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Fig. 1. Two views of a concretion common in ferruginous bauxite deposits. A. surface; 
B. cross-section showing a typical oolitic texture with oolites within oolites. 
Natural size. 

Fig. 3. Porous nodule having textural features common to both oolitic and nodular 
types of ferruginous bauxite. Natural size. 

Fig. 4. 

Fig. 2. Hard porous nodule characteristic o! nodular 
type ferruginous bauxite showing a colloform 
texture and white patches of bauxite. Natural 
size. 

PLATE I 

Section of high-grade bauxite nodule from the Salem Hills. Shaded 
parts are deep pink; light parts are pink to pinkish-white. Two
thirds natural size. 

SPECIMENS OF OREGON BAUXITE 



FOREWORD 

Since issuins a preliminary report on the terrusinoua bauxite 

deposits of Washington County, Oregon, in August 1'44, the Depart

ment has done additional· field work in the study ot these deposita 

as time and personnel permitted. Areas containing the deposita have 

been extended into other counties, as described in the accompanying 

report. All pertinent information so tar obtained by the Department, 

including that contained in the preliminary report, has been assembled 

ln tho present volume. It is realized that this is not a complete re

port on the deposits. It is more ot the nature ot a progress report. 

Much more work, some or it beyond the facilities or the Department, 

must be done ln order to give authoritative answers to questions or 

distribution, extent, origin, composition, and especially commercial 

application . The bulletin is issued in the hope that the information 

now available will assist in encouraging commercial development or 

the deposits, and that substantial postwar employment may result 

from such development. One large experienced company is already 

actively engaged in an exploration proJect on the Washinston County 

deposits. 

Economical treatment of this ore is the dominant problem. 

Compared to bauxite suitable tor treatment in a Bayer plant, the 

bulk or the material described ln this report is low=grade in 

alumina. However, the relatively high iron present is potentially 

or commercial value, and as it must be separated trom the alumina 

in any event, it should be considered an asset rather than a lia

bility. Weighed against the treatment problem, the deposits have 

tho chara cteristics or favorable looationj large reserves, and low 
exploration and mining costa. Thus the over-all picture is en• 

oouraging. Whether or not the highQgrade bauxite in the Salem area 

occurs in quantity sufficient to influence this picture is not known 

at present. 

One point in connection with the economics ot the deposita is 

worth emphasis. even it the material is not immediately utilized as 

a source of alumina, the sreat extent or the deposits provides an 
invaluable domestic reserve of alumina which might be vital at some 

future time. 

F. w. Libbey 

Director 
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FERRUGINOUS BAOXItl DEPOSitS II NORtHIEStERN OREGON 

Abstract 

Extensive deposits or ferru ginous bauxite occur in several counties of northwestern 

Ore gon, principally ln Was hington, Columbia, and Marlon Counties. these d epoalta were 

foraed by laterization or Miocene basalts following their eztrualon and before depoaltion 

ot silta in the Pliooene (?). Probably the laterization ooourred before gentle toldins 

and uplift or the region to ok plaoe aoaetiae in the Pliooene .  Co ndition s preceding and 

succeeding laterization, especially in the areas both north and south of Salem are not 

c l ear , but rel i ef ��� have been greater in the poat laterizatlon period in the Salea area 

than in lashington and Coluabia Counties. · 

Toposraphy governa outline and areal extent of theaa nearly tlat•lyi ns depollta. 

Generally they occupy sumaita or flat billa and the sentle hlgber alopea. Ero aion baa 

di�aeoted and reaoved  a large part.ot the flows originally laterized. 

Thickne aa of deposita ia froa 6 to 20 or aore feet. Silt overburden ie variable 

in thlokneaa but will range from a to,ot to IJO or aore teet. Average depth of aUt over

burden is moderato and the ratio of ove rburden to ore ie probably lesa than 2 to 1. 

Texture of the deposita ln Wa s hington and Columbia Counties is usually oUlitic, 

especially near tho top of the ore section. Lower sections rang e from earthy to nodular 

with some nodules containing crystalline bauxite and minor limonite! NoiQles aade up 

esaentially of whitish bauxite oc cur as float, and they are widely distributed in the 

Salem 111lls south ot Salem. 

Exploration by the Dep�rtment in Wa shington County alone baa indicated more than . 

5 million long tons or ferruginous bauxite in two looaliti es . An arithmetical average 

of s ample s obtained by auger-hole drilling ot deposits in these localities '18 ,�.68 

percent alumina , 23.12 perc ent iron, ,.48 perc ent sllioa, �.85 percent tltania, and 

.176 percent phosphorus. 

The arithmetical average of the ferruginous bauxite channel-sampled in Columbia 

C ounty is 38.63 p erc ent alumina, 20. 70 percent lron, ,.36 percent silica , and 5.83. 
percent tltania. 

In the Salem area the depo sita in place appear to be thinner than those farther 

north; also they appear to lack the oSlitio seotiona found in Washington and Columbia 

Counties . 

Highograda bauxite float is wldely dittrlbuted in the Salem area, and analyses show 

so- 60 percent alumina, 2 - llf ptroeat iron, 2 • 6 perotat allloa, and 1 . .. ptroent 

titanla. Nodules of this float up to a toot or aort in diameter are oommon, No tltlaate 

of quantity may now be made. 



2 Ferruginous Bau xite Depos its in Northwestern Oregon 

Although a treatMent process to produce alumina competitive with imported high·srade 

bauxite must be developed bef ore these deposit a may be considered commercial, s uch a pro• 

cess to produce both a l u m i na and i ron appear s to be feas ib le , and these depo sit a, so 

favorably situat e d  in relation to aluminum r e d ucti o n  p lants on the Lowe r Columbi a Rive r ,  

may bec ome a n  important source ot alumina tor thes e plants . 

Introduction 

In Ausust 1944, G , M ,I, Short Paper No. 121 H igh Alumina Iron Ores in la shi nston 

County, Oreson, was published. Thi s  wa s a preliminary report, issued while field work 

was s till in progress. Since then reocnnaiaaanoe work has been done i n  trac ing d e posita 

ot ferruginous bauxi te over a wide area in Columb ia County , as we�l as i n  enlarging the 

areas underlain by d epos it a in Washington County. In order to a s semb l e all available 

information in one volume, the eeaential parts or G,U.I, Short Paper No. 12 are in clu ded 

in the present bulleti n, in addit ion to the record or r esu lts obtai n e d  s inc e the pre 

liminary report was issued. After part or the bulletin was in manuscript form, �econnaia

aance work by the Department in Marl on and Polk Counties s howed o c cu r rence s  or fer rugi nous 

bauxite in localities both north and south or Salem, Po ssi bly more important was the dis

covery or high -grade bauxite float distributed rather wide ly in the Eola Hilla north or 

Salem and especially i• the Salem Hi l la south or Salem. B e caus e the high-grade material 

appears to coeur i n  quantity that might have commercial impo rtance, r e s ult s or preliminary 

studies or the s e  depo s ita are included in th is report. further study is p l anned . 
The principal explorati on work reported i n  G,U,I, Short Paper No, 12 was done·on 

the He ndrickson farm, and the description or the work is repeated i n  thi s r e port under  

Locality 5 •  

Favorable topography i ndicating the poesibility o f  fairly large tonnage i n  th e area 

designated as the Hutoh i aon�Ni xon proJect ( named  'af ter the owners or land at the south• 

east and northwest ends or the area ) wa s the reason ror e xplorati on work descr ibed und e r  

Locali ty 8. Some ore was round in test hole s i n  these properti e s  as described in t he 

prelimi nary report . 
Wo rk on other depoait a desc r i b e d  in thi a bulletin waa of reoonnaisaance nature only, 

At plaoea where sections of depos it s were e xpoaed in o u ts, channel aamplea were taken, 

Evidence of many d epoai ta was obtained from grab samp les or float material . Occurrenc e 

o f  s o ma deposita was inferred from desoription a ot iron d e pos it a obtained from sourc e s  

named in footnotes. Many or the s e  i nterred o c c u rrences have not been verified bec ause 

or lack or time and personne l . 



Introduc tion 

Lo.terizat10n whio_h produced the depoalta was oonflned to lllooene basalts, and aft7 

area made up of these lavas may poaalbly contain bauxltlo depoalta. Therefore auoh oral 

may be expected to oo our in places farther west in Columbia County, and in outlying 

districts ln the Salem area . An lnveatigatlon (Wagner, 1'45)*or Columbia River basaltic 

terrane ln Eaate rn oregon tailed to reveal simil ar deposita there, but thia tlrat work 

does not rule out possible ooourrenooe in areas covered by younger formations. 

'l'he name "ferruginous bauxite" bas been given to this material tor lack or a more 

definitive term . It is not an iron ore, and "laterite", although defining the origin, 

doas not have mineralogioal significanc e . Bauxite minerals are common and ch e mic al 

ano.lysis shows that · average content or the hydrous aluminum oxides 11 some what ln exoeas 

of the hydrous iron oxide8c " Bauxitic clay", as a name, is not applic able to the deposita 

as a whole. 

Deposita similar ln composition and genesis to thos e in northwestern Oregon are 

found in Now South Wales and Viotoria, Australia; in County Antrim, northeastern IrelandJ 

in Indiaj and in the Vogelsberg Mountains , Germany. Concerning depositl in He! South 

Wales resulting from laterization ot basalt, Rumbold (1,�5) statal that �vail able analysee 

show ranges as follows: alumina, 31.�3 to 61.46 pero eftt J terrio oxide , 1.,, to 42.21 per

cent, silloa, Ool 6  to 2,.8 peroentJ tltania, 0.55 to 5•5 poroentJ "water", 6.85 to 32.68 

peroento 

'l'he term "ore" is used in this report tor oonvenienoe. It is realized that aooordins 

to a strict definition the material i1 not ore until it i1 shown that it may be treated at 

a profit. 

More than 450 eamplea obtained in this inveetigation have been analyzed in the 

Department's ohemioal laboratory. 'l'he laboratory procedures are included in an appendix 

as a matter or record. With the exception of the titanium determination whioh i1 an 

origina l method worked out by L. L. Hoagland, Department ohemiat, these prooeduree 

follow usual standard praotioe. Spectrographic and petrographic atudiee or some eamples 

have also been made. 

Early in 1,451 Alc oa Mining Company began explor ation ot the deposita in Washington 

County. 

