• 1964 PRCCLC110h WAS lZ,700 M.l. OF NICKEL ••• 197~ HINE 
SMELTER OUTPUT w~s 11,735 K.T. ilCKEL, 1972 OUTPUT WAS 11,900 K .. 1. NICKEL. 
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SO~RtE JF lMfJRH,TION (RESERVES) •• CORNWALL, H.R •• SEE REF. I. 

GEOLOGY AND MINE~ALCGY 

AGL lF HOST RJCKS•••••••••••• 
HO~I ROCK TYPES•••••••••••••• 
IGNEOUS ROCK TYPES••••••••••• 

GE OF MINERALlZlTILN •••••••• 

PERTINENT Ml~ERALOGY ••••••••• 

-tlO PllO 
LATERITE 
?ERIDOllTE, DUNITE, SE RPENTINll f 

JTRT 

CHALCEDONY 

IMPORTANT fl RE (O~TROL/LOCUS.. THE LA TERI TE aCCURS IN TWO AREAS, JHE fl RSI ANO LARGEST AREA COVERS THL 10P OF lH 
KCUNTAIN A~O IS THE OhE THAT HAS BEEN MINEO; A_SE CONO DEPOSIT, tUNSlDERABLY SMALLER, o ccu~s IN A B[NCh ON THE 
SOUTHEASTERN SLUPE GF THE l'IOU'4TAIN. BOT:t DEPOSITS [VERLIE FR fS t-: fERIOOT ITE lehO HAVE A WELL-DEVELOPE.D 
QUARTZ-GARNI E RITE BOX WORK ZONE. . 

GECLOGICAL DESCRIPTIVE NOTES. SURFACE BLlNKEl DEPOSIT. FORMED B'f lwC -STAGE LAlERITIC WEAH-!E:RHiG OF PLRIOOI1TE 0 
FLATTER UPPER SURFACES OF MOU'4.TAIN. THE NlCKEL .(AtO COf:,ALT?HlRIG lf<tALLY IN THE OLIVINE.. AMOUNT OF CO JN OLIVIN 
ANO ORE NOT REPCRTEO 

GEOLOGY (SUPPLEhENTARf lNFQRMATlG!'i) 
REGIONAL GE OLJG Y 

MAJOR REGIONAL STRUCTURES.. THE LATERilES OCCUR ON FLAT-LYl t-.G 1[ GE~TLY SLOFlNG EROSIONAL SURFACES, INCLUDING 
BROAD FLAfEAU-LIKE SUMMITS, SADDLES, JthO TERR~.CES. THE fHGHESl CONC.O~DANT E:ROSIONt.l SURFACES FORM lHf MOUNTl 
TOPS AND RE.PRESENT THE OLDEST PE.NEPLAINS• PROEA BLY MIDDLE 1E1'1lARY IN AGE. lHE SURFACES ON TttE FLAf-;KS OF lHE 
HOUNTAI NS AND ON LOWER TERRftCES OF THE MOUNlAINS tRE• FOR THE ft,0$1 PART, YOUNGER EROS 1.0N SURfAC:ES, BUT AT A. 
PLI\CES THE TERRACES RFPRESE1T ULDER, HIGHER EROSION SURFAC FS HUT HAVE BEfN OOWNFAULTEO SY GRAVITATJONAL. 
SLUMPING. CO"TACTS OF PERIDJTITE ANO RIDDLE AND DOTHAN FA.ULT (OhTACTS REGlUHAL; ROCK FAULT ANO SPRlt-.G FAUL1 
RELATED lO S.-PROLIT.E FORMATION; .JOUHS RELAl[O T O OEJIH [ff St .. PR~l.ITE; FOk~ER .tAlER lABLE RELAT[O TO BtiK ,!;; OR 
ORE 

LOCAL GEOLOGY 
NA~ES/AGE OF FGRMATIONS,UNITS.OR RUCK TYPES 

1) NAl'lE: RIDDLE FORftATiON:• SlLTSTONE, SAJ40STCN[• SHA.LE 
AGE: JUR 

2) IMMIE: OJTtilN F □ RP":ATION,. G~AYWACKE. SHALE• CONGLOME:RtlE~ C.HE£..1 
AGE: JUE<_ 

GENERAL CD~MENTS 
THREE LAYERS IN SOIL ZONE:(1) BlltK RED S □ ll{~DST ca HERE?); ( Z) YELL CW LIMONITIC LAYER WlTH SOME QUARTZ SARNlERl 
DOY.WORK; (3)80;<.WORK JF QUARTZ ANO GltRNIERllE IN NEARLY FRESH PLR1[0111E. ALL - ZONES HAVE SOME NICKEL AhD ARE tHN 

LAYER(3) HAS HIGHEST GRADE: UPJATE BY GLENN L. SHAFFER-1/75~ CEOLGGIC DESCRIPTION, PRODUCTION DATA. RtSERVES AN 
?O TENTIAL RES□t.RCES • Sh.ELTER AiUUlL Cft PA: ITY 11.RO O :,,.. T. SEE tU ►;E,[ RLJOGE ANO CHACE FOR GEOLO& IC t-!AP$ AND ASSAY 
DATA. USGS RECJRD ( M0~68SO) MERGEC WITH THIS ~ECO RC AN@ UELETFD FKCM THE OREGON FILE 

GENlRAL RCFERENC[S 
l) PECORA. w.r •• lNC HOBBS. s.w •• 1941, uses BULL. 931-1, P. 2C5-~~6 
2) eOGERT, J.R., 1960, MINING ~JRLD, V□L. i2, NO. 11, P. 33-37 
~, u~T7 p _ c _ tO&ft crn~nu,r ~cn1n~~ unr ~A ~~ 2 o 



CRIB MINERAL RESOURCES FILE 12 

N,ME AND lDClTlDN 

RECORD IDENTIFICATION 
RECORD N □ •••••••••••• HC6lt16 
RECORD TYP[•••••••••• KlM 
COUNTRY/ORGANIZATION. USbS 
DEPOSIT N □ ••••••••••• C3 
HAP CODE NO. Of REC •• 

REPDRlER 
"fAHE ............................ JOHNSON, HAUREE.N G. 
DAlE ••••• ••·••• • •• •••• ••• ••• •••• 7& 
UPDATED •••••••••••••••••••••••• 81 03 
BY••••••••••••••••••••••••••••• FERNS. t'.ARK l• (BRO OKS , HOWARO C.) 

DEPOSIT NAME••••••••••••••••• NICKEL MOUNTAIN GROUP 
SYNONYM NA~E••••••••••••••••• JPPER CCCURRENCE 

MINING DlSJRlCT~lREA/SUBDIST. RIDDLE 

COUNTRY CODE••••••••••••••••• US 
coeNTRY NA~E: U~ITEO STATES 

STAlE CODE••••••••••••••• OR 
STATE NA"E: JRE&ON 

COUNTY ••••••••••••••••••• DOUGLAS 
DRAIN/..GE A.REA •• •• •• •••••• 1710:>302 PACIFIC NJRlfi~EST 
PHYSIOGRAPHIC PROV ••••••• 13 KLAHllH KOUNlAlMS 

QUJ!.O SCALE 
1: 62500 

LA.TIIUOE 
42-57-37N 

uni NORTHlNG 
4756275. 

TWP •••••• 30S 
RANGE •••• O&W 
SECTION •• 17 
HERIDIAN. w. r-t . 

ALTllUDE •• 3240 

QU~O NO OR NAHE 
CA NYONVl LLE 

LONGITUDE 
l23-2b-37W 

UT!i EAST ING 
4b3S20. 

FT 

tJTM ZONE NO 
+1 0 

POSITION FROM NEAREST PR OMINENT LO:ALITY: ON HANr 



IJIL• • •• • •• 
JCC~RRENCE•••••• Ct RH 

COMMODITY SPECIALIST INFORHATI □~: 
;•Gf: OCCUR 

ORE MATERllLS (MlNER\LS,ROCKS,ETC.): 
CHROMITE 

ANALYTICAL OATA(GENERAL) 
FRESH OUNITE WITH ABOUT 1si DISSEKlNAlEO CHROMITE ASSAYED ~0.(01 CR2[3, 19.52i FE, 6.631 5102 ; RH u.025 PPM 

t:lPLORlt Tl □N AND OEV£LOPHENl 
STATUS OF EXPLOR. OR DEV. I 

OESCRIPTlON OF DEPOSIT 

EPOSIT TYPES: 
CISSEMINATEO 

FOR~/SHAPE OF DEPOSIT: LENS 

SIZE/DIRECTIONAL DATA 
SIZE JF DEPOSIT •• ~ ••• 
MAK LENGfH••••••••••• 
MAX WIDTH •••••••••••• 
STRIKE OF □tEBJDY •••• 
DIP OF OREBJOY ••••••• 

PRODUCTION 
NO PRODUCTJO~ 

GEaLGGY AND MINERALOGY 

SMALL 
12 FT 
fj, FT 
N20E 
55SE 

AGE JF HOST RJCKS•••••••••••• JUR 

GENERAL REFERENCE5 
1) RAMP, LEN. l 972 • GEOLDG Y ANO HI NERAl Ri: SOURCES OF DOUGLAS CCUNl Y. ORE.GD,-_: OREGON OE PT. C.-EOLOGY AND 1-,H~ERAL IN 

EULL. 75• 106 r. . 
2) RAMP, LEN. l9Sl• CHROMITE HJ SOUTHWESl'ERN OREGON: OREGON t[PT. GEOLOGY AND MINERAL IND. t3ULL. 52, lt9 P. 
3l Pt.GE. N.J. JOHNSO~, M.G., HAFFTY, JOSEPH, ANO RAMP, LEN,. 1S75, OCCUR~ENCE GF PLATINUM GROUP J-.E. JALS .:.N 

ULTRMtAFIC ROC.KS OF THE MEDFORD-COOS BAY 2 DEGREE OUAORANCLf t SOUIHWESTERN Of..EGOH: U.S. GEOL. SURVEY hISC. FIE 
STUDIES MAP Kf-694 



CRIB MINERAL RES□ uRCES FILE l ~ 

N,HE A~D LGC~TI CN 

RECORD lDEiTIFICATION 
RECO~O ~□•••••••••••• MC61216 
RECJRD TfPE•••••••••• llM 
COUNTRY/ORGANIZATION. USGS 
MAP CODE NO. OF REC •• 

REPORTER 
UPDATED ••• ~ •••••••••• •••• • ••••• 61 03 
'••••••••••••••••••••••••••••• FERNS, tARK L. (8RC0KS , HOWlRD C.J 

DEPOSIT N~~E••••••••••••••••• NICKEL HDUNT~l~ GROUP 
SYNDNrM NA~E ••••••••••••••••• LOWER lCCUR~ENCE 

HINING DISTiICT/AREA/SUBDIST. ,10DLE 

COUNTRY CODE ■•••••••••••••••• JS 
COUNTRY NAHE: U~ITED STAT~S 

STATE CODE ••••••••••••••• OR 
STATE NAME: JRE;ON 

DOUGLAS COUNTY ■•••••••••••••••••• 
DRAINAGE AREA•••••••••••• 
PHYSlO~RAPHIC PROV ••••••• 
LAND CLASSIFICAllON ■••••• 

1710J30l PACIFIC NORTHWEST 
13 KLAMATH MOU~TAINS 

UAD SCALE 
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LATilJDE 
4:-57-llN 

UT/1 N;JRTHJ NG 
4755492.2 

TWP •••••• 030S 
RA.NGE •••• OObi>. 
SECTION.. 2::> 
HEklDIAN. W.M. 

ALTITUDE •• 2550 

20 

QUAD NO OR N-. ,'.iE. 
Cf{NYONVilLE 

LONGITUDE 
12 ~-26-()7 

uTM EASTING 
. 464495 .2 

CJHHLDlTY l NFOR~ATICN 
COKHODlTIES P~ESENT•••••••••• CR 

,RO~UCER(~AST JR iRESENT): 
~AJJR PRODUCTS •• C? 

UTM ZuNE NO 
+-10 
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EtPLCRATION ANO DEVELOPMENT 
STATUS □F EXPLOR. OR DEVa 8 

DE SCRIPTION OF OfPOSIT 

DEPOSIT TYDES:. 
MASSIVE CHR:ltHT E 

10.oa~ FE; SIMILIAR O~E 51.60: LF203. 10.75% FL. 

FORM/SHAPE OF DEPOSIT: LENS , PODS 

SIZEIDIRECTlDNAL DATA 
SIZE OF DE P3SI T •• a••• SHALL 

DESCRIPTION DF ~ORKINGS 
SURFACE 

PRODUCTION 
YES 
SMALL ?ROOUCJION 

CUHUUU-IVE ?ROJUCT ION ( ORE .c rnrn □) • .-CON C. ,OVE.R BUR .) 

llEH A.CC AMOUNT THO US.U NITS YEAR GRADE.REMARKS 
15 GRE E~T 
16 DRE EST 
21 T{H AL 

0000.241 TONS 19lb-l91S HIGH GRAfJE (1Sl7= 551 Ck2G3} 
0000.199 roNS 1952-1958 42: CR203 TD 4 BU CR2 □ 3 
.,40 TONS ~0 . 23 i CR203 ( WE 1GHT£C AVERAGE GR ADE ) 

CE OLD& r ANO MINERA LOGY 

AG E □ F HOST ROCKS •••••••••••• JUR 

GENERAL ~EFERENCtS 
ll RA.MP , LEN, 1 972 .- G-EDLOGY A,ND MINERAL RESOURCES OF DOUG LAS cumav. OREGON : OREGON DEPT. GEOLOGY AND r'.lNERAL IND 

1.1 UL L • 75 , l (H. P • 
2) RAMP, LEN,. 19&1, CHROMITE IN SOUIHWES.lERN OREGC!N: OREGON Of.f l. GEOLOGY ANO MINERAL IMO. BULL. 52 , lb9 P. 
3} H tA 'YE R1 l • P •• 1974 • UNPUBL . OAIA 



702 Woodlark Building 
Portland 5, Oregon 

Reconnaissance geology of secs. lS, 19, 30, and 31, T. 30 s., R. 6 W., 
and secs. 13, 23, 24, 25, 26, 35, and 36, T. 30 s., R. 7 W., 

Douglas County, Oregon 

By 

Hollis M. Dole and David J. White 

ABSTRACT 

A geologic reconnaissance of a twelve square mile area in the south­
western part of T. 30 s., R. 6 W., and the southeastern part of T. 30 s., 
R. 7 W., does not show anything that would indicate this to be a better 
prospecting area than areas of similar rocks found elsewhere in southwestern 
Oregon. The metavolcanic and serpentine rooks are recormnended as the most 
likely sites of ore deposits but it is emphasized that intensive prospect­
ing will be necessary to determine the economic possibilities of these 
areas. The present price of chromite and its insecure future suggests that 
immediate encouragement should be given for prospecting in the rocks in 
which this ore might occuro 

The geologic map shows the distribution of the various formations 
found. The formations include both sedimentary and igneous rocks and range 
in age from late Mesozoic to early Tertiary. 

GEOLOGY 

Introduction 

The area covered by this geologic reconnaissance consists of sedimentary 

and igneous rocks of the late Mesozoic and early Cenozoic periods. The sur­

ficial deposits of Quaternary age were not mapped and will not be discussed. 

Igneous Rocks 

Jurassic metavolcanies. All rocks in this category show some meta­

morphism and in most instances their original character is deciphered with 

difficulty. Probably- most were originally flow rocks, as determined by their 

fine-grained character, an:i most are of an intermediate composition. 
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The more resistant rocks of this series form sharp cliffs and the less 

resistant have slopes covered with considera~le rubble. Outcrops are 

numerous but due to jointing and l'll:ltamorphism their structure is masked. 

Generally, these rocks trend NE with high dips to the SE. Their contact 

with the sediments of the Pothan formation appears to be conformable and 

for this reason they are thought to be of similar geologic age, that is, 

late Jurassic. The serpentine is intrusive into the metavolcanics and the 

contact of the metavolcanics with the Cretaceous sediments in the northwest­

ern part of the area is marked by a series of faults. 

Serpentine. Included in the areas mapped as serpentine is considerable 

peridotite but as it has been serpentinized to varying degrees no attempt 

was ma.de to distinguish the serpentine from the serpentinized peridotite. 

Blocky outcrops in the area generally indicate peridotite. Zones of 

shearing within the serpentine are shown by a nbackbone" or a "fish scale" 

type serpentine. These zones show lineation which undoubtedly is a result 

of the forces that produced the shearing. The lineation varies in strike 

from N 35° E to N 65° E and has steep dips to the NW or SE. 

All contacts of the serpentine w.ith the other formations show cross 

cutting relations. The serpentine has invaded the Dothan formation and the 

metavolcanics and is in fault contact with the younger sedimentary fo~ 

tions. From evidence found elsewhere the age of the serpentine is 

established as vecy latest ~urassic or early Cretaceous. 

Dikes. Several dikes are noted on the map and noat found in the 

field suggests that they are probably more common than indicated. The 

dikes are variable in composition, even over a short distance, but all have 

high percentages of feldspar; quartz was noted in some hand specimens but 

generally the rocks tend to be fairly basic. The dikes are intrusive into 
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the serpentine or are found in the volcanics a short distance from the 

serpentine. Their association in zones of shearing near the volcanics or 

near the sediments may indicate that they are the products of reaction 

between the sediments or volcanics and the serpentine or that they are the 

more mobile constituents of the invaded rocks which formed upon intrusion 

of the serpentine or upon faulting. However, a magma.tic origin should not 

be disregarded. 

Sedimentary Rocks 

Dothan formation. The Dothan formation in this area is very similar 

to its type locality in Cow Creek Canyon, a short distance to the southwest. 

Graywa.ckes and shales predominate; chert and conglomerate occur in minor 

quantities. 

The general NE strike and high dip to the SE which is so common in the 

Dothan formation of the Dutchman Butte and Riddle quadrangles is still the 

dominant attitude in this area. 

The age of the Dothan formation is late Jurassic. 

Knoxville formation. A fairly large area of Knoxville age rocks is 

found at the eastern edge of the map area. This series continues eastward 

below Nickel Mountain and forms a fairly regular band that crosses the 

Umpqua River at the u. S. Highway 99 bridge just northwest of the town of 

Myrtle Creek. Small inliers of Knoxville conglomerate are found in the 

serpentine in the Beatty Creek area. From this evidence it appears that in 

this area the Knoxville formation has been engulfed by the serpentine. The 

contacts of the Knoxville formation with the Umpqua fornation are faults. 

The Knoxville formation is dominantly a pebble conglomerate. The 

pebbles are almost entirezy of chert and are well rounded. Spherieity of 
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the pebbles is fair. Cemeritation is ma.inly silica. Jointing has sheared 

the pebbles so that a joint surface presents a very smooth face - cutting 

through pebbles and matrix vi.th very little difference. The composition of 

the pebbles and too shearing are the main criteria for distinguishing this 

formation from the other sediments. 

Little structure is evident in the Knoxville conglomerates and so their 

attitude is poorly known. Fossils found in similar-appearing rocks in the 

Dutchman Butte area indicate a very late Jurassic age for this formation. 

A small patch of shale striking N 20° E and dipping 85° SE surrounded 

by serpentine was found in sec. 35, T. 30 s., R. 7 W. It is thought this 

shale belongs to the Knoxville formation. 

Cretaceous undifferentiated. The rocks mapped as "Cretaceous undif­

ferentiated" include the sedimentary rocks deposited during the Cretaceous 

period. No effort was made to distinguish the subdivisions of the period. 

These rocks are largely' medium-grained sandstones but minor amounts of 

shale and conglomerate are found. Leaf impressions and invertebrate fossils 

are occasionally found but they are not common. 

The structure of the sediments indicates two basins of deposition: 

one in Cow Creek Valley and the other in the upper Buck Creek and Thompson 

Creek area in the Dutchman Butte quadrangle. The contact between these 

rocks and the younger Umpqua formation is a sedimentary one but the contact 

with the older formations is faulted. Faults are common in the Cretaceous 

rocks but the strong jointing and slight metamorphism which marks the 

Knoxville and Dothan formations is lacking. In this respect, these rocks 

are more similar to the younger Eocene rocks than the older Jurassic rocks. 

This indicates that most of the severe orogenic movements and serpentine 

intrusion took place before these rocks were deposited. 
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Umpgua formation. The sedimentary rocks of Eocene age in this and the 

surrounding locality are termed the Umpqua formation. In the map area the 

Umpqua formation is largely massive boulder conglomerate but on the valley 

floor near Riddle, shale and sandstone predominate. The conglomerate forms 

bold cliffs and in Cow Creek it produces rapids. 

In the cliffs above the Riddle "swimming hole" the rocks of the con­

glomerate have an average size of approximately 4 inches and a maximum. size 

of 8-10 inches. The matrix, which makes up around 60 percent of the mass, 

is dominantly clay size material. The pebbles and boulders are mainly 

graywacke and metavolcanics. The strata of the cliffs in this area have a 

strike of N 45° E and a dip of 22° to the SE. 

ECONOMICS 

The serpentine, dikes, and metavolcanics are thought to be the only 

rocks which offer likely areas for prospecting. Many minor prospects have 

been found in all of these rocks but no known production to amount to any­

thing has been recorded. Veins which contain minor amounts of gold and 

copper have been prospected in the metavolcanics and dikes. Disseminated 

chromite and small pods of chromite have been found in the serpentine. 

Minor amounts of asbestos were observed in the same rocks. Practically all 

drainages have been worked for placer gold but from the extent of the 

workings they do not appear to have been very productive. 

For almost 100 years prospectors have been in southwestern Oregon and it 

is unlikely that any large metallic mineral deposit outcropping at the 

surface would have escaped their attention. Inasmuch as no large deposits 

have been discovered in the area of this map it is assumed that if deposits 
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of value are to be found it'will be the result of extensive prospecting 

or that minerals which have recently become Qf importance will be recognized. 

Because of the present favorable price of chromite it is suggested 

that the areas of serpentine receive the greatest attention in prospecting, 

for it is only in ultrabasic rocks that lode chromite occurs. As there is 

no assurance that the Federal Government will continue to buy chromite at 

the present price after June 30, 195l it would appear prudent to encourage 

prospecting. 

During the course of this investigation nothing was found that indicated 

this area to be a better prospecting area than any other place in southwest­

ern Oregon in which rocks of a similar character are found. 
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1UDDl~ PROPERTY MINE & SMELTER PRODUCTION SUMMARY 

Nickel 
Year Crude Tons Mined Production (pp .1 ,-Jj) 

1954 129,000 319,000 
1955 423,000 ·-8 ,464,GOQ t/iv~ c:C 

1956 614,000 11,383,000 
1957 1,087,000 18,122,000 
1958 1,243,000 21,234,000 
1959 1,287,000 20,794,000 
1960 1,426,000 22,229,000 
1961 1,422,000 20,650,000 
1962 1,395,000 21,139,000 
1963 1,480,000 21,448,000 
1964 1,813,000 22,473,000 
1965 1,898,000 25,333,000 
1966 1,691,000 24,533,000 
1967 1,672,000 26,070,000 
1968 1,898,000 26,252,000 
1969 1,781,000 26,172,000 
1970 2,137,000 25,349,000 
1971 2,215,000 25,934,000 

TOTAL 25,611,000 "3&7 ,898 ,000 - "f' ~ 9311 cl~ 

EJM: 7 / 11/ 72 



Year 

1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 I 
1968 
1969 
1970 
1971 

TABLE II NICKEL PRODUCTI ON 

Pounds of contained nickel 
in fe rro nickel produced 

318,489 
6,505,329 

11,382,984 
18,121,452 
21,233,634 
20,794,091 
22,228,720 
20,650,142 
21,138,893 
21,447,986 
22,472,891 
25,333,000 
24,533,000 
26,070,000 
26,252,000 
26,172,000 
25,349,000 
25,934,000 

Average U.S. price per 
pound f.o.b. Port Colborne, 
Ontario 

$ .79 * 
.74 * 
.605 * 
.605 * 
.605 * 
.605 * 
.605 * 
.736 
.774 
.8275 
.8275 
.8275 
.8275 
.849 
.915 

1.028 
1.284 
1.305 

$ Approximat, 
gross value 

258,848 
4,840,061 
6,886,705 

10,963,478 
12,846,000 
12,580,000 
13,448,000 
15,199,000 
16,362,000 
17,748,000 
18,596,000 
20,963,000 
20,301,000 
22,134,000 
24,020,000 
26,905,000 
32,548,000 
33,843,000 

* Contract agreement price with Government 79.39 cents for the first 
5 million pounds and 60.5 cents a pound thereafter until contract completed 
in 1961. 



ORE~ON NICKEL PROJECT 

One of the most important events in Oregon mining history too~ plaoe January 16 in 
Washington, DoC., when the Defense Materials Proourement Agency signed a oontraot with Hanna 
Coal and Ore Corporation and the Hanna Niokel Smelting Company, both subsidiaries of the 
M.A. Hanna Company, Cleveland, Ohio,' for the produotion of nickel from Nickel Mountain near 
Riddle, Douglas County, southwestern Oregon. The contraot calls for the produotion of from 
95,000,000 to 124,000,000 pounds of nickel in ferronickel which will contain at least 25 per• 
cent nickel and not more than 75 percent irono The Hanna Coal and Ore Corporation agrees to 
develop the mine on Nickel Mountain at its own expense to cost approximately $4,300,000. 
Ore from the deposit will be sold to the Government at $6 a ton. In turn, the Government 
will sell the ore to the Hanna Nickel Smelting Company at the same price and the smelting 
company will treat the ore in an eleotric furnace plant to produce the ferronickel. This 
plant will be located about 2 mil.ea' d.o:wn the mountain from the mine and will consist re• 
portedly of four primary furnaces, one refining furnace, and two auxiliary furnaces. 

It was announced in the press pn February 3 that according to H. L. Pierce, Vice Pres• 
ident of Hanna Coal and Ore Corporation and of Hanna Nickel Smelting Company, a contract has 
been awarded to the Bechtel Corporation, San Francisco, to handle the design, engineering, 
and cons~ruction of the nickel smelting plant at Riddle. 

The Hanna Smelting Company will use a patented process developed in France by the 
Societe D•Electro-Chimi, D'Electro Metallurg1e et des Acier1es Eleotr1que D•Ugineo This 
process has been used 1n treating New Caledonia ores having characteristics similar to the 
nickel silicate ore on Nickel Mountain. The contract price 1s 79.39 cents per pound for the 
first 5,000,000 pounds of nickel produced in the ferroalloy and 60.5 cents per pound thereafter. 

The Government agrees to advance $24,800,000 for construction of the , smelter and re­
lated expenses, The contract includes rapid amortization of the facilities installed. 

The importance of this development to Oregon oannot be overemphasized. Nickel is one 
of the most strategic of metals needed in national defense and Nickel Mountain contains by 
far the largest deposit of nickel ore known in the United States. Moreover, the economy of 
the State will ~- •~reatly benefited by this large production of new wealth. 

proj 
of --Comm"'Jce 
as comp.,-v 
ties under co 

Earl S. Mo , 
for Hanna Ni el Smelting Co. told 
the 35 industrialists the installation 
of four electric furnaces should begin 
in January and initial ingots should 
be poured five months later. 

Steel for the smelter structure, 
which along with · other units of the 
multi-million dollar project is under 
contract to Bechtel Corp., San Fran­
cisco, was beyond 100 ft. in height. 
the shop building completed, and four 
ore bins of 900 tons capacity erected. 

Clearing 
Mountain, 

s 
nests fo es have been poured. 
This buil g is 400 ft. long and 120 
ft. wide. 

Company engineers explained the 
two-ton bucket cable tramway, . to 
drop 2,400 ft. from ridge to operation 
site, is expected to have a capacity 
of 3,000 tons a day of wet ore. Wing 
belts will convey the ore from dumps, 
feed underground from the storage 
areas to driers which will burn oil 
or wood sawmill wastes, the latter 
plentiful in the lumber area indus-

F.W.L. 

tries. <f>ried and crushed ore will move 
_from the four bins into a pair of 
fto ing calciners, each 250 f . ong, 
.D!Bir\:wltn'ch it will feed at 70 C 
into bms abo I! the furnal!eaf. s 
reported they are trying to determine 
what uses they might find for the 
slag. Tests indicate it is not usable 
for highway surfacing or aggregate. 

The government contract for min­
ing and smelting of the defense stock­
piling program metal calls for quan­
tities indicating an 8 yr. operating 
cycle. But on the basis of planned 
capacity and ore reserves a 30- to 
40-yr. operation isendicated, assum­
ing an economic operation after the 
government contract is completed. In 
this respect, The Portland Oregonian 
reported ainortization is so arranged 
that Hanna can acquire the smelting 
facility, fipanced by governm~nt ad­
vance, for $2.8-million at thelen«i of 
the stockpiling contract. 

Mollard is a veteran of 
with Hanna and pred 
~es. Pla~t superinten 
~ ~ep,.an, wi\o jo 
1n May aftet 10 years 'Wi 
Mining Co., Stibnite, Idaho, 
years with Idaho Power Co. 



FEDERALLY BACKED OREGON OPERATION TO GIVE NATION NEEDED NICKEL 

Green rock first noted in southern Oregon by sheepherders nearly 90 
years ago appe~rs destined to provide the state with its biggest mining 
enterprise to date--and the United States its first real source of nicke~. 

Thickly forested Nickel mountain, five miles west of Riddle in Doug­
las county, is marked for decapitation in yielding thousands of tons of 
a critical metal needed in the nation's defense. 

Nickel is vital in toughening armor plate and making stainless stee~, 
yet only a small fraction is mined domesticallY,. • 

Action in Washington,~- Q., has cleared most of the way for a start 
this summer on mining and smelting facilities to cost between $25 ,000,000 
and $30,000,000. The mine is scheduled to be in operation by sUIIllller·or 
1954 and the smelter by the following Octobe~. 

Subsidiaries of the ij.~. Hanna company, Cleveland, q., a top-flight 
outfit handling millions of tons of coal and iron ore in this country and 
developing huge iron deposits in eastern Canada, will take on the Oregon 
nickel tas"k. 

Project Stateis Biggest 

The Hanna Coal and Ore corporation will develop the mining operation 
at its own expense at a cost estimated close to $4,300,00Q. The defense 
procurement administration will advance up to $24,800,000 to the Hanna 
Nickel Smelting company to construct crusher and -smelter. 

That's the biggest thing that's ever come to Oregon mining. Riddle's 
development won't loom large against the huge nickel operations near Sud­
bury in Canada, but it will be of respectable siz~. 

Hanna has agreed to produce for Uncle Sam at least 95,000,000 pounds 
of nickel contained in ferronicket. That's regarded as a minlJ'lU.llll. Drill­
ings have pretty well proved that two deposits on the prominence which also 
has long been known as Piney mountain, contain 20,000,000 tons of nickel 
ore, perhaps considerably mor~. 

It's the largest known nickel deposit in this country, and the rich­
est despite its low content of 1 to 3 per cent of the pale, hard metal. 
The nickel is locked in t~e silicate mineral, garnierite, with an approx­
imate 6 per cent of iroq. 

Alloy to Rate High 

That combination is why smelting will yield ferronickel, instead of 
nearly pure nickel as in Canad~. Most nickel goes into nickel steel, any­
how, so the mixture is quite acceptable to industry. 

Most nickel steels contain only 1 or 2 per cent of the toughening 
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metal, though they range up to more than 25 per cent. The alloy produced 
at Riddle is expected to run around 25 per cent nickel. Enough chromite 
exists in the ore to bring the product closer to actual stainless steel, 
though its use in stainless is rated unlikely. 

Cost Factor Reduced 

Oregon mining men have dreamed for decades of a going nickel operation, 
but economics long had them beat. Ore removal appeared feasible. The best 
deposits on Nickel mountain lie on terraces and slopes from 2000 feet el­
evation upward toward the summit of 3533 feet. Power shovels can scrape 
off the red earth overburden, permitting open pit mining. 

But a new, cheap process for treating nickel sil-Lcate ores was need­
ed--or a big boost in the price of nickel--to make an operation at Riddle 
feasible. The key has been found for the lock, with government aid to 
make an admittedly marginal venture attractive to a private company. 

Cheaper methods for producing the ferro-nickel h'1ve come out of years 
of intensive research. The Albany laboratory of the U.S. Bureau of mines 
bas come up with a smelting process peculiarly adaptable to 6regon 1 s tim­
ber economy--it uses two tons of hog fuel to one ton of ore as a substitute 
for coke in the furnaces. 

But the Hanna interests rave adopted a closely-guarded French process, 
it is reported in mining circles. Developed by the French Societe d 1Ugine, 
the process is being used on nickel ore from New Caledonia. Hanna report­
edly will pay a royalty for its use. 

What the advantage of the Ugine process may be is unclear to mineral­
ogy men locally. It may utilize ferrosilicon as a reducing agent, one 
surmised. 

Financing of the Riddle development is something of a riddle in it­
self, but apparently John Q. Tax.payer will be nipped to help boost stra­
tegic nickel supplies. 

The mining subsidiary has contracted to sell the government enough 
ore to produce 95,000,000 pounds of nickel at ,:p6 per dry ton of ore ·with 
1.5 per cent of nickel, the average grade shown in test drillings. This 
is for the books, as the government then will turn around and sell the 
ore to the smelting company at the same figure. 

Price Schedule Set 

Hanna Nickel Smelting will produce ferronickel ingots at a price not 
to exceed 79.39 cents a pound for the first 5,000,000 pounds of nickel­
a price not far from the current market figure of about 60 cents. 

However, amortization provisions constitute a heavy subsidy. All but 
"p2,goo,ooo of the federal advance to the smelting firm can be written off 
during the term of the contr~ct, which runs to June 30, 1962, if the com-
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pany fulfills its production commitment. 

If Hanna wishes to retain the smelting facility at that time, it will 
owe the government only the $2,800,000. Continuation after 1962 is consider­
ed dubious unless new technical improvements arise o~ the nickel market 
climbs. 

The Riddle smelter, it is reported, will have four primary furnaces, 
one refining furnace and two auxiliary furnaces. These will be electric­
ally heated. Bonneville power administration has given the operation a 
commitment for 65,000 kilowatts of firm power, part of it for 1954 and 
the full amount by 1955. 

The ore will go through a primary crusher at the mine site, then 
move between two and three miles down the slope of Nickel mountain, prob­
ably by conveyor either of the bucket or rubber belt type. The ore then 
will be recrushed and dried before smelting. 

Other Deposits Known 

Other deposits of nickel are knovm in the Northwest, but the Riddle 
body is the only one giving promise of production . All are at a dis­
advantage against Canadian ores, because the latter's sulphide combina­
tion yields nearly pure nickel through a relatively inexpensive process. 

In southern Oregon two other deposits have been sainpled and partial­
ly explored. A 4000-acre area at Red Flats in Curry county is being 
studied by the U.S. Bureau of Mines. Surface ore there contains 1.5 per 
cent nickel, said Regional Director Stephen Shelton; about in line with 
1948 findings of a less intensive check by the state department of geol­
ogy and mineral industries. 

Size of this deposit has not been determined, but its location 20 
miles in from the ocean and far from a railroad is discouraging. The 
third deposit in the region is at Woodcock mountain between Kerby and 
0 1Brien in Josephine county, also far from a railroad. 

A few sulphide deposits containing nickel, a little copper and a 
tiny amount of cobalt also are known in southern Oregon. But generally 
the hauling of the ore from other sites to Riddle is regarded as not 
feasible. 

Second largest known nickel deposit in the Northwest , however, is in 
central Washington, 26 miles north of Cle Elum, and contains an estimated 
5,500,000 tons smelting about 1 per cent nickel, 45 per cent iron and 1.7 
per cent chromiurn. The deposit is regarded as not sufficient to justify 
a smelting operation under present conditions. 

Oregon 1 s story goes clear back to 1864 with the discovery on Nickel 
mountain. First to do much exploring and treating of 
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TREASURY SECRETARY HEADS H11.l\TNA CONCERN 

The M.A. Hanna company name has become familiar to the nation's 
readers largely in recent months, not because of the nickel project, but 
because its shrewd boss, George M. Humphrey, has just become secretary of 
the treasuryo 

The ;~250,000,000 corporation dominates coal and iron mines, a steel 
corporation, ships, chemical plants, banks and a rayon factory. Its 
biggest new undertaking is a 0200,000,000 iron ore development in• remote 
Labrador, with private funds. 

ore was W. Q. Brovm of Riddle, between 1880 and 1900. He owned a large 
part of the mountain, which rises slightly higher than others around it. 

But recurrent testing made little progress until World War II and 
its impetus for stockpiling of strategic metals. A geological survey 
report of 1942 estimated the deposit at something more than 6,000,000 
tens on about 162 acres. Then the Freeport Sulphur company made 50 to 
60 diamond drillings and boosted estimates to 20,000,000 tons in two ore 
bodies. 

Freeport Sulphur abandoned Oregon to build the Nicaro plant in Cuba, 
another of the three foreign sources available to the United States. This 
nickel operation fell idle at war's end but was revived in late 1951. 

Work at Nickel mountain was resumed in 1949 when the Hanna company 
leased mineral rights,with option to buy. For many years the site belong­
ed to the Edson F. Adams estate, Oakland, Cal. 

Hanna has sent ore samples to many laboratories for help in working 
out a refining process, including those of the federal bureau of mines, 
its own in the east and some in Europe. 

Compared to the normal U.S. nickel consumption of more than 130,000 
tons a year, the potential at Riddle is small, but defense production 
leaders consider the Oregon deposit well worth developing. 

By: Merlin Blais, Staff Writer 
The Oregonian--1-25-53 
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NICKEL DEPOSIT NEAR RIDDLE, 

DOUGLAS COUNTY, OREGON 

By William T. Pecora and S. Warren Hobbs 

ABSTRACT 

The Riddle nickel deposit, on the slopes of Nickel Mountain 
about 5 miles northwest of Riddle, Douglas County, Oreg,, was 
discovered in 1864. Since then much prospecting and preliminary 
development work has been done, but no ore has been shipped ex­
cept small lots used for metallurgical tests. 

The deposit is a layered blanket, containing the nickel sil­
icate garnierite, which rests upon unserpentinized peridotite. 
This blanket ranges in thickness from a few feet to a maximum of 
60 or 70, but with an average of about 20 feet. It is best de­
veloped on terraces, flats, and gentle mountain slopes above an 
elevation of 2,000 feet. It consists of three layers, a top 
brick-red soil layer, an intermediate thick yellow limonitic 
layer with some quartz-garnierite boxwork, and a root layer com­
posed of quartz-garnierite boxwork in nearly fresh bedrock that 
is a transitional phase between weathered material and fresh 
peridotite. The disposition of the boxwork veins was contrdlled 
by original blocky jointing in the peridotite. Nickel occurs in 
all three layers of the blanket but is most abundant in the box­
work veins carrying garnierite. The darker green varieties of 
the garnierite contain the highest percentage of nickel. 

The nickel is believed to have been derived from olivine in 
the peridotite by decomposition during lateritic weathering, 
which probably took place during late Tertiary time, before the 
present regional surface at an elevation of 2,000 feet was dis­
sected. This process formed limonite and nickel-poor garnierite, 
Under present climatic conditions the original laterite has un­
dergone a change resulting chiefly in a boxwork of quartz and 
nickel-rich garnierite. 

About 162 acres of ground are underlain by a blanket con­
taining over 6,000,000 tons of material, 1 to 2 percent of which 
is probably nickel. Eighty thousand tons have been proved to 
contain 2 to 3 percent of nickel, and 75,000 tons have been 
proved to contain 1 to 2 percent of nickel. A new method of 
treating low-grade silicate material would have to be devised 
before this large deposit could be utilized. 

INTRODUCTION 

The Riddle nickel deposit is on Nickel Mountain, also called 

Piney Mountain, about 5 miles northwest of Riddle, Douglas 

205 
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County, Oreg. (fig. 20). The deposit is an unevenly distributed 

surficial blanket, containing the nickel silicate garnierite, 

which rests upon peridotitic rocks on the western, southern, and 

southeastern slopes of the mountain above an elevation of 2,000 

feet. 

1igure 20.-Index map showing location of the Riddle nickel deposit. 

Riddle, which has a population of about 200, is at an eleva­

tion of about 700 feet on the north side of Cow Creek a mile 

west of its junction with the South Umpqua River. It is on the 

Southern Pacific Railroad, and it is about 230 miles by highway 

south of Portland. A poorly conditioned dirt road about 5 miles 

long connects the town with the nickel deposit. 

History and development 

Since the discovery of the deposit by sheepherders in 1864, 

much prospecting and exploration has been done on Nickel Moun­

tain, but up to the present no nickel ore has been shipped ex-
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cept small lots used for experimental metallurgical tests, From 

1880 to 1900, Mr. W. Q, Brown of Riddle owned a large portion of 

the deposit, and under his direction it was actively explored, 

Mr. Brown also experimented with concentration and treatment of 

the o~e. The property that contains most of the deposit is now 

owned by Mr. Edson F. Adams of Oakland, Calif, 

The accessible workings include 75 small pits and trenches, 

6 adits, 3 shafts, and about 5 large open cuts, The longest 

adit is 300 feet long and the deepest shaft is 83 feet deep. 

The dump piles contain about 4,000 tons of material--practically 

all that has been excavated from the workings--irt which the 

nickel content ranges from 1/2 to 3 percent, If garnierite ore 

of this low grade could be successfully concentrated or treated, 

there would be a huge potential reserve of nickel in the deposit, 

Mining of the deposit would involve no unusual problems; the 

principal obstacle to operation is the difficulty of priofitably 

treating such low-grade ore, 

Field work and previous investigatiops 

During September and October 1940, the writers made a de­

tailed study of the mode of occurrence of the nickel and pre­

pared a map of the deposit. The geology of the Riddle quadran­

gle, in which the deposit is situated, has been described by 

Diller and Kay,1/and the nickel deposit has been described by 

Clarke,Yvon Foullon,~/Austin,1/Ledoux,.!2/and Kay.Y 

'lJ Diller, J. S., and Kq, G. 1., U, S. Geol. Survey Geol. Atlas, Riddle 
folio (No. 218), 1924. 

g/ Clarke, r. If., Some nickel ores from Oregon: Am. Jour. Sci,, 3d ser., 
vol. 35, pp. 483-488, 1888; U. S. Geol. Survey llull. 6o, pp. 21-2b, 189(). 

'j/ Von 1oullon, H. :B., On Ric.dle, Oregon: K. I:, Geologiache Rsichsan­
stal t, Jahrb., vol. 42, pp. 224-234, Vienna, 1892, 

':/ Austin, W. L,, The nickel deposits near Riddle's, Oregon: Colorado 
Sci. Soc. ' Proc., vol. 5, pp. 173-190, 189b, 

';;/ Ledoux, A. R., Notes on Oregon nickel prospects: Canadian Min. Inst, 
Jour., vol. 4, pp. 184-189, 1901. 

f:/ Kq, G, r., Nickel deposits of Nickel Mountain, Oregon: U. s. Geol. 
Survey :Bull. 315, pp. 120-128, 190b • 
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The authors are indebted to F. C. Calkins and H, G, Ferguson, 

of the Geological Survey, for many helpful suggestions during 

the preparation of this report, The chemical analyses were made 

by Victor North, ~lso of the Geological Survey. 

Topography 

The topography of the Riddle quadrangle is typical of a 

large part of the Pacific Coast Ranges. The relief is about 

3,000 feet. The summit of Nickel Mountain has an altitude of 

3,533 feet and rises a few hundred feet above the neighboring 

ridges. The ridge crests are fairly uniform in altitude and 

were believed by Diller 1/to represent the widespread Klamath 

peneplain of late Tertiary age. Dissected erosion surfaces, the 

chief of which has an elevation of about 2,000 feet, are also 

recognizable at lower altitudes, In a detailed analysis of the 

topography of Nickel Mountain, given in a later section, the 

distribution of the ore is correlated with the topography. The 

physiographic history of the region has been an important factor 

in the formation and localization of the nickel depo~it. 

GEOLOGY 

The areal distribution of the rocks in the vicinity of Nick-
y 

el Mountain is shown on plate 37. A large irregular body of 

peridotite and serpentine, which extends northeast and southwest 

from Nickel Mountain, is of principal interest, because the 

nickel deposits are related to the peridotite, The peridotite 

and serpentine body is intrusive into Jurassic sandstone and 

late Jurassic greenstone and related rocks, and is probably late 

Jurassic, The structure of these older rocks has a predominant 

northeasterly trend. They are unconformably overlain by the 

Knoxville formation and younger sedimentary rocks. 

lJ Diller, J. s., Mineral resources of southwestern Oregon: U. S. Geol. 
Su.rve7 Bull. 54b, pp. 12-14, 1914, 
~ The geology shown on plate 37 is modified from Diller and Jra.y, op. cit. 
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Peridotite 

In the ultrabasic intrusive mass of Nickel Mountain, perido­

tite is far more abundant than its derivative, serpentine. This 

is true of the entire intrusive body as well as the small part 

shown on plate 38, with which the nickel deposits are associated, 

In previous geologic reports on this region, "serpentine" is 

commonly used as a collective term for all the ultrabasic intru­

sive roc~s, but as the nickel ore is associated only with the 

unserpentinized peridotite, it is essential to discriminate in 

this report between true serpentine and the peridotite from 

which the serpentine is derived. The name serpentine is there­

fore applied only to the serpentinized ultrabasic rocks, and the 

unaltered rock is called peridotite. 

The peridotite is partly dunite and partly saxonite. Dunite 

contains more than 90 percent of olivine, ((Mg,Fe) 2Si04 ), and 

saxonite contains, with its dominant olivine, as much as 40 per­

cent of the orthorhombic pyroxene enstatite, ((Mg,Fe)Si03 ). 

Dunite and saxonite are not shown separately on the geologic 

map (pl. 38). Field study revealed no system in the dist~ibu­

tion or structural orientation of masses of the two rocks. Al­

though no fine-grained or chilled varieties were seen, large ir­

regular masses of saxonite appear in places to be intrusive into 

dunite. Probably both rocks were formed in the same intrusive 

episode, but the saxonite crystallized later than the dunite. 

The saxonite and dunite are coarse-grained and hard, and 

both contain a little scattered chromite, (FeCr2o4 ), but the few 

segregations of chromite are always associated with the dunite. 

Both rocks are dark yellow green on unweathered surfaces. In 

weathere~ outcrops the dunite is brownish green and exhibits a 

fine-textured lattice-work of joints. The weathered saxonite is 

dark reddish brown and has a coarse blocky jointing that makes 

it more resistant to weathering than the dunite, and it is fur­

ther distinguished by a pitted surface, because the pyroxene in 

430320 0 - 42 - 2 
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it is more resistant to weathering than the olivine, This fea­

ture is especially noticeable where decay of the rock is far ad­

vanced, the olivine being completely changed to yellow limonite 

whereas the pyroxene remains in recognizable crystals. 

As the nickel content of olivine is greater than that of en­

statite (see table on p. 211), unweathered dunite has a higher 

nickel content than unweathered saxonite. Under certain condi­

tions of weathering the nickel originally contained in the oli­

vine became concentrated in the nickel-magnesium silicate garni­

erite, which, together with quartz, forms veinlets in both rocks. 

These veinlets are more abundant in the duuite than in the sax­

onite, as the dunite is the more closely jointed, The ratio of 

garnierite to quartz is also higher in the veins cutting dunite, 

as the larger olivine content affords a larger supply of nickel. 

A brick-red soil which is developed on the surface of the 

nickel deposits is described in the section that deals with the 

deposits. 

Serpentine 

. 
A band of partly or completely serpentinized peridotite, 

from 10 to several hundred feet in width, separates the unal­

tered parts of the intrusive body from the older rocks wherever 

the contact was observed, This border facies of the ultrabasic 

intrusive rock consists mainly of a black, fine-grained serpen­

tine. In many specimens the pyroxene is unaltered although the 

olivine is comple tely serpentinized, but commonly the pyroxene 

also is serpentinized, being altered to lustrous bronze-colored 

pseudomorphs of bastite. Some of the partly altered peridotite 

contains veins of serpentine. 

In places within the border zone of the intrusive there are 

masses of green slickensided serpentine. This material encloses 

rounded blocks of the black, fine-grained serpentine, from which 
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i t evidently was derived . A similar association was observed by 

'Y Pal ache i n t he serpent ine of the Cal i f or nia Coast Ranges . 

Analyse s of two samples of serpentine show tha t i t contains 

more n i cke l than the o l ivine sampl es that have been analyzed 

( see table below ). However , no nickel deposit has been found in 

serpentine . Both varieties of serpent ine weather to a gray­

brown soil that is conspicuous l y d i ffe r ent f r om the so i l over 

peridotite . 

Analyses of rocks and mineral s f r om Ni cke l Mount a in 

1 2 3 4 5 6 

S io8 ........................ 41. 43 42 . 8 1 
Al2 3• ••.••• • •.•••..••..•• • • . 0 4 No t det . 
Fe§o3 •••••••.•..•.• • ••.•.•.. 2 . 52 2 . 61 
Fe ••••••.•.•..•••.•••.••••• 6 . 25 7 . 20 
Cao •••..•..•..•.......••. • •. . 55 None 
MgO •••••.....•..••.....•.•.• 43 . 74 45 . 12 
Ni O •.•.•• • ....•.••..•.•••. • . . 10 . 26 0 . 32 0 . 05 0 . 45 0 . 33 
Cr2o 3 ••••••••.•••••.•..••.•• . 76 . 79 
Loss on ignition ••••.•.•.•. • 4 . 41 . 57 

99 , 80 99 . 36 
Ni, ••••••••••••••••••••••••• , 08 . 20 . 25 . 04 . 35 

1. Peridotite (saxonite) witll more than two-thirds oliTine. Clarke, 
1. lf .. op, cit. (1888), p. 485, 

. 26 

2. OliTine, not entirely free from enstatite and chromite. Clarke,!· W., 
op. cit, (1888), p. 485, 

3. OliTine. Von Foullon, H.B., op. cit., p. 226. 
4, Orthorhombic p;rroxene ("bronzi te"). Von Foullon , H. B., op. cit., 

p. 226. 
5. Serpentine from localit;r near border east of stock. Von l!'oullon, 

H, G., op. cit,, p. 233, 
b. Serpentine from localit;r northeast of Nickel Mountain. Kay, G. r., 

op. cit,, p. 126. George Steiger, analyst. 

THE NICKEL DEPOSIT 

1.Q/ 
The typical ore of the nickel deposit is a blanket of 

deeply weathered peridotite , now almost entirely altered to li­

monite , which is host to an intricate lattice boxwork of quartz ­

garnierite veins , The deposit was formed during the weathering 

'}} Pe.leche, Charles, Lherzolite and associated rocks of the Potrero, 
San Francisco: California Univ,, Dept, Geology, l3ull, 1, pp, 161-180, 1894, 

"!:2./ The term "ore" is not used here in the strict sense, being applied 
for convenience to material not rich enough to be worked profitably, in 
place of such cumbersome phrases as •potential oN", "nickel-bearing materi­
al". 
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of the unserpentinized peridotite upon which it rests, by a two­

fold supergene process which involved the release of nickel from 

the primary minerals and its combination in nickel-poor second­

ary minerals und~r a humid tropical climate, and its subsequent 

concentration in nickel-rich garnierite under a humid temperate 

climate, The deposits are the remains of a once more extensive 

blanket, which probably at one time covered most or all of the 

peridotite in the area, Landsliding, rill wash, and slope wash 

have stripped parts of the deposit from the unweathered perido­

tite, The weathered blanket is constantly undergoing furth~r 

chemical change, so that in small areas further enrichment in 

nickel is being effected, apparently by the breaking down of 

early formed garnierite that contains relatively little nickel 

and the formation of nickel-rich garnierite and quartz, Garni­

erite does not seem to be forming directly from the peridotite 

under present climatic conditions. 

Mineralogy 

The principal minerals of the nickel deposit ar~ garnierite 

(hydrous nickel-magnesium silicate), quartz, chalcedony, and 

chert (three varieties of silica), and limonite (hydrated iron 

oxide), A small quantity of chromite (Fecr2o4 ) and manganese 

oxide are also present. 

Garnierite,--The garnierite ranges in color, even in the 

same vein or hand specimen, from yellowish green through apple 

green to blue green, The darkest variety, which presumably has 

the highest nickel content, occurs in some places as veinlets in 

the yellowish-green variety. When the mineral is wet it is 

darker-colored than when it is dry, Some of it then crumbles 

under slight pressure, and some spreads like paste. The dry 

garnierite is soft but brittle, and will adhere to the tongue, 

Analyses of garnierite from Nickel Mountain are shown in the ta­

ble on page 213, 
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Analyses of garnierite from Nickel Mountain 

1 2 3 4 

Si02••••·••·•······•••••·•·•••·•····• 44.73 48.21 40.55 48.82 
Al203 + Fe203 ••• ,, ••• ,, •• ,, ••.••••••• 1.18 1.38 1.33 .06 
ttgO, •••••••••••• , ••• ,, •...• , •• , •• , ••• 10.56 19.90 21.70 18.49 
NiO, •• ,,,.,.,, •• , ••••• , •••••• , ••••••• 27.57 23,88 29,66 19.04 
H20+ •••••.••••••• ,., ••••••••••••••••• 
H20-, •••••••••••••• ,.,.,.,.,,, ••••.•• 

6.99} 
8,87 

6,63 7,00 12.29 

99.90 100.00 100,24 98,70 

Ni, ••••••••••••••••••• ,, ••• ,.,.,,,,,. 21,67 18.77 23,31 14,97 

1. Clarke, r. W,, op, cit. (1888), p. 484. 
2 and 3. Blake, W, P., Nickel; Mineral Resources U. S., 1882, p, 4o4. 
4. Von Foullon, H. B., op. cit,, p. 272. (Apple-green garnierite.) 

Enriched garnierite,--ttuch of the garnierite of the main ore 

zone shows evidence of recent enrichment in nickel through the 

breakdown of an earlier-formed, nickel-poor variety. Near the 

base of the decomposed mantle rock a greenish-yellow to color­

less variety of garnierite has been found in partly weathered 

dunite. This material is always below the ore and is well-ex­

posed along the road bed and road cuts in the southeastern part 

of the deposit, in some places on the steep slopes in fresh per­

idoti te, and on the bed-rock areas of the summit of Hickel tto_un­

tain, Quartz and green garnierite are both absent or rare at 

these localities, but if one is present, the other is also, 

Both enriched garnierite and quartz may occur as veins in the 

pale garnierite, but the quantity of the enriched material in­

cre ases toward the surface and develops a n e twork of cross-cut­

ting quartz-garnierite veins, This is well shown at the Discov­

ery and West Workings. The order of formation in all places is 

from pale garnierite to deeper-colored garnierite, and a rude 

zoning indicates a progression from pale varieties at depth to 

deeper-colored varieties toward the surface. This indicat e s a 

process of superg ene nickel enrichment in garnierite, and the 

pale, unenriched garnie rite, which is accompanied by limonite, 

is believed to be the source of both the nickel and t h e silica 

concentrated by the recent enrichment process. 

430320 0 - 42 - 3 
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Quartz,--The quartz which is persistently associated with 

the garnierite in the box.work veins is commonly white and fine­

grained. The quartz of the thin, flaky veinlets in the garnier­

ite is porcellane~us, while that of the thicker veins is coarser 

and partly brownish. Brown chalcedony or cherty silica is com­

mon near the surface o f the deposit, Quartz is generally more 

abundant than garnierite in the box.work, but its relative abun­

dance decreases downward from the surface, 

Limonite,--Most of the limonite is soft and easily removed 

from the box.work, but at a few places near the surface part of 

the limonite is silicified to a brown, chert-like mass. One 

sample of limonite from between the quartz-garnierite veins of 

the box.work contained about 1 percent of nickel, 

Layers of the deposit 

The nickel deposit is layered, as is well shown in the ver­

tical section exposed at the Discovery working s and represented 

in figure 21, A top layer of brick-red soil, 2 to 3 feet thick, 

covers the main layer, 40 feet thick, of quartz-garni;rite box­

work in limonite, Locally the box.work layer contains "boulders" 

of peridotite, which are incompletely altered residuals. The 

base of the box.work lay er is very irregular, but is approximate­

ly parallel to the hill slope, Below the box.work layer is the 

basal or root layer, In it prongs of the peridotite project up­

ward, and, conversely, roots of the box.work project downward in­

to fresh peridotite, The maximum depth of box.work roots in per­

idotite is not known but is estimated t o be a b out 150 feet, 

Brick-red soil layer 

The top layer of the deposit averages 2 to 3 feet in thick­

ness and rang es from a thin veneer up to 9 feet. It consists of 

brick-red soil, soft and incoherent, containing small round pel­

lets of red iron oxide and, at the surface in a few places, 
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Leached surface 
Brick-red soil layer 

Grades through 
orange to yellow 
co I or of zone below 

Quartz-garnierite 
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Peridotite altered 40' 
to soft yellow Ii­
monite. Former 
joint cracks fi I led 
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work of quartz-
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trolled by fractures - x ,/ x • " x xx 11 ""' IC. 

or rock composition 

Open cut 

Shaft 
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~igure 21.--Dia&rammtic sketch of a vertical section of the mineral deposit 
at .the Discoveey worlcinga. 

small pieces of dull quartz or larger fragments of spongy quartz. 

The quartz, which is commonly stained with much manganese oxide, 

is a residue of weathered boxwork, and hence may be an excellent 

guide to unexposed boxwork ore. 

The brick-red soil layer, originally derived from peridotite, 

supports .a moderately heavy growth of vegetation, which con-
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trasts with the scant growth on areas underlain by serpentinized 

peridotite. Many of the trees that grow on it are tilted and 

curved, showing that even on gentle slopes the soil tends to 

creep, and as a co~sequence of this creep and the action of 

plant roots all structures of the original peridotite are ob­

literated in the soil layer. 

Analyses of three composite samples of the brick-red soil 

show that they contain 0.95, 1.10, and 1.02 percent of nickel. 

(See table below.) The mineral in the soil that contains the 

nickel is unknown. It is reported that the soil contains be­

tween 0.75 and 2 percent of Cr
2
o

3
, which is probably in the form 

of chromite. No complete analysis of the red soil is available. 

Nickel content of red soil and red-soil wash, Nickel Mountain 
[Victor North, analyst] 

Sam-
Ni ple Description Location 

No. (percent) 

1 
}Red-soil wash ••••••• 

Composite samples from sur- { 0.61 
face southeast of the 

2 Discovery area. .71 
3 Brick-red soil •••••• Composite sample from sur- .95 

face near summit of 
Nickel Mountain. . 

4 •••• do •••••••••••••• Composite sample from sur- 1.10 
face of 2 acres around 
Discovery shaft, 

5 •••• do •••••••••••••• Channel sample at Discovery 1.02 
open cut, 4 ft. below 
surface, 3 ft. above 
boxwork ore. 

Wash derived from the brick-red soil layer of the upper 

slopes partly covers terraces and the bottoms of small valleys 

on the lower slopes of Nickel Mountain. Analyses of two compos­

ite samples of this wash material collected southeast of the 

Discovery area (see pl. 38 and fig. 22) show that they contain 

0.61 and 0.71 percent of nickel. The wash also contains very 

small grains of chromite. 
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Quartz-garnierite boxwork layer 

,The boxwork layer attains a thickness of 40 feet at the Dis­

covery workings, but it is between 10 and 20 feet thick in most 

other places. At several places, boxwork ore can be seen to 

project downward like roots into the underlying peridotite. 

This is well shown at the West shaft where a narrow irregular 

root of boxwork extends downward from the surface for at least 

85 and possibly 100 feet. Scattered patches of boxwork ore in 

areas of fresh peridotite are common in the vi~inity of the main 

ore bodies, and probably represent the lower ends of the root 

zone of a once more extensive boxwork layer, 

Two striking features characterize the boxwork in both the 

boxwork layer and the roots: (1) The intimate quartz-garnierite 

veins form a honeycomb in yellowish, hard or soft limonitic ma­

terial weathered from peridotite, and (2) local fractures and 

fracture veins with slickenside~ walls are common. 

Boxwork veins,--Individual veins in the boxwork layer con­

sist mainly of intergrown quartz and garnierite, and they range 

from paper-thin sheets to veins 2 inches or more in thicknes~. 

Quartz commonly forms the walls of tl'?e veins and encloses the 

garnierite, but it also forms intricate networks of very thin, 

white, porcellaneous veins in the nickel mineral. The relative 

proportions of the two minerals in the veins vary greatly from 

place to place. The boxwork layer on the north face of the Dis­

covery open pit, which is exceptionally rich in garnierite, is 

estimated to contain 5 percent of garnierite, 15 percent of 

quartz, and 80 percent of limonite, Here, the boxwork layer 

averages between 3 and 4 percent of nickel. Elsewhere, garnier­

ite commonly makes up 5 to 10 percent of the individual boxwork 

veins, but less in the veins near the surface in which leaching 

or rain wash have been active. Below the surface the veins are 

compact, but near and at the surface they contain open spaces 
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whose walls are coated with brown-stained quartz. Brown quartz 

locally replaces the white quartz. 

The garnierite varies in color and composition in the same 

vein. Green is the predominant color, and the shade of green is 

darker when the boxwork is wet. Both the percentage of garnier­

ite in the veins and the nickel content of the mineral itself 

must be estimated before any evaluation of a boxwork exposure 

can be made by inspection in the field. 

In some places the boxwork, naturally exposed on the surface, 

is almost entirely leached of its garnierite, and there remains 

a heavy, spongy mass of brown and white quartz. When this 

leached outcrop material is broken, small angular or rounded 

fragments of garnierite are frequently found within the protec­

tive quartz. Much of the boxwork ore of the dump piles also 

shows this feature. The exposed garnierite is more easily 

washed from the boxwork by rain than leached by the chemical 

activity of the water. Large masses of the sponge-quartz out­

crops are exposed on the surface of the gentle slope immediately 

below the summit. Prospect pits prove conclusively that such 

leached outcrops can be used as guides for location of unexposed 

boxwork ore, but it is reported that the boxwork ore exposed be­

neath such leached outcrops contains less than 2 percent of 

nickel. 

Joints and fractures in the fresh peridotite have been the 

main factor in controlling the pattern as well as the thickness 

of the veins. The coarse rectangular joint plan of the saxonite 

supports a very coarse boxwork. The largest observed joint 

block of saxonite is about 4 feet in diameter, many are 1 tq 2 

feet, but most of the blocks are only a few inches across. The 

thickness of the individual veins of the boxwork varies in pro­

portion to the size of the joint blocks that the veins enclose. 

The thickest of the veins of the boxwork are about 2 inches; the 

~hinnest are mere films a fraction of an inch across. The in-
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dividual cells of the boxwork frequently contain a core of un­

we~thered peridotite in a soft 11monitic matrix, and this re­

lationship is evidence of the process by which the peridotite 

was altered to form the ore. The closely spaced joints of the 

dunite, on the other hand, support a finer-textured boxwork of 

thinner septa; the joint blocks are rarely more than an inch 

across, are completely weathered, and are enclosed in a lacework 

of quartz and garnierite. 

The 11monite interstitial to the boxwork veins is soft and 

crumbly in the boxwork layer but is hard and compact at some 

places in the boxwork roots, A carefully collected sample, 

weighing about an ounce, of soft 11monite from the boxwork de­

posit at the portal of the Discovery adit contained 1.3 percent 

of nickel (see table on p. 220). 

Fracture veins.--Open fractures are numerous in the boxwork 

ore and also in the peridotite that contains the boxwork root. 

Brown and white quartz and light- to dark-green garnierite form 

veins along these fractures, and both minerals show slickensides. 

The thickest vein, observed at the West shaft, ranges in th,ick­

ness from 6 inches to a foot in a distance of 30 feet. Some 

fragments of t h e vein on t h e dump are 14 inches wide and consist 

predominantly of white and brown quartz, which encloses scat­

tered small pellets of garnierite, The brown quartz is banded 

and flinty and clearly replaces the white quartz. Some cavities 

in quartz are lined with mamillary crusts of dark-green garnier­

ite and brown quartz, 

Along some parts of the veins apple-green to blue-green gar­

~ierite has be en deposited. The thickest vein of garnierite was 

observed on the south wall of the West open cut, where it ranged 

in thickness from 1 to 3 inches in a distance of 15 feet, The 

veins are not persistant in depth and connnonly extend less than 

20 feet along the strike. Boxwork is characteristically present 

in the wall rock and at the edges of the fracture veins. 
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The attitude of the veins in the deposit is not systematic, 

Low dips are commoner than high ones for veins near the surface, 

but high dips are most characteristic for fracture veins in the 

roots, Where slickensides are present, movement is indicated in 

a direction down the present slopes of Nickel Mountain. The 

fractures that contain the fracture veins are possibly results 

of slumping, landsliding, or local collapse of the mineral de­

posit, 

Nickel content of samples from boxwork and root zone, 
Nickel Mountain 

[Victor North, analystj . 
Sam-
ple Description and Location 
No, 

1 Limonite between boxwork, portal of Discovery 
adit, 

2 Rich pocket of garnierite ore from fracture vein 
in west wall of Discovery shaft, 

3 Composite of five channel samples of boxwork ore 
from walls of Discovery open pit, representa­
tive of upper 15 ft. of boxwork. 

4 Composite sample from 30 ft, of boxwork ore in 
Discovery shaft, 

5 From bottom 5 ft. of Discovery shaft; part box-
work ore and part peridotite. 

6 Composite sample from outer 150 ft, of Discovery 
adit; part boxwork ore and part peridotite. 

7 From breast of Discovery adit, 175 ft. from por-
tal; part boxwork ore and part peridotite, 

8 Composite sample from upper 35 ft. of West 
shaft; mostly boxwork ore, 

9 From bottom 4 ft. of West shaft (84-88 ft, below 
surface); mostly peridotite with films of gar­
nierite and glassy quartz along fractures in 
rock, 

10 Composite sample from outer 155 ft, of West 
adit; mostly boxwork. 

11 Composite sample from inner 145 ft, of West 
adit (to face at 300 ft. from portal); mostly 
peridotite. 

Root layer 

Ni 
(percent) 

1.31 

8.09 

2.07 

2,81 

1,84 

2.06 

1.35 

1.94 

,83 

1.04 

.34 

The lowermost part of the blanket of ore is a zone in which 

root-like extensions of the boxwork material above penetrate the 

underlying fresh peridotite, The zone is very irregular and 

marks the transition from ore to bedrock. The boxwork roots 

project downward into the fresh peridotite to an unknown depth. 
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In the boxwork deposits of the West area and of the steep slope 

northwest of the Discovery deposit, which are interpreted as 

parts of the root zone, the greatest known depth of the roots is 

about 85 feet. This fi~re depends on the fact that the breast 

of the West adit, which lies about 40 feet directly below the 

bottom of the West shaft, 1• 1n partly weathered peridotite with 

thin flakes of quartz and garnierite. 

Only the boxwork roots need be explored in the root zone. 

Except where enrichment has taken place, the boxwork roots re­

portedly contain less than 1 percent of nickel, 

Origin 

Relation to slopes 

It is generally recognized that the best deposits of gar­

nierite lie on terraces and gentle slopes at altitudes above 

2,000 feet, and such ground therefore has been the most thor­

oughly prospected, (See fig. 22.) Some terraces cut on fresh 

peridotite below 2,000 feet, are mantled with wash, consisting 

partly of boxwork and partly of red soil derived from upper 

slopes. The West area and the steep slope northwest of the Dis­

covery area contain root deposits of a former gentle surface of 

higher elevation which, before erosion to the present slope, was 

probably rich in boxwork ore. Debris from the West area boxwork 

is abundant on a 2,500-foot terrace west of the mapped area of 

plate 38, 

The dissected terrace at 2,000 feet is part of a widespread 

erosion surface, and it is evidently much older than the stream 

terraces, at least 500 feet lower, from which Pleistocene verte­

brate remains have ·reportedly been collected, The deposits are 

probably not much younger than the 2,000-foot terrace, for no 

garnierite and limonite layer is known to have formed on any 

terrace cut on peridotite below the 2,000-foot terrace level, 

All local terraces in peridotite between 2,000 feet and the 
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summit of Nickel Mountain, on the other hand, have deep roots of 

boxwork ore, The writers therefore believe that the weathering 

of peridotite to a lateritic soil made up chiefly of lilllonite 

and nickel-poor garnierite took place during the time interval, 

probably late Tertiary, in which the Klamath Upland Surface was 

uplifted and dissected, to form ultimately a widespread mature 

erosion surface whose base level in the area near Nickel Moun­

tain is now represented by the 2,OOO-foot terrace, According to 

this interpretation, the present nickel deposit is largely a 

partially reworked remnant of a lateritic soil blanket, which 

originated in late Tertiary time, and no further weathering of 

this kind occurred in the-peridotite that was later exposed by 

dissection of the 2,O0O-foot terrace, 

Formation of boxwork 

Either of two conditions may have produced a deeply weath­

ered limonitic blanket on the peridotite during the formation of 

the late Tertiary 2,OOO-foot erosion level: (1) climatic condi­

tions differing from that of later, presumably Quaternary t1;me, 

or (2) longer weathering under the same climatic conditions. 

The writers favor the first alternative, and believe that the 

late Tertiary weathering was lateritic. A humid and tropical to 

subtropical climate would produce laterite on a peridotite sur­

face of low relief, While the olivine was decomposing under 

these conditions, magnesium, nickel, and silica combined with 

water to form nickel-poor garnierite, and iron oxidized to form 

limonite, In true laterites, quartz is not precipitated within 

the deposit. 

Under Recent humid-temperate climatic conditions new later­

ite did not form, but the laterite already formed became further 

altered, Decomposition of garnierite at the surface released 

silica, magnesium, and nickel. Much of the silica was precipi­

tated as quartz, some magnesium was leached and lost, and much 
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nickel was redeposited lower down to form green nickel-rich gar­

nierite associated with quartz. In the root zone the nickel­

poor garnierite has been partly decomposed and enriched in place. 

The quartz-garnierite boxwork is therefore attributed to 

Recent weathering of the lateritic product of Tertiary weather­

ing. Garnierite and quartz are being deposited at the present 

time along fractures in peridotite below the boxwork. 

111 1Y Both Von Foullon and Kay have argued that garnierite 

was formed by the weathering of secyentine derived from perido-

W tite; and Austin believed that the quartz-garnierite veins 

were of hydrothermal origin. In the writera 1 opinion, on the 

contrary, field evidence strongly indicates that the garnierite 

was derived from peridotite rather than serpentine and deposited, 

together with quartz, by a secondary supergene rather than hy­

drothermal action. 

Reserves 

Grade 

Under present conditions, garnierite ore containing less 

than 5 percent of nickel cannot be worked profitably. Most of 

the deposit at Nickel Mountain contains only 1 or 2 percent of 

nickel, and only a relatively small part, reckoned in minable 

tonnages, contains as much as 2 to 3 percent. 

Calculations from samples totaling a few hundred pounds in­

dicate that the boxwork ore at the Discovery workings contains 

between 2 and 3 percent of nickel, but representative samples of 

boxwork ore from other parts of the deposit contain less than 2 

percent of nickel. Samples weighing a few pounds and containing 

3 to 5 percent or more of nickel can indeed be collected--one 

taken by the writers from the richest pocket of garnierite ob-

gJ_ Von loullon, H. :e., op. cit. 
IlJ. Iq, (}. 1., op. cit. 
rJ/ Austin, W. L., op. cit. 



NICKEL DEPOSIT NEAR RIDDLE, OREGON 225 

served contains 8.09 percent of nickel--but these samples are 

not representative. The results of the writers' sampling indi­

cate that the nickel content of the deposit is lower than has 

w been reported. Kay, for example, states that two specimens, 

collected as representing average boxwork ore, contained 5.35 

and 4.94 percent of nickel, and that about 20 tons of ore, 

shipped by the Oregon Nickel Mines Co. for experimental purposes, 

was reported by the company to contain between 5 and 8 percent 

of nickel. 

Estimates of tonnage 

At the Discovery shaft, adit, open cut, and adjacent 

!El trenches there is a proved minimum of 80,000 tons of boxwork 

ore in which the nickel content is estimated to be at least 2 

Estimated tonnage of nickel ore at Nickel Mountain 

Proved ore Probable ore Estimated 
Location (tons) (tons) 

Boxwork:1/ 
Discovery workings •••••••• 80,000 200,000 
West workings ••••••••••••• 50,000 ......... 
Miscellaneous trenches, 25,000 ......... 

pits, short adits, dumps 
Discovery area ............ . ..... 2,000,000 
West area ••••••••••••.•.•• . ..... 500,000 
Upper area ••• y···•······· ...... 3,000,000 

Brick-red soil: 
Discovery area ••••.•.••••• ...... 240,000 
West area ••••.••••.••••.•• ...... 48,000 
Upper area ••.•••••.•••.••• ...... 300,000 

!/. :Boxwork calculations baaed on 20 cu. ft. per ton. 
y Red soil calculations based on 25 cu. ft. per ton. 