'l'he u.s. Bureau of Mines and the u.s. Geological Survey are engaged (Ju�e 1'45) in 

a cooperative investigation or deposits in Columbia County. 

* See bibliography in back. 



4 Ferruslnsus Bauxite Depo sits ln Northwestern Creso n  

Ac knowl e dgement s  

Se veral me mb e r s  o r  the Departme nt starr c o ntributed i n  l arge measure  t o  the  

pre parati on  o r  thia  bu l l e tin and  ar e l i s t e d  b e l ow: 

The to pographi c mapping o n  the Hendr i c kson de posit and the dri l l ing and sampl ing 

o r  the various  d epo s i t a  in Washington County were done by Mr . J. F. Cl e aver and 

Mr. L. c. Swanaon. The chemical  analysis were  made by Ur. L. L. Ho agland, and the 

spe ctrograph i c  wo rk waa done by Miaa Esther W, Mi l lar. Dr. E. u. Bal dwin  aasi s t e d  i n  

· r e c o nnai s san c e  work o n  s o me o r  the  depo s i t s  i n  C o l umbia County.  Typing o r  the manu

s c ri pt was done by Mi se June Rob erts, Mrs . Fran c e s  Furni s s, and Mi s s  Vida Wi l liam s .  

Mrs. Li l l ian Owe n  prepared and mul tl graph e d  t h e  p l at e s  for t h e  c ompl ete bu l l e ti n. 

The early r e c o nnai s sanc e w o rk was gr eatly fac i l i tat e d  by Dr. R . Po Nixo n, Foreet 

Grove, who s e  know l e dge  o r  the  depo s its  ln Washington C ounty was o r  great assi s tance .  

Owners o r  the various  pro perti e s  examined  were  unifo rm ly c o o pe rative and i n  thi s 

c o nn e c tio n the wri t e r s  w i s h  to exp r e s s  appr e c i ation  o r  h e l p  given by Me s srs . H endri cks o n, 

Nel so n, Schmidt, L e i tze l ,  Cathey, McKnight,  Dudley, Baldwin, Parmele , Gentry,  Gaman, 

Mar s hal l ,  Lamb ert , Annl o ker, Veal l ,  and Hutch i s o n. 

The au tho rs  al s o  wi sh  to tha nk Mr. Hana Norb i s rath o f  the  u.s. Ge o l ogi cal  Survey 

who gave to the Department  information  conc erning the  lo c ati on  o r  one  o f  the depo si t s  

ln Co lumbia County, 

Location  

The  index  map on  page 5 show s the  l o c ati o n  o r  the  seneral  areas with whi c h  this repo rt 

is con c e rned. The l o c al i ties which  ar e po tential ly most i mpor tant are c o ntained  ln an 

area ot approximat e ly 1 50 s quare m l l e s  in Washington and C o lumb i a  C oun ti e s  extending 

f r o m  ab out 25 mi l e s to more than 50 mi l e s  no rthw e s t  of Portland, and in appro ximate ly 

1 5  square mi l e s  ot area  i n  the Eo la  Hi l l s, P o l k  C ounty, and i n. the  Sal e m  H i l l s, Mario n  

C ounty, a few mi l e s  no rth and south r e spec t ive ly  or  Sal em. 

Washinsto n  C o unty d e posits aay be r e ached  from  Portland by the way of Skylin e  Blvd . 

to ths Dlxi e Mt. Road  and by the  way o f  Pumpkin Ri dge Road no rth o r  North Plains. The 

C o lumbi a  C ounty depo s i t s ar e acc e s s i b l e  from  Portland by the WB¥ or u.s. Highway 30 and 

b ranch roads. 

Depo s i t s  i n  th e Salem  ar ea are eas i ly reached  by th e WB¥ ot u.s. Highway ��E and 

branch  ro ads. 
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6 Perruslnous Bauxite  D epo s it s  ln Northw e s t e rn Or eson 

Re l l e r  and Dral nase 

The depo s i t s  in Washingto n ,  KUltnoaah, and Colu•bla Counti e s  lle wl thln the east

ward exten s i o n  o f  the Coast  Rang e  or aountal ns ln northw estern Oreson, The el evation  

o f  the  areas  where  th e d e po sits have b e en round ranse• rroa s eve ral hundred f e e t  to 

nearly 2000 fe et, The  r e sl o n  as a who l e  l s  o o n s i d e rably dlsseoted but numerous exten• 

sive f lat areas and s mo o th slo p e s  persist, The d epo si t s  ooour i n  the s e  r e l atively 

undl as e o t e d  areas, 

The Chehal e a  Yountalns o n  the  s outh, the Tualatin Rlver Val l ey, and the Po rtland 

hil l s  farthe r  no rth are pro minent physi osraph l o  r eaturei, The northern part or the 

regi o n  Ilea wl tbln C o lumb i a  County and i s  spl it  into two drainases  by a north-trendi ns 

divide  wbi oh  i s  i n  •o st  plao e s  l e s s  than 1500 t e e t  in e l evation. Its eastern part ,  

which includes  moat o t  the depo sit s l n  the are a, l s  draine d by tri butar i es o r  the 

C o lumbia  River, The s mal ler  w e s tern  part la dra ine d large ly by the  N e halem and Clats

kanie Rive ra and th eir tributar i e s. A roughly east-trending divi de l n  north ern Waahins

ton County and s o uthern C o lumb i a  County ris e s  in pl ao e s  ab ove 2000. te e t  and f o rms the 

b oundary b etwe en  the northern and s o uthern parts  of  t h e  region, The s outhern  part i s  

drai ne d  large ly by the Tualatin  Riv e r  and it s s mal ler  tributari e s  suo h  as UoK� Cre e k  

and Dairy C r e e k. Th e Tualatin Ri ver flows  eastward into the li l lame tte  Ri ver whi oh in  

turn f l o w s  northward into the Co lumb i a  River, The regio n  i s  roughly b ound e d  o n  the 

east  by the  Wi l l ame tte  and Co lumbi a Ri ve r s, 

Although the Tualatin River tends  to meander o n  its val l ey ti l l ,  some o f  i t s  tri bu

taries, suo h as  MoKay Cre ek, have fai rly s t e e p  sradi enta i n  the i r  upper  r eao h e a, and 

the i r  val l ey s  have s t e ep s l o pes oharao t e r i s tio of JOuthful toposrapb7. 

The  known depos i t a  i n  the  Sal em  ar ea  ar e r e stri cted  to the Zo la Hi l l a . and the Sal em 

H i l l a  whi oh are drai ned  by the  Wi ll aaette  River  and  ita  tributari es,  The s e  hi l l s  lie 

wi thln the Wl l l ame tte  Val l ey physlo sraphi o unl t  b e tween  the  Coaat and Casoade Ranse a .  

B o t h  the  Eo la Hil l s  and the Sal em  Hl l l s  r i s e  above 1000 t e et in e l evation and the rel i ef  

alons their ste ep w e s t ern  slde s  la  ao re than 800 t e e t. 



Stratigraphl 

Ge olo gy o f  Depo s i ts 

Ge ology o f  De po s i ts 

in 
Wa s hi ngto n , Mu ltno mah ,  and Columbia Counties 

S i nc e  publ i c at i o n o f  the f i r st r e port  ( Libbey , Lowry, and Mason,  1?��) d e s c ribing 

the ferruginous bauxite depo s its i n  Washington C o unty, s o m e  addi tional stratigraphic 

i nf ormat io n has be e n  obtained whi ch clarifies rather than alters  the geo l o gi c pi c ture 

o f  the ar ea. 

The De par tm ent ' s r ec o gni ti o n  of the bauxitic c hara c t e r  of c ertain of the d e po sit s 

in Columbia County, pr eviously d e s c r ibed as b e ing limonit i c, mak e s the ge o lo gy of  th e 

7 

St . Helens qua drang l e  e s pecial ly pertinent. Wi lki nso n ' s map ping (1?�1) in th e  St. Helens 

qua drangl e wher e  a number o f  thes e depo sit s  ooour ,  showed that Mi o c ene·bas altic lavas 

more than 500 f e et t hic k  in plao es, unc o nformably overli e Olig o c ene marine sediment s ,  

which ar e predom i nantly  tuff ac e ous sandstone s .  Addit i onal mapping i n  the  nor thern part 

of  
,
the quad ra ngle by W. D. Lowry and E. Mo Bal dwin of th e Department indicat e s  that l o wer 

Ol igo c en e  sandstone, bel o nging to th o Grie s Ranch stag e , unc o nfo r mably o v e rlie sathio k 

s eri e s  o f  bas i c lava s and b r e c c ias  a s s igned by them an up per Eo c ene age. 

As far as is known, a l l  the f erruginous  bauxi t e  d e po sit s are a s s o ciated with the 

Mi o c e ne basa l t s. The deposit s ar e lat eritic in origin and occ ur at the to p o f  the basa l tic 

section. They are not to be c onfu s e d  with  the Sc appo o se -type l imonit e s  whi c h  are b o g  de-

po si t s within t h e  ba s a l t i c  s eries. The ferruginous bauxite d e po s i t s ooour on flat�to pped  hills or 

ridges o r  o n  g e nt le s l ope s whe r eas  the Sc appo o s e  limonite  d e pos i ts do not have di r e c t  

re l ati o n  to  the topo graphy and may c ro p out o n  s teep dis sec ted slo pes . 

The C o l umbia Riv e r  basalts  to ge ther with  t h e  marine s e diments that unc o nformably 

unde rli e  th e ba salt s are also p r e sent in Wa s hi ngto n  and �ul tnomah Count i e s  as well as in 

Columbia County . Disr e garding a wi de s pread s ilt c overing, th ese basalts aake up the 

gr eat e r  part of the surfac e in  th e Washington County area where  d e po s i ts of f errugi nou s  

bauxite o c our. The basalts ar e expo s e d  in plac e s  in th e Ch e hal em Mt s., Bull Mt. and 

Co o per Mt. , at Jac kso n Fall s quarry, and i n  McKay Creek as w ell a s  at numerous other 

plac e s. In the youthful valley of McKay Cre e k  a �OO • fo o t  section or the se basalt s ls 

e xpose d . 