Ni content 
(percent) 

2 to 3 
l•to 2 
1 to 2 

1 to 2 
1 to 2 
1 to 2 

t to 11.. 
to 1i 

2 to l½ 

but not more than 3 percent. In the area surrounding the Dis­

covery open cut there is probably at least 200,000 tons of the 

same grade. The exposures over a wider area about the Discovery 

workings indicate that there is probably about 2,000,000 tons 

!!!/_ Ia7, G. r,, op. cit., p. 124. 
~ Calculation■ of boxwork ore are based on an estimate of 20 cubic 

feet per ton. 
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more material with a nickel content of 1 to 2 percent. Further 

prospecting within this promising area might justify a higher 

estimate. 

At the West workings, the shaft, open cuts, and adit develop 

a proved minimum of 40,000 tons of boxwork ore, and at the open 

cuts north of the West adit there is at least 10,000 tons of 

proved ore, having a nickel content between 1 and 2 percent. 

The probable ore in the area about the West workings amounts to 

about 500,000 tons, of the same grade. 

Scattered pits, trenches, short adits and dump piles partly 

block out about 25,000 tons of boxwork ore containing between 

1 and 2 percent; this also may be regarded as proved ore. 

For the large area east of the West workings, the estimate 

of probable ore is 3,000,000 tons with a grade of 1 to 2 percent. 

Much of this area is as yet unexplored, so that a larger tonnage 

is possible. In some places, however, the boxwork ore may con­

tain less than 1 percent and in others more than 2 percent. 

In all, the Nickel Mountain deposit contains more than 

6,000,000 tons of boxwork ore, composed of limonite, quartz, 

garnierite, and chromite, with a nickel content of 1 percent or 

more. There is, in addition, over 600,000 tons of brick-red 

soil containing 1/2 Xo l½ percent of nickel. 

The deposit can be mined by power shovels at low cost, but 

a new method of treating nickel silicate ores or a great in­

crease in the price of nickel would be required to make mining 

of the deposit profitable. 

0 



I re J:JL MOUNTAIN 

702 Woodlark Building 
Portland, Oregon 

FJ.i dl e Ar ea 

Freeport Sulphui· is exploring the nicke 1 deposits here . Old 
workings have been clesned out particularly the adit end shei't at 
the "Discovery" and the 80 foot shaft wid tlle lower adi t rt the "Vfest 
area." . In addition drill:tng has been started . 

Cl1.m.ax. Molybdenum drilled a north- south line of holes tbrough 
the "Discovery" n:rea on 400 foot center" 1 about 1938 or 1939 . Hobbs 
and Pecora a.id not mention this work and it is doubtful if they knew 
r it . Free ort has st ted a line of holes 400 feet west, on _oo• 

centers , and will 0011 tinue to explore on tl:n t basis . The Climax work 
consisted of three holes, the deepest being 130 feet . The ueighted 
avera""S assay was 1 . 87 percent nickel . 

Recent Freeport drilling proved nickel in this peridotite at a 
depth of 125 feet, - a zone 5 feet thick. Minor showings were found 
at 155 feet . 

Certain observations were made at the ~1 .. ~ of the visit . They 
are recorded. h .re fof what they w.'e , r-rt',, ~ ~ ~ {: ~ ffort to evaluate 
Hobbs and Pecore • s (H & P) observat ion~ nr · luro ons. A study of 
their paper is advisable. ~ \) 

Red soil seems to averagai~i:-~ y wiform in nickeL when nick l 
is present; both 1.11 the cov~ -~ ~.,_ ' 1 - terraces and in "wash" at 
4ower el.evations accord:in~ Fl\\J ~ • What does this indicate 
relative ·to supe:rgene e~ · "i e t Perhaps the present nickel shorings 
represent a once co.i1i r:: lanl::Gt ·that covered the Mountain -
later eroded intot r.1. erriJ.ces. (suggestec by Dave Evansi . 
H. & P.,,; 42:214 s - - e .1.at the limonite enclosed in i;he boxw'Ork assays 
about l~ nickel . ' - sis very similar to the percent of nickel in 
the :red soil . A., also say that the a buno.ance of quartz in gernie -
ri te decreases doVi.'llward, yet Vv'e found s:tlica being deposited, right 
now, in the lower r oc1t • 

On p . 213 ll . & P. mention a progression of paler varieties ot 
garn:erite to darker varieties toward the surf ces and tha~ the 
darker colors represent rtcher material • In the lower adi t , "Vlest 
area" , tbis is not tru as dark garnierite is abundant in seaius in 
the peridotite. 

On p . 214!. H. & P . ste te that brown cherty silica is more abundant 
nearer the surr aoe, but I found abundant brolm cherty s111ca. in the 
lower adit, "West area" , and have some beautiful specimens to prove 
it . 

The above observations suggest difficulties with the H. & p . 
theor·y of orit;;in and the apparent "upward't movement of silica and 
nickel in the second stage. Another suggestive feature is the simi­
larity in nickel assays o:r the red soil and of the limonite between 
tle bollWork . If the second stage is a re-concentration it is odd 
that that "matrix" should be so uniform in nickel content. 
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Portland, Oregon 

So1ne obaerv tions about silioa :ere made. Ther · is 13.ttl a lie 
in ti::e red soil, excap cellular masses that probably l · ve worked 
up from the limoni te zone li~e large rock . work u_pwai. d in a gr ll d 
ro Bilic 1e abundant as box: ork in the limoui te zon • Billo 
gel is eing depo i d ~:t t,l e 1resent time in tte ~ eri oti .., es 
evidenced by the el on iiiine t m ers and along joint er oks n h 
lo r adi.t, et urea" . Whether nickel is ein d posit d with th 
g l i not o • 

Tho point ot tb above discussion is that ilica ey rontly i 
mi.:vin, do 'Il rord. If tl e c.verlying lj.monite en· red soil ia true laterite 
it ho ba etloiont in ailic l!ir)lt th e be posstbillty that 
both s.tlica d nickel are bein., l , o.ched from the porid tite at he 
pre on"'i titl 

A t ct r o looked by H. P. 1 ,., the f' 1 t top of • ortion o 
Nickel Ol:l!lt n. This iree i • CClVe , ri th a red soil of u o ;ll 
dE!P th.. Outcroppi perldotite rreq_u n · ly h s ~ lular qu tz on it 
muf ce • Some of hi quartz hov. a j . .., j . • 

Reference: H. . P, :: Robbs, s. ~rr ., '1~~ .. Williain. T. t Nick 1 
deposi ne ru. le, .iu•~ £· ~c~ , ..,re en: u.s . . s . 