The basalt s wh1oh stra tigraphi cally underli e the Hendrickso n d e po sit and are expo s ed 

a lo ng McKay C r e e k  are dark gray i n  c o lo r  and fi n e- gr aine d . Thi n  Be c tions show that they 

ar e hemiorystall1ne. The pheno cryst s are  plagi o clase, augit e ,  and magn etite. The ground· 

mass is eith e r  a gray or brown gl a s s  whi c h  f o rm s so me  20 to 25 p ero ent ot t he rooks. The 

texture o f  two o f  t h e ro o ks s e c tioned i s  i nt e r s e r tal with th e spac e s  b e tw e e n  t he div ergent 
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p l�glo olase laths  o o oupled b y  augi t e ,  magne t i t e ,  and glae s .  The plag i o o l aee  i e  labrado r

ite in the f o rm o f  laths, ave raging 0 .4 to 0.5 mm in l ength and as muo h  as 1 . 5  mm long. 

They show albite twi nni ng and a numb e r  o f  them are fractured. Labrado r i te consti tutes 

about 50 to 55 perc ent of the r o o k s .  Augite, i n  many i nstances i n  the  fo rm o f  fractured 

anhedral aggregat e s, make s up about  25 p e rcent o f  th e  eeo ti o n e .  The magn e t i t e  gralne 

range in size from  minute  spe cks to mo re than o.6 mm and have anh edral , sub hedral, o r  

i r r e gular ske l e ton  crystal outli nes and c onstitute s everal perc ent. ?he gro undmas s i s  

either a gray or brown gl ass, i n  s o m e  plao e e  parti ally d e vitrifi ed, and in the three 

ro c ks examine�average s ab o ut 20 to 35 p e rcent o f  the who l e. Si gnificant feature s  o f  

theee Mi oc ene  basalts,  as  we l l  as tho s e  in  the Salem  area, are thei r high p e r c entage of 

plagi o clas e  and their relatively large content o f  vo l canic glase. 

A weather ed porti o n  o f  o n e  thin  s ection  show s  that the  glassy matrix  a l t e r s  muc h  

mor e r eadi ly than the  plagi oclase  and augi te.  ?he magn e t i t e  was  appar ently unalt e r e d .  

The di fferential al terati o n  o f  the glas sy groundma s e ,  t h e  frac tur ed  nature  o f  n e arly al l 

the augi t e  and some o f  the  labrado rite, and the inter sertal texture  o f  the b as alt s favo r 

their rat her rapid and oontinuous al terat i o n .  

Wil k�n�on (1941) giv e s  p etrographi c  d e scriptions  of  s imi lar basal ts  from  t h e  St .  H e l e ns 

quadrangle and Darton (1909) ;i ve s  addi t i o nal petrographi c  i n f o rmation  o n  Co lumb i a  River 

basalts. 

Speetro graphio analys is �r a sam p l e  o f  Co lumb i�  River basalt from  the Jac ks o n  Fa l l s  

quarry i n  the Hillsb o r o  quadrangl e  gave the f o l l owing r e su lt s :  

Per() entail! 

Greate r than 10� 
1 0 10% 
0.1 g 1% 
o.1 - o.ol% 
o.oo1 o o.ol% 
B e low 0.001� 

!!...!.!!!:!.!!* 
s i l ico n, aluminum, magn e s ium, cal c i um 
iron, so dium, ti tanium 
manganeee , stro ntium 
chromium, vanadium, bar ium 
c o b al t  
z i rco nium, co ppe r, nicke l,  mo lyb denum 

* A smal l percentage o f  sulfur was shown to b e  present by a qua l i tative method . 

Th e marine  sandston e s  are  expo s ed i n  re l ative ly tew places i n  ea s tern Washington 

County and in tho Po rtland h i l l s  ar ea  i n  Multnomah C ounty.  In mos t  pl ac e s  t h ey s e em t o  

occupy windows i n  th e  overlying basal ts. San d s tone s o ccur along t h e  Dixie Ut. Road b e• 

twe e n  Shady Brook Schoo l  and W�l lace S cho o l  i n  s e c .  16 and reportedly i n  the swt s ec .  5, 

To 2 No, R. 2 w., and al s o  in numerous  cuts along the Ro c ky Point Road whi o h  leads east  

fro m Sky line Blvd. to  u.s. Highway )O. Fo s s i l s  col l ected from the  tuffaceous sandstones  

along  th e Ro o ky P o i nt Ro ad have b e en i d entifi e d  by H.  E. Voke s (Warren, 1945) of  the u.s.-

Geo l o gical Survey. 1 Acc o r d i ng to lalte r War r e n  , th11 fauna hal clo s e s t  affinity with the 

1 . . Personal communioation .  

.... 
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Sooke formation, but inasmuch  as Astoria forms are also pre s ent, Vokes and Warren think 

that the Rooky Point beds may b e or inter mediate ace , possibly Vaqueros.  Thus these beds 

are or upp er Oligocene or somewhat younger age. 

The sandstones on the Rooky Point Road disoontormably and probab ly unc o nformably under• 

lie Kiooene basalts. These sediments seem to oooupy a window near the axis o f  an anticlinal 

told in Mio cene bas alts. The antic line strikes roughly northwest and conforms to the trend 

of tho Portland hills, whos e anticlinal structure was po i n t e d  out by Tre ashe r (1942). 

The Tro utdale for mation , whloh Treasher mapped in the Portland area, overlies the 

Miocene basal ts . Chaney {1944) has rec ently as signe d the Troutdale a lower Plio c ene age 

on the basis of fossil l e aves. Treasher states that the Troutdale i s  made u p  mai nly of 

somewhat conso l i date d r iver gr ave ls, sands, and asso ciate d silts. He notes that the 

Trout dal e .rormation and the underlying Columbia River basalts are es s ential ly parallel. 

An erosional un c onto rmity, whioh also may be angular, separates the m . 
On the basis of the evidenc e available regarding the age of the Columbia River 

basalts in Oregon, the s e l ava s oan b e  restricted to the  ti me  int e rval betw e e n  the fo ldi ng 

or the upper O l i gocene or somewhat younger marine sandstones and the d e pos ition o r  the 

Troutdale s an d s ,  grave l s ,  and silts assigned b y Chaney to t h e  l o wer Pli o c e n e .  I eaver (1937) 

stat e s  that lavas simil ar to C o l u mbia River basalts on the Washington s i d e  of the C o lumb ia 

River contai n intercalated marine sandstone with fossils or the Astoria formation of mi d dle 

Mlo oen e age. 

Treasher s tates that Boring lavas overlie unconformably the Troutdale sands and gravels. 

In plaoes the voloanio oone source s or these lavas may still be recognized. Treasher assigns 

these lavas a late Plio cene or early P l eistocene age and state s that they are related to the 

Casoan formati on ( H o d g e , 1,38) of similar age. Boring �ava s ooour in several pl aces in the 

Po rtl and h i lls, and cover an extensive area in the Garden Home and Uultnomah di stricts . 

Boring lavas near Tigard appear to fill structural as well as erosi onal depressions in the 

Miocene l avas and they were probably derived from the oone souroe known a s  Mt. Sylvania . 
A tine si l t  overlies the Boring lavas i n  plaoes but it i s  not known c ertainly whether  

o r  no t thi s s i l t  is o f  the same age as that whloh dlsoonformably overlies the f errugino us 

bauxite in Washington, Uultnomah, and Columbia C ounties. This latter silt where exposed in 

outs is massive, flne•grained, .usually brown in color , and has a loessllke appearance. The 

co lo r range s from  buff to reddish brown and is often mo ttle d with gray. 

Diller (1896) flrst menti o n e d  t h e  ooourrenoe o f  a loesslike silt in the Portland hills. 

Later Darton (1909) gave additional lnformatlon showlng that lt occupied much or the Portland 

hills area; He described it a s loess and s tated ·that in places lt is mo re than a hundred 

feet thloko He noted that the silt ln the po int or the highl and Just south o f  the mouth 

o f  B alch Canyon overlies 40 fee t or m o r e  or grave l whloh in turn l i e s on bas al t. The gravel 
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probably belongs to the Troutdale formation . Darton (1�0�) stated that the s i lt else-

lrhere lies in the irregular , and in places decomposed , surface ot the basal t . 

The eilt that overlies the H endriokson deposit (Lo cal ity 5) in Washington County is 

known to be as much as 40 feet thic k in some places, and may b e  much thicker  i n  a few 

other places . The grain size or a sample taken near the surface at the Hendriokeon lo� 

oality ranges fro m 0,3 mm to that or c lay which oonatltutes about 10 pe rcent o f  the  silt . 

Nearly all the sil t fraction is minu1 50 m esh and nearly 70 percent is minus 200 ••sh, 

Besides clay and vo l c anic glass, the stlt contains auoh mi neral• as p lagio c l as e ,  mic ro 

c l i ne, quartz, mus c o v i t e ,  biotite, hypersthene , and magn etite. 

The silt is exposed in many readout s along Skyl ine Blvd. on top or the Port l and bills. 

Ferruginous bauxite is exposed bene ath the si lt in at least one or these outs, 

has been mapped in the soil  survey or Multnomah County as Powell sil t  l oam (Ruzek, 1�22), 

It is characteri zed in many places by small pellet s ,  many or whic h are less than half an 

inoh in d i amet e r , Where they are numerous, they form what i s  known as a "shot" soil. The 

"shots" are usual ly silt part icl es oement e d  together with iron oxide , 

The massive, unconsolidated character, mineralogic c o mposit ion, ·f ineness or grain 

size, l ight color, and topographic dis tribution o f  the s ilt suggest i t  was windclaid. 

Treasher tentative ly assigned a simi l ar silt in the Portland area a late Pleistocene or

early Rec ent age, However, the silt n ear Sy l van in the Port land hills 1� suffici ently 

weathered to be use d in making br ick and tile, and pos sibly the  extent of the w eatheri ng 

indicates a somewhat older ago. One well�rounded quart zit� pebble and o ne basaltio pebble 

were found on the surface of the p i t  fac e  at the Columbia Brick Works at Sylvan and 

according to the operator , such  pebble s occ ur i n  plac e ln the silt. A well•rounded 

quartzi te pebble was found on the surface at the Anderson pl ace (Locality 14), The 

presence o f  the s e  pebb les seemi ngl y in p lac e  in tha silt indicatas that part and po ssi bly 

all o f  it may have b e e n  laid down in wat er  and aub sequently sub Ject ed to fol di ng . Probably 

the same silt as that at the Sylvan olay pit overlies B o ring &ty pe lava farther west. 

Similar a i lt is oommon in Columbia County and di soonfo rmab ly o verl i es the ferruginous 

b auxite in the Yankton area where  Lowry and Ba14win1 have tentative ly referred it to the 

Troutdale formation. 