B 11~ 931-I. \ ~ 

Informan. : .:.· t 19 2 . 

~~~ 
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Biddle Area. 

i,02 tion: sec. 17, T. 30 s., • 6 , ntb th Min nick l depotit• in th• south 
_mil! of eeo. 17, cove •ing the summit, e.nd soutb side of Nickel Mountain, 
plus t o m·ning claim that li p tly in S t, ec: 17 d Et •ec,18 

~• 640 acres, plus fr ctiona r two mining claims. 

Hietg,1:)1'.J see ulletin f o. l4-C, Vol. 1, undel" Nickel Ol.n:rtain. 

A grea.t nU!llber of te t pi te • t.renche , • there are twc main • ta 
of worltlngsJ lotr r ;;it at eleT about 2600' at1d an upper pit at an 
•lev, ot about .:,2001 on the north aide. 

Lower Piti consiats of a oo• adit and a ,s• shaft u w.U a 
pit around the group (see ph.Otogre.pha) 

q~antitJ or aurfac• 

Uppe:r Pi ts i a sel"iH of te.at trenches* a.n 80 ahaf , a ~• a.di t no · o.a.v d about 
100' from the portal. 'l'n re is ariother ~U: of pit# a d. trenchea 
about 600' WE cf the up er pit ~ ,~ 

Smelter, Foundati-,us wer l id fo a smelt~~ '~ow he ,rorkin.ga. Remni~ of 
the founda. tiona ay still be s~ ~:~ :r-e art d that the brick .-&r 
burned fro the red oil "i t kel sn t6d. out t the bri.cka durin 

burn1ngn. Th amal ter 111113 never e .. · a Uost of t e wor tiog were done ~ the 
former c.ompa.."ly . The pren~ent ho~ l a: sampling l .-or king• d add ng data tro 
drill holes an ne. loc&ti·'>~ ~ 

9@sfl.pg:, The are i ... ~~~ ultra ba& c~, ?!'Oba.bl;r peridotit •. 1th a . l 
amount of s ~~e, l ma.ho ny-red ao develQpt ttbove tl'l.e perido i • 
In iu.ny case he t- soil ie under.u.in by an ocl'1eroU1J ma1-e, ul'lilar to 

10 ean, th t lit cut by h.$ ight green genthite. Time spent did not emit any 
e nclu&iona a to atncture. 

At. th "lo er .:>i ", ~nthite iii t und r, th oc erous goas.ano d 1110.teri , wh ero 
it ooeura at narrow, dieic:ontinuous v_ill.lete and nal.l to larger eses.. pl')aren 17,; 
nic el •ilicat~s ,enetr~ted tho ochEtrold maasea along tr c are pl ne ~md, in I t, 
r ple.ced the iron xi.de,. In the ,35t 1htl.ft,. and t .h portal of tbe it, the con-
centr~tion of genthite i gre ter and ia aased higa-grad•'• 

Itt the upper pit", b ailiceou nature ot the gen hit in ruore , ronoun .. 
Large l!l&as•e ot ttopa.l.•, ox chAlcedony stained by enthi te, are common Theoe esee 
~ uite reaiata.nt and weather out of: th oo .. eri thei:r ourfaees er• G 1. t rough and 
reflect e.11 the tine lrut ula.rl i e the ocher in hi.oh lt -ocClU'11. there are 

esee ot "high-grade• genthit , gr&ding into chalcedonr which may have a greenish 
to plnkioh ca t. - O ddi tion th11re ar tne narro vein le ta and 81'! ler masse oun 
at the •lower pt". 

Brevit, of he iatpection does ot justify definite coneluaion1. However, ffl1 
1spres·1on, ~re given, a bjeet to change with addlticnal work: 

It ia r porte~ that the eridotite carries 0.0,% 11. The peri4<Jtit.e e.a.thered. 
nd produced a. goesan (this doesn't aound right, I olt) which in turn weathered to 
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a hogany-red a<>il, The we thering oce e r&le sed aili • which picked Up 
nie el and deposited it thou the ocher, or goJsan, aa gentllite. When sufficient 
niok•l was ab:i,i,nt, the siJ.ics. w a deposited as chalcedany. Tb• mabogan7-red oil 
did not ermit neoetraticn or silicates, and the roaidyal nickel is !eft in it. 
Just wby and ow all th ne thingc h&ppened is not at all clear, if' they' did happen 
thia "Af • 

_ ....................... ~ ................................... ...._c._o .... r;u .... AA:..._.m_tt The peridotite contaiiul O 5~ i on t eave.rage 
The mt.ho any-red soil contain• An av rage ot 
0.7S- .25• Ii. The light gr eniah genth.ite aver-

age 1.25-J.2;, i On the a su.1 map I u an_y on a 6ay lees t 0.7% i. In 
tn ttlo-w r -... 11 , t f-1 JS' shaft averaged 3+% and the re t of th~ area 1o th pit fro• 
1.2,-)j. Thr drill holes show depth or around .100 f't. (7) o peridoti.te bedroct1 
and the ve:ra e ia ,2,1,,J I the •u per pit"' tbe 801 shaft in ore and, as I reJlelllber 
it, av•r•g•a 2.;.J with the- be t ere a.t 35*. Other 11ussays in the- ea. &re al.to good. 
The two •ptta11 ve ?DO dil'ler nc in elev: t1on and Ar ¼ mila apart (2.~ mile by 
read.} 

A.n area £-NE of he upper pi oa tested at. the lflll"h.c and all went above 1%. 
Aecor :in to • .. fl pburn, their eompAXlJ .f'igures ~re reaorv or qU4rter 

.Ulion tone. I ca.n•t quite ee that. they' · nrov n ~ uch .. ore, but it may 'flell 
be tba it i lndie :ted. Repbum atate t t 2"1, ~~ ctl;r to the !Urn&ee 
w· thout concentration. How T r, hie story di~ a check on thits point. · H• 
cloJ.iiu• that their big problem i• to "'one nt~ e . · moil low grad and the gan-
thi t• lo,, gra e so it can all b I ned ~n · · · · ehoval He ta.ya th t ele:ctro-
at4. tiea anA leaching are b~1ng uied~· . ntr ting proaeae can be dwrlaed, 
their comp,my i• ?'<t dy to boo ~ 

.lp_parently, sulfur i& ne~ rr<H:l•ae. H propose• to ·erk the SllT :r ~U:.,f;::• ro&11Ung~th u~~. re to produc eultur, and 1.Ater recoTer1ng 

I cant t q1.&i te t,y; ~~ He cl a,i to repre1ent li•qu ,":;)f Idl.i.ho UM.den · an 
otber report& indicA equa Ma been at Nickel M,nrot41n and 61. r ,.Ilk let 
ao mueh of hia stuff · de "crackpot"• I d Ll'·e to tmow "bat Hopburn' atatua isl 

~mple§& The 0 low-g:r&deu is the tl&hogo.ny-.r.ed &o:l.: from tile ttlo-1·e.r pit" . Hep.bum 
says his i their real ;)rob ... em. The ot er Sample 1 th g s a,io1d ate­
rail that UijO need aottcentra.ting--y t, according to a.uother Hepl'>urn-sto,..y, 

2% ore e a:aelte.r feed. The lr.irg ehun1ts ar "high 1ra.de from the loi,or p1t•1 and 
ay ase y over 5%, in put. 
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eport by: Ray c. Tre her 

Date: Aug. 10, 1943 

Nickel !ountain (nickel) Riddl ar 

Dou la Co. 

Ir. o. D. ohlfs, Frincip 1 ining Engineer, rro-Alloys 

Branoh, W.P.B~, Washington, D. c. h d request d th t I take 

h o visit the Fre port Su~phur Co .. prop :rty at lickel tn. 

He arriv d t 12:3 p.m. Sat., July 31st, ith Mrs. Rohlfs, 

d h y wer t to Nio el tn. an t ... ? eburg t 11:58 pm. 

Th co s 1 op n about .~em th 

Discovery raa d the Feat ~.~ · to th v at a.re ,. 

loo· d the sh t and ~~ ~,,, ot it. • ohlf, 

cur ome o 11 ~~- · te ra rn de of g rnierit 

n n ro • aide near the floor, and 

t in c:ru t ~\~ . nea. i n xt visit d th Di cov ry 

r a• en t , r:d~... t nd the ha t .. 

ohlf ha G ax Moly. drilling da • bu no Freeport 

d· t .. In t a it, out 2~ for 100 rt. an h n le 

than 1%. after t irly olid rook is encou t red. At Discovery 

dit, 3 tor 75 t t and th n 1 to l.5 in harder rock. 

Discoveiy shat, up to % fo 20 feet, and then the grade drops. 

Cl ai drill hol slow r tio valves but little below 30 ft. 

Nickl ms confin to brown, oft zone and t depth 

of 30 ·eat. Ev n this 1ill b err tic. The limonitic material 

of the "b xwork' may carry t %. Th red soil my aarry up to 
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3/4 % Miner l ization is spotty . 

Freeport's rill ing results . 

702 Woodlark Building 
Portland, Oregon 

I'~ be inte~ested n 

Some geolo ist prefer a hydrothermal ori in f or the 

a:.;.-n1erite , whioh th ory I cannot ace at 11 . ei ther c 

. see lateriza ion, ~ th all th silica that is obviously 

pr sefit. Ralph Taylor(]· eeport) collected silic g l , in 

the :proo, a of formation in he West area adit . I believe 

he ilio , nic cl, etc., o 

p ridotita, in itu . 

from the oo .position f the 

~olllt'a id that \; .P . B. i interest~· i ~Je 1 C ledonian 

hI e urn CUB re in o. rra:~n- ~~3, plans on a 

tour h 1 neco a1 thor at t " .. l:u, ~~);f> ~ , .r r.ci 0 00, 

In v nt s. chose ~ ~ L--· 1•.it of plus s,a 

ores . 

grade , ill b ec J • ~'w. ··.a is th t if • _po1·t 

give U.P i:::i Hi h-

grading th. 
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Riddle Area. 

Location: sec. 17, T. 30 s., R. 6 w., with the main nickel deposits in the south 
half of sec. 17, covering the summit and south side of Nickel Mountain, 
plus two mining claims that lie partly in SW¼, sec. 17 and SE¼ sec.18. 

Area: 640 acres, plus fractions of two mining claims. 

History: see Bulletin No. 14-C, Vol. 1, under Nickel Mountain. 

Development: A great number of test pits, trenches, etc. There are two main sets 
of workings; a lower pit at elev. about 2600' and an upper pit at an 
elev. of about 3200' on the north side. 

Lower Pit: consists of a 100' adit and a 35' shaft as well as a quantity of surface 
pit around the group. (see photographs) 

Upper Pits: a series of test trenches, an 80' shaft, a ~300' ad.it now caved about 
100' from the portal. There is another ~UJ; of pits and trenches 
about 600' E-NE of the upper pit. \:\~ 

Smelter: Foundations were laid for a smelte~a b~w the workings. Remain~ of 
the foundations may still be si ;~ reported that the brick were 
burned from the red soil "ai t · el sweated out of the bricks during 

burning". The smelter was never co~~~ • ost of the workings were done by the 
former company. The present ho~ a':r~ sampling all workings and adding data from 
drill holes and new location~~ 

Geologz: The area is un~~ ultra basics, probably peridotite, with a small 
amount of s~~~e. A mahogany-red soil develops above the peridotite. 
In many case e red soil is underlain by an ocherous mass, similar to 

gossan, that is cut by e light green genthite. Time spent did not permit any 
conclusions as to structure . 

At the "lower pit'' , genthite is found in the ocherous gossanoid material, where 
it occurs as narrow, discontinuous veinlets and small to larger masses. Apparentl,-, 
nickel silicates penetrated the ocheroid masses along fracture planes and, in part, 
replaced the iron oxide. In the 35' shaft, and at the portal of the adit, the con­
centration of genthite is greater and is classed as "high-grade". 

I n the "upper pit", the siliceous nature of the genthite is more pronounced. 
Large masses of "opal", or chalcedony stained by genthite, are common. These masses 
are quite resistant and weather out of the ocher; their surfaces are quite rough and 
reflect all the fine irregularities of the ocher in which it occurs. There are 
masses of tthigh-grade" gentbite, grading into chalcedony which may have a greenish 
to pinkish cast. I n addition, there are the narrow veinlets and smaller masses seen 
at the "lower pit". 

Brevity of the inspection does not justify definite conclusions. However, my 
impressions are given, subject to change with additional work: 

It is reported that the peridotite carries 0.05% Ni. The peridotite weathered 
and produced a goesan (this doesn't sound right, I know) which in turn weathered to 
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Geology (continued) 
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a mahogany-red soil. The weathering process released silica, which picked up 
nickel and deposited it through the ocher, or gossan, as genthite. When sufficient 
nickel was absent, the silica was deposited as chalcedony. The mahogany-red soil 
did not permit penetration of silicates, and the residual nickel is left in it. 
Just why and how all these things happened is not at all clear, if they did happen 
this way. 

Reported analyses by new com,RS,!lY: The peridotite contains 0.05% Ni on the average. 
The mahogany-red soil contains an average of 
0.75-1.25% Ni. The light greenish genthite aver­

ages 1.25-3.25% Ni. On the assay map I saw only one assay less than 0.7% Ni. In 
the "lower pit", the 35' shaft averages 3+% and the rest of the area in the pit from 
1.25-3%. Three drill holes show a depth of arotmd 100 ft. (?) to peridotite bedroct, 
and the average is 2t-%. In the "upper pit" the 80' shaft is in ore and, as I remember 
it, averages 2+% with the best ore at 35'. Other assays in the area are also good. 
The two "pits" have 700' difference in elevation and are¼ mile apart (2.4 miles by 
road.) 

An area E-NE of the upper pit was tested at the surface and all went above 1%. 
According to A. E. Hepburn, their company figures i~~ ore reserve of a quarter 

million tons. I can't quite see that they've £_roven ~ uch ore, but it may well 
be that it is indicated. Hepburn states that 2% o~ irectly to the furnace 
without concentration. However, his story di~ a heck on this point. • He 
claims that their big problem is to concent~ e soil low grade and the gen-
thite low grade so it can all be mined~ a shovel. He says that electro-
statics and leaching are being tried~ entrating process can be devised, 
their company is ready to shoot. ~'\\ 

Appa:rently, sulfur is nee~ th~ process. He proposes to work the Silver 
Peak Mines, roasting the s~ e to produce sulfur, and later recovering the 
Cu and Zn. ~ 

I can't quite t • He claims to represent Requa of Idaho Almaden, and 
other reports indicat equa has been at Nickel Motmtain and Silver Peak. Yet 
so much of his stuffs ds "crackpot". I'd like to know what Hepburn's status isl 

Samples : The "low-grade" is the mahogany-red soil from the "lower pit 11
• Hepburn 

says this is their real problem. The other sample is the gossanoid mate­
rail that also needs concentrating--yet,according to another Hepburn-story, 

2% ore is smelter feed. The large chtmks are "high grade" from the "lower pit" and 
may assay over 5%, in part. 

Informant: Ray C. Treasher with A. E. Hepburn, Sept. 16, 1941. 

Report by: R.C.T. 

-



ICKEL NEAR RIDDLE, OREGON, 
INVESTIGATED BY SURVE Y 

AS A PART of the investigation of do-
mestic deposits of strategic minerals 

by the Geological Survey, two of the sur­
vey's geologists, W. T. Pecora and S. W. 
Hobbs, have examined a nickel deposit 
about five miles northwest of Riddle, 
Douglas County, Oregon. The town is 230 
miles south of Portland by highway and 
is on the Southern Pacific railroad. 

The nickel deposit is a rather irregular 
blanket on the western, southern, and 
southeastern slopes of Nickel Mountain. It 
was formed as a result of the concentra­
tion by weathering agencies of the small 
quantities of nickel originally present in 
the silicate minerals that compose the peri­
dotite underlying the mountain. The peri­
dotite is a dark igneous rock made 
up largely of the minerals olivine and py­
roxene; it is commonly altered to serpen­
tine along its contact with the sandstones 
and greenstones into which it was intruded. 
The concentrations of nickel, however, ap­
pear to be limited to the ores underlain by 
the peridotite and not to overlie the ser­
pentinized masses. 

The nickel-bearing blanket is best de­
veloped on terraces and gentle slopes above 
an altitude of 2,,000 feet, where its thick-

- ~ss reaches a maximum of 60 to 70 feet. 
/ithin the blanket, nickel is present chiefly 

in the mineral garnierite, a hydrous sili­
cate of nickel and magnesium. The gar­
nierite varies in nickel content, the darker 
varieties having the larger amounts. Three 

layers or zones may be distinguished in 
the blanket; a thin upper brick-red soil 
layer at the surface, which -is relatively 
low in nickel; a thick intermediate layer, 
richer in nickel and composed of limonite 
cut by a network of quartz and garnierite 
veinlets; and a bottom layer in which thin 
veinlets of quartz and garnierite occur in 
unaltered peridotite. The network of vein­

grade nickel silicate ores, the depoeits o~ 
Nickel Mountain would provide a reserve 
of some 6,000,000 tons of material with 
an average nickel content of 1 to 2 per 
cent and in addition possibly 250,000 to 
300,000 tons that contain 2 to 3 per cent 
nickel, of which 80,000 tons in the vicinity 
of the discovery workings can be regarded 
as proved ore. 

lets in the second and third layers is ~-------------- ----­
thought to have formed along the blocky 
jointing in the unaltered peridotite. 

Pecora and Hobbs believe that the con­
centration of the nickel originally present 
in the peridotite, which is in the order of 
0.2 per cent, into the higher grade garnier­
ite-bearing material of the blanket deposit 
was the result of two successive long-con­
tinued climatic cycles. During the earlier 
cycle the minerals of the peridotite were 
decomposed, forming an aggregate of hy­
drous iron oxides and nickel-poor garnier­
ite. The more recent temperate and 
humid cycle resulted in the solution of the 
nickel-poor garnierite and its redisposition 
in veinlets as quartz and nickel-rich gar­
nierite. 

No comprehensive sampling program of 
the entire deposit has been undertaken; 
such sampling as has been done indicates 
that the great bulk of the deposit contains 
from 1 to 2 per cent of nickel and a much 
smaller part contains from 2 to 3 per cent 
of nickel. Should emergency conditions 
result in a substantially higher price for 
nickel or stimulate the development of a 
practicable method of treatment for low-
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Applied Geologr at the Nickel :\Iountain ~line, 
Riddle, Oregon 
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Abstract 

Applied ~cology at the Nickel :'.fountain nickel-~ilicate mine, the onl~· producing 
nickel mine in the Cnited St:i.tes, in itJ bro:ider aspects is little different from that where 
mining geology is used cxtensiYcly in mining metallic mineral deposits. Important dif­
ferences :irise, howcYcr, because oi the ~ture of the ore deposit, its geoer.il geology, 
mineralogy, structure, rock alter:i.tion, chemistry, and origin, all oi which arc unique 
in North .Americ:l. 

The Riddle ore bodies :i.re nickel-silicate or nickel-bearing saproli:e deposits that 
prob:i.bly reprcscr,t the erosional remnanu of original nickel-!ateritcs tll.lt formed on. 
cid erosion surface! by ,,·e:ithcrin!:' and supcrgene enrichment. :\[uch vf the initw, 
deep. r~idu:il pro<lucu of weathering now lu,·e been remo,·ed by cro,:·Jn, le:t'\""ing 
a complex bl:inket oi decompos~. le:iched, and C!lriched saprolitc that gn.!ci bterally 
and downw:i.rd into fresh pcridotitc and dw1itc. The ore mincraliz:ition cxt~di dom1-
ward along a rather definite fracture and fault system forming nickel sitiotc-dl.l!cedooy 
( or bo:in,·ork) veins in depth. 

Applied geology con,isu of (1) the collection oi gcolo~ic facts by open pit mine 
mapping-, drilling and laboratory work. and ( 2) the '.!SC oi geolo:;ic data in ore rcsen-e 
compuutio:u. mine planning, grade control and 3t.1dr oi speci:ll prol,ler,a rdating to 
mining, bcnctici:it:on, ar.d smclt!r opcr.ition. Ez.ch oi these pur;uits lias inportant ;1..-id 
interesting ramifications owing to the cluncteristics oi the ore deposits and :he reliance 
that mu;;t be placed on the geological work for succcs;iul mine operation. Gr:ide control, 
which includes not only the control oi nickel grade but also the selection oi ores to be 
blended for optimum smelter performance, is perhaps the single most imporunt aspect 
of applied geology and essential to the succC$s{ul operation oi the mine. 
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1'.\C£ 
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is ~x:unined in detail <.!oes it become apparent that 
these r.nher routine and prosa1c assignments h.·wc 
considera!:,ly more si~r.iticancc :ind importance at 
Riddle than at the uscal underground or open pit 
sulfide ore <leposit. The diff ercnces arise from the 
unique nature of the ore deposit itself, its unurnal 
geology, :11ineralogy, structure, rock alteration, and 
chemistry; and the reli~,nce that is placed on the mine 
gc:ologist to guide successiul mining and smelting 
oper~:ionL The geological features that must be 
ob,:erYe'l. mapped, interpreted, :md translated into 
u~:1Lle ad\·ice and instructions to the operating de­
partments presen: r.ew challenges and problems in 
the use oi applied geology and arc unumal on the 
Xorth .-\merican continent. 

The Ri<l<lle ore bodies :ire nickel-bearin;: $3prolitc 
or nickel-~ilicate deposits that probably repre$Cnt the 
erosional remnants oi origin:11 nickcl-lateri:es that 
formed oa old erosion surfaces by weathering and 
supergene enrichment processes. :'.Iuch of the initial, 
deep, residual products vi weathering now ha,·c been 
remo,·ed by erosion, lea,·ing a complex blanket of 
decomposer!, leached, and enriched saprolite that 
grades la:erally and <lownward into fresh peridotitc 
and dunite. The ore mineralization extends down­
\\·ard along a rat!1er dctinite fracture and fault sys­
tem forming nickel silic::lte-chalcedony ( or bo::-..,vork) 
Yeins in depth. 

'(he purpose of this paper is to dcscnoe bric.'ly 
the geologic techniques applied at Riddle and to dis­
cuss the ,·arious aspects of the work done by the 
mine geologist. ..\lthough an understanding of the 
paper requires a r.nher thorough lmowledge of the 
g<."Ology oi the nickel d~po~it itself, a distinction must 
be made between the geological mapping and detailed 
research that was done to. achicYc an understanding 
of the geology and origin of the deposit, and the 
techniques that are now used in applying that knowl­
e-dgc to mining. It is only the applied geology that 
we arc concerned with here. 

Effective application of mining geology to this 
type of deposit is pos~ible only when the geology is 
rather thoroughlr known in thr~ dimensions well in 
advance of mining. In addition to the surface geology 
and the geology exposed in the upper benches of the 
mine, the characteristics 0£ the deposit in depth must 
also be known and understood in consider.iblc dct:iil. 
To attain this kno,vledgc in d('J)osits of this type, 
subst:1ntial deep drilling must be done before :nining 
starts. ancl it must be done to the extreme bottom of 
the ore deposit and into solid bedrock. This is 
neces~arY to <letermine g~logic:il and chemic:il con­
ditions ;t depth that are not ohsen·ablc in the upper 
parts of the ore body, hut which, when projected up­
ward, re,·e:11 important bc<lrock and structur:il fea­
tures, such as rock ribs :incl fault zones, that otherwise 

would not be suspected. Knowledge of the~c f eaturcs. 
is es5ential for•an accurate inte:-prctation of the upper 
part o: :he ore bodies. 

The importance of drilling cannot be emphasized 
too strongly. \\ l1erc neces.sary, drilling is continued 
into uneconomic m:1teri:il solelr to obtain structural 
and pt-crr;logical iniormation: ~!inc operating stalTs 
arc rarely sympathetic to\\·ard this point of ,;cw, and 
umally arc unwiliing to appro,·e the cost unlc.ss con­
vinced of its necessity. The mine geologist must 
ha,·c the wit and courage to insist on lu,-ing, in 
ad,·anc~, as complete information. on the ore deposit 
as possible. ..\t the Xickel )Iountain mine consider­
able rncccss has been achicYcd along this line as a 
rernlt of the utmost cooperation of mining, 5melting. 
:ind geological departments. 

Geology of the Ore Deposit 

The geology of the Xickcl )fountain ore deposit 
has been described by a number of authors, including 
Cumberli<igc and 01acc (196i), Hotz (1~). and 
Pecora and Hobbs ( 1942). ..\ more complete btoli­
ography is gh·en in the paper by Cumberlidge and 
Oiace ( 1967). Only a briei summary of the geology 
is giYen here to pro,·ide s\1ffi~ent geological setting 
for an understanding of the application of geology to 
the mining oi the deposits. 

The nickel-silicate deposits arc located on Xickcl 
)fountain, 4 miles west of Riddle in southwestern 
Oregon. ::md arc residually enriched cappings o..-er 
a pcridotite intrush·c body, which is one of scnraI 
similar Jurassic ultr.ibasic rock masses that underlie 
the Klamath ~fountains in northwestern California 
and southwestern Oregon. Two nickel-silicate (or 
nickel saprolitc) ore bodies are present. The larger, 
l."ppcr Ore Body, occurs at the crest o{ Nickel )foun­
tain at an elc,·ation of 3,535 feet :md confonns to the 
Klamath Peneplain; the sm:illl!r, Lower Ore Body, 
formed on a topographic terrace, the Shern·ood Level, 
:it a lower eleYation (2,000 to 2,550 feet) on the 
south side of the mount:iin. The ore bodies origi­
nated at di£ferent times during periods of prolonged 
stability in the erosion cycle and now undoubtedly 
rl!present the eroded remnants of predoU:-ly more 
extensive nickel-bearing 1:iterite-saprolite deposits 
that Conned o,·cr the ultr:ibasic rocks. The l:iteritc 
c:ippings that were undoubtedly present o,·cr the 
original deposits haYc now been eroded, tea,-ing 
e.-..:posed the underlying saprolitic material, enriched 
in nickel. that forms the present ore bodies. A thin 
mantle of red and yellow soil o,·erlies the s.,prolitic 
ore :md probably originated by later weathering of 
the saprolite. TI1e ~aprolite it::elf formed hy progres­
sh·e chemical <le<:omposition of p<'ri<lotite :ind dunite 
through the sek·ctiYe remO\·:il of iron, magnesia, a_nd 
silic:, :md the residu:11 concentration :ind enrichment 
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of nickel. The relatiYc losses and gains of these con­
stituent3 took place without reduction in ,·olume, and 
with the presef'\-ation of the original rock textures, 
joints, and fractures oi the pcridotite bedrock. Fig­
ure 1 is a generalized columnar section oi the l,;pper 
Ore Body showing ( 1) the re!atiYe po:;itions of soil, 
soit .wprolite, hard saprolite, saprolitized peridotite, 
and bedrock pcridotite and (2) the chemical and 
physical changes with depth of silica, iron, nickel, 
and magnesia. This profile has considerable genetic 
significance and an understanding of it is essential 
for the successful application oi mining geology at 
Riddle. 

the bedrock and pro,·ided the loci for deposition of 
nickel and silica in the form of gamierite-bearing 
chalcedony· \"eins that locally arc called "boxworks." 
The deep ore chaunels follow the downward c..-c­
tensions of the stronger cross-faults. 

As mining progressed in depth it became apparent 
that the 'C'ppcr Ore Body had a definite structural 
control by faults, fractures, and joints. The major 
controlling structures were pre-ore ( ,,;th some post­
ore moHment) and consist of Rock Fault, which 
iorm:i the footwall oi the t·ppcr Ore Body, and a 
series oi subparallel diagonal cross faults roughly at 
right angles to Rock Fault (Figs. 2, 3). These faults 
contrC?llcd the downward weathering and leaching of 

Figure 2, reproduced from Cumberlidge and Chace 
(1%7), is a part of the 3,200-foot lent, Cppcr Ore 
Body, and illustrates the principal geologic features 
of the mine. including distribution and structural re­
lations oi bedrock, ore types, soil, silica boxwork 
\"eins, and faults. A typical cross section oi the 
t.·pper Ore Body is :;:fren in Figure 3. 

Ore r,ypu 

In the application of geology at Riddle, consider­
able importance is gfren to the recognition and classi­
fication of ore into definite types that ha\"e a dir~t 
influence on mining and smelting oper~tions and, 
:hercfore, arc important in. ore grading and ore blend­
ing during mining. Xickel content of the ore, oi 
course, is tr.e most important economic factor, but a 
classification of the Xickel ~fountain ore solely ac-
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Fie. 2. Geological map, 3,200-foot knl. 

cording to nickel grade would group together ores that 
otherwise :ire quite dissimilar. Instead oi nickel con­
tc11t, differences in texture and structure arc used to 
subdiYidc the ore into three main groups. soil, sapro­
litc, :ind boxwork with six subordinate ore types. 
T11ese are illustrated on the columnar section, Fig­
ure 1. 

T11e distinction between soil and saprolite is b:iscd 
on the presence or absence of joint plane!=, the char­
acteristics of residual rock boulders, and the gr.inu­
l:1ritY of interstiti:il decomposed material. The soil 
gro~p is su bdh;ded on. the basis of color, white the 
saprolitcs are further subdh·idcd according to the 
qu:ility :1nd quantity of p:irent rock present, particu­
larly its hardness and freshness. The ttrm "sapro­
litc" is use<l in its original sense, as defined by Becker 
(1S95) to describe a rock that has been decomposed 
chrmicnlly but has not been transported and which 
preserYes the original te...._turcs and structures 0£ the 
p:1rent rock. The term also scn·es to distinguish the 
high m:ignesia-low iron material prcscrnd on Nickel 
~Iount:iin irom typi~l low m:ignesi:i-high iron latcr­
itc which is not present but is commonly :1.SSoci:ited 

with nickel-silicite deposiu elsewhere. Boxwork c 
is quite distinctiYe, as it occurs in Yeins and is co, 
posed of ch:ikcdonr with sC\·eral hydrous nickel-en: 
ncsia silic::ites, predominantly of the garnierite gro, 

Soil.r.-Rcd and yellow !oils form an unconfor 
able surface m:intle OYerlying the saprolitic ore. 1 
soils arc compo~ of loose puh·erulent nggregates 
hydrous iron o.'Cides and clay containing scatte1 
boulders of fresh pcridotite. The high proportion 
hydrous iron ox.ides in the soil is indicted by ID( 
iron an:ih-ses. The boulc1ers in the soil :ire mos 
rounded ~r s~b:mgnlar and arc surprisingly fresh c 

cept for a thin, rusty skin of decomposed rock. 1 
red and yellow soils simply indicate the oxidat 
state of the iron o.'Cides and :ire readily distinguisl 
by color. Nickel content of the soils anrages 
percent, but Joc:illy may range up to 1.7 percent. 

The roils nccount for at.out 20 percent o! the , 
rcscrYc. The thickness anrages 10 fed, but : 
may be Yirtu.,lly absent or up to 40 feet thick. S< 
O\'er serpentiuite :ire brown in color, rather than br 
red or )·ellow, :md norm:tlly h.we a lower nickel c, 

tent th:in red soil. Sc:ttterro fr.igments of boxw, 
ore are found in the soil 
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Planar structures in the underlying ore, such .u 

boxwork ,·eins, joints, and faults, do not c.-..:tend into 
. the soil. Oe:irly much of the soil had :i different 

origin than the ~prolitc. 
Satrolit.s.-Nickcl-be.·uing saprolite underlies 

most of the red soil areas on Nickel )fountain and 
accounts for iO percent of the ore resern~s. The 
saprolites formed in place with a minimum of tc.~tural 
and structuml chan~e; hardness and density do 
change. Chemical decomposition is r.ither complete. 
The saprolitc., form a continuous transitional zone 
from soit saprolite immedi.'\tdy below the soils, 
through hard saprolite and saprolitized pcridotite into 
fresh peridotitc or dunite in depth. Their deri,·ation 
from the fre$h ultrabasic rocks can be demonstrated 
beyond a re:tSonable doubt. The profile of ore types 
(Fig. l) illustrntes the chemie:tl and physical changes 
in the ore body from the surface downward into 
fresh rock. 

The content of fresh, undecomposed peridotite in 
the saprolite is an indication of the degree of chemical 
decay of the original fresh rock and to some extent 
the grade of the ore. The varieties of saprolitc ore 
distinguished on the basis oi rock content arc: 

Soft saprolite 0- 20% Rocle 
Hard saprolite 20- :0% Rock 
Saprolitized peridotite SO- i.5~ Rock 
Pcridotite 75-100:o Rock 

~faterial containing 73 to 100 percent peridotite 
boulders, classed as bedrock, generally is not ore. 
This classification, based on fresh peridotite rock 
content. is useful in mine mapping. in bulk sampling, 
and in he:n-y liquid and microscopic ~tudies. )Iore­
onr, it is an import:int factor in mining. 

F,c. J. Geological cMH-sectiori ~orth-~outh, across 
Nickel ~fount.in lline. 
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Fie.. ~- Rd3tionship of lfgO ar.d Fe to amount of fresh 
rock (pcridotitcf in crude ore. 

The iol!owing pertinent details concerning the 
saprolite ore are largely quoted from the paper by 
Cumbcrlidge and Chace ( l 96i). 

The most reliable indication oi the fresh rock con-· 
tent of driil samples is obtained from chemical 
analyses. Pure pcridotite c·ontains approximately 
4070 )Ig() and, u.sfog this :i.s a basis, a rel:i.tionship 
between ).f gO and rock cement has been established. 
This correlation is not simple because sc,·eral minerals 
in the ore contain )[gO; the principal ones are pri­
mary anhydrous silicates such as olh·ine and cnstatite, 
and secondary hydrous silicates such as garnierite, 
serpentine, and scpiolite. Study of mineral suites 
prepared by hea\'y liquid separation has shown that 
the ratio of hydrous to anhydrous )Ig-silicatcs is 
fairly cor.s:ant for a ;:iven con:ent of fresh peridotite. 
Thus, the ).f gO due to anhydrous silicates can be 
separated irom ).!;:() in hyc!rous silicate5 as shown 
by the da;hed line in Figure -+. The solid curnd line 
in this fig-.ire represents the a,·eragc rock content, 
and allows prediction of rock content irom ).fgO 
analysis to within =10 percen:. 

As a iurther refinement, an empirical relationship 
between iron and rock content has been deYeloped. 
This relationship is used to correct the figure deri\'ed 
by the )!;;O method, thereby increasing the accuracy 
of prediction of rock content to =3 percent. The 
correction owing to iron content is also shown in 
Figure 4. 

Both :\f gO analysis and the amount of fresh rock 
may be used interchangeably; they Yary together and 
both ind:cate the ckgree oi ;caprolitization. \\'here 
possible, rock content is estimated directly, but in 
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the m:iny places where only drill samp1cs are avail­
able, the :\f gO-rock rebtionship is used. 

The saprolites show the same kind of jointing as 
the peridotite from which they were derived, namely 
three or more sets oi joint planes intersecting ap­
proximately at right angles :md forming irregular 

-blocks or rhombs. The joint planes are nearly always 
marked by thin films of garnicrite, chalcedony, or 
serpentine, and the films arc prcscrYed with no sign 
of collapse or deformation c,·en when all peridotite 
has been completely decomposed. 

Normally, each joint . rhomb contains a core of 
fresh peridotite surrounded by concentric byers of 
saprolitic material. .--\. progrcssh·e chemical change 
can be traced from the core to the joint planes. 
Comp:ired with the rock core, the outermost layers 
arc lower in :\IgO :ind higher in SiO:., Fe, and Ni, 
indic:iring that decomposition took place from the 
joint surfaces inward. Joint sp:icing and frequency 
must therefore h:iYe been important factors con­
trolling degree of saprolitization. 

Decrease in the total amount of fresh rock is 
p.1r:1lkled in general by a decrease in size of the 
fresh rock residu:ils. This would be expected if 
:i.lter:ition was initi:ite<l along joint surfaces. How­
en:r, the size of the rcs.idu:ils nlso depends on the 
clo!'cness of joint :-p:1cing in the parent rock. A 
hii;hly fractured or jointed parent rock produces 
smnll-sized rcsi<lunl fr:1gments regardless of the de­
gr~ of saprolitiz.ation. 

The <le11 ~ity of s:iprolite Yanes consider.ibly; the 
more ck·composed m:iterial is less dense. As this is 

an important factor in making .iccur;ite ore reserv 
estimate!, a !'tries oi bulk s;implcs of about 200 ton 
c:ich ,~ere colltcted to determine in-place tonn:ig 
:actors. These :amplcs were supplemented by 
series of smaller s:irnples obtained from hand du 
test pits. The results of the sampling program ar 
shown in Figure 5 where tonn:ige factor ( cu ft pc 
short ton) is plotted against )IgO and ore type c 
the sample. The <lry, in-place tonnage factor is con 
trolled by mineral specific graYities and by porosity 
the wet tonnage factor is further complicated by th 
degree of water saturation. 

The close relationship between in-place tonnag 
factor and the degree of decomposition reflects th 
large incre:ise in porosity which is :ichieved withot: 
change in rnlume. O\\"ing to the incoherent natur 
of the material, direct measurements of porosity ar 
difficult to make and :ire usu:ilh· inaccurate. Ho" 
c,·er, porosity can be calculated i;om the dry, in-plac 
tonnage factor (Fd) if the true mineral specific gr:i, 
ity (Gm) is also known. Dry in-pl:ice tonn;ige factc 
is connrted to dry, in-place specific gravity (Gi) • 
follows: 

. 2.000 
Ci =- Fd. 62.4 

Poros-it~· (P) is then obtained from 

P 
(Grn-Gi) 

00 ... Gm X 1 

A clear relationship bct\\·ecn porosity and degree , 
alteration is indicated by the si.-. samples plotted · 
Figure 6. The highest obsernd porosity is ::ibout f 
percent, expressed :is the ratio of ,·oid Yolumc to tot 
,·olume. 

Gh·en the moisture content :md porosity of a sal'. 

pie, the degree of saturation (percent Yolumc of voi, 
filled by water) c:m be calculated. 

% Yolume water 

• :c weight water X wet in-pbce S.I 

· . volume water 'c s.1tur:lt1on = . X 100 
· porosity 

Figure 6 also shows the results of this calculati, 
plotted :1g:1inst fresh rock cont~nt of the sampl 
used. Although the <l.1t:i points :ire few, the tre· 
seems to ~ clear. As peridotite is decomposed, t 
in-pl:ice density <lecrt--:iscs O\\;ng to :in increase 
pore sp.,ce. As pore sp:ice is m:i<le a,·:iil::iblc, t 
resulting rock becomes increasini;ly s:itur:ited w: 
water bec:iuse of increased permeability. The i 
cre:J..$e in surface area aYail:ible to chemic:il weath, 
ing, :ind the increase in pcnnc:1bility, m:iy have h 
an import:int etf cct on the r.itc of s:iprolitiz:ition. 
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Fxc. 6. }!oisturc content, poro;itr, :md degree oi saturation 
of each ore type. 

Bo.r-.. .:ork Or1.·.-This ore is quite distincth·e as it 
occurs in prominent \·eins composed oi chalcedony 
and gnrnierite group minerals, many with typical 
thin-wnlled boxwork te:--tures. This is the highest 
grade, most colorful ore, and makes up about 10 per­
cent of the ore reserYe. 

Boxwork ore is widely distributed throughout the 
saprolite ores, usually with evident .;tructur.il control, 
as veins following joiuts, fractures, and faults. It is 
particularly prominent as the ➔0-foot thick vein along 
Rock Fault. Some of the boxwork ore, howe,·er, is 
in layers roughly parallel to present surface and 
possibly represents foHil water tables. 

Not all box work ore has the typical boxwork 
texture; in places it is made up of massi,·e or banded 
chalcedony ,·eins up to 10 feet thick; breccia ,·eins 
with fr.igm~nts of peridotite, saprolite, and serpen­
tine, and early chalcedor.y or early g;i.rnicritc ce­
mented by later chalcedony, serpentine, and garnierite 
are locally prominent. Polished fault planc.i, fault 
groo,;ng, and striae also are common. 

Boxwork ore i5 important not only because it 
makes up 10 percent of the ore reserve of rcbti,·ely 
high nickel content, but also because the high silica 
content creates .;melting problems. 

Structure 

Depth and intensity of saprolitiz:.tion iollows a pat­
tern complex in detail but fairly simple in its broader 
aspects. The pattern is influenced by three s_tructural 
elements, namely, former water tables, two sets of 
faults, and zones 0£ intense jointing. These three 
elements make up the large-scale structunl frame­
work that controlled ore di.;tribution and the degree 
oi saprolitization. 

fVattr T .ib/cs.-A discontinuous zone of box work 
ore, more or less fiatlying and subparallel to the 
present surface, is found at the eastern end oi the 
Lower Ore Body and along the southern margin oi 

the Upper Ore Bo<ly. The boxwork ore lies just 
below the base of the red soil nud tends to dr:lpe 
on:r the un<lerlyiug structures rather th.111 1."011form 
to them. The location of this ore iu the prnlilc: i:s 
consistent with dc:position of boxwork elc1111:11lj at a . 
former water table or similar boundJ.n· surface. 
Apart from the two areas mentioned abo\';, this type 
oi boxwork ore is either absent or insigniricant in 
amount. 

Fa1tl/s.-Faulti11g and jointing controlk<l the Io­
caliza.tion oi the saprolite ore. Two m.,jor fu.ults 
s.how a relationship to existing ore. One of thC$e, 
l"tlown as Rock Fault, strikes approxim:itdy east­
west through the Upper Ore Body and dips to the 
south at 3.5 to 45 degrees. (Fig. 2) The fault has 
been exposed by mining oper:itions for a strike length 
of 2,800 feet and can be traced through surface map­
ping and drilling for an additional 3,300 icct .l.t 
least two other subparallel faults have been mapped 
aboYe Rock Fault. These faults branch irom and 
con,·ergc with Rock Fault, forming a fault zone in 
places 30 feet thick. 

Rock Fault is o,·crlain in many places by a remark­
ably thick box\\'ork, which is im·ariably rnggy, and 
in place3 ca,·ernous. This implies th:lt the boxwork 
was deposited in an open fracture, a condition not 
likely to b¢ encountered under thrust iault conditions. 
In addition, the massh-e boxwork is cut by steeply 
dipping tension cracks filled with lat« barren chal­
ttdony. These, too, are consistent ,dth normal mo,·e­
ment. and the balance of c\'idence suggests that mo,·c­
mcnt on Rock Fault was a nomul dip slip. 

The iootwall of Rock Fault is generally fresh 
pcridotitc, hence the name of the fault Boxwork ore 
along the plane of Rock Fault is known to continue 
locally to a ,·ertical depth of 260 feet belo,\" the 
present surface, suggesting that the fault zone acted 
as a major artery for the escape oi mineralized ground 
water. Downward migrating ground water would 
h~\·e impinged on the footwall but clearly had little 
or no cff cct on the footwall peridotitc, indicating that 
the £ootwall was scaled in some way. 

Rock Fault is cut by north-south trending, steeply 
dipping, normal faults. )fining has exposed three 
cross faults cutting Rock Fault, and the c.'i:istence of 
at least two others is suspected from drilling. Stri­
ations on the exposed cro.ss faults pitch steeply, indi­
cating essentially dip slip mo,·emcnt which resulted 
in horizontal offsets in Rock Fault of 10 to 220 feet. 

J oints.-J oint intensity exerted a considerable 
amount of control on both the depth and d~rce 
oi saproliti1..ation by prodding permeable a\·enues 
throu~h an otherwise relati\·cly impcrme:able rock. 
A rclatiomhip between joint spacing :ind de~ree of 
altcratic.,n can b¢ recognized in the field. :\[;mi,·e. 
blod.··y peridotitc with a joint spacing of about :n 
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inc:i~s is little alter<:d except along the joint planes, 
\\"l:ich a:-e u5uall~· coa,ed with films oi garni<:rite and 
se:-pentine. On the other hand, rtlict joint planes in 
exposures oi soft saprolite show a joi1:t ~pacing of 
the order of 2 to 6 inches. 

Irregularities in the bedrock topography can be 
related to permeable zones produced by faulting and 
jointi:1g. This is shown in plan in Figure 2, which 
reproduces a por.ion of the 200-foot lcYel of the 
upper Ore Body. In this area, the major joint zones 
strike nonh-~outh and dip :0 to 60 c!egrees to the 
east. Thy are trunc:ned by Rock Fault on the north, 
and cut by a "y"-sh:iped fault system in the south­
western part of the area. The pattern is similar in 
ot!:er pans of both ore bodies, and i:esults in a series 
of "ribs" of peridotite elongated in a north-south 
direction, and <lipping steeply to the east. Saprolite 
ore types are not shown in the illustration because 
oi scale limitations, but the centers of- the large 
s:i.prolite areas tend to be soft saprolite that grades 
out,Yard into hard saprolitc and s:iprolitized perido­
tite. Boxwork ore is closeh- related to the faults . 

. -\ typical pattern of ore distribution in ,·ertical 
cross section is shown in Figure 3. In this example, 
t,•:o joint zones str.king northeast and dipping to 
the southeast are cut by Rock Fault. Saprolitc ore 
types are dCYeloptd S)mmetrica.liy around the joint 
zones. A layer oi boxwork lies slightly aboYe, but 
parallel to the plane oi Rock ·Fault. 

In detail, the distribution of ore types is more com­
.plex tha:1 shown in Figures 2 ::ind 3, and daY-to-<iav 
mining operations must be carefully contr~llcd i~ 
order to pro,·idc an optimum product and to reduce 
stripping. The complex bedrock topography in­
cre:ises the proulerr;s of pit design, haulage road 
location, :md equipment utilization. 

Collection of Geologic Facts 

Jline Al appillg 
As in all mining geology, continual mapping of the 

faces e.,posed on the mine bench le,·els is essential 
at Riddle in order to keep up to date and not miss 
critic.ii cl:ita. All pit mapping is done with a 2-man 
team consh:ting of :1 ~eologist and :i. sun·eyor-helper. 

-Plane table or tr:m~it and stadia sun·eys along the 
toe oi e:ich bench. using established sun·ey points, arc 
made to locate geological contacts, ore types, and 
stnictures. These arc projected to the toe o{ the face 
slope (bench le,·el elcY.1tion) and arc plotted directly 
on the indi,·idual SO-scale m:ips · of each bench level. 
All mnpp:ible ~eology is shown clearly with this sc:i.le. 
Spcci:tl effort is made to map soil, rock, and ore 
types, and cont:icts or transition zones, quantity and 
size of residual boulders in the ore, and the presence 
and attitude of faults, prominent fr.lctures, and bo~­
work Yeins. Soils arc readily recognizable in the 

I 
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I 

N. 

I 

• F19. i: Sk_c-tch map showing hypothetical pattern oi rode 
dutnbuuon, 1ault!, and channels of s.prolitic ore as deter­
mined by drillinJ. 

mine and are easily mapped. Occasionally, a face 
with complicated or obw.:re geology is !-ketched in 
the field notebook, but urnalh· all data are recorded 
in plan. • 

.-\ numerical "shorthand" nomenclature is used for 
mapping saprolite ores to pro,·ide an accurate descrip­
tion of the continuous saprolitc sequence. In this 
nomendantrc the saprolite ores arc recorded as a 
coupled number (e.g., 30/10) rather than as a rock 
name. The total amount oi fresh rock is recorded 
;u the first part of the number, and the amount of 
fresh rock greater than 6 inches in diameter is re­
ported separatel)· as the second part of the number. 

)fajor bo:-..·work Ycins are mapped directly by 
recording their location, dip, and strike. 1\Iinor 
garnieritc joint coatings :ire noted symbolically. 
F:iults, prominent fractures, an·d joints arc mapped 
systematically in the usual way. 

Bcc,.usc of the nature of the obsen·ed geology and 
because the technique of interpreting m:ippablc ele­
ments differs from usual mining geology practices, 
the actual procedure used may be worth describing 
step by step in some detail. 

Let us assume that before mining begins enough 
deep drilling has been done to deten11ine the struc­
tural elemt:nts present. The structures are the 
''bones" around which the ore types are draped and 
they must be accur.\tely recorded. Drilling has shown 
the general pattern portrayed in Figure 7. 

Let us now ex.amine in more detail a small area of 
the mine and illustrate the process of mapping a 
sequence of mining cuts on a bench Ic,·cl, which, 
though hypothctic.il, correspond to day-by-day oper­
ating practice at Riddle. :ind can be expected to ap­
proximate conditions in the root zone of nickel-latcrite 
deposits elsewhere. The sequence of bench-lcYel cuts 
is shown in Figure 8. 

1st C11t.-.-\t this stage Yery little direct evidence 
of structure is e."i:posed in the b:mk. The geologist 
first dccicies where the boundaries of the Yarious ore 
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type units arc to be plotted. He then locates these 
points by stadi:i or by :i set of prc,·iously sun·eycd 
pickets. \\nett this h:is beet~ done, he goc:S b.ick 
o•;er the bank :ind estimates the :imount of pcridotitc 
boulders present and the :imount oi rock reject to be 
:inticipated on the 6-inch screen at the plant. This 
invokes noting the intensity of jointing and faulting . 
the attitude of all the structural features ,·isible, and 
the degree of alter:ition of each joint rhomb. In 
training new geologisu, high, medium, and low nickel 
contents are estimated \"isually to train the eye and 
at times to be used a:S a check against the b:mk sam­
ples. Otherwise nickel gr:icle is only estimated where 
it is thought to be :inom.ilous, e.g .. in a s.iprotite that 
has e!caped supergenc enrichment. 

In many instances, c,·cn when the obserY.itions h:i,·c 
_been carefulty recorded, the structural data m.iy be 
so conf u.sing that confident projection of ore t)·pes is 
not possible. This is where drill hole dat:i and map­
ping of the bench directly abo,·e are most important. 
These cbta help determine the projection oi structure, 
and ore types, and aid in deciding where the mine 
sho,·et should be scheduled to dig next. 

211d C11t.-At this s~gc oi mine dcYelopment two 
structural fe.itures oi importance l1.1,·e emerged. One 
is the major boxwork vein striking northeast, and 
the other is the pcridotitc rock no that also appears 
to strike northe:13t. Hopciully, these two features 
can be identified in nearby drill holes or on maps of 
the bench above. If this information fit:S the drilling 
"pattern," projections can be made with some con­
fider.cc. H not, caution and rcinterprc~ation arc indi­
cated. 

Jrd C11t.-.At thi3 face, the trends or strikes of the 
boxwork \"Ctn and pcridotitc rib are clear, ar:d one 
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Frc:. 8. Enlargement of s=II selected area of Fig. 7 
illu;tr:iting geology as rcn:iled by mappir:g oi succcssh·e 
faces on a mine bench as mining procee1.h in a ,uies of cuts 
into the ore body. 
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Frc:. 9. Example of :i typical work sheet from a mine 
noubook sho,,;ng trpe oi dau record,:d. 

can assume that the ore channel continues to the 
northeast. Howe,·er, at this stage, kno,·.-I~ge of the 
fault to the north is confined to drilling data. )forc­
o,·er, it is not known whether the eastern rock rib 
is separated from the fault by enough room to allow 
mining machinery into the area and to swing a sho,·el 
boom. 

4tl, Cut.-Completion of this cut d~ars up the 
problem oi mining around the north side oi the rock 
rib. Thus, rhe pcriclotite no can be !cit a:S an island 
oi waste, or it can be stripped at a later date. 

This cut also confirms a tendency, noted in cuts 2 
and 3, for the reject content and rock content to de­
crease. For example, successive cuts through the 
hard saprolite west of the pcridotitc rib show a 
numerical change from -t0/20, -«>/15, 35/15, to 30/5. 
This is due to increased fracturing as the fault plane 
is approached. The joint rhombs arc smaller; therc­
~orc a higher specific surface was exposed to wcathcr­
mg. 

The small island of saprolitizcd pcridotitc to the 
west of the boxwork Yein is an indication of pcridotite 
below and an ad\"ancc warning for the next bench . 

Xotc that the high-grade boxwork ore tying on 
the major fault ms not yet been cut. Again, deep 
drilling and adequate mapping and sampling records 
from higher benches gi,·e advance warning. 

5tli C11t.-Orc is now cut back to the fault re\·eal­
ing high-grade boxwork ore along the fault plane, 
which in places is sufficiently rich to warrant deaning 
the plane oi the fault with a backhoe or bulldozer to 
recover all of the ore. 

If good records ha,·c been kept of minin;; on this. 
Ic,·cl, they will help explain conditions on the bench 
below when projected down dip. 

With this illustrath·e scqt.cnce of "cuts" it is ap• 
parent th:1.t the mine faces are studied c:i.reiully ia 
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Fie. 10. Part oi a typical bench imp. 3,HO-ioot lcnl, SO-Kale. 

adYance of mapping, the mapp:iblc clements are sc­
lccred, and prepar.:itions arc made for actual recording 
of the important data. Figure 9 is an example of a 
typical mapping ::;heet. Note that mapping is done 
in plan and that it shows the type of cfata recorded 
and the side notes recorded. Figures 10 and 11 show 
portions of actual m:ipping sheets and illustrate fur­
thcr the method of recording ore types, the nomen­
d::i ture usL-d, and the trace · of a series of mine faces 
or "cuts." In Figure 11, for example. :it :ipproxi­
mately 4130 East, 6i25 ~orth, the $mall differences 
in rock content that can be re-corded arc illustrated 
in the soft saprolite sequence 20/5, 15/5, '20/5, 10/0, 
anJ 10/5. All of this material is soft saprolite and 
the rock content Yaries considerablv from 20 to 10 
percent with the 6-inch rock content ·s ~rcent or less. 

G,•ological J{ aps a11d Sections 

The geolo~cal mine data are plotted on a set of 
50-se:tle l~·ei map ~heet:s. Two sets of m:ips, 1 in. = 
50 ft and 1 in. = 100 (t, and one set of sections, 
1 in. = 50 ft; :ire maintained. Areal co,·er.:igc of the 
ore body is pro,·i<led by sL"" lOO-se1le m:ips. The 
geolo~cal m:ips arc constructed on 20-foot Yertical 
intervals, corresponding to the mining benches. De­
tailed coverage in the active mining :ire:is is. provided 
by seven 50-~c:ilc b.isc maps. On the 100-scalc maps, 
2 levels, c.>:lch 100 ,·ertical f~t apart (5 mining 
benches), :1re plotted on the s::ime sheet to conserve 
~cc and reduce the number oi sheets. 

A $<l oi O::O-$C.llC ,'ertic:il sections is used and is 
continually up<l:iteJ when new infonnation or changes 
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ar<: imlicated irom the field mapping. These sections 
coincide \\"ith the 100-ioot north-south mine grid and 
o:,mplemcnt the :0-scale geologic maps. The scc­
tic,ns show the obserYed factual geology indicated by 
the: mapping and the projected geology as indicated 
in the drill hole data. Rea5onable ~eologic projec­
tions of the iactual data arc then sketched on the 
sections. The kno\\'n and projected geology plotted 
on the sections is compiled on 100-5cnle maps. 

The maps and ~ections are complement:iry. The 
:0-scale ~beets arc fact maps; only known or ob­
sernd data arc plotted on tl!em. Interpretations 
a1,d projection,; are sketched ia pencil on the :0-sc:ile 
sections and on the 100-scale maps. This method 
pem1its a clear diif erentiation bet\\·eea factual and 
inierred information. Past experience indicates that 
hit:1hh- accurate gcolo~ic projection,; c.>.n be made only 
\\"l~en· the data appear to be consistent with the t.'1rce-
dimemional dew oi plan and :section. · 

Jli11c Drilling 

Both dnelopment chum drilling and blast hole 
<lri!ling are carried on iu the ore zone. Den~lopmcnt 
churn drilling is u5ed to pro,·ide information on ore 
(7ra<lc. t\'pe of ore, :md structures. Blast hole drilling 
i:; prim~rily u;;ed ior mining purposes. 

Denlopment drilling is done with a Bucyrus-Erie . 
:Hodel 19T chum drill with a 6-inch bit. In the 
mine area, holes :ire drilled on a 100-foot grid, 

• \\"hereas in the peripher:il area at the margins of the 
ore body, holes are spaced at 200-foot centers. In 
the earh· \'e:irs oi the mine deYelopment, drilling \\":1S 

done at· c
0

loser inten·als and the holes were stopped 
at arbitrary, sh:illow <l~ths. The closely spaced holes 
\\'ere abandoned when the fundamental stmctural 

,,..control of the ore body w:is recognized and it was 
\round th.,t fe\\"er but deeper holes could be used to 
\obt:iin the s:llne or better factual information. 

S:imples :ire taken in the drill holes ~n 5-foot inter­
y;ils, The holes are cased continuously behind the 
samples. As e:1ch 5-foot sample is bailed from a 
hole, it is split and a one-quarter split of the sample, 

/ amounting to about 2 gallons, is s.wed in 3- or 
4-gallon \\"ater-tight cans. The sludge color and 
hardness of the material penetrated (hard or soft) 
are noted l,y the driller and reported on his daily 

f 
drill report. At the same time, a m1:1!1 split of the 
cuttings is ~a,·e<l and washed. These "cuttings" are 
logged :md proYide a fairly accurate guide to the 
matcri:il being drilled. 

Drilt hole s:impks are not completely .satisfactory 
bccluse, with the churn drill currently in use, the 
sludge :-:1111pks are Jifficult to clas:-ify ,·isually. Oose 
inspection of the drilling chips. :tfler washing au-:iy 
the mud, i5 qu:ilitati\·elr useful but much of the 

:lltere<l rock and some o! ~he fresh rock is puh·crized 
in drilling and so quantita:iYe data are not available. 

Sludge color :md the "cutdngs" pro,·idc immediate 
inionn:uion on the hole. Xickcl analyses are usually 
a\"ailable within 2~ hour~. .l.nalyses are also run 
ior ~IgO, SiO:, Fe, and Cr; these are normally aYail­
nble within 2 to .5 days. The nickel analyses are run 
at the mine laboratory and the others at the smelter 
laboratory. 

01urn drill holes are plo:ted on the 50-scale gco­
lo~ic se-ctions as soon as !he analyses are anilable. 
Because the ore type clasEi!ication is based in part 
on chemical anal~·ses, final :1ssignment of the ore 
types cut in the hole is made at this time. 

Blast hole drilling is a mining technique and pro­
duces \'Cry little additional geologic iniorm.ition. 
Blast holes are co111ined to the h:ird, less decomposed 
material ,,·hich is generally oi lower grade than the 
more saprolitized material. This drill produces an 
w1reliable sample :hat cannot be used in detern1ining 
accurate grades. Cuttings irc,m the blast holes pro­
'"ide some material of geologic importance but the 
shallow depth oi the holes limits the usefulness of 
this information. · 

Applied Geology: Use of Geologic Data 

The factual dat:i collected, recorded, ;;nd interpreted 
by the mine geologist are used routinely for three 
purposes: ( 1) for the estim~te of ore resen·es, (2) 
to aid in long-tern1 mine planning, and (3) as c 
basis ior daily grade control <luring mining. 

Ore Rui:r.:ts 

Two types of ~timates are made and kept up tc 
date each yc-ar: (a) the usu:il tonnage-grade compu• 
tation made in ad\"ancc of mining and (b) a "cu 
estim:ite'' which is a c:ilculation oi the amount anc 
grade of ore actu.11ly mined ea.ch year. 

:l. The usual ore r~n·e e~tim:ites are m:ide from th, 
~logic cross sections using the gr:ide data from th 
<lrill hole sample analyses after they ha,·e been factorei 
to retno,·e s,:stt'm:itic bias in the data. .-\rc:is of th 
s:u11c ore ty~ are pl:inimetercd :ind reduced to short ton 
by the usual \l"etghtcd a,·er:ige method. Cutoff of 0.65'7 
~i and 0.90~ Ni :ire used to dclermin.: true tonn:ige an, 
gr:ide figures. 

TI1rce r~t'n·c totals arc c:ilcul:tted: (i) natural crud 
tons of unmined ore in pfacc, (ii) crude dry tons c 
unmincd ore in pface using moisture correction factor: 
and (iii) dry tons of tr.int product. The 1:itter estim:it 
is m:idc by c,kt:lating or predictin~ the Jmount an 
grade of rock reject ( +6 in. size) in e:\ch ore block th; 
will be ren1oyeJ by the screening pbnt. The amount c 
rock reject is then subtr:ictcJ from the cruJc ore rcsen 
to detcm1ine a "tr:im product., rcserYe. which is J 

estimate of the :imount and gr:idc of ore th.,t will :u:tu:ill 
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be mo,·c<l dl.)wn the mount:i.in hr :icrhl tram and delivered 
to the !melter. . 

b. -c,,, Estimctll' .. : This is an :innu.1.I c,tim:itc of the 
ore th:lt was mined during the prc\·ious yc:ir. It is 
measured by the s:intc method tlt:it is wed for the toul 
"in-pl:lce .. ore rc:54:n·c estimate. The results oi the .. cut 
estim:i.te" :i.rc compar,ed with the :ictu:il production fii.­
urcs and provide a ye:lrly check on the :iccur:icr oi the 
ore rcsen·e computation technique including the crude 
ore estimates, the rock rejection prccictions, :ind the 
"up~dini;" dat:i. The yearly reduction in tout ore 
rescr.-es by current mining- i.s obt:iincd by subtr:icting 
the "cut estimate" from the tot:i.l rcsen·e. · 

The yc:irly ore re!er...-e estimatCJ ior both n.atur:il crude 
ore and dry crude ore :i.re gcner:i.lly m:id~ following the 
completion ot the "cut estimate." The new estimates 
thus incorpor.ite the estimate of ore rcmo,·ed during the 
preceding year as well at takin1. into consideration new 
geologic :ind an:ilytic:u data :ind interpretations nude 
during the prc,·ious ye.i.r. 

Jlille Pla1111i11g 

The mine geologist work$ with the mine engineer 
and mine superintendent in planning and scheduling 
pit development and mining sequence. Geologic sec­
tions, engin~ring lenl or slice maps, and the pie 
bottom maps arc wed in systematic planning. Bench 
development, haulage roads, and ore blocks to mine 
arc controlled in a large measure br geologic struc­
ture, distribution oi ore type and grade, and pit 
bottoms. Temporary access road loc:itions and other 
engineering installations arc located in accordance 
with geologic conditions to pro\"ide maximum rueful­
ness and liie span. The coordina:ed efforts oi geolo­
gist, engineer. :ind operator, using the knowledi:e and 
experience of all three, result in :.n efficient mining 
operation. 

Grade Control 

The extreme variations in the nickel content of the 
ore body as a whole and within the indh·idual ore 
types, coupled with the necessity oi prodding a uni­
form smelter feed, necessitate close grade control 
during the mining operation. Both nickel and silica 
:i.re critical to the smelter. In controlling grade, the 
objccth·e is to proY_ide the smelter ";th ore of con­
stant nickel content with silica held to close limits. 
In actual practice the ore grade is controlled by 
blending ores from the various mine faces in prc­
d~tcrmined tonnages. 

Projected or planned grades are set on an annual 
~is and normally arc not changed during the course 
oi the year. Every effort is made to achieve the 
projected grade during each day's mining. In prac­
tice, howe,·cr, the basic grading standard :s a unit 
r,i approxima.tely 8,000 to 25,000 dry tons oi screened 
,,re. The degree oi success achieYed iri attempting to 
111i11c the grade required improve5 as the tonnage 

................ ....... 
I ........... ,. -I --...,-....,,-.,,,.. 

Fie. 12. Chart showini: s(({uence oi steps in i,:rade control. 

mined increases, so that, as a year progresses, the 
gap between the actual grades produced and the 
desired grade becomes progreui\·ely smaller. 

The basic technique used in controlling gr:i.de is to 
mine small ore blocks that have been careiully sam­
pled and examined visually for rock reject screening 
characteristics. A simplified f.ow sheet oi the grade 
control procedure gidng the different contnoutions 
and iunctions of each dcpar:n.ent is illustrated in 
Figure 12. 

The bank s:i.mpling procedure used daily in obtain­
ing the basic data for nickel grade control and esti­
mated amount of rock rejects is gh-cn in the appendix. 

Special Studies 

Special studies of problems relating to the mine or 
to the smelter are undertaken periodically by the 
mine geologist in cooperation with the mine and 
smelter starrs. These studies haYe co,·cred a ";de 
range of subjects and haxc made important contribu­
tions to the success of the operation. Among the 
problems studied arc (a) the correlation oi chemical 
analnes b,· different methods and from diff crent lab­
orat~ries, • (b) the feasibility oi separating higher 
grade box"·ork ore from periclotite and lean saprolite 
particles by Ya.rious mechanical techniques, and ( c) 
the chemical and physical properties that govern the 
smeltabili,,· oi the ore. 

The pr~cedurc followed to investigate ore smelt­
ability is summarized below as an e.~mple of the 
type oi research problems studied and the kind of 
results obtained. Parenthetically, this also illustrates 
the close cooperation between mine and smelter 
personnel needed to reach use~ul conclusions. 
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Fie. 13. Ternary d:a&'::-:.m-srsttm Fc-'.\fgO-SiO:. showing 
power co:in:mption in i-i io,,·att •hours per to1:; :6 measure• 
menu contoured. 

Cur~orY stud,· oi mine and smelter records showed 
that ( l) ~melte~ pcrform:ince had been declining and 
(2) the decline was matched by a gradual change in 
mine pro<luct (scrC:e:1ed ore) as mining adYanced 
deeper into the ore body. 

The primarr objecti,·e oi the study was to deter­
mine the smelter beha Yior of the ,-ariou.; ore types 
and whether certain types of mine product ga,·e 
better smelter results than others. It was hoped that 
:i. method of predicting :md controlling smelter pcr­
fonnance could be e!'tablished. 

The studY interYal oi .\ugust, 1964, through Sep­
tember, 1966, was sele-c~ed bcciuse of the uniformity 
Qi smelter procedures during th:it period. Indh;dual 
tonnage units of mine product consisting of 12,000 
to 25,000 dry tons each, wruch lud ~n closely fol­
lowed through the smelter, were used as a b:isis for 
study and comparison. One hundred and eight ton­
nage units that met the qualific:itions for testing were 
!elected for stu<ly; :ill pertinent data concerning these 
units were tabulated irom daily mine :ind smelter 
oper.ition reports. :ind e:-ich unit w:is studied in detail 
as to chemietl composi:ion, power consumption (kwh 
per ton), b<llc life, Xi lo~ses in the sbg, :ind nom,alcy 
of smelter operations. 

\\11cn the information was assembled, a method of 
:mah-zing it was e,·oh-ed. The mine product is com­
pos;d es::entially of _thr~e chcmicil components: :\IgO 
+ Fe + SiO:! ~-~~ It Sefflled :eas01~:-ible to as­
sume th:-it ii smelter performance Yaned with changes 
in the ore, a sy~tem:-itic ch.·mge must t:ike place in 
the ratios of the three m:-ijor che-mic:il components. 

To test :md illustr.lte this hypothesis. a triangular 
diagr.im representing )[gO, Fe, :ind SiO~. reolcu-

latt<! to 100 1.crcent, was d~wn for kwh per ton 
( po•.,·er consumption:, . Points representing k "·h per 
ton for e:ich unit wc:re plotteti on the triar.;;ular dia­
gr.im nccor<ting to thtir ).f gO, Fe, :md Si 0: con­
tents. Contours <lc,·doped irom these points pro,·ed 
to be cc,niusing; and it was ~cccss:iry to smooth out 
the contour lines o.nd simpli:y the o,·erall results. 
This was achie,·ed b}· breakir.g :he triangular diagram 
into a series of bir:ary grnphs "r:ruch actually represent 
cross stctions of the ternary t!ia~m and "·ere con­
structed along constant Fe, :\IgO, and SiO:! lines. 

Li::es that best fitted the points on e:ic.h binary 
graph were drawn, and adjcHed kwh-per-ton con­
tours were replotted on the trfo!1gular di~gr:im (Fig. 
15). This plot ga,·e clearer and more meaningful 
results by eliminating some anal)1ic:il and measure­
ment errors, and b~· reducing the effect of daily 
Yariations in smelter operating procedures. 

In a similar manner, a tr.:mgular diagram \Yas 
de,·elopcd to show total nickel losses in the slag 
(Fig. 14). 

The triangular diagram oi power consumption 
(Fig. 13) shows :i decrease in power .consumption 
with a decrease in silica. content of the ore. A 
"ridge" of higher power consumption diddcs the low 
silica field. This produces n-ro fayorable areas of 
low power consun1ption ; one in whlch ).f gO is high, 
corres-ponding to saprolite ore, and one in which Fe 
is high. corresponding to surface soil. ~Iixturcs of 
saprolite and soil :ire apparently unfayorable, perhaps 
due to the fom1:ition oi a high heat-c:ipacity p~ 

The loss of nickel in the slag decre:ises \\;th de­
creasing SiO~ co:-itent (Fig. 14), and a ridge of 
high sfag losses diYides the low silic:i field. This 

.. 
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Ftc. U. Tcrn:ir,- di:isr.im-systtm Fc-'.\fi:()-SiO:. showing 
tot:il nickd los~s in slag; 87 =urcmrnts contoured. 
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Fie. 15. Ternary diagram•irstem Fc-~(i:()-SiO:. showini 
the two areu oi optimwn pcrionnance. 

di.igram is similar in shape to the power con3ump­
tion diagram, but the underl);ng reason for nickel 
loss is probably the high dscosity oi silica-rich melts. 

\Vith resp.:ct to power consumption and loss of 
nickel in the slag, two areas of optimum smelter 
performance were determined (Fig. 15). In these 
two areas, power requirements are low, and slag 
losses arc low. Because these areas can be defined 
chcmicallr, the production staff are now able to pre-

. diet smelter performance within acceptable limiu ior 
any ore batch before it runs through the smelter. 
Trouble can be anticipated and minimized. 

Neither oi the two £arnrable areas corresponds 
exactly in composition \\;th the remaining smelter 
f ecd as calculated from the current ore resen·e esti• 
mate:.. ·Figure 15 shows the composition oi crude 
ore and of ore screened on ,-arious screen sizes. Jn. 
spcction shows that whereas crude ore is chemically 
favorable, it contains only 1.23 percent nickel. 
Screening on finer sizes produces an undersizc 
product which is higher in nickel but has a less favor• 
:ible chemistry. Ob,·iously there is an economic bat· 
ance point between the fa,·orable economics of a 
higher nickel head grade and the bcr.cfits attending 
lower power costs and greater nickel rcco,·cry. \\'hen 
the optimum balance point had been defined, the mine 
geologist found w-ays and means of blending ore 
types to achic,·e optimum grade. The ,·agarics of 
~cology, climate, and grade make this a difficul.:. task, 
but the economic reward is commensurate with the 
etfort invoked. 
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Bulk Sa111pli11g for .Vickd Gradt C-011tr,.Z 

1. Sho,·cls dig a S-foot cut along face to be sampled. · 
2. A .. fines" sample is collected along slough-face 

contact; only -3 in. matcri:ll is conected. S.unplcs arc 
broken at 20-ioot intcn.us or at ~logic cont:icu. 
Location o{ sample bre:iks measured by transit :Lnd stadi:L 

3. "Fines" sample (-3 in.) is scro::ened on a ¼-inch 
screen. 

4. )Iinus ¼ in. material is sent to Iabonton· for anah·-
sis (Xi onlrj. • • 

5. Sample inten·al is inspected by grade control en;i­
ncer who (a) cstimat~ the amount oi ircsh rock within 
each sample inten-:il and (b) estimates the percent oi 
fresh rock that will be rejl!Ctcd by the screening plan 
( +5 - ¼ in. material). 

6. Xid:cl analysis of -¼ in. "fines" plus estimate of 
fresh rock content and rock reject arc used to calculate 
c:n.:dc nickel gradc;i.nd tram grade nickel for e.i.ch sample 
intcn.u. 

A set oi graphs which were de,·clopcd over a long 
period oi c::cpcrience are used to determine the two grade 
estimates. 

i . Crude grade o{ ore in place :utd tram grade arc 
plotted on two 1 in. = 100 it. daily grade control maps. 

8. Thc!e maps are then used to schedule the ne::ct 
mining cuts. Location of cuts :ind amount to be Uken 
from each face depends on the tonnage and nickel grade 
required ior that day. 

The first grade control sheet is a composite engineer• 
ing map that shows the crude and tram grades ior CYcry 
bench face C."1:posed in the pit. This map is posted cuily 
so that current grade status oi all c.-.:poscd ore is always 
available. 

The £ttond grade control sheet is actually a set of 
engineering maps oi the indi,·idual bench lc,·cls. These 
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!how the analy!cs of all the samples taken pre,·iously on 
c;.ch lc,·el. 

The firH compoEite map shows onlr current d:iu for 
Ii bc11c!:cs; the 5econd 5et show! the remits of all 
previous s:11nplin; an<l mining on ~ch bench. 

D:iily minins !chedulcs are mace usin; the infonna­
tic,n on !hc5e maps. Each mining shift is dh·ided into 
3-hour inten·als. The schedules are arran;ed so that 
tl:e thin ,lice oi ore mined at each face seldom exceeds 
1..~00 tons; this represents m adYance oi 8 to 10 feet 
in c:ich of the scheduled mine faces. \\'hen the pre­
<lcter:nincd ore slice has been made at one face. the 
sho,·cl i. mo,·ed to the next preYiously selected face and 
the process is repeated. 

.-\ ~ample of the tram gr:idc ore is taken e\"cry 30 
minute.: ~o th:it an almost continuc,us record of the mine 
p:-o<lucr:on is a,·ail:ible and the accur,cy of the ore ~rade 
predictions c:in be checked. If <li:crepancies occur, as 
they co occ:is:on:ilh·, corrections can be made in the 
tcn-;,a;c oi each ~radc mince!. and the remits t:ikcn into 
con,iccratio11 ior the ne~-t round of mining. 

Past c."'l:pcricnce indicates that a systematic 
the tram samples occurs <lurin~ the winter mont 
to the incrcasc<l moisture content of the or 
adjustment !cl1«!ulcs ha,·c been e,·olYcd to cc 
this dh·crgcnce. 
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(202) 219-3644 from touch-tooe·handset of fax machine. The document number for the nickel catalog is 500100. The 

document number for the multi-commodity GPO publications list is 1500. 

NICKEL IN DECEMBER 1994 

Reported domestic nickel consumption in December, 
on a daily average basis, was almost identical to that of 
November, according to the U.S. Bureau of Mines 
(USBM). Production of austenitic stainless steel 
increased significantly, boosting demand for both scrap 
and ferronickel. Growing demand for pure metal in the 
steel sector, however, was offset by decreased 
consumption by (1) the electroplating industry and (2) 
producers of cupro-nickel and other non-ferrous nickel 
alloys. Daily use in electroplating dropped back to 34 
metric tons (mt), the lowest level since July. Trade data 
for December will appear in a subsequent issue. 

Glenbrook Plans To Resume Ferronickel Production in 
April 

The Glenbrook Nickel Co. has told the USBM that it will 
restart its ferronickel smelter near Riddle, OR, in April. 
The mining and smelting complex had been on standby 
since August 1993. The Oregon operation is described in 
detail in the September 1993 issue of Mining Engineering 
(V. 45, No. 9, pp. 1139-1143). Glenbrook is a 50/50 
venture of Cominco American Inc. and Cominco 
Resources International Ud. 

Glenbrook will continue to use lateritic ore from 

both New Caledonia and Nickel Mountain as feed. The 
New Caledonian ore imported in 1991-93 typically 
contained 2.2% to 2.4% Ni on a dry basis and was 
significantly richer than the 1.0% to 1.25% material 
being mined on Nickel Mountain. The first shipment of 
New Caledonian ore is expected to arrive in Coos Bay in 
late March. 

The reopening of the smelter was made possible by the 
recent increase in the London Metal Exchange (LME) 
cash price. (See Table 9 of this MIS.) The LME cash . 
price has been extremely volatile since the beginning of 
February and has been fluctuating between $3.24 and 
$4.45 per pound of nickel. Glenbrook's management 
decided to shut down the smelter 20 months ago when 
the cash price dropped below $250 per pound. 

The company plans to produce about 8,200 mt of Ni in 
FeNi in 1995 and expects production to be at least 
14,000 mt in 19%. (See American Metal Market, Jan. 23, 
1995, p. 2.) The recently renovated smelter has a 
capacity of 16,000 metric tons per year (mt/yr). The 
ferronickel will contain 48% to 52% Ni and be available 
in both shot and ingot form. 

Glenbrook is also considering reactivating its ferrosilicon 
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furnace, instead of buying ferrosilicon on the open 
market as in recent years. Ferrosilicon prices have been 
gradually inacasing since tm. 

The ferrosilicon is added to the molten nickel ore to 
promote rapid reduction of the nickel, while still keeping 
a large part of the iron in oxide form. Addition of 
f errosilicon increases production costs, but improves 
nickel recovery, bringing the roughly 25% Ni content of 
the melt up to 50% Ni. 

Falconbrldge Moves To Develop The Raglan Deposit In 
Northern Quebec 

Falconbridge Ltd. has decided to develop its Raglan 
deposit at the northern tip of the Ungava Peninsula. 
Work is to begin as soon as ongoing negotiations with the 
Provincial Government of Quebec are completed. A few 
issues involving infrastructure funding, environmental 
permitting, and taxation still need to be resolved. 
Falconbridge also has to finalize its agreement with the 
Makivilc Corp., which represents the local Inuit people. 
(Sec Falconbridge news release sent via Canada 
NewsWw on Feb. 2, 1995.) 

2 

Falconbridge is planning to spend C$486 million to bring 
the deposit into production by mid-1998. A sulfide 
concentrate will be produced on site at Katinniq and 
trucked about 65 kilometers to Deception Bay, QUE, 
where it will be transshipped by vessel to the company's 
smelter at Sudbury, ONT. At Sudbury, the concentrate 
will be converted into matte. From Sudbury, the matte 
will go to the company's Nilckelverk refinery at 
Kristiansand, Norway. The capacity of the 64,000-mt/yr 
Niklcelverk operation is being increased to 80,000 mt 
Ni/yr at a cost of C$31 million to handle the increase. 

According to company officials, the Raglan deposit has 
18.1 million mt of reserves, averaging 3.13% Ni and 
0.88% Cu. Falconbridge is planning to produce 20,000 
mt/yr of Ni in concentrate over the first 15 years of 
operation. The deposit was discovered in the 1930's but 
has been passed over on several occasions because of its 
extreme northern location. Falconbridge has had 
control of the property since 1966. For additional 
information, see The Northern Miner, v. 80, No. 50, 
Feb. 13, 1995, pp. 1 and 12. 
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THI LEASE, made this 13th day of November , 1963, by and between ~--,.----,.---,. 
OOUGLAS COUNTY, a body politic•and corporate of the State of Oregon, party of the 

fi ret part, hereina1ter sometimes called "Lessor." and THB HANNA JlllfING COMPANY, 

a corporation duly organized and exiating under and by virtue ot the laws of the 

State of Delaware, party of the second party, hereinafter aoaeties called "Lessee", 

W I T M E S 3 E T H : 

WBERBAS, Lessor is the owner in fee of the following described mineral 

rights on lands located in the County of Douglas, State of Oreson: 

All of the llines, llinerals, ores and valuable substances (excluding 
timber) 1n, on or wider the West balf of the Southeast quarter of 
Section 18; N~rtheut quarter of the Northeast quarter of Section 19; 
West half of the Northwest quarter of Section 20; and Northwest quarter 
of the Southwest quarter of Section 20, all in Township 30 South , Range 
6 West , Willaaette Meridian, 

hereina:ft r referred to as thw "mineral ricbts'' ; and 

WHEREAS, in accordance with Chapter 271, Oregon aev1aed Statutes, the 

det erllined that the aine ral right• on 

the above-aescribed property an not needed for public uae and bas further detel'llined 

that the public interest would be furthered by lea■tne the lllineral rights to the 

Leeaee for the tera and for the purpose hereinafter set forth and th t the execu­

tion of thi• lease haa been authorized by order of the County Court of Douglas 

County, Oreron, duly entered in its journal and dated November 13th , 1963, -------------
and 

WHBRBAS, it is expressly underatood that the Lessor has deGded the rights to 

Umber and other rights in and to said prellliaea to the Roseb~rg Lumber Coiapany 

as more p rticularly set forth in deed to Rosebure Lumber Company dated y 6, 

1959, recorded in Vol . 284, page 223 and 228, Deed Record•, Douglas Count y , 

Oregon, subject to all minerals and mineral rights in and to the same, said 

minerals and mineral righta having been retained by Douglas County . 

NOW THEUl'ORE, In consideration ot the &WI of one dollar ($1) to it in 

hand paid, and in considoration ot the agreement■ hereinafter set torth to be 

kept and performed by Lessee, Leasor hu let, leased and demised and by these 

presents hereby does let, lease and desise to the Lessee the mineral rights for 

such period of time and upon such erms and conditions as are hereinafter set 

forth . L.AW OFFICES 

GEDDES, FELKER, WALTON & RICHMOND 
435 S . E . KANE STREET 



1 . The term of this lease shall be ten (l0) year• from. .ind after the 

date hereof, provided, however, that the Le&ffe shall have the sole and exclusive 

optlon to renew this leue tor live (5) year periods tor the next thirty-five (35) 

yeara b1 giving the Leasor written notice of its desire for each respective 

renewal at least thirty (30) days prior to the tir•t day of such renewal period, 

and provided further, however, that Lessee shall have the right at any time to 

terainate this lease or any renewal thereof as a whole by giving sixty (60) days' 

written notie• to the Leasor o! it• intention so to do . On the expiration of 

aaid sixty days, this lease ahal1 terminate and all liabilities of the Lessee 

under this agreement, except such liabilities as shall have then accrued, whether 

or not then payable, ahall cease and terminate. 

2. Tb• Lessee deairea to acquire the rigbto of aaid Roseburg Luber 

Company in and to the said above described preataea in order that it Illa)' use 

the eurface of the above described premiaoa tor roadway&, power lines, pipe lines, 

stockpiles, and for any other uses and. purposes which shall be necessary or con-

venient in connection with its llining and treating operations in or on other 

properties . 

s . Th• mineral right• are leased to Lesae• for the purpose of enabling 

the Lessee to construct, maintain and use oA the above described premiae• any or all 

of the fac1Ut1•• describe<l in Section a hereof . 

While the partin hereto ex~et that there 1• not contained in the 

mineral r1gbts. a merchantable ore body, it 1• the de.aire ot the Lessor tbat the 

Leasee ahall verify the non-exiotence of a aerchantable ore body in the manner 

hereinafter set forth prior to the use of the mineral rights by the Lessee for 

the construction and use of tacilitiea on the surface thereof . The geological 

representatives of the Lessee, as aoon •• possible after the execution and de­

livery of this agreement, shall submit to the State Geologivt of tbe S1ate of 

Oregon, a pro:poaed program f.or ttle exploration of the mineral. rights, and when the 

Leaeee shall have obtained the approval of aaid State O.ologist to such proposed 

prograa, it shall cau■e auch exploration program to be carried out. During 

the course of such exploration, geological representative• of tho t,esaee shall 

confer with the said State Geologist with r•opect to the results being obtain d, 
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and t the completion of the exploration program, the geoloeical representative• 

of th Lessee and the said State Geologiat shall agree aa to the exiatence or 

non-existence of a aere4antable ore body on the mineral rights. The State Oeolociat 

shall thereupon aake a re~rt ot such rz-ee..-nt to the Leasor, turniahlng a eop1, 

ol suob repart to tne Lee• e, and if such report ah•ll indicate there is contained 

no merchantable ore body on the mineral rip reafter, 

during th tera of thia lease o any renewal t ereof., have tbe aole and exclusive 

right to use the mineral rig ta for the purposes herein aet fortb. U such report 

shall indicate that there is contained on the lllineral right• a raerchantable ore 

body, the said rep,rt ahall also iadicate the area eovel'ed by aucb 11ercha:ntable 

ore body, and euch area shall thereafter be excluded from t • op.,ration of thie 

lease without any further action on the part of the pa,rt ee hereto. but the Leas 

•hall thereafter durint, the tera of thia le ae or any renewal thereof, have the 

aole and exclusive right to uae all of the mineral rights, exeept the area so 

excluded, for the pur~••• herein set forth . The Le•see shall pay all coats,and 

expenses incurred -in oonnee.tton with such ex lo.ratio _. For all pur..-.. ol thia 

lease, a "merchantable ore body shall be under•tood to be a concentration of 

minerals which could be llined. nd sold or mined, treated and sold on the aarket 

by the Leaaee in the year 1n wh~ch •uch exploration 1$ made. 

5. ln the event that tbe t.es9or ehall acquire at any time during the 

tena of tbia leue or any renewal thereof, any interest or intereats in the above 

deacribed prelli•e• in addition to lte ownerahip of the aineral or ~ineral rt,hta 

therein, aucb additional interest or interest• shall be automatically included herein 

and covered hereby 1th th• same force and effect as if such intereat or interests 

bad been included herein on the date hereof . 

6. Be1inning with the date hereof and during the poriod thia lease or 

any renewal thereof continues in force and effect, Lessee covenant• and agrees 

to pay to Lessor, rental, payable annually in advance, of the sum of 

(25~) tor eacb aore of mineral richts covered by thi• lease 
~ 8""" ffda('l,:taoj-9 ... , .. -

at the ti•• of each reapective pay•nt of rental. 

J. The Leaaor agreee that Lessee shall have the ript to sub-lease 

the aineral ri~hts or any part thereof and to contract with other• to use the 

■1neral rtabta or any p&J."t t ereof for the purposes bereiQ specified with the 
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same rights , pr1v1leg a, obligations and requirement• as are herein granted ~o 

and requir dot the Le■■ee . 

8. The Le■■ea qr • during the term of tbU lease to pay any and all taxes 

of every kind and all as■ea■aent■ duly and lawfully made again■t all improvements 

or u■e of the pre•i•e• •• aay be provided. by the law■ and atatute• of the 

may be le ied qainst t bat part o • lain ral rig ta 

covered by thia lease at the tlM of ach levy of aaid taxes and asseaa nta 

(excluding all of the surface thereot except that part uaed by the Les■ee in 

ita operations) and any and all taxes which may be aaaesaed against the improve­

ment• placed by Les■ee thereon, p~ovided that the Leesee ■hall have tbe right to 

bond, in the aanner provided by law, any assessments levied a.gains~ any such 

leaaed p operty tor local iaprovements and to pay the aame in installment■ in the 

manner provided by law; provided furtnor that only auch installment• of any auch 

uaessaenta u ahall become due during tho lease tera shall be paid by the Lessee; 

PROVIDED, however, the L••••• shall always have the right to conteat in the courte, 

the••• unlawful, unjuat, unequal, or excessive, before it shall be required 

to pay or diacharge it, or any part thereof• but all auch taxes and ueeaaments, 

or ao auoh thereof•• shall not have be n c•ncelled or set aside, ahall be 

paid by Lessee in tiu to prevent any ■ale of the mineral rights, or property 

or any part thereof, for ■aid taxe■ and uaes■ments . 

9 • The use and occupancy of tho above desert bed premises by the Leas e, 

ud all of its oi,.rattons hereunder shall bo conducted in atrict compliance with 

all laws applicable thereto, and with all rules and regulations promulgated, 

adopted and publ1ahed by any co isaion or other governmental body having Juris­

diction in the matter . 

10. Leasor reserv • and shall have a lien upon all aachinery, imple nts 

and per■onal property of Le•••• that may be on mineral rights as security for the 

payment of any anaual rental that uy have accrued under thi• lease, and for 

all unpaid taxes and asseaaaent• on the aineral right• and for any and all 

liabilities of Leasee. Any aucb unpaid annual rental or taxea or liabilities shall 

be doeaed to be and be treated u a balance or balances of unpaid accounts under 

thta lease, and aucb iien thereof may be enforced under the laws of the State of 
LAW OFFICES 
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Oregon by action or otherwi11e . Such lien, however, shall not follow any of •aid 

property after it ha.a been shipped or removed from •ithin the boundaries of tbe 

State of Oregon, and nothing herttin coiitained shall prevent the removal of any 

or all of said property at any ti·me when the Lessee shall not be 1~ default hereunder, 

and the above referred to lien Bha.ll not, in caae of sale of such property to 

third parties, be deemed to follow the &&!lie as againet aaid third parties . 

11 . The grants of Lea110r as contained herein are aubject, however, to 

the express condition, that in caae, and as often as Lessee shall make default in 

the perforaance, or by the violation of, any of the several agreements expressed 

herein to be kept and performed on its part. and sucn default shal"' continue 

uncorrected or unsatisfied for th~ period of ninety (90) days after written 

notice spectfying toe default colllJ)lained of shall be given to Leaaee by L•••or, 

then and in such case Lessor ■hall have the right to enter in and upon the mineral 

riahts and to have and poaae•• them again as of its first and former eatate, . and 

to exclude Lessee and all parties claiming under it . 

12. The Leasor hereby represents and covenants to and with the Lessee 

that, at the time of the execution hereof, it owns the mineral rights in fee 

simple, and that the same are free and clear from all encumbrances and that (the 

Lessee keeping, performing and carrying out all of the covenants, promises and 

agreeaenta, on it• part to be kept, performed and carried out) the Lessor Will, 

during the term aforeaaid or until the terllination of this lease as heroin provided. 

warrant and defend the Lessee in the quiet and peaceable posses ton of the 

lllineral rights and privileges herein granted, againet all person• and corporations 