River terrace and delta sands, grave l s  and al luvium or Qu•ternary age are younger 

than the silt. 

Struo ture o f  the Miooene basalts 

The topographic distribution of the d epo sits appears to be direotly �elated to the 

st ructure or the Miocene b�salts . Reliable dips and strikes in the basal ts are dlffi• 

cult to obtain and in most plaoes where they are b est shown , only the genera l  direotion 

1 
Unpublish ed report . 
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o f  dip  may b e  t aken,  ·
Along U,S, Hi ghway ,,w, aouth of Rex and no rth o f  Newb e rg, an ash 

b e d  betw e en lava f lows dips several degrees northward, Other northward dips in the 

basalts o an be ob tained e lsewhere  in tho Chehalea Uts, 

11 

Diller (18,6) no t e d  that the l imoni t e  bod at the o l d  Oswego Iron  and Ste e l  Coo  depo s it 

on  the  no rth si de o f  Oswego L�ke l i es b e tw e e n  she e ts o f  basalt that d i p  no rthwest 20o)0°. 

The basalts in the  Jao kson Fall s  quarry i n  the H i l lsb o ro quadrangl e  appear t o  dlp several 

degre e s  to the southwest or west-so uthwest, 

In tho upper vall ey of McKay Cre e k  wa s t  of  the Hendriokson  depo s i t  ( Lo cality  5), the 

basalt s strike  ab out N. 65° W. and dip s everal degr e es to the s o uth, Farther east  on 

u.s. Highway 30, 2 miles south o f  Linnto n, the b asal ti o �avas dlp  ab out 10° to  t he e as t. 

Ac cording to Will i ams and Parks (1,23) the struc ture of the limonit e  depo s i ts near Soappo o se 

c l o s e ly c onforms to  that o f  the enc l o s i ng basalts and the depo s it at the  Co l porttCharco al 

Iron  propertyp ab out 2 mile s northwest of Scappoose, di p s  about 3° to the northeas t. 

Although r elatively  raw dips in the Mi oosna basalts have b een o b tained, th e se dips 

c o rres po nd with  the general r egi o nal s l o pes ,  and i t  appear s  that large topographi c  features 

in  Mio c ene basal tio  terranes are  o o nt ro l l e d  by the struc ture of  the basalts,  The attitudes 

of two of  th e ferruginous bauxite  depo si ts  have been dete rmined b y  dri ll hole s, and b o th 

o orr espond wi th the regi onal s l o pe , The elevatio ns of the ferruginous b aux i t e  depo s it s  

may prove t o  b e  fai r ly aoourate ind i o ators o f  t h e  regional s truc ture, e s pec ial ly where 

. a  number o c cur i n  o n e  area, However ,  more  o o mpl•t• knowl e dge o f  the basaltic  surfaoe 

o n  whlo h the ferrugi nous bauxite formed  i s  required b e fore ful l  reliano e aay be  p l ac ed 

o n  them as indlo at o ra.  

Ac co rding to Wi l kinson (1,41) th e surfac e o f  the  St. H e lens area at  the clo se or  the  

outpourings o f  Mi o c ene l avas wal a plain, except po ssibly  for soma stepto e s  o f  o l der rooks.  

The surfac e o f  that plai n may have b een simi lar to s ome  o f  tho  younger  lava plai n s  in  

south�o entral Orego n where  extensive  f l at areas are interrupt e d  only by h i gher  s ource 

buttes or feeder c o nes, Wi lkinson states that during the  t ime int erval b e tw e e n  the late  

M i o c ene and the pr e s ent , tho entire  region was subJected to  c l i mati c  oonditlons  which  re·  

sulted in  deep weathering that pro duc e d  a heavy soi l  mantl e of  a lat e ritic typo, 

The to pographic  distribution o f  the  f e rruginous bauxi te  depo sits i s  known tu range 

from about 300 to mor e  than 1600 feet in elevat ion, There is evi dence which  suggest s that 

thoy may b e  more  than 1200 f e e t  b e low sea l e vel at Hi llsb o ro, The l og  of  the R ay  Mal ing 

well1 at  111llsb o ro show s that 20 f e et of " ign e o us ;oook" overl ies "alt ernati ng gray bas a l t  

and clay" 1500 foot b e low the  c o l lar of  the we l l, llr. A. Ll. Jannllen, who dri lled t h o  well, 

s tntes that a red rook  is often  ref erred to by his dri llers as "lava" o r "i gneous r ook11• 

Th e 20 f e et o f  " igneous  roo k" may b e lateri tic as it oooura at the top or a section ,  mo re  

�han 100 f eet thi c k, o f  basal tic  l avas t hat are beli eved to be  o f  Mi o c ene age. 
1 

Gao l. So c.  Oregon Country, Ge ologioal News-Le tter: vo l, 3, no, 12, Portland, Orego n, 
l ,J7o 
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The Mi o c e n e  basalts  in  the  Washi ngton  County-Co lumb i a  C ounty area have  been  f o lded  

i nto  rathe r  broad sync l i ne s , o r  basina , . and anti c l i n e s  o r  d o me s .  Faulting has d i splac ed 

the  basal t s  in p lao e a  but i t a  extent  i s  not known. The avai lab l e evideno e sugg e s t s  the 

f o l lowing r e gi o na l structure s i n  the  Mi o c ene  basalts ,  but later work m ay make mo dlt i c a• 

t i o na o r  r evi s i ons  n e c e s sary . 

The  basalts  i n  the Tualatin Riv e r  Val l ey area app ear to f orm  a no rthw e s t - tr ending 

e l o ngate basin  o r  sync l i ne f i l l e d  w i th  younge r s e di me nt s ,  The Chehal em  Ut e .  f o rm the 
. 

southern 1 1 mb o f  the s tructure an� tholr  much more gentl e northeastward s l o p e  r e f l e c t s  

t h o  atti tude o f  t h e  c o mpone nt basal t s .  C o o p e r  Ut ,  and Bul l  Mt . a r e  J u s t  no rth o r  the 

·rualatln River and  are made up o r t h e s e  l avas  whi c h  appear to  form a l o cal  no rthw e s t -

trending ant i c l ine  withi� t h e  larger _  structur e . 

On the  b as i s  o r  stratigraphi c  and phy s i o graphic  r e lat i o nshi p s ,  a no rthw e s t-trendi ng 

fau l t  i s  po s tu l at e d  a l ong the  propo s e d  c ourse  of the Wo l f  Cr e e k  Hi ghway in the Gal a s  Cre ak 

araao  I t s  trac e w o u l d  run through Manni ng and ab out one  m i l e  north o f  Banks . The  s outh• 

w a s t  s i d e  appears to  have moved  up  l n  r e lat i o n  to the northeast  a i d a ,  Judging f r o m  the 

f o rm o f  o ·tha r to pograph i c  f e atur e s ,  o th e r  fau l t s  are probab ly pr e s ent and fur ther  o o mpl1-

oate  the struc tur e  o f  the  Tualatin River  Val l ey ,  

The basalts  whi ch  f o rm the northeast l i mb o f  th e s truc ture rise  toward th o crest  or  

the  P o rtland hi l l s  i n  Uul tnomah C ounty whe re  they r everse  the i r  d i p  to  f o rm the P o rtland 

hi l l s  anti c l i n e  ( Treasha r ,  1 '4 2 ) .  The ant i c l ine  trends rough ly northw e s t ,  and farther  

no rth ita  c r e s t  nearly o o lno i da s  wi th the  drai nage divide  in  north e rn Washi ngton  County . 

Farth e r  west  thi s struc ture s e ams  to awing toward the  wast  so that i n  the  vi c i ni ty o f  the  

Hutchi s o n  d e po s i t  ( Local i ty 8 )  i t  trends  nearly w e s t .  

I n  s outh e rn C o lumb i a  County t h e  stru c ture  o r  t h e  basal ts i s  even l a s s  w e l l  known 

than farther south in Wash i ngton  County .  The known d i p s  i n  the  basal t s  northw e s t  o t  

S cappo o s e  are  to the  northeast and Judging f r o m  th e r e gi o nal  s l o p e s ,  t h e  basalt s  appear 

to form the  s outhwe s t  11mb o r  a southeast=trandi ng and plunging syncl i n e  who s e  axi s  

runs  through the Yankton  area.  Fro m t h e r e ,  the basal t s  ri s e  t o  the north e as t .  

T h e  age o f  t h e  f o l d ing whi ch  pro duc e d  t h e  r egional  stru c tur e s  i n  t h e  Mi o cene  basalts  

in  the  ar eas  c o nc erned  is  di f f i c u l t  to d e t ermine . Fro m  mo a t  or  the evi denc e  now avai lab l e ,  

i t  appear s  to  have o c curred  '
in the P l i o c ene  b efore  t h e  outpo uri ngs  or  the Bo ring and H i gh 

Casc ade lavas whi c h  are ass igned  a l a t a  P l i o c e ne to P l e i s t o c ene age .  

Lato ri zati o n  o f  t h e  b a s a l t  

The t i me o r  formati o n  o t  t h e  lat e r i t e  ls n o t  known. I t  was formed  after  th e b asal ts  

of  the  area  were  extruded  i n  Mi o c ene t ime  and b e f o re the dapo a i t i o n  o r  the overlying s 1 1 t 1  

who s e  age i l  sti l l  unc e rtai n .  The  lateri za t i o n  probab ly t o o k  plac e  b e fo r e  the baaal t s  ware  

f o l d e d ; the  rata  o f  f orma t i o n  o r  l aterite  would  have had  to ezo a ad the rata  o f  i t s  removal 
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b y  ero s io n . As  it  i s  n o w  generally agreed that the formation o f  lat e r l t i o  aluminum hy -

ll 

droxl d e s  is c aus e d  by the l o ng c ont inue d a c t ion o f  ground wat e r s  under s p e c ial  c ondi t i o ns 

o f  mo i s ture and h e at ( Lindgren,  1 , 33 ) ,  i t  seems logical  to as sume that e r o s ion  was  r e l a
tively lnao tlve during  the  ac cumulation  o f  the Washingt on County - C o lumb ia  C ounty depo si t s . 

The as s o c i atio n o f  tho Mio c ene  basal ts  with the  marine Astoria  !o rmation farthe r  to the 

nor thwe s t indicates  that the r e gi on  forme r ly had a much lower  ave rage r e l i e f .  Addi t i o nal 

evi denc e is i ndic at ed in tho  pi l l ow struc ture of probab l e  Mio c ene  basalt l o c at e d  ab out  o n o  

mi l e  we s t  o f  Rai ni e r .  