whouoever, and the Leeaor further covenants that at the beginnins of the term 

hereunder, it will turn over aud deliver the llineral rights to the Leasee iu aucb 

condition that nothtngtberein or thereon shall constitute a continuing nui a.nee, 

or a continuing menace to adjacent property . 

13 . Lessee agrees that whenever thia lease ts terainated, Lessee shall 

peacefully surrender the lllineral rights to Leasor, provided that Lessee ahall 

be entitled and permitted to remove within ninety (90) daye after such termination 

all buildings, structures (including illing and treatlllent plants), engines, tools, 

machinery, railroad trackS, pipe and power lines, improvement•, and other property 
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which may be erected or placed or made on the ~inoral rights by the Lessee. 

either before or aft~r the date hereof. It is expressly understood however, that 

Lesaee shall leave all rc;,ads, complete with culverts and bridg s neceasary for 

their usefulness tntact for the use of the Lessor upon expiration or termination 

of this lease. 

Le1eee further •grees to peaceably surrender the leased premises or tbe 

governmental descriptions affected tberoby, as the case may be to the Leasor with 

all caves and openings properly fenced, filled or protected as aay be required by 

any laws or proper reculationa of any duly constituted governJnental authority 

then in effect and in good order and condition, ordinary wea1• and tear in use 

and deterioration fro and damage by the el9ments excepted. 

Lessee acre~• that when this lease terminates, it •~ll, at the request 

ot .Lessor, enter or cause to be ~ntered a certificate of that fact upon the 'proper 

books of record in said Douglas County, Oregon, provided this lease sball have 

been recorded there. 

14. Any difference or controversy wfiich may ar se e ween Leso 

Lessee, as to tbe eonatruction or carrying out of this lease, or the rights of 

Lessor or Lessee under it, shall not interrupt or suspend Lessee's right to use 

the llineral ri3hta for the purposes herein set forth, provided Lessee shall duly 

pay the an:nual :rental herein provided .for at the time or tiaea and in the manner 

stated in this lease. 

15. It is mutually covenanted and agreed that in cas any controv ray 

or disagreement shall arise between the Lessor and the Leaaee relative to the due 

observance and fulfillment of tbe ter11s and obligations hereof by either party, 

then such controversy or disagreement shall be deterained by arbitration in tbe 

manner herein specified. Either Lessor or Lessee 1Ray within thirty (30) days 

after such controversy or disagreem.ent arises demand arbitrRtion thereof and the 

party or parties t11aking such demand shall in writing to be served upon the other 

in the manner herein specified for the service of notice 1 specify t.he matter to 

be •ubmitted to arbitration. and at the •aae Ume choose and nollinate some competent 

and wholly disinterested person to act t1.s an arbitrator; thereupon within ten (10) 

day• after the receipt of such written notice, the other shall in writing choo•e 



so chosen shall forthwith s«lect a third arbitrator giving written notice to 

Lessor and Le•••e of the choice •o made and fixing a lace and time for a meeting 

not later than ten (10) days thereafter, at which Lessor and Lessee may appear 

and be heard touching such controversy or disaar •-nt. The arbitraton 

shall then ll&ke a decteion a1sagrM•nt within tJlirty 

(30) daya, which decision of said arbitrators aball be made in writinc, and when 

sigAed by a aaJority of th••• ahall e final and conclusive upon all parties and 

the award ao aad shall be forthwith complied with. In case either Lessor or 

Lo••• shall tail to choose and nominate an arbitrator, after notice u aforesaid 

fro■ the ot er party, or i case the first two arbitrators •elected tail to aaree up­

on a th rd arbitrator within ton (10) da.,•, then euch ar itrator or arbitrator• 

aay, upon applicatio aad by either Leeaor or Le••••• after ten (ll) days written 

notic thereof given to the other, be appointed by any Judge of the federal court 

having jurisdiction w.1.tbin the fede al judicial district in which the a ine 1• 

located . Th• •x n•• of any ■uch arbitratiun, includi reuouble coapeA•ation 

.for the ar 1 trators, aha l be paid by the party against which the award shall 

be made, unloaa otherwise provid din the award of the arbitrators . 

16. Any requeat or notice hich either party ••Y desire to aive hereunder 

•hall be properly •erved ou the other party or parties only 1'hen reduced to 

writing placed nan envelope, se led, stantped, re iat red and deposited in 

any United States Post Offic~ addressed tw follow•, ~o wit: 

County Court, Douglas County 
County courthouse 
Ro eburg, Oregon 

Hanna lli in~ Co•pany 
1300 Leader Building 
Cleveland 14 1 Ohio 

:Either party hereto 11\ay upon written notice to the other party (which ahall 

be• rved •• herein provided for service of notices gen r lly) chanie the addreaa 

to which notices to euch party may be •ent, or designate an• party with the 

•ame or a different addres• to which such notices aay be sent. 

17. In the event Leasor, in any inatance,ehall wai any default by Lessee 

or waive any provision nereo.f, such waiver shall not constitute a waiver by Lessor 

of any other default or, as to any other instance, of any provi•ion her of. 
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If any pmviaion ot this I.ease or the application of such provision 

to a.ny cix-cumstance shall be held unlawful. the re111ainder of this lease shall 

not to a.t.rocted ttereby. 

18. It i• turtheT agreed that the covenants, terms and conditions of 

this Lease shall \Jotb bind and benefit the heirs . executo:rs. a mini rators, 

successors aud assigns of the Lessor and the Lessee . 

IN WITNESS WHEREOF, tne parties hereto have executed or cause tnis ~g~eomont 

to tie duly executed as of the day and rear fil"St above written. 

County Cle1•.lr. 

County C issioner 

(B ~ A__ -
•· 4-? c ~~-------'(County Comiaissioner 

THE HANNA MINING COMPANY 

/tl'I I> 
Signed,. sealed; .,,,, ac:ki!df41Uiitf6!' 

in tb~ presence of: 
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THE HANNA 1'11NI1\J"G CO.MP&~ 
RIDDLE, OREGON 

Mining Property Preliminary Questionnaire 

Explanation - More mining prospects are being brought to our attention 
than we are, at present, able to examine. In order to 
determine whether your prospect warrants a field examin­
ation, it is essential that we have the most complete 
information possible on the prospect. If , you will please 
fill out the following form as completely as possible, 
it will help to indicate what steps should be taken by 
our company. 

Date Questionnaire was sent ---------------
Name of Property -------------------------------
Mining District County State ------------- -------- -----

Section Range Township Meridian ------- ---- ----
Principal Metals or Minerals -------------------------
owner or Representative ---------------------------

Address ------------------------------
CLAIMS: 

Lode or Where 
How many claims Placer Recorded ---- --------- ---------
When Recorded 
Located Locater At --------- ----------- ----------
Who owns 
Claims ----------------

TERMS: 

Who represents 
OWner ---------------

Give your suggestions as to basis on which we might work out an 
agreement to lease or purchase the property. 

HISTORY OF PROPERTY: 

Tell us what you can of the property's past history. (Use another 
sheet if necessary). 



PROSPECTING INFORMATION: 

What is nearest to'vm Miles ---------------- --------
Condition of road to property ----------------------
can property be examined at any season of year ------------
What rock occurs mainly in region --------------------
Is property a vein, lode or blanket ------------------
Ore Minerals - what minerals are considered valuable 

Gangue Minerals - What minerals are considered worthless -------
What are the dimensions of the mineralized zone, Length -------

Width Thickness ------------ ----------------
What mine workings have been driven -------------------

can they be entered -------------- -------------
Have any exploration drill holes, trenches or pits been sunk i~ the 

Who did 
prospect .this work ------------ --------------

When ------------------- ---------------
What were the results --------------------------

If you have any assay or analytical returns list them, give length 

or height of sample -------------------------

Do you have any copies of maps or reports of Engineers' examinations 
Who made At what 

.them Date ------ ----------------- -----------
A map or sketch , no matter how crudely drawn is always of value. 

If none exist, try to draw a sketch of the property. 

Your Name ----------------
Address 

Date 





'A Conspicuously 
Successful Case' 

Statement by 

George M. Humphrey 
Honorary Chairman 

The M. A. Hanna Company 

Before the 

Senate Armed Services 
Stockpiling Subcommittee 



THE abrupt adjournment on August 17 of the Senate 
Stockpiling Subcommittee hearing left questions, and some 
degree of confusion, in the minds of many outside observers. 

Since only partial reports of our initial testimony were 
published in the news media, we have printed Mr. 
Humphrey's opening statement before the Committee on 
August 16. This contains the basic information regarding 
the nickel transaction, of which, as Mr. Humphrey char­
acterized it, both Hanna and the Government should be 
justly proud. We believe you will find his statement inter­
esting and informative. 

August 24, 1962 

Statement by 

Sincerely yours, 

W. A. Marting, President 
The Hanna Mining Company 

George M. Humphrey 
Before Senate Armed Services 
Stockpiling Subcommittee 

I appreciate the opportunity to make this statement to 
you today, setting forth the facts with respect to Hanna's 
connection with the sale of nickel to the Government. 

I would like to begin my statement with a short summary 
of exactly where both the Government and Hanna stand 
today as a result of this transaction, and then I would like 
to go back to the beginning and explain in detail just how 
this result came about and my own connection with it. 



The net result of all of the transactions between the 
United States Government and all of the Hanna companies 
relating to all of the nickel contracts can be summarized as 
follows: 

When the contracts are all completed, the Government 
will have on hand an inventory of 94,700,000 pounds of 
nickel at a total cost to it of $67,200,000, which is a cost of 
71¢ per pound, as compared with the current market price 
of about 75¢ per pound. 

Included in this total cost are the amounts used to repay 
in full to the Government its advances of $25,600,000 for 
the construction cost of the smelter plant and for working 
capital, and $4,800,000 of interest at 5% on these advances. 
This total cost also reflects the cash bonus of $1,722,000 
paid to the Government by Hanna when the operation of 
the nickel plant was taken over for its account as well as 
the profit of $4,200,000 realized in cash by the Government 
from the sale of 30,300,000 pounds of Hanna nickel to 
others. 

In addition to the foregoing items reflected in the cost of 
nickel, the Government has also received income taxes paid 
to it by Hanna of $5,800,000, withholding taxes of 
$2,000,000 for its employees at the nickel operation, and 
approximately $7,000,000 for power from the Bonneville 
Dam. 

As compared with this, Hanna has sold one-quarter of 
its best nickel ore reserves, has realized a total net profit of 
$7,535,000 from all sources for the seven years of operation. 
Hanna now owns and is operating the smelting plant, the 
cost of which has been repaid to the Government in full 
with interest and cash bonus. 

The results of these transactions are further summarized 
in the following table: 
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SUMMARY OF FACTS RELATING TO HANNA NICKEL 
CONTRACTS 

Sales to Government to Aug-
ust 14, 1962 

Cash payments to Hanna . 
Credited against loans to Hanna 

Total cost for 108.0 million pounds 
of nickel ......... . 

Less following amounts received by 
Government: 
Sales to others of 30.3 million 

pounds at a profit of $4.2 
Million . . . . . . . . . . $34.5 Million 

Cash from Hanna-bonus pay-
ment for plant . . . . . . . I. 7 

Amount 

$72.6 Million 
25.6 

$98.2 Million 

Interest on advances credited . . 4.8 41.0 Million 
Price paid for present inventory of 

77. 7 million pounds of nickel 
17 million pounds to be delivered 

before June 30, 1965 ..... 

$57.2 Million 

I 0.0 Million 
Total price paid by Government for 

94.7 million pounds of nickel* $67.2 Million 

Cost per Lb.-$.7102 

Other amounts received by the Government 
Federal income and withholding 

taxes paid by Hanna . . . . . 
Sales to Hanna of power from 

Bonneville Dam . . . . 

Net profit to Hanna from entire 
transaction 

$ 7.8 Million 

7.0 Million 
$14.8 Million 

$ 7,535,000 

*Sources: Report on Borrowing Authority dated December 31, 1961, 
submitted to the Congress by the General Services Administration pur­
suant to Section 304 (b) of the Defense Production Act as amended, 
and, Audit Report of Comptroller General of The United States dated 
April, 1961, covering Contracts DMP 49, 50, and 51. 
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Personal Participation Limited, 
Mistrusted Crash Program 

I will now return to the history of the transaction and my 
connection with it. 

My own personal participation in the nickel undertaking 
was very limited. The fact is that during the latter months 
of the Truman Administration, while the Hanna nickel 
contracts were being negotiated, I personally was engrossed 
in the negotiation and development of a very much larger 
project, embracing the building of a 360-mile railroad, 
opening of several iron mines, building of a shipping port, 
and construction of two good-sized towns, involving a total 
expenditure of something over $300,000,000 in Quebec 
and Labrador. Under these circumstances, I had very little 
time to spend personally on this nickel project of so much 
lesser importance, and the part I played was to advise from 
time to time with my associates who were conducting the 
negotiations. As a matter of fact, I was always doubtful 
about Hanna's undertaking the project in the way the 
Government proposed. The Labrador development, which 
was many times larger and more important to the national 
economy to supplement the dwindling iron ore supplies 
from the Mesabi Range, was straining the executive and 
technical capacity of our organization to the full, and I did 
not want that interfered with in any way. I also mi,strusted 
the wisdom and practicability of the crash basis on which 
the Government felt it must go ahead with the nickel plant. 
And I am sure now that if we had proceeded on our own 
in an orderly, businesslike way without acceding to the 
Government's urging for a crash program, we would have 
been able to supply nickel in greater quantity at an even 
earlier time. The contracts were under negotiation by my 
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associates long before I had the slightest idea I might ever 
become an officer of the Government, and they were finally 
signed and delivered just before I took office. 

When I was nominated as Secretary of the Treasury in 
January, 1953, I brought out, in my confirmation hearing 
in the Senate Finance Committee, the fact that these con­
tracts had been negotiated and recently signed with repre­
sentatives of the Truman Administration (see Print of 
Hearing before the Committee on Finance, United States 
Senate, Jan. 19, 1953, p. 22). As Secretary of the Treasury 
I had of course no occasion to take and did not take any 
action affecting them. As I told the Senate Committee (see 
Hearings p. 6) one of the first things I did when entering the 
Treasury was to issue a flat order that any questions of any 
kind that might thereafter arise affectirtg in any way any 
company with which I had been previously associated 
should go directly to an Under Secretary for attention, 
with full power to act without any reference of it to me. 
When I left the Treasury in July, 1957, I returned to the 
Hanna Company only as a director, without salary, and 
not as an operating officer of Hanna, and have had only 
general familiarity with the project since then until the 
hearings of your Committee prompted my recent, very 
careful review of the entire matter, on which I have just 
spent a good deal of time and effort. 

This statement is based, therefore, upon my general 
familiarity with the origins and development of the· nickel 
project and the careful review I have just made, and there 
are here today responsible officers of The Hanna Mining 
Company, who participated in the negotiations and directed 
the operations, to answer your detailed questions as to both. 

For more than thirty years, the Hanna Company has 
spent an average of more than a million dollars a year in 
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geological and geophysical work, in drilling, and in research 
into metallurgy and into various methods of beneficiation, 
to find, seek out, acquire and develop metal mining projects 
anywhere in the western hemisphere and in a number of 
other, more distant places. Over the years there has been a 
high percentage of failures and losses, but there have been 
sufficient successes with profit enough to offset them so that, 
by and large, the Company has been repaid for its large 
expenditures, and grown and prospered. 

Government Pressed Hanna 
To Open Nickel Deposit 

In 1948, a mining prospect known as Nickel Mountain, 
near Riddle, Oregon, was brought to Hanna's attention. 
It was prospected and drilled, and enough ore proved to 
warrant a mining operation, but there was no known way 
of working out the metallurgy. Control of the property was 
acquired, and Hanna technicians went to work with their 
research. By the spring of 1952, Hanna's research and 
laboratory work indicated that a satisfactory process to 
make ferronickel out of this ore might be worked out, and 
Hanna was prepared to carry the project to the pilot plant 
stage of development. 

The United States was then in a shooting war in Korea. 
The economy was controlled under wartime powers. Jet 
propulsion fighter planes were just coming into gr~ater use 
and were of rapidly growing importance in the strategy of 
our defense effort. The construction of a great fleet of jet 
fighters would require substantially increased use of nickel, 
which was already in extremely short supply. There was 
then no nickel production within the borders of the United 
States. It all had to be imported. Small and large nickel 
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users were almost desperate in their search for nickel and 
were paying as much as $2.25 or more per pound in order 
to maintain their supply of this very essential element. The 
Government had been for some time pressing Hanna to 
open the only known domestic source of supply. For 
example, on February 3, 1951, then Senator Lyndon B. 
Johnson, Chairman of the Preparedness Subcommittee of 
the Committee on Armed Services wrote me as follows: 

Dear Mr. Humphrey: 

In its report on nickel, the Subcommittee recom­
mended that the appropriate Government agencies, 
in cooperation with private industry, intensify efforts 
to develop American nickel ore deposits such as those 
in Douglas County, Oregon. 

I note from recent press reports that your company 
has taken an option on nickel deposits near Riddle in 
Douglas County, Oregon. 

I should greatly appreciate receiving from you a 
report on your program for the development of these 
deposits, including an estimate of the time which may 
be required for both the development of the mining 
processes and the treatment of the ores, an estimate of 
the amount of nickel recovery which you presently 
expect to be available, and what aid, if any, you may 
require from the Government. 

Sincerely, 

/ s/ Lyndon B. Johnson 
Lyndon B. Johnson 
Chairman 
Preparedness Subcommittee 

As a matter of interest, I attach a series of statements on 
the subject of the urgency of the nickel shortage from reports 
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of various Congressional Committees from this time until 
the end of 1957. (See reports following this statement.) 

Risks Not Justified 
For Commercial Development 

The Government wanted crash action. But Hanna was 
being asked to enter a business that was entirely new and 
wholly untried, and Hanna was reluctant to go forward 
without pilot plant proof of the feasibility and economics 
of its process and a test of the marketability of its product 
in an orderly, businesslike way. This would have taken at 
least a year or more, but the greatest speed is often made by 
proven practical methods. The risks involved in a crash 
program were justified only for defense requirements, 
which might suddenly be changed. They were not justified 
for a commercial development. I was insistent with our 
own people that Hanna should not take the risks involved 
in an unbusinesslike crash program and in the immediate 
expenditure for the development of a mine and the con­
struction of a plant under those circumstances. Through 
negotiations to overcome this situation, a plan was pro­
posed which was finally accepted by both parties: 

Hanna agreed to immediately invest, in addition to 
all past expenditures for acquisition, drilling, re­
search and proving of the mining property and its 
process, up to $3,800,000 of Hanna's own money to 
open, equip and develop its own mine with no Govern­
ment assistance of any kind. Hanna then agreed to 
meet the Government's request and make a plain, 
straight, firm sale under a long-term contract to the 
Government of the entire production of nickel ore from 
its own mine for a period of nine years estimated at 
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about 4,000,000 tons of ore at an agreed fixed price of 
$6 per ton subject to adjustment for nickel content 
and escalation. 

The Government agreed to advance to a corporation 
formed for the purpose by Hanna but wholly financed 
by the Government sufficient funds (approximately 
twenty-two million dollars) to immediately build a full­
scale commercial plant of Hanna's design, but with no 
profit to Hanna, and thus gain time, which the Govern­
ment desired. If the process turned out not to be 
feasible, Hanna could convey the plant to the Govern­
ment in satisfaction of the advances. And in considera­
tion of turning over all its research and technical 
knowledge to the Government without any payment 
to Hanna, Hanna had the right at any time to acquire 
full title to the plant by paying off all unpaid Govern­
ment advances, plus a bonus of 7 ½% of the original 
cost. Hanna agreed to not only design and construct, 
but also to operate the plant to produce ferronickel 
for sale to the Government at cost, with no profit to 
Hanna from its operation until the plant had produced 
the full tonnage of nickel then desired by the Govern­
ment and contracted for at cost. Hanna received a 
flat fee of $100,000 a year toward the expense of 
providing the salaries and costs of its organization. 
Both parties realized that the plant had no value except 

to operate on ore from this particular mine. 

The Results - For the Government 
Now, how did this work out, for the Government and 

for Hanna? The Government acted here in three capacities 
-first, as banker, advancing the funds to build the smelting 
plant and the working capital to run it; second, as customer, 
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purchasing the ore from the mine to run the plant to make 
nickel for the stockpile through operation of the plant at 
cost; and third, as the agency responsible for national 
defense, to broaden the mobilization base by creating the 
one and only source of domestic capacity to produce a 
material in critically short supply. 

First, as banker, the Government advanced approximately 
$22,300,000 to build the smelter and $3,300,000 for work­
ing capital and has been repaid the whole amount, plus 
5% interest. 

Nickel Cost Government Less 
Than Present Market Price 

Second, as customer, the Government has now bought 
108 million pounds of nickel, has 17 million more due 
under contract at less than market, and has sold 30 million 
pounds at a profit of $4,153,000 during the period of acute 
shortage. When deliveries are completed, the Government 
will have acquired an inventory of 95 million pounds of 
nickel for the stockpile at a cost per pound of about 71¢. 
This cost per pound reflects the Government's total outlay, 
reduced by the $4,153,000 of profit which the Government 
got for the 30 million pounds it sold and by the $1,700,000 
of bonus that Hanna paid it on transfer of the smelter, 
and also by the $4,799,000 of interest already paid to the 
Government on its loans. For purposes of compatison, the 
market price of ferronickel has ranged recently from 77¢ 
to 75¢ per pound. 

Third, toward its objective of broadening our mobiliza­
tion base, the Government has by this transaction stimu­
lated the creation of the only United States facility for the 
production of nickel, with a capacity of 20-22 million 
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pounds per year. The Government's total net outlay to 
accomplish this is the acquisition of the 95 million pound 
inventory at a cost per pound less than the present market 
price, with every cent of additional Government expenditure 
fully repaid with interest. There was an obvious strategic 
advantage in creating the capacity in the United States; 
but the economic advantages were also very important. 
The Government's alternatives were limited to Cuba and 
Canada. Any Cuban capacity would now be lost to us. If a 
contract of the same dimensions had been made with a 
Canadian company, more than $100 million would have 
been spent outside instead of inside the United States for 
the purchase of nickel, with an adverse effect of that 
amount on our balance of payments, and the loss of millions 
in taxes, payrolls, and other benefits to our own economy. 
Those familiar with the nickel expansion program, I am 
sure, will agree that, of all the transactions the Government 
made for this purpose, the Hanna contracts involved the 
most efficient use of the least Government money, either 
per pound of nickel bought or per pound of capacity 
created, and it is surely one of the comparatively few cases 
where every cent of its expenditure has already been fully 
repaid to the Government with interest. 

The Results - For Hanna 
The result from Hanna's standpoint is this: In addition 

to all of its previous exploration expense, Hanna has 
invested $3.6 million of its own money in its own mine, 
and during the period to April 1, 1961, it has produced 
and sold to the Government 4.4 million tons of its best 
ore. It also designed and built the smelter, perfected the 
process, and operated the smelter at cost. During this 
period, it made a net profit on the operation of its own 
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mine of $7,535,000 over a period of seven years, after 
paying Federal taxes of $5,820,000 to the Government. 

In addition, Hanna has taken over for its account opera­
tion of the smelter, having repaid the Government loans 
and having made the additional payment of $1,722,000 of 
bonus in cash on the basis provided for in the original 
contract. 

Now, what of the future for Hanna? Hanna has now 
mined and sold about one-fourth of its best ore. The balance 
remains. It owns the mine and the plant. Through Hanna's 
own successful efforts, plus the loan from the Government, 
which has been fully repaid with interest, Hanna has 
introduced ferronickel, a product previously new to the 
American steel industry, for which Hanna is proceeding to 
try to develop a broadened market. If its efforts continue 
successful, a new commercial operation has been created 
that gives employment, pays taxes, supplies a needed 
material, and continues as the only source of nickel produc­
tion within the borders of the United States. 

Government Should Never 
Speculate In Commodities 

Now, what is the real value of the Government's nickel 
stockpile? That is wholly dependent upon what the Govern­
ment itself does from now on. The original purpose was 
to cover a deficiency in the supply of nickel required to 
meet the Government's essential requirements for war and 
for defense. 

If the Government now changes its mind and wishes to 
dispose of its stockpile, it can sell it on the market, disturb 
normal nickel prices, operations and employment, and 
cause great losses, both to the Government itself and to 
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the entire nickel industry. That is one reason why in a 
strong, free-market economy, the Government should 
never speculate in commodities. 

If, however, this stockpile or any part of it is to be resold 
in spite of the possible consequences involved, some plan 
should be worked out for long-range, orderly, careful 
distribution when market demands are strong and com­
mercial requirements are high, in ways and under circum­
stances that will least affect normal market operations. That 
is the only way in which the Government's own values in 
the stockpile can be protected and preserved. 

In recent weeks, one foreign nickel producer has already 
cut the price of refined nickel two cents per pound. The 
market is sensitive, and the Government's own action will 
affect the degree of pressure placed upon it. 

But that is only part of the story. Beginning during a 
shooting war the Congress and three successive Administra­
tions have approved and carried on this strategic stockpile 
program. The Truman Administration started it and con­
tracted for the greater part of the total now in stockpile. 
The Eisenhower Administration carried it on with vigor 
and belief in its desirability, and the Kennedy Administra­
tion has continued to increase it right up to this day. 
Whether it was really wise to start it or not is no longer 
debatable. We have it on hand, paid for during the past 
decade. 

Those commodities now in stock which will not deterior­
ate, which must be imported and are not available in this 
country when required and which in the event of world 
disturbance are essential to our economic life or safety, 
should be kept intact. They are assets we should hold on 
to for Government use when needed. They were bought to 
protect our national safety. They may well be required 
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again for that same purpose, and they should not be 
frittered away now, either to help the current budget or 
possibly disturb sensitive commodity markets. They should 
remain tightly held as a matter of permanent policy, subject 
only to considered Congressional control in the event any 
of them become clearly useless for Government use or 
national protection as time goes on if obsolescence should 
develop. 

Conspicuously Successful Case; 
Both Parties Should Be Proud 

In conclusion, this entire arrangement with Hanna was 
carried forward, not under the provisions of the Strategic 
Materials Stockpile Act, but under the terms of the Defense 
Production Act of 1950 which authorized the President to 
make commitments to purchase metals, minerals or other 
raw materials, and had as one of its purposes, as stated in 
its declaration of policy "the expansion of productive 
facilities ... " Thus, through the Government's proper 
participation, as clearly designed and provided for by the 
Defense Production Act, and through Hanna's successful 
efforts, the Government is now protected not only with a 
stockpile of essential material for future use in any emer­
gency, but a new industry has been created which may be 
successfully carried forward commercially and help to 
provide employment, taxes, and additional protection for 
the Government's possible future critical requirements in 
case of another emergency. 

This is a conspicuously successful case, in which the 
objectives of the Congress have been fully realized, of 
which both Hanna and the Government should be justly 
proud. 
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FOURTH REPORT OF 
THE PREPAREDNESS SUBCOMMITTEE 

OF THE SENATE COMMITTEE ON ARMED SERVICES 

January 8, 1951 

"The current shortage has resulted from the collision of 
a rapidly increasing civilian and military demand for nickel 
with the relatively fixed supply produced by Jnco. The 
foreseeable shortage, however, is even more serious. Nickel 
has important alloying qualities which are indispensable in 
steel making and the production of certain types of aircraft 
engines. The large increases in the production of these 
industries, which have now become basic to our survival 
as a free nation, depend substantially on a similar increase 
in nickel production." (page 1). 

"It is reported that the M. A. Hanna Co. is engaged in 
a metallurgical study of certain ores in Douglas County, 
Oreg. According to a report by the Geological Survey, 
published in 1942, these deposits contain some 6,600,000 
tons of ore, most of which have a nickel content of 1 
percent or more. The report concluded as follows: 

The deposit can be mined by power shovels at low 
cost, but a new method of treating silicate ores or a 
great increase in the price of nickel would be required 
to make mining of the deposit profitable. 
"In the present emergency, this deposit should not be 

overlooked and, accordingly, the subcommittee recommends 
that the Bureau of Mines and other interested agencies 
expedite efforts to develop this source." (page 14). 

FOURTH ANNUAL REPORT OF 
THE ACTIVITIES OF THE JOINT COMMITTEE ON 

DEFENSE PRODUCTION 

January 5, 1955 

"At the suggestion of Arthur S. Flemming, Director of 
ODM, the committee held an executive hearing on March 
8, 1954, to review the nickel situation and discuss its effect 
on our national defense and to the domestic economy as a 
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whole. The committee also invited Charles S. Thomas, 
Assistant Secretary of Defense for Supply and Logistics, 
to present the latest military requirements; Edmund F. 
Mansure, Administrator GSA, to report on the actions 
being taken under the nickel resources expansion program 
to speed up new development and production; and Sinclair 
Weeks, Secretary of Commerce, to discuss the impact 
which the stockpile acquisitions is having on the civilian 
economy. 

"While most of the information and data discussed at 
this meeting is 'classified for security reasons', it was made 
crystal clear by each of the responsible officials that the 
most serious problem facing this Nation today in its 
preparedness program, is to develop new nickel deposits 
and at the same time substantially increase the production 
capacity at existing sources. 

"Your committee strongly urged each agency to make a 
further effort to explore every potential source and technical 
process to overcome this critical bottleneck. In view of the 
essential use of this metal in the production of certain top 
priority items, it was further agreed that costs should be 
considered secondary to our Government's security until 
such time as the projected needs for both the military and 
civilian economy were more definitely in sight." (page 15). 

FIFTH ANNUAL REPORT OF 
THE ACTIVITIES OF THE JOINT COMMITTEE ON 

DEFENSE PRODUCTION 

January 25, 1956 
"In view of the supply-demand imbalance that is cur­

rently forecast fo_r months to come, and the strate.gic need 
for meeting stockpile objectives, your committee continues 
to urge that ODM and other Government agencies exert 
every effort to expedite the Nicaro expansion, increase the 
productive capacity of all other sources of supply available 
to the United States, and to make acquisitions of nickel at 
an aggressive rate for delivery to the stockpile until our 
defense position with respect to nickel is substantially 
improved." (page 38). 
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SIXTH ANNUAL REPORT OF 
THE ACTIVITIES OF THE JOINT COMMITTEE ON 

DEFENSE PRODUCTION 

January 22, 1957 

"In view of the critical shortage of nickel which currently 
exists, and the anticipated shortage which is forecast for 
many months ahead, your committee urges that the re­
sponsible Government agencies make a determined effort 
to increase the nickel supply as has been recommended by 
your committee repeatedly." (page 37). 

SEVENTH ANNUAL REPORT OF 
THE ACTIVITIES OF THE JOINT COMMITTEE ON 

DEFENSE PRODUCTION 

January 16, 1958 

"With respect to supply, use, and distribution of nickel, 
the Department of Commerce made the findings which 
follow: 

"I. The supply of primary nickel available to the 
United States will not meet the Nation's full require­
ments for several years. Expansion of the free-world 
supply now underway or definitely planned, may not 
meet fully the needs of the United States by 1960-65, 
when such expansions are due to materialize. If addi­
tional projects for expansion of the total supply now 
under discussion with the General Services Administra­
tion with respect to governmental assistance are actually 
undertaken in the near future, it appears that the supply 
that would be available at the end of 5 or 6 years wjll be 
adequate for our needs at that time." (page 14). 



Reduction of nickel and iron is accomplished by the 
Ugine Process, which consists of adding a reducing agent contain­
ing metallic silicon to an oxide ore in the presence of molten, 
ferrous metals and using vigorous mixing action for good contact 
of reductant and ore. In Hanna's smelter, crushed 48% ferrosilicon 
is used as the reductant, the ferrosilicon being produced in a 
separate electric furnace in the smelter. After the vigorous mixing 
cycle, the ferronickel is allowed to settle to the bottom of the ladle, 
after which the slag is skimmed off and granulated with high pressure 
water jets. 

Refining 

As the reducing reactions continue, ferronickel accumulates 
in the ladle. At regular intervals, a portion of this product is re­
moved, or "thieved," and transported to one of two identical small 
electric steel furnaces. Here the impurities, predominantly phos­
phorous, are removed by suitable refining slags, after which the 
ferronickel is cast into pigs weighing approximately 28 pounds. 

Samples from each cast are taken for complete chemical 
analysis and an accurate record of all casts is available for con­
sumers. The ferronickel pigs are packaged on 4,000 pound pallets, 
with the exact weight and analysis stamped on each pallet, It has 
proven to be a very desirable product for the major stainless steel 
manufacturers of the United States. 
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RIDDLE NICKEL DEPOSIT 

The Riddle nick.el de:posit . is located in southwsttern Douglas County in 

Oregon, four miles west of the tmm of Riddle, v.hich is inland from the Pacific 

coast approximately fifty miles and north of the California border about 

seventy miles. The deposit was discovered in 1864 Since then much prospecting 

and preliminary development work has been done on the pi•operty, but no ore was 

shipped for other than metallurgical tests until Hanna Coal & Ore Corporation 

started mining operations in 1954. 

The orz :mineral is largely garnierite. It o~curs as a lateritic con­

centration in an intricate meshwork of iron- and n'ckel-stained chalcedony 

boxwork in sheared and weathered paridotite. In its fresh state the peridotite 

contains about .2fo nickel. The major axis of the ore body strikes northeast 

and exploration so far bas shown it to be roughly 6000 feet long and 3000 feet 

wideo The concentration ranges in thickness from a few feet to a maximum 

of 250 feeto It consists of three general layers; a top, brick-red soil layeir, 

an intermediate thick, yellow, limonitic layer with some Q.uartz-garnier.ite 

boxwork., and a root layer composed of quartz-garnie-rite boxwork in neurly fresh 

bedrock that is a transition between weather.:!d mated.al and fre:ah peridotite. 

The favorable condition of s'b.earing and fract.iring of nickel Mounta:ln 

peridotite made possible the for1aation of the quartz boxwork and garnierite. 

The nickel is believed to have been derived from olivine in the peridotite by 

decomposition during lateritic veatheri..llg which pro·ou"'.:lly took place in lace 

Tertiary time prior to uplift and canyon cutting., L'he Mickel Mountain deposit 

ts an erosional remnant that escaped destruction, ana under present climatic 

conditions., the original laterite bas been altered ~esulting in quartz boxwork 

and nickel-rich garnierite. 

Exploration of the deposit is being accorupl.is11ed by chur .i drilling ar:i.cl 

trenchingo A few test sbaf'ts were put down for the pw:--poses of studying t;!i..c 

ore in place,il determining yolume and moistu..,..e factors$ and gathering blJ.lk . 
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samplea for pilot plant and smelter teats~ In chl.u?o. driJ.ling., 6-inch cPsi•ig 

is driven down every two or three feet behind the drill 'lit and bottomed at. 

each 5-foot interval. All the sludge for each .:!llsed 5-foot interval fo dt1i-o:ped 

through a splitter and one-eighth is saved and analyzed. ChU!'n drill holes 

are stopped after going through the ore zone and penctra;:;ing fresh perido"i:,ite 

in uhich the n!cl::cl content is less than .5to. 
For estimtive purposes we have used conservative factors as 

follO'WS! 

Cubic fee",., per short ton in plac,3 - 17 

Moisture - 21% 

Grade - 1.5i Ni, 

Mining or tne ore is done by open pit m£; thods, utilizing 0 -1/2-clihi{!-yaru 

diesel shovels and 22-ton diesel trucks. The mining pla;:i bei.ug developed e.-t thr-­

_prcperty consists of a series o:r level benches, w-.. th a +.11enty-f0ot maximum hei-gl:.~ 

and a fifty-foot minimum width. Each bench is intersect~a at several 2oints 

by access roads, for moving the ore from the benches to the c~ushing a1a screening 

plant. Tbe mining operation can be di-vided into three phases, (l, mintng and 

hauling, (2) crushing and screening, and (3) shipping. 

The ore is dug from the face of a t,-•cnty-foot bencb by a 2-1/2-yard-stiovel 

and loaded into 22-ton trucks. The ore is lw.ulea /ro:m the benches to ·1 ~ ·oc'-,::,· 1? 

area in front of the screening plant , The trucl! I e, ... dz :,,_•2 ~ ~ about 17 tons ar, . 

using one shovel it is possible to handle 2)00 torie per .;llift.. Because of t'!lc 

fractured state of tb.e ore in place, practicaJ.ly uo blast ··1g is n(;cessary, 

In the second phase of the operation the ere is screened and crt,shed u.nd 

deposited by conveyor belt into a conical shaped 1urge file of 25,000-ton 

capacity to await shipment. The ore is pushed ly hdldozer into a hopper wbici, 

feeds a 54--inch wobbler feeder. This feeder co:r::Ji.;ts of thirteen rot.ating 
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the minus 5-inch por;.;j.on of thl= ore pasaes between the w-cbb1er;:; anc into a 

bin from 1''hich it is fed by a 42-inch apron f:;..:::de:i: onto the 30-inch bzlt going 

to the su:r~e pile, '.L'he plus 5-inch portion of' the ore is carried over the length 

of the uobbler feeder by its rotating action, aucl pa;:ise•3 dovn a ,~hute into a 

30 x. 42 jaw crusher set at 5 inches. The crusher p:..·oduct can either be placed 

on top of the wobbler unclersi.ze on the JO-inc~1 bnlt to the surge pile, or on the 

24•-inch col1veyor belt going t.o the reject pile. The d~~ision to waste or save 

the crush€'" ~.,,rouuct is made by the engineering stai'f" 1rhe oi·e on the bel_; .frora 

the plant -r,o the surge pile is sampled a.t reg 11 ;1r irP:er vals as a part cf the 

grade control procedw:·e. 

Transporting the ore from the surge pil1:; on the mJuntain to the smelter 