P o s s i b ly lat e r i &ation  w a s  taking plac e whi l e  the  Scappo o s e - type b o g - i r o n  o r e s  wer e  

b e l ns depo s i ted a f t e r  the  f i r s t e xtrusi ons  o f  Mi o c e ne bas alt s .  Al s o  these b o gs may have 

- b e en f o rmed in part by  the di s rupti o n  of drai nage as  a r e su l t  of the  extru ei o n of lavas 

on a surfac e whose r e l i ef may have b e e n  as much as 500 or 600 f e et, Judging fro• the 

avai lab l e  e vid enc e, ero s i on of parts of the b o s  depo s i ts and depo si ti o n  o f  fine si lt a i n  

channe l s wi thin and on  to p of the s e  de po si t s pr ec e ded outpourl nsa o f  add i ti onal bas a ltic  

lavae , So •• o r  the l imo ni t e  d e p o s its ,  aooord lns to H o t z1 , are  500 t e et above  the  o o ntaot 

of tho basalt with the unde r lying Oligo c ene s e d l•en ts, and in one p lac e the overburden l a  

sai d to  c o n s t a t  o f a a  muc h as 160 t e et o r  c l ay and soft,  weath e r e d  basa lt.  Elsewhere  the 

o ve rburd e n is  muc h l e a s ,  The known lat e ri t e s  o o our a t  t h e  t o p  o f  the basal t i c  s ec t i on , 

an� b e c aus e r e li ab l e  evidenc e l s  lac ki ng, an , ao o u r at e  statement regar ding the . h o r i zo n  i nter

val  b e tw e e n  the•  and underly i ng b o g�type l imo nit e s  may no t be  made , Th a informat io n avai l 

ab l e  sugge s t s that they may b e s e parat e d  i n  plac e s  b y  as muc h  as  �00 f e e t ,  E l s ewh e r e , a s  

a t  Lo cal i ty 8 ,  t h e  i nt erval  i s  mu c h  l e s s � ab o ut 2 5  fe e t .  P o s s i b l e  exp lanati o ns fo r thi s 

variati on  in the  interval betwe en the b o g  d epo s its and the  late ri t e s  ar e ;  

1 .  Mo r e than one  p e r i o d  o f  later l zat l o n .  
2 .  Di f f e r enc e i n  the thic kness o f  the  lavas poured  out  o n  the  

bog • iro n d e po s its , 
3 • Uo r e  than one p e r i o d  o f  b o g- iron  fo rmati o n . 
4 .  Fo r mati o n o f  the b o g- i ro n d ep o s it s a t  d i f f er ent elevati ons . 
5 · Di f f e r enti al e rosion  o f  overlying lavas pri o r  to late r i zat l o n ,  

As  yet n o  c onc lus i ve evidenc e  h a s  b e en  found that indi c at e s  more than one  pe r i o d  o f 

lat e rl zati o n , 
The lavas whi c h  pour e d  out  af t e r  t he depo s i t i o n  o f  the bo g• ir on o r e s  pro bab ly did  not  

f low  out o n  a level  surfac e , and  l n  any event , they c oul d  no t b e  e xp e c t e d t o  f o rm a uni f or m 

c o ver .  In  p l ac e s they probab ly fai l e d  to  c over  part  o f  the  ear l i e r  bas a lt i c  te rran e  and  i n  

suoh s pots later i zat i o n  may have ac t e d  ove r a s o •ewhat lo nger pe ri o d o f  t i m e .  

Al thoush t h e  b o s · iron  depo s it s  •ay have f o r m e d  at diff erent p e ri o ds , no evi denc e i s  

avai lab l e  a s  p r o o f  o f  suc h an a s sumpt i o n ,  

1 
Ho t z , P . E , ,  I ron o r e  de po s it s n e a r  Sc appo o s e, Co lu•b l a  County , Ore go n : Manu s c ri pt r e p o rt ,  
i n  f i l es o f  u. s .  Gao l ,  �u rvey.  
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Drainage w a s undoubt e d ly w e l l e s t ab l i s h e d  p r i o r  to th e  f i r s t  e x t ru s i o n  o f  Mi o o e n e  l ava s 

and w a s  p r o b a b ly d i s rupt ed by t h es e  outpour ings ; thus bog d ep o s i t s m i g h t  b e  e x p o o t e d  to f o rm 

at d iffer ent e l e vat i o ns . 

A s  lato r i za t i o n  o f  t h e  type  and e x t e nt f o u nd i n  n o r thw e s t e r n  Oregon wou l d  r e q ui r e  a 

l ong t i me , g e ol ogi c a l ly s p eaking, i t f o l l ows that e ro s ion wa s not  active  during  thi s t i m e .  
T h e  p i l i ng up  of s e v eral hundred f e e t  o f  lava m i ght b e expe c t e d  to r e su l t  i n  gradi ents  suf f i 

c i e nt to oau s e  ao t i v e  e ro s i o n  un l e s s  t h e  l and sank , o r ( conc ei vab l y ) the s e a  ro s e ,  and i t  

may b e  that sub s i deno e o f  the l and at t en d e d  t h e  gr e at out pouring o f  the s e lava s .  Thu s a f t e r  

the l ast f l ow s , the  land surfac e may h ave b e e n a n  e x t e n s i v e l ow- lying p lai n whi c h  al low e d  

t h e  late ri t e  t o  f orm at a gr e at e r r a t e  than i t  c o u l d  b e  r e mo ve d b y  e ro s i o n . The rapid  d e 

ve l o pment o f  a d e n s e  ve ge tatio n o n  s uch a pl a in w o u l d  ai d t he proce s s . 
L at e r i za t i o n  may have b e a n ac t ive i n  forming t h e  f e rrugi n o u s  bauxi t e s  in Washingto n,  

Mul tnomah1 and C o l u mb i a  Coun t i e s from  t h e  t i me o f  the outpouring o f Mi o c e n e  l a v a s  to the  

time  of  t h e i r  fo l di ng , and mah have p roduc ed a re l ati ve ly c o n t i nu o u s  b l anke t ove r t e r ran e s  

made u p  o f  the s e lava s .  T h o  fo l d i ng o f  th e Mi ocene bas a lts is b e l i e ved t o  have oc curr e d 

duri ng th e P liocene , and ero s i o n  acoo mpany i ng and fo llow i ng i t  was dissect i ng the depo sit s 

unt i l  a thi o k  s ilt was l ald d o wn , po s s i b ly ln lat er P l i o o e n e  o r  e arly P l eistoc e n e  time . 

The s i lt whl c h  di s c o n f o r mab ly and p r o b a b l y  un con formab ly o ve rl i es t h e  f e rr uii n o us bau x i t e  

i n  t h e  Yan k t o n  a r e a  ( L o c a l i ty 23 )  has b e e n  t e nt a t i v e ly r e f e r r e d  to the Troutda l e  format i o n  

by Lowry and Bal dwi n . E ros i on , p ro bably accompanyi ng sub s e qu ent o r  c o nt i nu e d  war p i n g  and 

up l i f t , has a i noe r e moved part of t h i s s i l t c o ve r  and the unde rlyi ng l at er i t e .  

Shap e and a t t i tu d e o f  depo s i t a 

T o p o graphy d e t e r m i n e s t h e  o u t l i n e  o f  t h e d epo si ts , whi c h  are c on fin ed to t h e  gen e ra l l y 

f lat-to p p e d hi l l s  and r idge s , and se nt l e slo p e s . I n  Wash i ngton County t h e dep o si ts d r i l l e d  

b y th e D e pa r t m e n t  ar e o v e r l a i n  b y  a s i l t  o v e r b u r d e n  ran g i ns i n  t h i c kne ss fro m a f ew i nc h es 

to mor a  than �0 t e et . The u p p e r surfao e of the depos its does �o t para llel e xa c t l y t h e  

p r e s e n t  top o graphy . The  auger dri l l i ng o f  two o r  th e d epo s it a i ndi c at e s  that t h e  p r e s e n t  

s ur f ac e ,  exolu s l v e o f  t h e s t r e a m  va l l ey ar e a s ,  i s  not a s  d e ep ly di s s e ot e d  a s  that of th e 

pr e - s i l t  topograp hy . Eros l on was more e ffeo t i ve in dis s ec ti ng the o l d  b as a l t  su r f a oe, as 

the porous c hara c t e r  o r  th e s l l t  o f  th e pr e s e n t  surfac e dec re as ed runo f f .  A l s o  d e po s i t i o n  

o f  t h e  s i lt tended t o  l e ss en i n e qu al i ti e s o f  the old s ur fac e .  However the pres e nt top o graphy 

or areas und e r l ai n  by o r e  appe ars to be somewh at mor e i rregu l ar than the surfac e o f  t he . o r e .  

Exc ep t i n  t h e  mai n st r e am val ley s the d i s s e o tion s ino e the depo s i t ion o f  th e s i l t  h a s  not 

b e en s u f f i o l ent to expose the o l d e r  surf ac e , but th e pre s e nt drai nage app e a r s  to o o i n c i d e  i n  

s o m e  p lac es wi th that e s tab l i s he d pri o r to tha  d eposi tion of th e s i l t . 

T h e  d e p o s i t a have a she e t l i ke form and t h e  o n e s  ao far dril led range l n  thi c kn e s s  from 

a f ew f e e �  to more than 20 f e e t . The o r o s s  sect ions or t h e  Hutc hi s o nM N i x o n  b o dy ( Lo c al i ty 6 )  
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ao o o m9anr t h e  di aou s • i o n  or that o o ourreno e i n  the a e o tion de a o ri b i ns the i ndivi dual 

depo s ita . The botto m  o r  that d e po s i t  is fairly s mooth and r e gula r .  The drilling of 

the H endri okaon b o dy ( Lo c a l i ty 5 )  indi c at e d  that th e low e r  surr ao e  or t h e  hard ore i s  

fairly e v e n ,  but dri lling o f  aor e o l o a e ly apao e d  ho l e s  a t  both plac e s may aho w that 

th e botto ms o r  the , depo a ita are l a a a  r egular than s uppos e d ,  as the cutAorr  o f  tho o re 

is not w e ll de fine d in most plao a s .  

1 5  

T h e  she e tli ke form or th e d e posita appar ent ly i a  the r e su l t  o r  the ge nera lly uni e .  

form lat o r i zation or a s i ng l e  b a s alt flow o r  s everal f l o w s . Th e atti tude  o f  the  d e po s i t s  

i s  th er e fo r e b elie v e d  to corre s pond with that o f  th e f l ow s  f r o m  whi o h  t h e  d e po si t s  w e r e  

de ri ve d . The str i k e  o f  the He ndr ickson o r e  body aa dete rmine d  from t h e  e l e vat i o n s  o f  

th e bottoa cont ao t or the har d o r e  i a  approximately N .  75° W .  and t h e  dip ,  1 °  A 2 °  t n  

t h e  so u t h .  Thi s attitude ia very s imi lar t o  that o r  the �asal t i o  lavas e xp o se d  i n  t h e  

val l e� o f  Uc Kay C re e k  not f ar t o  the west. The strike o r  the Hutohi aon•Nixon d e poe i t, 

a litt l e farth e r  we s � ,  as d e t e r mi n e d  by auger dri lling , i a  about N .  8 5 °  w .  with  a di p 

o t  1 • � 3° to the south. It is di t f l o ult to dete rmine the d ip ao ourate ly b e c au s e  o f  

t h e  e l o ngate nature o f  the depo sit in a we s t erly dire ctio n .  The more we s t e rly str i ke 

of the Hutohiaon�Nixon body s e ems r e lat e d  to a s i mi l ar ohange l n  the strike or th e  

b asalt s i n  that area aa Judge d froa the re gi onal atru o tur e .  A a  previo u s ly no ted, the 

topographi c  distribution of the depos i t a  i a  appare ntly deteraine d b y  the s tructure o f  

t h e  Uiooene b asal ts from whi o h  the d e po sita inherit their attitude. 

Charac t e r  o f  the ore 

Co l or of the ferruginous bauxite i n  Was hington and Columbia Counties ra nge s froa 

light b rown thro ugh various ahad a 1  o r  r e d  to dark or oho o olate brown. A si ngl e  depo sit 

aay c o nt ai n  s everal textural varieti e a  o f  or e .  The vari eti e s  inc lude a hard oll iti o o r  

piso l i ti c type ,  a s o fte r earthy vari e ty with hard porous nodules or angular tr&gm e nt a ,  

and a hard parou s granul ar type. The o l l itio o r  pi s o li tic type has been re f e rr e d t o  in 

1ome repo rt • aa a " ahotn, " e e aa n t e d  s ho i " ,  or o onorati o nary variety .  The somewhat 

s ofter po ro u s ,  nodular type was r a f e rr e d · to i n  o. U. I .  Sho rt P aper No . 12 aa a peb b ly, 

somewhat nodular and porous variety . 

Compa sition or the several variati e a  o f  ora ia not gre atly di f f e r e nt, but the  hard 

porous granular o r e s  whioh have bean enc oun t e r e d  largely as f loat  at so ma loo a li ti a s, 

c o n tai n an appr e c iably high er p erc entage e f  aluaina and l e a s  iro n .  
• 

The o l l ita a and pi solites in t he c oncretionary ore • ar e variab le in 1 i z a  and may be 

near ly reund, evoid 1  e r  qu ite irre gular in sha pe. figure lB o r  pl at a 1 show s an oBl i ti c 

t exture . Ue st et the o :lite s and pi s e l it a a range in s i z e  f�om le s s than one sixte enth 

ino h in diameter t e  abo ut thr e e  fourths i nch al the ugh s o me o o noretions at o ertaln er the 

l e cal i tl e s are severa l inohes in larg e 1 t  di aen s l a n , and s e ve ral as muoh as 5 inch e s in 
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d i am e t e r  have b e e n  r o u n d ,  b u t  t h e  l a r g e r  c o n c r e t i o ns g e n e ral ly h ave a "wo r � "  t extu r e  and 

a h i g h e r  p e r c e ntage ot i r o n .  S o m e  ot the l a rg e r  o &l i t e s  and p i s o l l t e s  e nc l o s e  a numb e r  

o f  e ma l l e r  o n e s .  

The t r e sh o r  unweathe r e d  frac ture surf ac e s o t  mo s t  o � l i t e s  have a dark gray t o  n e ar ly 

b l a c k  c o l o r  and sub m e tal l i o  lu s t e r ,  weath e r ing c on c e n t r i c a l ly t o a b r o wni s h  c o l o r .  Hard• 

n e s s  i s  s o m ewhat var i ab l e  b u t  t o r  mo s t  o3 1 1 t e s is pr o bab ly 5 to 5 · 5 •  Str eak i s  r e dd i sh• 

b r own. The ma t r i x has an e arthy l i mo n i t i c  appe aranc e and is u sually s o f t e r  and l i ght e r  i n  

c o l o r  than t h e  c o n c r e ti o n s . 

The o � l i t e s  an d pi s o l l t e s  po s s e s  var i o u s  d e sr e e s  o r  masn e ti sm J mo s t  o r  th e m  ar e 

r e a d i ly a t t rac t e d  by a magn e t . The mat r i x  o f  the s e  typ e s  i s  muc h  l e s s  magn e t i c ,  and l n  

o n e  i n s tanc e ne arly hal f o r  a samp l e ,  f i n e ly c r u s h e d ,  f r o m  t h e  H e ndri c kso n d e po s i t  ( Lo c a l i ty 5 ) ,  

c o n s i s t e d  o r  pi e o e s , o f matrix e i th e r  v e ry w e akly magne �� l c  o r  no nmasne t i o .  R e si dual grai n s  

of magne ti t e a n d  po s s i b ly s o me o f  i l m e n i t e  a s  muo h  as 0 . 55 . .  i n  di am e t e r ar e c o ntai n e d  i n  

t h e  o U l i t e s  a s  w e l l  a s  i n  t h e  matr i x ,  a n d  a r e  i rr e su l ar i n  o u t l i ne f o r  the  mo s t  par t .  The 

gr e a t e r  magn e t i s m  ot c e r ta i n  o g l i t e s  i s  b e l i ev e d  to b e  du e to th e pr e s e n c e or magn e t i c  

s e c o ndary i r o n  o x i d e .  

Exam i nat i o n  o t  t h i n  s e c t i o n s  o f  th e o g l i t i o  o r e  f r o m  t h e  H e nd r i c ks o n  depo s i t  sho w s  

t h a t  many o f  t h e  o g l i t e s  h a v e  a c o l l o f o r m  s truc tur e a rl d  ar e i s o t r o pi c .  The i nt e ro � l i t i o 

m a s s e s  i n  s o me s e c t i o ns have an o � l i t i c  t e xt u r e  and ar e ani s o t r o p i c . They c o nt ai n  r e s i dua l 

s ra i n s  o f  magne t i t e . The s e  mas s e s  ar e p ro b ab ly l ar g e ly gi bbs i t e w i t h  s o m e  admi x e d  i r o n  o x i de . 

It 
A l th o ugh muc h  o f  t h e  mat e r i a l  making up the o o l i t e s  i n · a  s amp l e f r o m  Lo c al ity 12 i s  

o paqu e ,  the i n d e x  o r  r efrac t i o n  o t  t h e  i s o tr o p i c  matr i x  range s tro m . 1 . 5 � � c  1 . 63. I t  i s  

p r o b ab ly c l i ao h i t e .  A nu mb e r  o f  f e atur e s  o f  i nt e r e s t  �re s hown i n  a t h i n  s e c t io n  o f  o : l i t i c  

f e r rugi n o u s  b aux i t e  f r o m . thi s l o c al i ty .  The mak eup o r  t he o : l i t e s may b e  qu i t e  d i f f e r e n t  

a s  s h o w n  i n  P la t e I I , f i gur e 1 1  o ppo s i t e  p a g e  16 .  Some have
-

a dark gray o paqu e c o r e  s u r 

round e d  b y  a r i m  o f  r e ddl s h• b ro wn tran s lu c e n t  mat e r i a l wi th r e s i dual gra i n s  o f  magn e t it e . 

Th e o paque mat e r i a l  i n  t h e s e  o o l i t e s ,  whi oh ar e th e mo s t  magne t i c ,  i s  l a r g e ly a magne t i c  

secondary i r o n  o xi de .  I t  b a s  a me tal l i c  to sub m e tal l i o  lus t e r  a n d  a o o l l o t o rm o r  o B l i ti o 

t e x t u r e .  T h e  t r an s l u c e n t  r i m ,  whi c h  may b e  v e ry thin,  i s  s l i gh t ly b i r e f r i ng ent and i t s  i n

d e x  o f  r e fr ac t i o n  i n d i c at e s i t  i s  a mixtu r e  o t  g i b b si t e  and an i r o n  o xi d e .  The r i a  mat e r i al 

o r  o n e  o � l l t e w i th an o paqu e  c o r e  has a w t l l • d e f l n e d  o ono entrl o s tructur e .  Othe� o 3 l l t e s  

i n  t h e  t h i n  s e c ti o n l a c k  the o paqu e magneti c s e c o ndary i r o n  o xi d e  b u t  have a c o l l o t o r m  o r  

o H l i t i c t e xture w i th r e s i dual grai n s  o f  magn e t i t e  ! 0 . 1 mm i n  l e ngth . Th e s e  o� l i t e s may have 

a p e r i pheral zo n e  c h arac t e r i z e d by a c o nc entr i c  gro wth s t ru c tu r e  a s  s h o wn in P l at e I I ,  

f i gu r e  1 .  S o m e  c o n t ai n  e i th e r  c ra c k  o r  c av i ty f i l l i ng s o f  sibb s i t e  and t h i s  f ea tu r e  i s  a l s o  

s h o w n  i n  the f i gur e no t e d  ab ov e . On e o� l i t e has . a  ool lof ora t e xtur e w i t h  o n ly a f ew r e s i du a l  

grains o f  magne t i t e  a n d  ano th e r  i s  mad e
.

up almo s t  e n t i r e ly o t  gi b b s i t e . One o f  t h e  larger 

o g l i t e s
. 

i n c l u d e s thr e e  pi e o e s  o t  al t e r e d  b a sa l t  who s e  t e xtur e ha s b e e n p r e s e rv e d .  The 
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Fig. 1. Photomicrograph of oolitic ferruginous bauxite 
from Washington County showing differences in the 
makeup of certain oolites. The matrix is largely gibb
sitic material. The white streaks within the oolite to 
the left of center are gibbsite. Reflected and plain 
light. Approx. X 15. 