stcckpile at the foot of the mountain is accomplishec1 by means of a continuous 

aerial tra.io.way. In "· concrete tunnel under t 11-a surgf• pile., the ore is fed by 

an apron feeder onto a 30-i.nch conveyor belt ·i.hich depot3it::; the crushed material 

in a 100-ton bin where i•;, is stol"ed before bei>:1g loaaed i11 the tram ca.:rs. The 

ore is weighed ana sampled on the 30-inch beli:. 'lehrGeu ~hE surge pile and the 

storage bin~ A 42-inch apron feeder, electri1~,1 l 1.y com~1.·olled, places a measured 

quantity of oi·e from the bin, into the loader, the door of which is t.~1p1Y~d 

by the moving cars. Once in the car., the ore t:~avels a distance of 8,306 feet, 

and drops 2,000 feet in elevation bei'ore being 1.h:,r•osited at the~ smelter stockpi~.e. 

The 50-cub"'.c-foot capacity cars each carry appr,.>v.imatel.r 2-1/2 tons o:f:' ore dmm the 

mountatn at a speed of 500 feet per minute. :i1:1,; cars, :1paced 260 fee,: apart 

by a tvo-inch connecting cablep travel loaded 011 2-inch track cables and return 

inverted and empty on 1-1/2-incb. track cables. 'Ihe trmr.my is h-a..l.d to constant speed 

by tuo 300-horsepower 1.nauction generators, which when ~;he tram cars are fully 

loaded, generate 500 horsepower in the f'orm of 3'i'5 Kilo,mtts of electricity 

being returned to the power sot.r-ce. Two 30-11m· :cpow~r c lect"t'ic motors a1·e 

utilized in the starting of' •~he tramway to ove-::- .c,me inerti::... and :i"rict:.ton in the 

.,, 



system when the cars are ·:!mpty. Hydraulically C'Ontrolled brake bands acting 

on the drive wheel, effectively bring the tram"·ny to a stop ;,,hen .Loaded 01· empty. 

A major problem in the operation of the ntl11e is ccntrolling the grade of 

ore goi.ng to the smelter at l. 5% nickel on the oaily basis. Since the formation 

shows no continuity the exploration drill holas can be used only for depth, rather 

than the sample values being projected horizoni.allyo Daily grade control is 

presently b-:ing attempted by horizontal bank sawpling of shovel cuts, visual 

classification of the banks, limiting the width of the shovel cuts to ten feet. 

Using these Ulethods it is necessary to bave many cuts available for mining becau..,_ 

of the len._,"'1:....1. of time necessary to dry, prepare, and analyze the bank samples . 

A large number of digging faces are necessary also becr.wse of the wide variation 

in nickel grade over the t;>roperty. Several areas must be available to make up 
I 

an average daily shipment. 

Since mining operations vere started, a little ovet' a mil.lion tons of 

01·e has been delivered tel the smelter. 
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THE NICKEL MOUNTAIN PROJECT* 

Introduction 

A very important event in Oregon mining history occurred on January 16, 1953, in 

Washington, D.C., when the Defense Materials Procurement Agency signed contracts with 

the Hanna Coal and Ore Corporation and the Hanna Smelting Company, both subsidiaries of 

the M. A. Hanna Company, Cleveland, Ohio, for the production of nickel from the Nickel 

Mountain deposit near the town of Riddle, Douglas County, Oregon. In addition, signing 

of the contracts marked the opening of an important chapter in the domestic mining in• 

dustry since no nickel has ever been produced in this country on a commercial scale 

from ore mined in continental United States (a total of a few hundred tons is recorded 

as a by-product in smelting copper ores), We have always depended on Canada for our 

nickel. Start of nickel production at Riddle will make the United States partly inde• 

pendent of outside sources of this very strategic metal, 

Because of the importance of the Nickel Mountain project, it seems desirable to 

assemble background descriptive material as a record. 

Geography 

Nickel Mountain is about 5 miles northwest of Riddle, an incorporated town in 

Douglas County, as shown on the accompanying index map. Elevation of the summit of 

the mountain is 3533 feet. The nickel deposit, occupying much of the upper part of 

the mountain, may best be reached from the Hanna plant site which is about 3½ miles 

west of Riddle. The Hanna Company has construoted a new road more than 2 miles long 

extending from the plant to the deposit at the summit. Because of the hazard of meeting 

heavy trucks on this road, permission to drive over it must be obtained at the Hanna 

Company office, at present in Riddle. A gatekeeper is stationed at the entrance to the 

new road and a pass is required to enter. 

Riddle, at an elevation of about 700 feet, is on the Southern Pacific Railroad about 

220 miles south of Portland and 25 miles south of Roseburg. It is about 4 miles west of 

US 99, the main north-south highway in western Oregon which bypassed Riddle when it was 

built. Population in 1940 was reported to be 214. In 1950 it was 634, the increase 

caused by the lumbering boom. The main support of the population in recent years has 

been from a plywood mill and several sawmills together with accompanying logging. A small 

amount of income is received from farming. Population has increased further since the 

start of the nickel project but no exact record is available. 

History 

The town of Riddle, erroneously called Riddles, was named after William H. Riddle 

who, with his family, was the first settler in that part of Cow Creek valley. 

In April 1851, the William H. Riddle family (including the son George who later 

became Judge of Douglas County) left their farm near Springfield, Illinois, and Joined 

a party of pioneers headed for Oregon. The Riddle's outfit consisted of three wagons, 

each drawn by three yoke of oxen, one large carriage or "omnibus" for the family (the 

omnibus was abandoned at the Platte River), and about 40 head of cattle, cows, and 

heifers. They came into Oregon by the southern route, arriving, after 5 months of 

arduous travel, at what is now known as Canyonville, Here they met the first settler 

*By Department staff. 



October 195; THE ORE.-BIN 61 

they had seen in Oregon, namely Joseph Knott, who had located the first donation land 

claim in the Cow Creek valley 1 Joseph Knott showed Riddle the Cow Creek valley, and 

Riddle, impressed by the beauty of the valley and the splendid range for cattle, selected 

a site near what is now the town of Riddle. Here he immediately cut and laid the first 

four logs of his cabin, this being sufficient in those days to hold a land claim. 

Early in the spring of 1852, other settl ers began to arrive in Cow Creek valley. 

One of these was John Smith, from South Bend, Indiana, who located a donation land claim 

embracing the present site of the town of Riddle. After establishing the claim, Smith 

returned to his home in Indiana, but sent his daughter and son-in-law, J,Q,C. Vandenbosch, 

out to take over the claim. The Vandenbosch family thereby were the first owners of the 

townsite of Riddle, and their name appears on all abstracts of title to Riddle town 

property. In 1866, Vandenbosch sold his claim to Abner and J, B. Riddle. 

In 1882, the Oregon and California railroad (later the Southern Pacific railroad) 

began extending its line south from Roseburg and soon reached Cow Creek. Abner and 

J. B. Riddle donated land for a town site, and a depot was located on it. The little 

town which sprang up was named Riddle, sometimes called Riddleburg, and for 8 months it 

wa s the southern operating terminus of the railroad. Stages left from this point for 

Redding, California. A. G. Walling, in his "History of Southern Oregon," published in 

1884, reports that during the t i me that Riddle was the railroad terminus, "the place 

was •lively' in the broades t s ignificance of the term, and its like the peaceful citizens 

of Cow Creek valley hope n ever to witness again." With the extension of the railroad, 

and the departure of "the horde which infested the terminus," Riddle became a subdued 

but thriving village and shipping point for a small but prosperous community. There were 
two hotels, a store, a warehouse, a saw mill, and a school house. Placer mines were being 

extensively worked and "a nickel mine was being worked with good results on a neighboring 

mountain called •Old Piney,'" 

The deposit of nickel was first discovered by sheepherders in 1865 and was thought 

to be tin. In the excavations the prospectors found gresn ore whioh they supposed was 
copper. Samples of the rook were sent to Mr. William Q, Brown, a mining expert, who was 
then mining on Althouse Creek in Josephine County. An analysis showed the ore to be not 

copper or tin, but nickel, and the sample contained 6 percent nickel. 

According to a newspaper clipping dated January 17, 1908, Mr. Brown and associates 

purchased the property in 1882 and ran open cuts, tunnels, and shafts. More than J,000 

tons of the ore was piled on the dumps, showing an average of 5 percent nickel, the value 

of which at that time was about $150,000 (the price of nickel varied from 40 to 60 cents 

per pound). The mine was then placed on the market for sale at prices ranging from $400,000 

to $1,000,000 but no purchasers were secured. In 1891, Mr. Brown and J. B. Riddle sold 

200 acres of the property to the International Nickel Mi ning Company, of Chicago. The 

Company expended over $100,000 in surface improvements, including a hotel, houses for work­
men, a large Corliss engine and boilers, and a saw mill. A complete smelting plant of 

150 tons capacity was purchased but was never erected. The newspaper stated that the 

stockholders got into litigation, and the machinery for the smelting plant was still stored 

on the railroad at Riddle. Mr, Winslow of Chicago had become owner, and Mr. W. Q, Brown 

still held some of the original property. Both properties were idle in 1908, and the 

International Nickel Company had 60 acres in prunes, then a thriving industry in the Cow 

Creek valley. 

Sometime during the latter part of the last centur y the Adams family of Oakland, 

Califoinia, acquired ownership in the nickel area, and early in the present century 

Edson F. Adams emerged as the owner of the land containing the deposit. 

In the late 19JO•s and early 1940 1 s at least two important groups examined the deposit. 

A few churn drill holes were put down, mainly on the lower deposit. It seems likely that 

some metallurgical testing work was done on the nickel ore at this time but the investigations 

were conducted quietly and no publicity was given to the field work or results obtained. 
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In 1941 Freeport Sulphur Company negotiated a lease with Mr, Adams and in 1942 carried 

on extensive exploration work. Besides geological studies, some 50-odd diamond drill holes 

were put down with the principal attention given to the upper deposit, which contains much 

the greater amount of nickel. Metallurgical testing work was done along with the drilling. 

In 1943 Freeport relinquished the lease, mainly because of the seeming difficulties of 

economic treatment of the ore. (The market price of nickel was then 35 cents per pound.) 

Moreover the company had acquired the Nicaro nickel property in Cuba and put it in production 

under a government contract so that interest in the Oregon deposit waned. The area containing 

the deposit, as well as some adjoining land which had been acquired by Freeport, was turned 
back to · Mr. Adams. 

After World War II, the M. A. Hanna Company of Cleveland, Ohio, became interested in 

the Nickel Mountain property. Negotiations were carried on, first with Mr. Adams and then, 

after his death in 1947, with his estate and a deal was finally transacted. Geological 

work and extensive metallurgical testing were begun. This was supplemented by churn drilling, 
shaft sinking for testing purposes, and bulldozing deep trenches during the succeeding three 
years. The culmination of all the exploratory work was the signing of the government oon• 

tract oarly in 1953. 

Geology 

1. General geology and geologic setting 

Nickel Mountain is in the northwest part of the Siskiyou Mountains a few miles 

east of their juncture with the Tertiary rooks of the Coast Range. Approximately 30 miles 

to the northeast the Tertiary volcanics of the Cascade Range overlap the continuation of 

the rocks that are found in the vicinity of the nickel deposit at Nickel Mountain. 

The summit of Nickel Mountain and the host rock of the nickel deposit is peridotite, 

an ultrabasic rock consisting chiefly of olivine and enstatite. All the peridotite is 

serpentinized to some extent - fresh specimens being rare. A band of serpentine several 

hundred feet wide divides the peridotite into two parts. Serpentine is an altered ultra­

basic rock and in this area it may mark a zone of intense shearing and considerable movement 

within the main peridotite body. Feldspathio and quartzose dikes of small areal extent 

occur in the serpentine and metavolcanic rooks. The ultrabasic rocks are probably late 

Jurassic or early Cretaceous in age and are intrusive into metavolcanic and metasedimentary 

rocks of late Jurassic age. The metavoloanic rooks are greenish colored and were or~ginally 

lavas or pyroclastic igneous rocks. They have undergone varying degrees of change and some 

may even be classified as schists or phyllites. The metasedimentary rooks are graywaokes 

and shales with minor chert and conglomerate and belong to the Jurassic Dothan formation. 

Sedimentary rooks belonging to the late Jurassic Knoxville formation, early Cretaceous 

formations, and the mid-Eocene Umpqua formation occupy a minor structural basin developed 

in the old terrain of the Klamath Mountains after the mountain-making period which followed 

or accompanied the intrusion of the ultrabasio rocks. The Knoxville and early Cretaceous 

formations are well indurated grayish-colored rocks. Graywacke type sandstones predominate 

in both but conglomerates composed almost entirely of chert pebbles from½ inch to 2 inches 

in diameter mark the Knoxville formation while shales are characteristic of the early Cre­

taceous formations. The Jointing in the Knoxville formation is more pronounced than in the 

early Cretaceous rocks. It is most noticeable in the chert conglomerates where the fracture 

planes through the pebbles form smooth surfaces. The Umpqua sediments are lighter in color 

than the Mesozoic sediments. A yellowish sandstone is the most common material of this 

formation but a pebble to boulder conglomerate is found near the base and dark-colored, 

thin-bedded shales are found in the valley floor. The conglomerate is composed largely of 

pebbles derived from the metavolcanics and metasediments of the ancient Klamath Mountains. 

Chert pebbles are not as prominent as in the Knoxville conglomerate and the Jointing is so 

poorly developed that the rock generally breaks around the pebbles rather than through them 

as in the Knoxville conglomerate. Fossils, the basis on which the age of these formations 

has been determined, are fairly common in the Umpqua and early Cretaceous formations, less 

common in the Knoxville formation and very rare in the Dothan formation. 
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The Dothan and metavoloanio formations generally have high dips to the southeast with 
a strike to the northeast. T~e peridotite and serpentine form a discontinuous band which 
can be traced for nearly 35 miles from Cow Creek near the mouth of Salt Creek northeastward 
to Little River near Peel, The Knoxville and younger formations have attitudes which suggest 
a basin in the Riddle area. All contacts of the serpentine and peridotite with the other 
rooks are faults, consequently when the younger formations are found lying next to the 
ultrabasios the otherwise low attitudes found near the middle of the basin are distorted 
and frequently quite steep. The contact between the Dothan formation and the vol~anics 
appears to be gradational although in many places serpentine occurs between the two, indi­
cating~ fault. Differences in attitudes between the Knoxville, early Cretaceous, and 
Umpqua formations mark unoonformities, The unconformity between the Knoxville and early 
Cretaceous formations is more pronounced than the one between the Cretaceous and the Eo c ene 
formations, while the unconformity between the Knoxville and older formations indicates 
that the most severe orogenic disturbances took place at that time. 

2. Geology of the deposit 

The nickel mineralization is confined to the area of the peridotite. The 
serpentine band separating the peridotite is barren. 

The ore mineral is a nickel-bearing hydrosilicate. The name garnierite is generally 
applied to this li~ht to dark green mineraloid but as pointed out by Pecora (Pecora, Hobbs, 
and Murata, 1949)* garnierite is not a single mineral but a mixture of at least two and 
possibly three hydrosilioates. 

The source of the nickel was the olivine and enstatite, the main minerals of peridotite. 
Both olivine and enstatite are compatible to having nickel concealed in their structures. 
An analysis of olivine from Nickel Mountain showed 0.26 percent NiO while an analysi, of 
bronzite (the alteration mineral of enstatite) showed 0.05 percent NiO (Pecora and Hobbs, 
1942). According to Rankama and Sahama (1949), during weathering ultrabasio rocks are 
converted into magnesite by the carbon dioxide-bearing weathering solutions; the magnesite 
goes into solution as magnesium bicarbonate in the uppermost weathering zone, and only 
silica, hydrosilicates of nickel and magnesium, and iron oxide remain as a residue. Also, 
according to Rankama and Sahama, "Contrary to Fe 2• and Mn2•, Ni2+ is very stable in aqueous 
solutions and is accordingly able to migrate for considerable distances under proper cir• 
cumstances." 

The deposit can be divided into three zones that conform well with this data. The 
upper zone is a brick-red soil layer from Oto 10 feet thick that was formed under lateritio 
conditions. In this zone silica nodules are common but the be•work structure of the under• 
lying zone is lacking. Small round pellets of red iron oxide and the briok•red soil are 
characteristic. The green nickel-bearing silicate is not found and the mineral which oo-ntains 
the nickel is not known. Pecora and Hobbs (1942) give a nickel content for this zone from 
o.61 percent to 1.10 percent on four composite samples. The second or medial zone is char• 
aoterized by a preponderance of silica in the form of a limonite-stained boxwork. Garnierite 
also stains the boxwork, imparting to it a pleasing mint-green color. Boulders of peridotite 
which contain garnierite veinlets are common in this zone. The lower zone is referred to as 
the root zone by Pecora and Hobbs. Here garnierite veinlets are fou,nd filling fractures 
within the peridotite. The limonite-stained silica boxwork is missing, indicating that the 
waters depositing the nickel were relatively lower in silica and iron than those which formed 
the medial or boxwork zone. Undoubtedly the garnierite of this lowest zone is confined to 
the more permeable shear zones within the peridotite. Shearing has fractured the peridotite 
and localized the nickel-bearing solutions to definite zones to impart a rootlike shape. 
The depth to which this zone extends is not known but distances of over a hundred feet may 
exist. All three zones will grade into one another and the depth to which economic mineral• 
ization will extend will also probably be gradational as well as variable. 

The age of the mineralization is directly related to the period of laterization. It is 
thought that this is Tertiary, probably early Tertiary, ~ut until the topographic development 

*Bibliography at end of this report. 
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of southwestern Oregon has been more aocurately dated a more precise dating is not readily 
assignable. Probably the mineralization of the medial and lowest zones owes a great deal 
of its enrichment to leaching or the lateritic horizon. This suggests that mineralization 
in these zones has been continuous since laterization and may possibly extend to the present. 

Government-Hanna oontract 

Acoording to the contract between the Defense Minerals Procurement Agency and the 
Hanna Nickel Smelting Company and Hanna Coal and Ore Corporation, the Hanna Nickel Smelting 
Company will produce from 95 million to 125 million pounds of nickel in rerronickel to con• 
tain at least 25 percent nickel and not more than 75 percent iron. The government will pay 
not more than 79.39 oents a pound for the first 5 million pounds and 60.5 cents a pound 
thereafter. DMPA agrees to advance 24.8 million dollars for construction of smelting 
facilities and all but 2.4 million dollars will be spent on construction of the smelter. 
The loan will be written off under a mortgage for 24.8 million dollars recorded in Douglas 
County on June 25, 1953. The mortgage calls for liquidation by June 30, 1962. 

The Hanna Coal and Ore Corporation contracts to develop the mine on Nickel Mountain 
at its own expense to cost approximately 4.3 million dollars. It is provided that ore 
from the deposit will be sold to the government at $6 a ton. In turn the government will 
sell the ore to the Hanna Nickel Smelting Company at the same price. 

Plans have been made for transportation of the ore from the mine down the mountain 
to the smelting plantg a distance of about l½ miles, by means of an aerial wire r ope 
tramway. It is reported that the smelter will have four primary furnaces, one refining 
furnace, and two auxiliary furnaces. The company has obtained the rights to use the process 
of Societe D1 Electro-Chimi, D1 Electro Metallurgie et des Acieries Electrique D1 Ungine. 
This process has been used successfully in treating New Caledonia ores having character• 
istics similar to the nickel silicate ore on Nickel Mountain. 

At the time the DMPA announced the contract between the government and the company, 
it was stated that the ore to be treated would have an average grade of 1.5 percent nickel 
and that the ore would be mined by surface methods, put through a primary crusher and then 
conveyed to the smelter. A contract for construction of facilities was let to the Bechtel 
Corporation and construction has been underway since early in the spring. At the plant site 
furnace construction is well underway as well as numerous buildings. A railroad spur has 
been run from the Southern Pacific main line to the plant site, a distance of about 2½ miles. 
A pipe line and other water supply facilities have been installed. Sources or water will be 
Cow Creek and Rail Creek. Foundations for the tramway have been poured and the new first­
class road from the plant to the mine has been completed. Timber is being logged off the 
ore body, some stripping has been done, and an office building erected at the mine. It is 
reported in the Mining World that production of ferronickel from one furnace will be started 
before September 30 of next year and that the remaining three furnaces will be installed by 
the end of 1954, The General Manager at Riddle is Earl S. Mollard and E. Emmons Coleman is 
Plant Manager. Mr. D. N. Vedensky, metallurgist, is Director of Hanna•s Research and De­
velopment department. 
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****************************** 

RIDDLE NICKEL WILL HAVE LONG LIFE 

Under a Roseburg October 18 dateline the Oregon Journal published facts about the Hanna 

nickel project quoting Mr. Earl S. Mellard, General Manager of the proJect. Ur. Mellard 

stated that about 400 employees would be needed when the plant g ets into production in the 

summer of 1954. It is expected that nearly all employees will be hired in the State. There 

will be five electric furnaces, four for the production of ferronickel and one for terro­

silicon. About 65,000 kilowatts of power ,fill b e required. The ore from the open pit mine 

will probably yield about 25 pounds of nickel to the ton ot ore, The plan is to mine about 

1800 tons of. ore per day. Th e plant is expected to run three shifts a day for seven days a 

week, and ore reserves are sufficient for JO to 40 years of operation at the capacity now 

planned, assuming that the operation is economic after the government contract is completed. 

Mr, Mellar d sta ted that t he f urnaces would not be able to refine anything but nickel. 

Some other elements in the ore woul d go to the slag pile and tests are being made to 

determine uses for the slag. 

****************************** 
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PHIL BROGAN NOW ASSOCIATE EDITOR 

Phil Brogan, who has been on the Bend Bulletin staff for JO years since graduating 

from the University of Oregon, has been named associate editor of the Bulletin, by 

Robert W. Chandler, the new owner. Brogan has been the geologists• spokesman in Oregon 

for many years, and a great many people look forward to his weekly article on Oregon 

geology in the Oregonian. He is chairman of the Oregon Geographic Board, member of the 

Legislative Interim Committee on Historical Institutions, member of the Geological Society 

of the Oregon Country and the Bend Geological Society. 

****************************** 
MINING CLAIMS ABANDONED 

The Bureau of Land Management, under William C. Guernsey, Regional Administrator, is 

trying cooperation with mining claimants in a new approach to administering the mining laws. 
The BLM sent letters to about 400 persons holding 890 mining claims on O & C land. These 

letters reminded the claimants that they had not filed the required notice that assessment 

work on the mining claims had been performed during t\?e7\953 assessment year. Replies have 

been received by BLM that 126 mining claims have been abandoned. Mr. Guernsey stated that 

he felt encouraged by the cooperation of mining claimants, and he urged those who have re• 

ceived a letter concerning lack of assessment work and have not replied to do so at once 

so that the status of the claim may be cleared. 

Holders of mining claims on O & C lands must file an affidavit of proof of labor 

showing that annual assessment work has · been done. This proof must be filed in the United 

States land office as well ·as the office of the county recorder of the county in which the 

claim is located. 

****************************** 
OIL AND GAS CONS ERVATION LA W HEARING HELD 

On September 15, 1953, the Governing Board of the State Department of Geology and 

Mineral Indu s tries, which administers the new oil and gas conservation law (Chapter 667, 
Oregon Laws 1953), held a public hearing in the auditorium of the State Office Building 

in Portland. The Board had previously compiled rules a nd regulations as required by the 

law and presented these rules for approval at the hearing. Minor changes were suggested 

by representatives of the industry and these have been taken under consideration by the 

Board. The final draft of rules and regulations is now being prepared. 

****************************** 
NEN CHROME CONCENTRATOR 

The Thompson Milling and Manufacturing Company owned by L. H. Thompson and Lawrence 

Wilson of Ashland, Oregon, has constructed a concentrating mill on the south bank of Bear 

Creek near the end of Oak Street in Ashland for the pu~pose of concentrating chromite ore, 

It was put into operation October 6, 1953. The mill, powered by Buda Diesel engine, includes 

a 12-inch Jaw crusher, a J2 x 48 Denver ball mill, and a Deister table. The owners plan 

to enlarge the mill by addition of another ball mill and two tables. Most of the ore is 

from deposits on the Klamath River in California under lease to Thompson and Wilson. Ore is 

also being shipped from three properties near Red Mountain which is nearly JO miles southwest 

of Ashland on the Mt. Ashland road. One depo s it on patented ground in sec. 32, T. 40 s., 
R, 1 W., has been leased from Larry Basey. Another in sec. 3, T. 41 S., R. 1 W,, near 

Red Mountain Creek has been leased, and the third property is a claim adjacent to Basey•s 

claim locat e d by L. H. Thompson. 

**************************************** 
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1.0 - INTRODUCTION 

The mine and smelter at Nickel Mountain, four miles west of Riddle, 

Oregon, that is owned by M.A. Hanna of Cleveland, Ohio has been perma­

nently closed. The C.C.D. Business Development Corporation has requested 

a formal proposal for an "Alternative Use Study". The objective of this 

study will be to identify ways by which the assets of the smelter plant 

can be used to create jobs thereby maximizing the value of the facility 

both to the cormrunity and to the M.A. Hanna Company. 

On May 11, 1987 Richard W. Wilson, President, Hatch Associates 

Consultants, Inc., Walter D. Atchison, a consultant and formerly Sales 

Manager for M.A. Hanna accompanied H.D. Wedge of the M.A. Hanna Company 

on a tour of the smelter plant. Mr. Wedge said that layout drawings, 

together with specifications for major equipment, are available and. he 

provided assurance that the study team will receive full cooperation from 

the M.A. Hanna Company. 

The smelter plant was shut down in an orderly fashion. The plant is 

clean but the electrical equipment is not being rotated nor is there any 

ongoing maintenance program in place. Apparently the owner is in the 

process of disposing of the physical assets to used equipment dealers and 

salvage companies. 

On May 12th we met with representatives of C.C.D. Business Development 

Corporation, a representative of the Albany Research Center of the Bureau 

of Mines and other interested parties. During this meeting various 

concepts for utilizing the smelter facilities were discussed. The 

proposed ferrochromium smelter plant that is in the planning stage at 

Coos Bay Port was also discussed. In one of the newspaper articles 

describing the Coos Bay project, it was stated that chromite ore from the 

Klarrmath Mountains in southern Oregon and northern California would be 

smelted to produce ferrochromium. The second concept that was discussed 

was one proposed by W.D. Smiley, Consulting Scientist, who suggests that 

chromite which can be mined on the shelf off-shore terraces in the 

vicinity of Coos Bay could be smelted in the Nickel Mountain smelter. 
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It was proposed that the initial study be restricted to identifying 

various alternative uses for the plant. The most likely concept that 

results from this study would then become the subject of a full scale 

feasibility study. At the stage when a feasibility study is initiated, 

it is important to have the proposed investor also involved. 

It was agreed that the Alternative Use Study would have a budget not to 

exceed $50,000. J\ssuming that detailed information on the plant facili­

ties is readily available and we are given authority to proceed by June 

1, 1987, the final report should be completed by August 7, 1987. 
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2.0 - OBJECTIVE 

The objective of this study is to identify the use or variety of uses for 

the physical assets that are in place at the smelter plant located at 

Nickel Mountain, four miles west of Riddle, Oregon. The assets associ­

ated with this facility ranges all the way from the availability of heavy 

industrial labor to state-of-the-art roasting, smelting and melting 

equipment and includes the availability of low cost power, modern 

pollution control equipment and transportation facilities. It is 

intended that priority concepts identified during this study will be 

those that use the entire plant whereas some only take advantage of small 

sections of the plant. 

It must be emphasized that an alternative use study should not be 

confused with a comprehensive feasibility study. An alternative use 

study such as this must concentrate on identifying all of the manufactur­

ing processes that can conceivably be carried on in the subject plant. 

This study will address only the key feasibility elements. 

The final report for this project will prioritize the various concepts 

for alternative uses developed by the study team. It will describe the 

various feasibility elements that must be explored and expanded in a 

comprehensive feasibility study. 
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3.0 - SCOPE OF WORK 

The initial task will be to catalog all of the assets and characteristics 

of the plant and of the region. The schematic flow diagram for the 

smelter plant shown in Figure 1 identifies much of the major equipment 

that will be evaluated. TI1e specifications of all major equipment will 

be collected and the space and structural limitations of buildings will 

be shown. Information relative to the existing utility-contracts, labor 

availability and transportation facilities will be reviewed. 

The study team will take advantage of the Hatch Associates' in-house 

information relative to a variety of processes that can be considered as 

alternative use plans. TI1e concP.pts reviewed in this proposal are 

intended to be exa-nples of those that will be explored. 

3.1 - Ferrochrome From Black Sands 

Dr. W.D. Smiley, Consulting Scientist, submitted a letter proposal to the 

C.C.D. Business Development Corporation on May 8, 1987. In this proposal 

Dr. Smiley states that there are blacl< sands that are rich in chromite 

and ilminite occurring in on shore terraces, and on the shelf off shore 

terraces in the Coos Bay region to Cape Blanco area of southwest Oregon. 

He further states that these sands can be concentrated to produce a 

chromite suitable for smelting. 

The market for f errochromium remains depressed and is dominated by 

imports. There are, however, certain considerations that may make a 

project such as this worthy of consideration. During 1986 there was a 

total of 348,000 tons of ferrochromium imported which included 214,000 

tons from South Africa. Our country is obviously dependent upon imports 

for this strategic material. 

The most serious problem that we see in considering ferrochrome from 

black sands as a high priority alternative use for the subject smelter is 

that the feasibility of obtaining chromite from black sands has not been 

established. It may be more difficult to prove the economic feasibility 
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of using the blacl< sands as a source of chrome units than it will be to 

find an alternative use for the smelter. 

3.2 - Sherwood Project (Coos Bay Port) 

The newspaper in article in Coos Bay World dated April 11, 1987 describes 

the construction of a $24 million low carbon ferrochromiurn smelter plant 

that is in the planning stage for Coos Bay Port. It _appe.:Jrs from the 

article that the site at Coos Bay was selected because the port 

facilities are important to the economic success of the project. It may 

be, however, that certain facilities currently in place at the Nickel 

Mountain smelter may be used in conjunction with this plant. 

3.3 - Production of Stainless Steel Slabs 

. 
In mid-1982, Hatch Associates conducted a study to determine the feasi-

bility of producing high carbon ferrochromium from chromite concentrates 

that originated from a North American ore source. It was determined that 

the subject chromite concentrates could be used to produce ferrochromium 

by any of the established smelting processes and that the product would 

be acceptable to domestic consumers. Unfortunately it was found that the 

concentrates could not be economically converted to ferrochromium because 

of the low prices that prevailed and still prevail in this depressed 

market. 

An alternative scheme for developing domestic chromite deposits into a 

viable source of chromium units might be to build a plant that would 

convert the chrome units into stainless steel slabs or billets. An 

integrated plant such as tllis, constructed in an area where there are 

both raw materials and electrical energy, would have a cost advantage 

over competitive producers. 

The flow sheet shown in Figure 2 illustra~es the concept of converting 

low grade chromite concentrates into continuously cast slabs. This 

particulnr flow sheet was developed to Ulu~trate the production of 400 

series stainless slabs that do not contain nickel. Naturally, the 
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process could also be used to produce 300 series stainless containing 

both nicl<el and chromium. It should be noted on this flow sheet that a 

pelletizer and a dryer is required to prepare the pellets for feed to a 

submerged arc furnace. These major pieces of equipment are all in place 

in the Nickel Mountain smelter. The channel type induction furnace shown 

on the figure could also be replaced by the two arc furnaces installed in 

the smelter. Major equipment required that is not currently in place in 

the smelter would be the AOD vessel and the continuous caster. 

We readily admit that this alternative use concept is a "long shot" 

because of the depressed condition of the specialty steel industry in the 

United States. It is, however, worthy of investigation because it has 

many advantages to the region in that natural resources and energy would 

not be shipped out in the form of raw materials but rather they would be 

shipped as semi-finished products; many more local jobs would be created .. 

3.4 - Specialty Alloys For Remelt 

The two refining arc furnaces that have the capability of pouring molte~ 

metal directly into casting machines that feed their pig cast product 

into a tumbler, could be used for the production of a variety of special­

ty alloys. TI1e raw material for this series of products would be scra~ 

generated by the aircraft companies and other manufacturing firms locate·:: 

along the west coast. The product would be sold to induction melters 

located along the west coast. 

We would not consider this to be a high priority alternative use becaus~ 

it would only utilize a very small part of the plant. It could, however, 

be used in conjunction with the slab casting process described in Sectiol-

3.3. 

3.5 - Metals from Fly Ash 

The Electric Power Research Institute (EPRI) hns sponsored a program t:: 

evalu3te the recovery of metals from fly ash. Based upon studies t ::: 

date, the Direct Acid Leach Process appears to be the preferred route. 
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EPRI is looking for support on a $600,000 mini plant to pilot their 

process which has only been examined on a laboratory scale. 

flow sheet is shown in Figure 3. 
The process 

The quantity of coal consumed by the power companies in the general 

region of southwest Oregon is shown in the following table: 

COMPANY 

Pacific Power & Light 

Southern California Edison 

Portland General Electric 

Idaho Power 

Sierra Pacific Power 

TOTAL COAL CONSUMPTION 

LOCATION OF 
OPERATIONS 

Oregon 

Nevada 

Oregon 

Idaho 

Nevada 

COAL CONSUMPTION 
(NTPA) 

18. 2 X 106 

3,9 X 106 

1.1 X 106 

1.4 X 106 

0.8 X 106 

25.4 X 106 

We assume that there is 10% ash in the coal. The total fly ash produced 

by these five power companies each year totals more than 2.5 million 

tons. 

3.6 - Hazardous Waste Destruction 

Soils containing extremely low levels, expressed in parts per million 

(ppm) of polychlorinated biphenyls (pcb), and/or even lower parts per 

billion (ppb) levels of dioxins or furans are deemed to be hazardous and 

become subject to environmental restrictions. TI1ese hazardous contami­

nants may enter the soil as a result of leaching chemical disposal dumps. 

Emerging technologies are being developed to collect the hazardous 

components using heat, distilling them from the soil. While the 

economics may be more favorable for a mobile processing concept, the use 

of a fixed facility may be feasible if t;_here are sufficient hazardous 

waste sites in the area. 
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This alternative process would utilize some of the roasting and calcining 

equipment in the smelter plant. 

3.7 - Recycling of Electric Arc Furnace Dust 

The steel industry generates large quantities of dust that is collected 

in filters. The dust quantity represents several percent of the steel 

produced. Since the dust consists mainly of metal ox~des, it will be 

preferable to recycle the dust in the steel process but unfortunately 

today's processes do not generally allow an economic recycling. Much of 

the dust is therefore dumped or stockpiled, frequently causing environ­

mental problems when heavy metals leach into the ground water. 

Hatch Associates Consultants, Inc. has been a consultant to SKF 

Engineering, a Swedish based company, for the past two years. This 

consulting has been in connection with the application of plasma tech­

nology to both chrome smelting and to recycling of electric arc furnace 

dust. SKF is presently operating a plasmadust plant which converts 

70,000 tons of dust per year that is located in southern Sweden. This 

plant converts virtually all of the electric arc furnace dust generated 

in Europe. 

The plasmadust plant located near Riddle, Oregon would receive EAF dust 

from steel plants located in Seattle, California and possibly as far away 

as Utah. The plasmadust process is very energy intensive and it may be 

that the low cost electrical energy in Oregon will offset the high cost 

of freight. 
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4.0 - PROFESSIONAL STAFF 

Hatch Associates offers comprehensive engineering services to the process 

industry, including all phases of steel and non-ferrous operations from 

ore proces3ing to finished products. The company is particularly well 

known for its ability to work with client's top management in the 

planning and execution of projects involving the scale up of process 

technology, implementation of innovations and following throu~1 engineer­

ing, construction and start-up. Since its formation in 1955, the firm 

has grown to a staff of over 450, including approximately 200 engineers. 

The process group is responsible for feasibility studies, new process 

development, pilot plant investigations, process design, environmental 

control projects and start-up of major industrial facilities. The group 

consists of over 50 chemical, environmental, metallurgical and mining . 
engineers with many years of research, development and plant operations 

experience. Most of the personnel in this group have advanced degrees. 

This alternative use study will require concentrated effort of a few 

dedicated professionals who will have the support of a variety of 

specialists from the Hatch organization on an as-r2quired basis. Richard 

W. Wilson, President, will be Principal in Charge of the project. Paul 

O'Shaughnessy, Supervising Process Engineer, will be Project Manager and 

will be assisted by Walter Atchison and Torn Kaveney. Resumes of these 

key members of the project team together with resumes of various other 

staff members who are expected to participate in the study, are included 

in Appendix A. 

We have contacted Dr. W.D. Smiley, Consulting Scientist, who is retired 

in Salinas, California. Dr. Smiley has some experience with the black 

sands along the coast of Oregon and he has indicated that he will be 

available for consultation on this project~ 
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5.0 - PROJECT BUCGET 

The scope of work may not be limited to the alternative use concepts 

listed in Section 3. 0 of this proposal. TI1e project team may also find 

that some of the concepts listed will be rejected. The project team will 

be in a better position to firm up the list of concepts after they have 

completed cataloging the facilities which is the initial phase of the 

project. 

The not-to-exceed budget has been established at $50,000. We estimate 

that approximately $10,000 of the budget will be expenses, leaving 