Fig. 3. Photomicrograph of gibbsite nodule from 
Locality 81. Salem Hills. Marion County. Much of the 
original texture of the rarent basaltic rock has been 
preserved. The origina plagioclase laths have been 
replaced by gibbsite. Plain light. Approx. X 45. 

Fig. 2. Photomicrograph of porous granular ferru
ginous bauxite from Locality 30, Columbia County. 
Much of the original texture of the parent basaltic 
rock has been preserved. The white areas are pore 
spaces. Plain light. Approx. X 45. 

Fig. 4. Photomicrograph of Miocene basalt from Jack
son Falls quarry. Washington County. The basalt is 
made up of labradorite laths. augite. magnetite and 
glass. and has an intersertal texture similar to those 
shown in Figures 2 and 3. Plain light. Approx. X 45. 
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plagi o c la s e  laths  o f  t h e  o ri gi nal  b as al t  have b e en r e plac e d  b y  gi b b s i t e  and the  r e s i dual 

grains  of magn e t i t e  r e tain  their  or iginal arrangement .  

12 

Gibb s i t e  al so o c cur s a s  a c avi ty l in i n g  i n  s o me o f  the  intero� l i t i o  are a s .  The s e  

ar eas  ar e made u p  larg e ly o r  gibb s i t i c  mat erial  s i mi lar  i n '  appe aranc e t o  that o f  t h e  non

o paqu e  o S l i t e s  but part is made u p  or gi b b s i t i o  mate r i a l  w i th a c onc ent r i c  s truc tur e and 

l i tt l e  r e s i dual magn e ti t e o  So me of the intero g l i ti o ar eas  also c ontain r e d d i s h •brown 

aggre gate s o f  radi a l ly arranae d f i b e r s  wi th a b otryo idal l i ke structure .  Th e  f ibrous  aggr e 

gate s ar e  probab ly l arge ly go e thi t e . They appear to c onst i tute the  i n i tial  fi l l ings b e ·  
" 

twe e n  s o me o f  the  o o l i t e s ,  Magn e t i c  s e c o ndary i ro n  o x i d e .  s i mi lar to that i n  the  o paqu e 
" 

c o r e s o r  s o m e  o o l i t e s  fo�ms  a ne tw o rk i n  s o me o f  the s e  aggre gat e s ,  and gibb s i t e  o cc ur s  

a s  a f i l l i ng wi thin  s o me o f  them .  

P e trographic  exam i nat ion  o f  mate r i al fro m  the  har d pi s o l i tic  h o r i zon at  Lo c al i ty 2 3 . 
J 

shows that t h e  hard magn e t i c  c oncr e ti o n s  are  predomi nantly a mixture o f  magn e t i t e ,  l i mo n i t e  

( i nc ludi ng go e th i t e ) ,  a n d  b rown i sotro p i c  mate r i al w i t h  an i ndex  o f  about 1 . 71 to 1 , 72 . 

A s  no w e l l � d e f i n e d  i s otropi c ,  i�on �a lumi num mine ral has a s i mi l ar index ,  t h e  mat e r i a l  i s  

t h o ught to b e  a n  i n t i ma t e  mi xture o f  hydrous  f e rr i c  and al umi num oxi d e s .  P o s s i b ly i t  i s  

o l i ac hi te  mixed  w i t h  a n  iron  a e squioxi d e ,  auoh as the  mate r i al  r e f e rr e d  t o  a s h e mato g e l i t e ,  

The  c o nc r e ti on s  a l s o  c o ntain a m i n o r  amount o r  gibb s i t e  a s  w e l l  as  a mino r amount o f  un� 

i d enti f i e d  mat e r i al whi ch  is probab ly partially c orro ded  magn e t i t e ,  T h e  . ma trix  o f  t h e  

c o n c r e ti onary o r o  i s  more  uni f o r m  i n  c o mpo s i ti o n  and l s  o nly very s l i gh t ly magne t i c , I t  

i s  mad e  up l a r g e ly o r  t h e  i so tropi c iron• aluminum materi al  d e s c r i b e d  above a s  o c c u rr i ng i n  

th e c oncreti o n s .  Limonite  i s  a muc h  l e s s  i mportant c o nsti tuent,  and probab ly o th e r  mineral s 

are  pr e s ent in  s mal l  amount s ,  

S p e o t rog�aphi c  anal y s i s  o f  t h e  o � l i t e s  obtained  from  a sampl e  at  t h e  Hendr i c ks o n  

d e po s i t ( Lo cal ity 5 )  s how s that th ey c o ntain  mor e than 1 0  p e rc ent b o th o r  i r o n  and o f  

aluminum wi th t h e  p e � c e ntage o f  i r o n  much t h e  g�eat e r ,  appr o x i ma t e ly 4 p e r c ent  s i l i c a ,  

and about 3 p e rc e nt t i t anium. Analy s i s  of the mat�ix  show s the  pr e s enc e of the  same 

e l eme nt s , and although the  aluminum and iron  are b o th mo r e  than 10 p e r c ent, t h e  p e � c ent • 

age o r  aluminum i s  greater  than the  i r on .  The  c oncreti o n s  as  we l l  as the  matrix  c o ntain 

w at e r  of hydrat i o n .  

I n  t h e  no dula� typ e  o f  o r e  f r o m  Lo c a l i ty ' t h e  no du l e s  a r e  qui t e  hard but wh en  b roken 

show patc h e s  made  up o f  l i gh t e r  b rown o r  buff,  s o metime s gray o r  nea�ly whi t e �  porous  e ar thy 

mat e ri a l _ t h a t  i s  mad e u� mainly o f  c li ao h i t e  ( ? ). and gibb s i t e . The fronti s pi e c e ,  P la t e  I , 

figure  2 , shows  one  o f  the  nodu l e s  from  thi s l ocal i ty .  rho index  o f  the  c liach i t e  ( ? )  l s  

ab out  1 . 62 t o  1 . 6 3  whi c h  i s  a l i t t l e  higher  than the range usua l ly given  t o r  i t .  Only a 

f ew o f  t h e  no du l e s  c o ntain  s c att e r e d ,  har d ,  dark- c o l o r e d  o g l 1 t e s .  However,  examinat i o n  of  

a thin  s e c ti o n  o r  one  n o du l e  s hows that  i t  c ontai ns  b o th o � l i t i o  and o o l l o f o rm s truc tur e s  

w i th r e n 1 dual gral ns  o f  magneti t e .  
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A t h i n  s e c t i o n  o r  � po r o u s ,  l i m o n i t e l i ke s pe c i m e n  f r o m  Lo c al i ty 5 hal a o o l lo t o ra 

s t ruc ture . I t  1 1  m a d e  up or ani s .otro p i o  mat e r i al w i th an o �l i t i o  texture and o o ntaina 

nu m e r o u s  r i B 1 du a l  g r a i n s  o t  ma gn e t i t e .  Che ml o a l  analy 1 i 1 1howa i t a  l i ml l ar i ty i n  c o m

po s i t i o n  t o  t h e  typi c a l ly o� l i t i o  s p e c i me n •  and it i s  probab ly a mixtur e o t  i ron oxide  

a n d  gi b b s i t i o  mat e r i al ,  

T h e  c o mpo s i t i o n  o r  t h e  o l l i t i o  and pi • o l i t i o vari e ty o t  o r e  i l  f a i rly w e l l  r e pr e •  

a en t e d  b y  ' f e e t  o r  o 8 1i t i o  ma t e ri a l  in ho l e  44 a t  Loc al ity 8 ,  H e r e  th e o r e  i s  s i mi lar 

to that o t  the s o me w hat s o f t e r ,  po r o u s  n o d u l a r  typ e ,  b ut i s no t a• h i gh i n  a l u m i n a  a l  

that o r  t h e  p o r o u s  granular typ e  round a s  f l o at at l o c al i t i e s  16  and )0 , Analy s e s  fai rly 

r e pr e s e ntati v e  or the s e  two d i f f e r e nt t e xtu r a l  typ e s  ar e shown b e l ow : 

oh! t i o  type ( Lo o s. l l  t y  6 ,  bo l e 41f ) P o rou s , granul ar typ e ' Lo o al l tl 
I 
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Al 2 03 ) 6 , 1f 7 " 5 6 . )1 " 
P e  2 1 . 65  1 3 . 51f 
S i 02 7 · 'J 'J 5 · 30 
T l 02 3 . 2 ) 2 . 73 
I g n .  l o s s 2 ) , 0 5  2 1f . 6 6  

Examinati o n  o r  a t h i n  s e c t i o n  o t  th e p o r o u s  granu l ar typ e  o r o r e t r o m  Lo c a l i ty 30 

s h ow s  that muc h  o t  the  o r i ginal t e xture o r  th e ba sa lt f r o m whioh it was derived  has b e e n 

pr e s e r v e d ,  Pho tomi c r o graphs o t  t h i s  s e c t i o n  and one  o r  fre sh Mi o c e n e  basal t t r o m  J a c k s o n  

Fa l l s  quarry , W a s h i ngt o n  C o unty , a r e  s h o w n  i n  P lat s  I I ,  f igu r e s  2 and  4 r e l p e c t i v e ly, 

o pp o s i t e  page 1 6 .  T h e  num e r o u s  r e l i dual s k e l e to n  c rystals o r  magne tite  in  t h e  po r o u s  

granu l a r  o r e  r e t a i n  t h e i r  original arrangement .  The  o rigina l  l a t h s  or  p l agi o c l a s e  a s we l l  

a s  t h e  o th e r  c o ns t i tuents have b e e n  large ly r e p lac e d by aggre gate •  o r  gib b s i t e ,  Reddi lh• 

b r own b i r e f ri n g e nt i ro n  o xi d e ,  pro bab ly go ethi t e ,  is a l e 1 ser  c o ns ti tue nt . C h e mi c al 

analy s i s o r  o r e  trom t b i l  l o c al i ty s h ow s that i t  c o ntains 4 6 , 84 perc ent alumi na, , . 8 1  p e r• 

c e nt i ro n, and 7 , 2 6  p er c e nt s l l i oa ,  

P i e c e s  ot  gi bb • i t e an d high•alumlna l i•o ni t e a r e  r ound as f loat a t  s everal o r  the 

l o c al i t i e s ,  and chunks or glbb s i t l o  material,  i n  plac e ,  have  b e e n  ro und at 1ooal i tl e s  2' 
and 24, Analy s e s  ot s ome  o t  the si b b s i tl o  p i e o e a  show that t h ey c o nt a in •or e  than 60 per• 

o e nt aluaina,  

A o r o • •  l e o t i o n  or p r o f i l e  o r  t h e  l a t e r i t e ,  repres entative o r  the depo si t s  exa•ined,  

m ay  no t be  g i v e n  f r o m  t h e  aao unt o f  exp loration  w o r k  so  t a r  oo•pleted ,  Wher e  the  pro f i l e  

c o u l d  b e  d e t e rmi n e d f r o m  e x po 1ure a  and dri l l  l ogs,  t h e  upp e r  o r e  hori zon  i n  •• • t  p lao e a  has 
" . 

a qui t e  w e l l w d e t i n e d  o o l i t i c  o r  pi s o l it i c t e xt u r e ,  At plac e s  as at l o c a l i ti e s  5 ,  8 1  and 2 1 ,  

th e o � l i t i o part o f  t h e  o r e  i s  mo re t han 1 )  t e e t  t h i ok. 