$40,000 for professional fees. Based upon previous studies of this type, 

this equates to approximately 65 mandays of effort. 

We estimate that the time required to complete the study together with. 

the final report will be 10 weeks. It is possible that the project can 

be completed in less time but the wide range of concepts being considered 

requires a large amount of information to be gathered. In some cases the 

information is not readily available, thereby causing a delay. 

The professional fees and terms of payment are provided on the schedule 

of rates included in Appendix B. 
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"PROJECT CHROMIUM SMELTER" 

To Produce Low Carbon Ferro Chromium 

The Company is pleased to announce that on April 11th, 1987, the corporate 
structure of SHERWOOD Pacific Limited was initiated. This company is formed to 
construct and operate a Chromium Smelter in Coos Bay, Oregon, to produce low 
carbon ferro chromium. 

P.S.M. Technologies Inc. has a 31.5% interest in the project and has the 
exclusive right to supply all raw materials required. 

The Board of SHERWOOD was elected as follows: 

SIR MONTE FINNISTON 
F. Eng. FRS Phd. Metallurgy 
Retired, C.E.O. British Steel 

Deputy Chairman Nuclear Research Centre, 
llarwell U. K. 

As Chairman of the Board 

JOSEPH B. HOWE 
BS Physics MS Physics 

Group Vice- President Radio Corporation of America 
Oversees two plants in New Jersey 

As Director and Secretary 

GEORGE E. KRUGER 
BS Geology Dartmouth 

MS Economic Geology U. of Minnesota 
AMP I larva rd Business School 

20 years as Senior Vice - President of Chase Manhattan 
Bank in charge of Mineral, Metal Development 

Division of the Bank. 
As Director. 

WILLIAM G. WOOD 
President of P.S.M. Technologies Inc. 30 years experience 

in exploration and development of natural resources. 
As Director. 

PATRICK J. WOODING 
BS E "Eng Land", C.Eng Fifmech E,FIEE 

Past Director of Engineering, Lectromel t, President of 
Consarc and has been responsible for many of the 
advanced melting projects in the United States and 

overseas for the past 25 years. 
As President and C. E. 0. 
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The accumulated years of total experience of the Board of SHERWOOD with 
regard to their respective endeavours and expertise is 173 years. 

Technical, financial and business administration are all well simulated and the 
Board of SHERWOOD is dedicated to one objective -- success! 

Paci fie Power and Light Company is funding the project in the amount of 
$2,000.000 (U.S.} in preferred equity. /\n incentive electrical supply agreement has 
also been negotiated subject to the approval of the Oregon Public Utility Commission. 
This agreement provides a price discount as well as funding for transmission, 
subs talion and other electrical facilities in the amount of approximately $4. 000, 000 
(U.S. l. This smelter will use 25/50 Megawatts of energy. 

Oregon Governor Neil Goldschmidt, working in concert with the State Economic 
Development Department. under the direction of Chairman Roger Smith, will co­
ordinate the state's major financial contribution to the project. Both Governor 
Goldschmidt and Chairman Smith have been extremely co-operative in bringing this 
new industry to Oregon. 

The Oregon International Port of Coos Bay is also making a major financial 
contribution in the form of a fully-serviced site, including a deep- water dock on 
very attractive terms for the first six years. Much of the credit for this goes to 
Mr. Frank G. Martin Jr. , the Port's General Manager, who has worked for months to 
bring the project to Coos Bay. · 

WOOD I NG, a New Jersey corporation, headed by P. J. Wooding, an international 
leader in the metal melting industry, will license to SHERWOOD all patents, patent 
applications, and technology and will construct the smelter. The prototype primary 
melter was installed at full scale in one of Arbed's plants in Luxembourg and 
operated successfully for 18 months. 

r.S.M. Technologies Inc. will provide $10,000,000 (U.S.} in equity and will 
have the exclusive right to supply raw material to the project. For this, it will 
receive a 31.5% interest directly in SHERWOOD. Initial raw material will come from 
Southern Oregon and Northern California properties, which P. S. M. Technologies Inc. 
owns or has under option from Del Norte Chromium and Asamera Metals (U.S.} Inc. 

Thirty thousand tonnes of L. C. F. C. have been presold on a take or pay basis 
through two major metal companies for ten years. The smelter construction will be 
completed in August, 1988, and commissioned October, 1988. Total sales in the first 
full year of production will be $45,000,000 (U.S.} increasing to $60,000,000 (U.S.} 
in ten years with a gross profit of 35%. 

Funding for this project will commence with a private placement. This financing 
will be announced as soon as the price has been agreed upon. 

ON BEHALF ~F Tr, BOARD 

WILL~z:;:. 
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ALTERNATIVE USE STUDY-NICKEL MOUNTAIN SMELTER FACILITY 

1.0 INTRODUCTION 

2.0 ALTERNATIVE PROCESSES 

3.0 RECOMMENDATIONS FOR FURTHER INVESTIGATION 



LIST OF ALTERNATIVES 

1) STAINLESS STEEL 

2) ZINC RECOVERY FROM EAF STEELMAKING DUST t/ 

3) METALS FROM FLY ASH t/ 

4) SCRAP CATALYST PROCESSING · 

5) FERROSILICON 

6) CENTRAL HAZARDOUS WASTE PROCESSING FACILITY 

7) FERROCHROMIUM 

8) NICKEL SLAG PRODUCTS 



STAINLESS STEEL 

COMPETITIVE HOT METAL COSTS AT 50,000 TPA INGOTS. 

PROCESS UTILIZES HANNA FACILITY AND ASSUMES ZERO COST FOR REJECT 
NICKEL ORE. 

WEST COAST STAINLESS IMPORTS TOTAL APPROXIMATELY 50,000 TPA BUT 
THERE ARE MANY PRODUCT TYPES. 

ONLY ONE EXISTING STAINLESS PRODUCER ON WEST COAST-JORGENSEN IN 
SEATTLE. 

STAINLESS POWDER MARKET IS 5,000 TPA AND COMPETITIVE. 



ZINC RECOVERY FROM EAF STEELMAKING DUST 

EAF DUST HAS BEEN RECLASSIFIED BY EPA AS HAZARDOUS AND LANDFILLING 
WILL BE BANNED AS OF 8/8/88. 

SEVERAL PROCESSES HAVE BEEN DEVELOPED TO PROCESS DUST TO RECOVER THE 
VALUES (WHICH ARE THE HAZARDOUS COMPONENTS) AND DISCARD AN INERT 
PRODUCT. 

DISCUSSIONS WITH NINE (9) STEEL PLANTS HIGHLIGHTED THEIR CONCERNS 
ABOUT THE EPA REGULATIONS AND THE HIGH COST OF DISPOSAL. 

OF 500,000 TPA DUST GENERATED IN THE UNITED STATES, ONLY 35,000 TPA 
COMES FROM PLANTS FROM COLORADO WESTWARD. 

HORSEHEAD RESOURCE DEVELOPMENT (HRD) IS THE ONLY FULLY COMMERCIAL 
OPERATOR RECOVERING ZINC FROM EAF DUST, HAS ONE OPERATING PLANT IN 
PENNSYLVANIA, ONE DUE TO START IN CHICAGO, AND IS LOOKING FOR OTHER 
SITES. 

HRD MAY BE ABLE TO USE SOME EXISTING EQUIPMENT; EXPRESSED CONCERNS 
RELATIVE TO ASSUMING EXISTING ENVIRONMENTAL LIABILITY. 



METALS FROM FLY ASH 

EPRI HAS DEVELOPED A DIRECT ACID LEACH (DAL) PROCESS ON A BENCH 
SCALE TO RECOVER: 

o ALUMINA 
o IRON PRODUCTS 
o GYPSUM 
o ALKALI SAL TS 

AND TI-JE RESIDUE HAS APPLICATIONS AS A FILLER IN PLASTICS. 

FLORIDA PROGRESS CORP. DEVELOPED TI-JEIR OWN DAL PROCESS ON A PILOT 
SCALE AND PATENTED SOME ASPECTS NOT COVERED BY EPRI. 

POZZOLANIC NORTHWEST HANDLES 3 MILLION TPA FLY ASH FROM SOURCES IN 
WASHINGTON, OREGON, WYOMING, COLORADO, NEVADA AND ALASKA AND SELLS 
MATERIAL AS A CEMENT SUBSTITUTE WITH SHIPPING DISTANCES UP TO 1,500 
MILES. 



I 
I 
I 

SCRAP CATALYST PROCESSING 

TOTAL AVAILABILITY IS 50,000 TPA MAX. 

GULF CHEMICAL & METALLURGICAL AND CRI-MET ARE LOCATED ON THE GULF 
COAST AND HAVE COMBINED CAPACITY OF 70,000 TPA. 

NI/CO RESIDUE FROM GULF COAST PLANTS IS SHIPPED TO EUROPE AS WELL AS 
CANADA, AUSTRALIA ANO JAPAN. 

CATALYST SCRAP GENERATION ON WEST COAST IS SMALL COMPARED WITH GULF 
COAST. 

CHEVRON IS LANDFILLING Ni /W ANO Ni /Sn SCRAP BECAUSE THERE IS NO 
ECONOMIC PROCESS AVAILABLE TO RECOVER THE METALS. 

TRANSITION METALS TECHNOLOGY 1 S PROPOSAL SEEMS TO ASSUME A LARGER 
SCRAP CATALYST AVAILABILITY. 
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FERROSILICON 

THE HANNA FESI FURNACE IS SUITABLE FOR FESI50% PRODUCTION BUT 
MODIFICATIONS FOR FESI75% PRODUCTION MAY EXCLUDE THIS ALTERNATIVE 
PRODUCT. 

UNITED STATES FESI FURNACE CAPACITY IS UNDERUTILIZED. 

THE UNITED STATES IMPORTS 20% OF FESI50% REQUIREMENTS AND 70% OF 
FESI75% REQUIREMENTS, AND EXPORTS ARE SMALL. 

HANNA I S PROJECTED PRODUCTION COSTS FOR FESI50% ARE GREATER THAN 
PREVAILING MARKET PRICES AND THERE IS LITTLE OPTIMISM FOR SIG­
NIFICANT UPWARD PRICE MOVEMENT BECAUSE OF WORLDWIDE OVERCAPACITY. 



' l . 

CENTRAL HAZARDOUS WASTE 
PROCESSING FACILITY 

EPA HAS MADE DATA AVAILABLE ON 226 IDENTIFIED SITES IN OREGON. 

THE LIST INCLUDES LANDFILLS AS ~/ELL AS GENERATORS. 

PLATING OPERATORS ARE NOW PROCESSING THEIR WASTES ON-SITE. 

A CENTRALIZED INCINERATOR ~ CAN ONLY PROCESS WASTES GENERATED 
IN OREGONANc AC>JA-~, sTA-lc:::r 

A NEW PROCESS WOULD TAKE EXTENSIVE STUDY ANO REVIEW TIME, PAR­
TICULARLY FO,UNDEMONSTRATED TECHNOLOGIES. 

pn..E:v•c~SL. '1 
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FERROCHROMIUM 

THE "WOODING" DEVELOPMENT REQUIRES A DEEP WATER PORT BECAUSE RAW 
MATERIALS MAY BE FROM OFF-SHORE AND MARKETS WILL BE WORLDWIDE. 

OREGON BEACH SANDS COULD BE A SOURCE OF CHROMITE CONCENTRATES AND AN 
EXPLORATION PROGRAM IS BEING PLANNED BUT FINANCING HAS NOT BEEN 
SECURED. 

THE "PROCESS" IDENTIFIED BY DR. SMILEY MAY BE BETTER LOCATED AT COOS 
BAY RATHER THAN RIDDLE. 



NICKEL SLAG PRODUCTS 

NICKEL SLAG IS CURRENTLY BEING USED AS AN ABRASIVE FOR SANDBLASTING 
AND AS THE BACKING GRANULES ON SHINGLES. 

NICKEL SLAG HAS BEEN FOUND UNSATISFACTORY FOR HEAD LAP GRANULES ON 
SHINGLES; QUARRIED MATERIAL IS PREFERRED. 

THERE IS A LIMITED MARKET FOR COLORED GRANULES IN THE NORTHWEST WITH 
COMPETITION IN CORONA (NEAR L.A.) AND RANCHO CORDOBA (SACRAMENTO). 

UP TO 18 COLORS ARE CURRENTLY BEING MARKETED. 

CAPITAL COST FOR COLORING PLANT COULD BE SEVERAL MILLION DOLLARS. 



I -

RECOMMENDATIONS FOR FURTHER INVESTIGATIONS 

DEVELOPED PROCESS 

HORSEHEAD RESOURCE DEVELOPMENT 

PROCESSES NEEDING DEVELOPMENT 

SCRAP CATALYST PROCESSING WITH CHEVRON. 

METALS FROM FLY ASH WITH POZZOLANIC, EPRI AND FLORIDA PROGRESS. 

NICKEL SLAG PRODUCTS (COLORs.Q_~RANULES) WITH GAF OR 3M. 
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MAJOR FEED MATERIAL SALEABLE PRODUCTS 

Operating Capital Demand Employ,nent 
Process Type Quant it,r Costs ($/yr) Cost Types Revenues (S) Power (MW) ~ 

(l) DAL Leach Fly Ash 540,000 TPA 11 Million $162 Million Magnet 1c Ash 6 200 
Alumina 41 Million 
Gypsum 
Plastic Fillers 

(2) Elkem Dust EAF Dust 30,000 TPA 3 Mi 11 Ion s 2 Million Zinc 5 Mi 11 Ion 4 40 
Lead 

(3) Horsehead Resource EAF Dust 25,000 TPA 4 Million S 15 Million Zinc Concentrates 5 Mi 11 ion <1 25 
Development (Max.) Aggregate 
(N.J. Zinc) 

(41 Stainless Slab Reject Nickel Ore 520,000 TPA 40 Mill ion s 5 Mi 11 ion 300 Series 50 Million 25 130 
Domestic Chromite 45,000 TPA Stainless Ingot 

(5) Metal Recovery NI/Wand l □ ,000 TPA Not t(nown Not Known W and Sn Alloys 2 Mi 11 ion <1 20 
from Scrap Catalyst Ni/Sn Catalyst with NI Residue 

(6) Slag Recovery Nickel Slag 75,000 TPA 2 Million S 0.5 Million Colored Granules 3 Million <1 2D ✓ e-- C ~ 5-~5 
Process plus for 

coloring plant 
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may consider the 7(b)3 charges to be •otherwise 
unrecoverable costs~ under the terms of th• power sales 
agreement. on this theory, they m~ght assert that charges 
that would have beeh collected from Hanna if it were a 
cu■tomer can be oollected as costs of termination. Thia 
po■ition would have to be based on the contract rather than 
th• •tatute since the charges are limited to ~customer•• 
under the •tatuta. "'· 

At the meeting we simply asaerted that 7(b)3 
ohargea do not apply once Hanna ceasea being a customer of 
BPA. Th• ataff said they would informally respond to thi• 
position within a week. We can develop a more fonnal 
stat•~ent of position later if it appaars th• staff i• going 
to be adamant in asserting that 7(b)3 charges can be imposed 
following termination. In the meantime it•••~• to mak• 
••nae to work with them on an informal basis. 

4. Transfet Charge1 under th.I. U.iL 
Agremnent. We discussed the transfer charged of 
approximately $6,000 which BPA must pay to PP&L under its . 
tran■ter agreement. Hanna beara the reaponaibility for 
these charges which continue until the time ot termination. 
We do not see any way these charges can be avoided. 

\ 
s. Other Indirect costs. 'l'h• atatt did not 

know of any other indirect costs that can b• imposed undar 
th• t•nn• of the power sale• agreefflent. However they &aid 
they would give the matter some additional thought and 
respond within the next week. 

Assignment lssyes. 

We had an extensive discussion of th• possibility 
of assigning the power sales agreement. The ataff explained 
that BPA does not have a •formal• policy outlining the 
0ircumataneea under which a powe~ sales agree~ent can be 
assiqned and in fact does not have any me=os on thia point. 
They did indicate that BPA is very interested in 

durin the 
read as 

sales a 
-~~""= ........ ~==-=--L-~~==~~t~h~a....,,.__-....l~ --.: Gi9,!lffl a new 

and to a indust They 
auggeated Hanna compile a list h were 
ever produced at Riddle even i! production of one of tho•e 
products was not the primary purpose of the facility. They 
concluded that Hanna ought to bring any possible assign~ent 
to BPA for further review. 



A/SOLIVIN 
A Success Story Which Illustrates 
How Demand can be Generated 

l~t-1 #~£ --<rJJ ~~~ to Meet Supply 
. ~,cu ~~ 

· ,~ ~- \...,,--l' ~oV- ,~ 
~ ~< 0 ~ -, - ~~----------,~ ~ ~~-(_ ~ ~uu NS Olivin is a Norwegian company 

"'9 \-,..__ ~\-\. . C... 0::,-~ ~< which currently supplies almost half 
~ ~ ~~ ~ ~ the world's 4½ million tonne per 

'D ~ -~ \,) ~ . . . year demand for olivine sand. All 

0 ltvini- Is a magnesium silicate this comes from a single deposit at 
mineral made up of a solid h · h f 

I t. f F 11 -t (F O s·o) Aa e,m on t e west coast o Nor-so u I0n o aya I e e . 1 2 I 
and Forsterite (2MgO.SiO2). Chemically way. It was not a ways so. As recent-
it assays 48 to 50% MgO, 41 to 43% ly as 1975 production was as little as 
SiO2, and 6.1 to 6.6% FeO with minor 150 000 tonnes a year but research 
quantities of chromite, alumina, nickel and clever marketing have opened 
and manganese oxides. It is light green up new uses for olivine and produc-
in colour, has a specific gravity of 3.25 tion has now reached 1. 7 million 
and a hardness of 6.5 on Moh's scale. 
Olivine is a very common mineral being 
a component of many rocks, but it rare­
ly occurs in exploitable deposits. There 
are several olivine deposits in the 
ultrabasic rocks of Norway but those at 
Aaheim are the largest and purest. 
Geologically the rock at Aaheim is a 
dunite. It consists of 90 to 95% olivine 
mineral with minor quantities of pyrox­
ene, chlorite and other minerals. The 
deposits cover an area of 6½ km 2 and 
are s1.mounded by massive gneiss. The 
quality of the deposit is very consistent 
although there has been some serpen­
tinisation of the olivine along the con­
tact with the gneiss. Serpentine is a 
hydrated magnesium silicate formed by 
the action of steam on the olivine at the 
time of its emplacement. The water of 
crystallisation thus absorbed makes the 
serpentinised olivine unacceptable as a 
refractory. The gemstone peridot is a 
pure crystalline form of olivine. 

An interesting fact from the geological 
point of view is that wherever the 
olivine outcrops the ground is covered 
with pine forest. Where there is no 
olivine, birch and other deciduous trees 
predominate. The conformation of the 
orebody can thus be clearly seen from 
the vegetation . 

A/S Olivin, which is wholly owned by 
the Norwegian government, began 
operations in 1948 and slowly increased 
production to meet the demands of the 
traditional markets of blast cleaning and 

14 

tonnes a year. Its main use today is 
as a slag conditioner in iron and steel 
making. 

foundry sands. At the low production 
level of around 100 000 tonnes a year 
however operations were barely 
economic, and it was realized that a tru­
ly profitable operation could only be 
achieved by developing new uses in 
order that production could be increas­
ed and unit costs reduced. The lower 
costs would then hopefully further fo­
ment olivine use. The strategy has been 
highly successful, with production in­
creasing more than tenfold in the ten 
years since 1975. 

Uses 
One of the traditional uses of olivine has 
been as foundry sand where its high 
melting point of 1760°C, good thermal 
conductivity, hi~h heat capacity and 
low coefficient of expansion make it 
ideal as a casting medium. It has the ad-

Main photograph:-
The mobile crushing plant at the new pit 
with Lokomo double deck vibrating screen 
and GJ210 gyratory crusher. 

Bottom left:-
lnside the processing plant. Two of the four 
secondary crushers are shown, a Lokomo 
GJ210 gyratory crusher and 521 cone 
crusher. 
Top left:-
A!S Olivin processing plant and dock on the 
fjord. 
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ditional advantage that there are no 
health hazards associated with its use as 
there are with silica sand, since the silica 
in olivine is chemically bonded to the 
magnesium. There is therefore no risk of 
workers developing silicosis. 

Another tradilional use is as a blast 
cleaning agent. Olivine sa~d has a hard 
angular grain of high density which acts 
as an excellent scourer. There are no 
health risks associated with its use since 
no free silica is released to the air. 

The use which has accounted for the 
tremendous increase in production in 
recent years is as a slag conditioner in 
iron and steel making. The usual fluxing 
agents in steel making are dolomite or 
limestone, together with silica to lower 
the melting point. Since olivine contains 
both magnesia and silica the melting 
point of the charge is reduced and the 
viscosity of the slag lowered. This makes 
olivine an excellent substitute for 
dolomite when treating low silica ores. 
Olivine at 49% MgO also has a higher 
magnesia content than dolomite, so 
fewer tonnes are rr,quired and less slag 
is produced. The olivine is either mixed 
with the iron ore fines and fed to the 
sinter plarrt, mixed directly with the iron 
ore for the production of olivine pellets, 
or added to the blast furnace in lump 
form. In sinter plants the substitution of 
dolomite by olivine has been found to 
increase sintenng capacity by 13 to 
14%. This has been achieved through 
sintering temperatures about 100°( 
lower than before, a 20% reduction in 
coke consumption. and the production 
of a tougher sintered product , which has 
meant less recycle of fines. About one 
million tonnes a year of olivine are sup­
plied for sinter feed with a further 
250 000 tonnes a year for pellets and 
250 000 tonnes a year of lump olivine 
for direct blast furnace feed. 

FFRRl /ARY 191'\f, 
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Among the other uses to which 
olivine is being put is the manufacture of 
refractory bricks for ladles, torpedo 
tubes, and night storage heaters. The 
proximity of Aaheim to the North Sea 
oilfields and the high specific gravity of 
olivine has created a demand for it as 
ballast for oil platforms and for covering 
undersea pipelines. 

Mining 
Prior to 1970 production came from five 
or six different open pits. These were 
consolidated into a single operation and 
this pit is now being extended to avoid 
going into deeper and harder strata. A 
second open pit was recently started a 
few kilometres away. 

Although olivine is a hard mineral it is 
quite a soft rock from the excavation 
point of view. Because the deposit is 
almost pure olivine, with little or no 
other minerals, there is no cementation 
between the individual crystals and the 
rock breaks easily along the grain boun­
daries. These characteristics make the 
rock resilient and elastic which causes 
problems when blasting. Much oi the 
explosive shock is dissipated through 
the natural fractures and e,plosi, econ­
sumption is there•ore high . 

Mining is on 13-m benches in the con­
ventional manner. 102-mm holes 16-m 
long being drilled by hydraulic drills. 
Slurry gel type explosive is used with 
Nonel detonation and about 40 000 ton­
nes are produced with each blast. The 
explosive gel is prepared at a mixing sta­
tion on the dockside and transported to 
the mine in tankers. Gel type explosive 
1s used because of the fractures in the 

rock and the wet holes. It is extremely 
safe to use as it does not become an ex­
plosive until it has set. The blasted ore is 
loaded into trucks by two CAT 988 
loaders and a Broyt 52 hydraulic ex­
cavator for transport to the primary 
crusher at the edge of the pit. The Broyt 
52, which weighs 45 t and has a 4.8-m 3 

bucket, is unusual in that it has no trac­
tion. It is fitted with two solid iron 
wheels and two rubber wheels and 
moves itself over short distances by 
leverage on the bucket boom . 

The primary crusher is a Lokomo 
MKl 20 jaw crusher which has 2½-m 
long jaws and is set at 300 mm. Crusher 
discharge goes to a conical covered 
stockpile and loading point. Primary 
crushed ore is transported to the treat­
ment plant on the coast 7 km away by a 
fleet of Scania trucks with three axle 
trailers. The 34-t trailers are made of 
aluminium lined with rubber panels. 
The mine is currently in the process of 
replacing these 34-1 trucks by 50-t 
versions. 

Ripping proves an 
alternative to blasting 

The soit narure of the rock, particularly 
close to the surface, led to discussion as 
to whether it would be feasible for ex­
cavation to be done by ripping instead 
oi drilling and blasting. Trials at the new 
pit using a contracted D9L bulldozer 
with a single ripping tooth have been 
very successful, and the mine has plac­
ed an order for its own Komatsu 375 
dozer. The shank of the single tooth is 
mounted on four hydraulic cylinders at 

the rear of the D9L. Ripping to a depth 
of about 600 mm is always done 
downslope. The technique is to start by 
tilting the dozer forward on its front axle 
with the tooth angled back in order to 
gain penetration. Once penetration has 
been achieved and the dozer is level, 
the hydraulic cylinders are actuated to 
force the tooth into the vertical position. 
The dozer makes several parallel rips 
and then uses its blade to push the 
material down the slope to the crusher. 
The method gives very good fragmenta­
tion, about half the production being 
reduced to the final size range. Olivin 
estimate that they will be able to 
remove the top 25 or 30 metres by this 
method. Below this the rock becomes 
harder and blasting will be necessary. 
One third of the 9000 tonne per day 
production is now coming from this new 
pit, the majority of it excavated by ripp­
ing. 

Mobile Crushing Plant 
The crushing plant at the new pit has 
been made as two mobile units so that it 
can be easily moved to a new site in the 
future . It consists of a feed hopper, 
grizzly, and Lokomo Cl 25 jaw crusher 
as one unit, and a Lokomo double deck 
vibrating screen with G3210 gyratory 
crusher as the second unit. The jaw 
crusher is set at 120 mm and the G3210 
gyratory at 20 mm. Gyratory discharge 
is recycled to the screen. Both the jaw 
crusher feeder and double deck screen 
are driven by hydraulic motors which 
give accurate speed control, and the 
gyratory crusher is mounted on rubber 
feet to isolate its motion from the frame. 

A/S OLIVIN FLOWSHEET 

lR 
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A/S OLIVIN EQUIPMENT LIST 

Crusher No. 1 
2 
3 
4 

Lokomo 

" 

G4214 
G3210 

S21 
S21 

Set 50mm 
20mm 
6mm 
6mm 

Screen No. 1 a Siebtechnik Set 40mm 
3mm 

"50/20/3mm 
" 

.. 
1b 

2 
3 
4 

HF 

,,,. 
3mm 
3mm 

Silo No. 1 
2 
3 
4 
5 
6 
7 
8 
9 

Size of Product -3mm 
4-30mm 

,, 

" 
" 

" 

For transport the unit is raised on 
hydraulic jacks and a low-bed driven 
underneath. The ~teelwork and connec­
ting conveyors for this installation were 
built locally by NS Haahjem. This 
mobile crusher installation produces 
150 t/hr of minus 4 mm product. 

Processing 
Since the mineral occurs in its almost 
pure state processing is largely a matter 
of producing the right size distributions. 
The main products are: 

0 to 3 mm for sinter plant feed. 
0 to 6 mm for sinter plant feed. 
10 to 40 mm for blast furnace feed . 
1 to 5 mm for refractory purposes. 
3 to 7 mm for refractory purposes. 
Foundry Sands - complete range in 
AFS grades 20 to 120. 

Quality control is of paramount im­
portance and begins with analysis of the 
samples from each blast hole. The most 
important parameter for a refractory 
mineral such as olivine is the " loss on ig­
nition" , or water content. This must be 
below 1 %. Analysis for loss on ignition, 
chemical content, hardness and size 
distribution is carried out at regular 
stages from mining through to shipping. 

The huge increase in production that 
has occurred over the past ten years has 
meant that the processing facilities have 
been in an almost continuous state of 
modification. A new plant with a capaci­
ty of 3 million tonnes a year has just 
come on stream but the old plant is be­
ing retained for the production of the 
more specialised products. The new 
plant has been designed for the max­
imum flexibility with four main crushing 

Not in use 
+40mm 
3-40mm 
3-40mm 
+40mm 

10-40mm 
10-40mm 

and screening circuits, reversible con­
veyors, and nine silos for final and in­
termediate products. Flexibility is ex­
tremely important to allow production 
of the different grades to be tailored to 
demand, and to accommodate special 
orders such as coarse ballast material for 
North Sea oil platforms. 

Ore from the mine is dumped into a 
1000-t feed hopper from where it is 
!ransported by belt to a Lokomo G4214 
gyratory crusher set at 50 mm. All 
material passes through this crusher 
which operates in open circuit with two 
Siebtechnik screens. The upper screen 
removes the +40-mm material which 
goes to an intermediate silo while the 
-40-mm material passes to a 
Siebtechnik high frequency curved 
screen to remove - 3-mm material. This 
forms one of the final products. The 
other three crushing circuits all work in 
closed circuit with screens and are used 
to produce the full range of products 
through a network of silos and con­
veyors. The crushers are a Lokomo 
G3210 gyratory and two Lokomo S21 
cone crushers. The latter have a 
diameter of 2.1 m and can be fitted with 
different liners for either coarse or fine 
crushing. thus eliminating the need to 
have both a standard and short-head 
crusher. All the screens are provided by 
Siebtechnik. 

The following design features deserve 
a mention. The main vibrating feeders 
under the hopper can be quickly 
isolated by a hydraulically operated gate 
for maintenance purposes. The feed 
conveyor in the underground tunnel 
section is supported from the roof in­
stead of the floor so that spillage can be 
easily cleaned up. Both the gyratory 

crushers are small enough to be 
mounted on rubber feet but the S21 
cone crushers are solidly fixed. In order 
to save space and obtain a good 
distribution of the -40 mm material 
over the curved high frequency screen, 
a short conveyor of the same width as 
the screen has been installed beneath 
the primary 40-mm screen so that the 
entire feed stream travels the full length 
of the HF screen. 

The fine size fractions to be used for 
foundry sand, blast cleaning and 
casting, are crushed, dried, screened on 
Mogensen sizers and a series of Rotex 
screens, and air cleaned to reach AFS 
specifications. Because of the need to 
dry certain fractions all crushing is done 
dry which can cause considerable pro­
blems in achieving the desired 
throughput. This is particularly so in 
winter when it is frequently freezing at 
the mine site and just above zero at the 
plant on the coast. 

The olivine rock is very hard and 
abrasive but is brittle and crushes easily. 
Hardness and resistance to attrition are 
important in many applications and to 
achieve attrition resistance final pro­
ducts are not usually made on the first 
pass. Stage crushing and speening en­
sure that when producing an in­
termediate product like -40 + 10 mm it 
contains only the most resilient stone 
since the more fragile material will have 
been broken up on earlier passes. 

Abrasion is a serious problem in the 
crusher plant as the rock breaks so easily 
that the manganese crusher liners do 
not become properly work hardened. A 
typical bowl and mantle set will last 
about 4500 hours. To counteract the 
abrasion rubber is used for all the coarse 
screen cloths and polyurethane for the 
rest. 

Refractory Production 
A/S Olivin makes refractory bricks in a 
highly mechanised operation . One 
robot automatically transports the bricks 
from the hydraulic press to waggons for 
firing, and a second robot is on order to 
increase production. A third robot is 
planned, for handling the burned bricks 
from the waggons to pallets. 

Shipping 
The plant is situated right next to the 
dock where ships up to 80 000 tonnes 
can be loaded. Most of the production is 
shipped in bulk but some of the dry pro­
ducts are shipped in bags. 

Conclusion 
The market orientation of NS Olivin has 
been responsible for its success in ex- . 
ploiting their unique deposit. Supply is 
no problem as reserves are almost 
limitless; what makes the business is 
quality, consistency, del ivery dates, and a 
continual effort to find and develop new 
uses for this rather special mineral. ■ 
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FERROCHROMIUM 

lHE "WOODING" DEVELOPMENT REQUIRES A DEEP WATER PORT BECAUSE RAW 
MATERIALS MAY BE FROM OFF-SHORE AND MARKETS WILL BE WORLDWIDE. 

OREGON BEACH SANDS COULD BE A SOURCE OF CHROMITE CONCENTRATES AND AN 
EXPLORATION PROGRAM IS BEING PLANNED BUT FINANCING HAS NOT BEEN 
SECURED. 

lHE "PROCESS" IDENTIFIED BY OR. SMILEY MAY BE BETTER LOCATED AT COOS 
BAY RATHER THAN RIDDLE. 
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CENTRAL HAZARDOUS WASTE 
PROCESSING FACILITY 

EPA HAS MADE DATA AVAILABLE ON 226 IDENTIFIED SITES IN OREGON. 

TI-IE LIST INCLUDES LANDFILLS AS WELL AS GENERATORS. 

PLATING OPERATORS ARE NOW PROCESSING TI-IEIR WASTES ON-SITE. 

A CENTRALIZED INCINERATOR ~ CAN ONLY PROCESS WASTES GENERATED 
IN OREGON/INC AOJA--c..ct"lr sTAf2S" 

A NEW PROCESS WOULD TAKE EXTENSIVE STUDY AND REVIEW TIME, PAR­
TICULARLY FO,UNOEMONSTRATED TECHNOLOGIES. 

pn.E:v•o~s L 't 
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FERROSILICON 

THE HANNA FESI FURNACE IS SUITABLE FOR FESI50% PRODUCTION BUT 
MODIFICATIONS FOR FESI75% PRODUCTION MAY EXCLUDE THIS ALTERNATIVE 
PRODUCT. 

UNITED STATES FESI FURNACE CAPACITY IS UNDERUTILIZED. 

™E UNITED STATES IMPORTS 20% OF FESI50% REQUIREMENTS AND 70% OF 
FESI75% REQUIREMENTS, AND EXPORTS ARE SMALL. 

HANNA I S PROJECTED PRODUCTION COSTS FOR FESI50% ARE GREATER THAN 
PREVAILING MARKET PRICES AND THERE IS LITTLE OPTIMISM FOR SIG­
NIFICANT UPWARD PRICE MOVEMENT BECAUSE OF WORLDWIDE OVERCAPACITY. 
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SCRAP CATALYST PROCESSING 

TOTAL AVAILABILITY IS 50,000 TPA MAX. 

GULF CHEMICAL & METALLURGICAL AND CRI-MET ARE LOCATED ON THE GULF 
COAST AND HAVE COMBINED CAPACITY OF 70,000 TPA. 

NI/CO RESIDUE FROM GULF COAST PLANTS IS SHIPPED TO EUROPE AS WELL AS 
CANADA, AUSTRALIA AND JAPAN. 

CATALYST SCRAP GENERATION ON WEST COAST IS SMALL COMPARED WITH GULF 
COAST. 

CHEVRON IS LANDFILLING Ni /W ANO Ni /Sn SCRAP BECAUSE THERE IS NO 
ECONOMIC PROCESS AVAILABLE TO RECOVER THE METALS. 

TRANSITION METALS TECHNOLOGY'S PROPOSAL SEEMS TO ASSUME A LARGER 
SCRAP CATALYST AVAILABILITY. 
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METALS FROM FLY ASH 

EPRI HAS DEVELOPED A DIRECT ACID LEACH (DAL) PROCESS ON A BENCH 
SCALE TO RECOVER: 

o ALUMINA 
o I RON PRODUCTS 
o GYPSUM 
o ALKALI SAL TS 

ANO THE RESIDUE HAS APPLICATIONS AS A FILLER IN PLASTICS. 

FLORIDA PROGRESS CORP. DEVELOPED THEIR OWN DAL PROCESS ON A PILOT 
SCALE ANO PATENTED SOME ASPECTS NOT COVERED BY EPRI. 

POZZOLANIC NORTHWEST HANDLES 3 MILLION TPA FLY ASH FROM SOURCES IN 
WASHINGTON, OREGON, WYOMING, COLORADO, NEVADA AND ALASKA AND SELLS 
MATERIAL AS A CEMENT SUBSTITUTE WITH SHIPPING DISTANCES UP TO 1,500 
MILES. 
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ZINC RECOVERY FROM EAF STEELMAKING DUST 

EAF DUST HAS BEEN RECLASSIFIED BY EPA AS HAZARDOUS AND LANDFILLING 
WILL BE BANNED AS OF 8/8/88. 

SEVERAL PROCESSES HAVE BEEN DEVELOPED TO PROCESS OUST TO RECOVER THE 
VALUES (WHICH ARE THE HAZARDOUS COMPONENTS) AND DISCARD AN INERT 
PRODUCT. 

DISCUSSIONS WITH NINE (9) STEEL PLANTS HIGHLIGHTED THEIR CONCERNS 
ABOUT THE EPA REGULATIONS AND THE HIGH COST OF DISPOSAL. 

OF 500,000 TPA DUST GENERATED IN THE UNITED STATES, ONLY 35,000 TPA 
COMES FROM PLANTS FROM COLORADO WESTWARD. 

HORSEHEAD RESOURCE DEVELOPMENT (HRD) IS THE ONLY FULLY COtflERCIAL 
OPERATOR RECOVERING ZINC FROM EAF OUST, HAS ONE OPERATING PLANT IN 
PENNSYLVANIA, ONE DUE TO START IN CHICAGO, ANO IS LOOKING FOR OTHER 
SITES. 

HRD MAY BE ABLE TO USE SOME EXISTING EQUIPMENT; EXPRESSED CONCERNS 
RELATIVE TO ASSUMING EXISTING ENVIRONMENTAL LIABILITY. 
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STAINLESS STEEL 

COMPETITIVE HOT METAL COSTS AT 50,000 TPA INGOTS. 

PROCESS UTILIZES HANNA FACILITY ANO ASSUMES ZERO COST FOR REJECT 
NICKEL ORE. 

WEST COAST STAINLESS IMPORTS TOTAL APPROXIMATELY 50,000 TPA BUT 
THERE ARE MANY PRODUCT TYPES. 

ONLY ONE EXISTING STAINLESS PRODUCER ON WEST COAST-JORGENSEN IN 
SEATTLE. 

STAINLESS POWDER MARKET IS 5,000 TPA ANO COMPETITIVE. 
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5) 

6) 

7) 

8) 

LIST OF ALTERNATIVES 

STAINLESS STEEL 

ZINC RECOVERY FROM EAF STEELMAKING DUST '/ 

METALS FROM FLY ASH 
f 

SCRAP CATALYST PROCESSING · 

FERROSILICON 

/' ( r' I r / (, ( '1 J., -

CENTRAL HAZARDOUS WASTE PROCESSING FACILITY 

FERRO CH ROM I UM 

NICKEL SLAG PRODUCTS 1 
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CCO BUSINESS DEVELOPMENT CORPORATION 

JULY 30, 1987 

MEETING 

ALTERNATIVE USE STUDY-NICKEL MOUNTAIN SMELTER FACILITY 

1.0 INTRODUCTION 

2.0 ALTERNATIVE PROCESSES 

3.0 RECOMMENDATIONS FOR FURTHER INVESTIGATION 
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P'AJOR FEED P'ATERIAI. SALEABLE PROOUCTS 

Operating Capital Detnand [1111> 1 oyment 
Process Type guant Hz Costs ($/yr) Cost Types Revenues (S) Power ("'1 l ~ 

( 1) DAL Leach Fly Ash 5-40,000 TPA 11 HI lllon $162 Hll 1 Ion Magnetic Ash 6 200 
Alumina 41 Million 
Gypsu,,, 
Plastic Fillers 

(2) E lke,n Oust EAF Oust 30,000 TPA 3 Million s 2 Hllllon Z Inc S HI 1 lfon 4 40 
Lead 

(3) Horsehead Resource [AF Oust 25,000 TPA 4Hllllon S 15 Ml 11 Ion Zinc Concentrates 5Ml111on <1 25 
Oevelopment (Hax.) Aggregate 
( N. J . Z Inc) 

(4) Stainless Slab Reject Nickel Ore 520,000 TPA •o Hllllon s SHllllon 300 Serles 50 HI I lion 25 130 
Domestic Chroa,lte 45,000 TPA St1tnless Ingot 

(5) Hetal Recovery NI/W and fo,ooo TPA Not Known Not Known W 1nd Sn Alloys 2 Hi 11 Ion <1 20 
from Scrap C1talyst NI/Sn Catalyst with NI Residue 

(6) Slag Recovery Nickel Slag 75,000 TPA 2 Million S O. 5 H 1111 on Colored Granules 3 Hi lllon <1 20 
Process plus for 

coloring plent 



DOUGLAS COUNTY 
INDUSTRIAL DEVELOPMENT BOARD 

744 S.E. Rose Street Roseburg. Oregon 97470 
T,- lephone (503) 672-6728 

OREGON STABILIZATION & CONVERSION FUND 
FEASIBILITY STUDY APPLICATION: 

NICKEL MOUNTAIN SMELTER--ALTERNATIVE USE STUDY 

II. Project Information 

6. Describe the facility (including type of construction and 
construction sector, pertinent features, current value, 
building sq. ft., land area and ownership) 

The mine and smelting facility are described in some detail in 
an attached brochure. Since the brochure was writtenJrapidly 
increasing supply and especially power costs in the face of 
declining selling prices of FeNi during 1981 and 1982 resulted 
in a 19-month closure of the facility in April 1982. Events 
preceding closure are described in a copy of Hanna's pre-filed 
testimony at the Bonneville Power Administration rate case 
hearing. Subsequently, relying on an amendment in the 
Northwest Regional Power Bill which provided that the Bill 
should not adversely affect industries using materials 
indigenous to the region, Hanna worked out the techniques 
necessary to operate on an "off peak" form of power which was 
sold to them at $0.007 per KWH. Off-peak operations reduced 
costs by more than 307. but sales prices by 1984 were 107. less 
than production costs. 

In a further attempt to regain economic operations, a 
modification costing approximately $12 million was made. The 
modification provided for recovery of an ore concentrate by a 
process of wet screening and separating the high grade fine 
fractions of ore at approximately 100 mesh size. Only economic 
ore was processed, melted and reduced to FeNi while the lower 
grade size fractions were rejected from the process as soon 
after mining as possible. 

After construction in 1985 the new facility was tested during 
the end of that year and during early 1986. Approximately 
70,000 tons of ore concentrate was produced, dewatered, 
agglomerated and stoc k piled. Smelting tests during June 
through August 1986 indic ated that many unestimated advantages 
would be realized but that costs could not be reduced to a 
level roughly half of 1980 levels. The tests to produce the 
concentrate revealed that the $3 million wet screening and 
classification system required additional equipment to increase 
its capacity by about 607. to the 650,000 to 675,000 tons per 
year of concentrate needed to supply the smelter on the 104 
hour per week "off peak" operating basis. 



After completion of testing in August 1986. an indefinite 
shutdown of facility was declared. This was converted to a 
permanent shutdown in January 6. 1987 and plans were made to 
dismantle and salvage the equipment. Estimates of salvage 
value range from $7 to $10 million. 

The land area involved includes approximately 5,200 acres of 
which nearly 4,000 acres is owned by M.A. Hanna Co. The 
balance is mostly BLM land on which Oregon Nickel and Wright 
leases have unpatented mining claims. Hanna has surface rights 
to their land but,although unmineralized, Douglas County has 
mineral rights. Nearly 2000 acres of the Hanna land is 
probably tillable. 

7. Describe the most recent activity employed at the facility. 

The most recent activity at this facility was the production o f 
low carbon ferronickel and testing of the new equipment. 

8 . Based on available information, describe the prospects for a 
re - start and/or conversion of the facility. 

The prospects for restarting are very remote. The equipme nt 
will be dismantled and the land sold unless an economic 
alternative use can be found. Even then, the equipment would 
most likely be sold to prospective users since, as a result 
of a major policy change, mining and metals are outside Hanna's 
corporate objective for use of new funds. 

9. Please attach the facility's past three years financial 
statements (if available). 

Financial statements are not available, but it is pu b lic 
knowledge that losses from Nickel Mountain operations were as 
follows: 

Pre-Tax 
FYE Sept. JO Operating Loss (000) 

1982 ($8,101) 
]983 ($5,321) 
1984 ($4,435) 
1985 ($2,228) 
1986 ($9,866 ) 

The 1986 j ump in the l oss was du e to the combina t i on of new 
facility cos t s and a precip i tate decline in nickel p ri ces. A 
table showing sales prices and a graph o f nickel pric e s for 
19 86 are attached. 



10. Describe the facility's existing or last markets and customers 
for its product(s). Describe these products. 

See the next to last page of the enclosed Hanna brochure for a 
brief description of product and markets. It is to be 
emphasized that an evaluation of uses of the facility other 
than the production of nickel are the subject of the current 
grant application. 

11. Identify the level of employment during the last twelve months, 
and over the past three years. 

Employment history 

1987 Jan.- April 4 employees 
1986 Dec. 9 If 

1985 Dec. 59 If 

1984 Dec. 277 If 

1981 550-600 If 

12. Describe the potential product mix for the facility. 

See enclosed proposal from Hatch Associates 

13. Describe any impediments to successful operation of the 
facility. 

The equipment design is early 1950 vintage. It has been 
well-maintained and modernized where possible but modern 
equipment is larger by a factor of 3 to 4 and takes advantage 
of economy of scale. 

It is somewhat difficult to speculate about other impediments 
prior to selecting an alternate use. For many (but not all) 
possible uses, the site's relative isolation and distance from 
major markets could be a significant impediment. 

14. Describe the elements and an estimate of the cost of the 
feasibility study. Include specific costs for such study 
components as market research, asset appraisal and production 
cost analysis. 

The Alternative Use Study will be generally as delineated in 
the enclosed proposal from Hatch Associates. 

Hatch has been asked to provide additional information 
regarding: 



Definition of end-product, and likely scenario of next 
steps following submission of a positive report. 

- Rough outline and schedule of work, with proposed 
review-and-reconfirm points. 

- Breakdown by study component of probable type and level 
of effort for the not-to-exceed-$50,000 total. 

15. List all individuals and/or organizations you believe are 
qualified to perform the feasibility study. 

We are informed by former Hanna personnel that this study is 
sufficiently technical in nature that very few firms are 
qualified to undertake it. Hatch Associates is perhaps the 
only firm among them (otheowould be Bechtel Co r poration, Ralph 
M. Parsons, Davey-McKee) who could be described as "medium" 
sized and who would be, in all likelihood

7
interested in bidding 

on this comparatively small project. 

Hatch, whose brochure is enclosed, is perhaps uniquely 
qualified to perform t h is "Phase I" study because a) they are 
experts in both the iron and steel and the non-ferrous metals 
industries, b) they have done similar studies, currently 
performing a study for the State of Pennsylvania to determine 
alternative uses for c l o sed steel mills in and around 
Pittsburgh, c) they offer an excellent potential for bringing 
potential investor/operators to the table in the event one or 
more of the alternative uses appears profitable, and d) they 
are available to do the study immediately, a significant factor 
in view of Hanna's plan to sell o ff the facilities (see 
enclosed letter from CCD Business Development Corporation to 
Hanna dated June 1, 1987). 

16. List those individuals and community organizations supporting 
this application and re-starting the facility. Attach any 
letters of support. 

Re-establishing some form of mean i ngful manufacturing activity 
at the Nickel Mountain site has virtually universal support 
throughout south and central Douglas County . A news article is 
enclosed, describing the effect ot the loss of local property 
taxes o n the l ocal c ommuni ty. 

Th e l oss of t he Hanna pay r o ll, an d o f the trade and s e rvice 
jobs that the Hanna pa yroll supported, are if anything more 
dramatic. Metals industry jobs are family wage 
jobs--historically slightly outstripping even lumber and wood 
products. 



In response to testimony from the neighboring communities of 
Canyonville and Myrtle Creek, the Douglas County Economic 
Strategy Committee named the $50,000 Nickel Mountain 
Alternative Use Study a priority project even though the 
primary focus of their _(draft) strategy is tourism. 

17. Attach a commitment letter for the 25 percent matching funds 
source for the feasibility study. 

The Douglas County Industrial Development Board were handed the 
Hatch proposal on May 22. The results of their discussion are 
swnmarized in CCD's letter to Hanna of June 1. As soon as 
Hatch has responded to the questions listed in item 14 above, 
the DCIDB will reconvene and formalize its commitment. This is 
expected in the next two weeks. 
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