I n  s e v e r a l  p l ac e s  whe re  t he pro f i l e  i s  known t h e  c onc retionary var i e ty is d i r e c t ly 

und e r l ai n  by late r i z e d  basal t .  At Lo cal i ty 23 the mat e r i al b en e ath t h e  o :l i t i o  ho ri zo n 

r e s e mb l e s  badly weathered. b a s a l t ,  and t he r e  i s  l i t t l e  d o u b t  that i t  was d e r i v e d  from bas a l t ,  
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A l tho ugh the  s i l i c a  c o nt ent o f  the  w e ath e r e d  b a s a l t i c  mat e ri al t e nds t o  i n c r eas e wi th 

dep th at Lo c al ity 2 )1 and the part s ampl e d is of lower  grade than the o ve r lyi ng p i s o 

l i t i c  ho r i zo n , t h e  late ri zed b a s a l t  inc lud e s  pi e c e s  o f  gibbs i t i o  mat e r i a l  c o ntai ning 

mor e  than 60 p e rc e nt alumi na . 

12 

E l s ewhere  the  mat e r i al und e r lying  t h e  hard o3 l i t i o and pi s o l i tic  horizon  has  a s i mi •  

lar c h emi cal  c o mpo s i t i o n  b ut i t  may have a s o mewhat lower  s i l i c a  cont ent and a higher 

p e rc entage o f  alumina . The mat e r i al o f  thi s  hori zon i s  usual ly a b rown , rathe r  s o f t  and 

e ar thy mat e r ial  wi th muoh harde r ,  i rre gu l arly s haped , n o du l e s . 

One  ho l e  dri l l e d  at t he Hu t c h i s o n- N i xo n  d e po s i t  ( Local i ty 6 )  penetrate d  20 f e e t o f  

o r e  whi c h  c o ntains 36 . 46 perc ent  a lumina , 2 1. 00  perc ent i r o n ,  and 6 . 6 2  p erc e nt s i l i c a .  

T h e  hol e  bo t to me d 1 n  o r e .  The upp e r o 3 1i t i c  ho r i z o n  1 s  ab o ut 10 f e e t  thi c k  an d t h e  l ower 
" 

p r e d o m i nan t ly n o n - o o l i ti c ho r i zo n  i s  at l eas t 10 f e e t  th i c k .  The s i l i c a c ontent o f  2t f e e t  

o f  mat e r i a l  6 f e e t  b e low  t he t o p  o f  the o r e  w a s  1 1 . 46 pe rc ent wh i c h  i s  4 p erc e nt mor e  t h an 

the sample s ab ove  and b e low , 

In th e  out made at t h e  H e ndri c ks o n  d epo s i t  ( Lo c a l i ty 5 ) ,  mo r e  than , f e e t  o f  n o n 

o Sl i t l c mat e r i a l  ha s a s i l i c a  c o nt e nt l e s s  t h a n  6 p e r c e n t  and an al umina c o n t e n t  o f  ab out 

36 percent .  Thi s  mate r i a l  i s  e ar thy i n  t extur e with  numer o u s  hard,  i r r e gu l a r ly s hape d  

nodu l e s  o f  whi c h s o me ar e l i gh t - c o l o r e d  and gibb s i t l o . P r o b ab ly mo s t o r  thi s mat e ri a l 

under l i e s  ab out 15 f e e t  o f  o r e  e n c o u n t e r e d  i n ho l e  7 ,  n e arby , whi c h  b o t t o m e d 1n ore . 

At l e as t  5 f e e t  o f  the uppe r 1 0  f e e t  o f  o r e  i n  ho l e 7 1 s o 3 l i t 1 c , Th e to tal t h i c kn e s s  o f  

o r e  i n  th i s  v1o 1n1ty i s  pr o bab ly m o r e  than 2 0  f e e t ,  The mat e r ial  i n  the b o tto m o f  t h e  c u t  

c o ntai n e  17 p e r c ent  s i l i ca and it b e c o me s  m o r e  s i l i c e ous wi th d e pth.  

The  r e aso n f o r t h e  dif f e r e nc e  1n t e xtur e o f  th e o n  1 s  as y e t u n known . A s  may b e  

s e en f r o m th e d e s c r i p t i o n s  o r  t he o r e  at the  vari ous  l o c a l i t i e s ,  th e o � l i ti o  o r  p i s o l i t i c  

typ e  i s  c o mmon,  and furthe r  w o r k  may s how that many o r  t h e  depo s i t s  have s imi lar pro f i l e s .  

The  d ifferenc e  i n  t e x tur e o f th e  o r e  wi thin a depo s i t may b e  marked ; the pro fi l e s  o f  t h e  

s e v.e ral de po s i t a  who s e  pro f i l e s  ar e know n may be  qui t e  s i mi lar . The di f f e r e nc e  i n  tex-

tur e o f  the  o r e  w i th i n a singl e d e p o s i t  m i gh t  b e  partial ly e x plained  by t h e  e f f e c t  o f  

l at e r i z a t i o n  o n  d i f f e r e nt f l o w s .  Al tho u gh a s l i ght di f f erence  in  t h e  t exture and  c o mpo a i •  

t i o n wi t h i n. a s i ngl e b a s a l t  f lo w and among s e parat e f lows might r e s u l t  i n  a var iati o n i n  

the  t extur e o f  t h e  o r e ,  thi s d i f f e r e n c e  i s  n o t  tho ught t o  b e  the true e xp l anat i o n .  The 

d i f f e r e nc e  i n  t ex tur e o f  th e o r e  i a  c harac t e r i s t i c  o f  d e po si t a  that are w i d e ly s e parat ed,  

a n d  su c h  t extural and c o mpo s i ti o nal diff erenc e s  i n  the  f l ow s wo uld  have had t o  b e  pr e s ent 

i n  all o f  the m.  S u c h  fac t o r s  a s  groundwat er  l e v e l  and i t s  s e aso nal f luc tuat i o n s  may be the 

mo s �  i mpo rtant i n  e f f e c t i ng t h e  textural d i f f erenc e s , 
II 

The inc l u s i o n s  o f  o o li t e s  within 

pi s o l i t e a , a n d  they i n  turn w l t h i n  l arse r c o ncre t i o ns , e h ow that the  o r e s  accumulated  over 

a l o ng p e r i o d  o r  t i m e .  
" 

Th e o o l i t ic o r  pi s o l i t i c  e e o t i on probab ly r e pr e a ent s a �o ne o f  
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o o nc e n t r at i c n  i n  p a r t  by c o nc r e t i o n ,  wherea s the  und e r ly i ng section  may r e p r e s ent  a zona 

o r  c o nc e n t r at i o n  largely by l e ac hi ng .  

C o nc entrat i o n  b y  b o th o r  t h e s e  pro c e s s e s  appears t o  have taken plac e i n  s e ve �al o r  

t h e  depo s i t s .  A t  Lo c a l i ty 2 3 1  t h e  c o m� i n e d  alumina and s i l i c a  c o ntent o r  t h e  p i s o litic  

ho r i zon i s  about  4 0  per� ent ( 33 . 20� Al2 o3 and 6 , )6� Si o2 ) whereas that o r  th e u n d e r lying 

w e ath e r e d  basalt i s  about 53 perc ent ( )8 . 4 8� Al2 03 and 14 . )4� Si 02 ) • fhe iron cont ent 

o t  the pi s o l i t i c  ho r i zo n  i s  2 7 . 83  p e rc ent whereaa that o r  part o r  the underlying ho rizon 

is  only 1 , . 07 p e r c e n t . Both ho ri zon•  have a timilar i gni t i on l o s s .  

rhu s whi l e  leaching o r  s i l i c a  r r o m  a lower ho r i zo n  was taking plac e ,  iron p ro b ab ly 

wa s b a i ng added  to the overlying hori zon.  !he  r e tention or  the o riginal int e r s e rtal tex

t u r e  i n  the porous granular typ e  o r  o r e  by r e p lac e m e n t  o r  the o r iginal c o ns t i tue n t s w i t h  

gi b b e i t e  indicate s that aluminum hydr o x i d e  was a d d e d  to the lower z o n e  rroa above . 

Sp e c t r o grap h i c  analy t e s  o r  rairly r e pr e s e ntat i ve sa mpl e s  o r  ore  rrom  lo caliti e s  

5 1  8 1  and 2 1  a r e  l i s t e d  b e low r 

P e r c e ntage 

Greater  than 10� 

1 - 10� 

o . l  - 1" 

o . o 1  - o . l� 

o . oo l  - o . o 1� 

L e a s  than 0 , 001" 

I 

aluainum 
iron  

ti tanium 
a l l l o o n  

magne sium 

mangan e s e  
z i r c o n ium 
vanadiua 

o hro alum 
barium 
ttrontlum 

mo lyb d enum 

U aaent s*  

Lo  oa  11 ty 8!/ 

alumlnua 
iron  

t 1  taniua 
a l l  l o o n  

mangane s e  
zirconium 
vanadium 
magne si um 
barium 

chrorlllum 

mo lybd e num 

Local i ty 2 l.l/ 

a1uainum 
i r on 

titanium 
s i l i c o n  

mangan e s e 
z i r c o n i u m  
vanadium 
chro mi um 
ar s e n i c  

magne s ium 

mo lybd enum 
barium 
b o ro n  

• Smal l p e rc e nt ag e s  o r  pho tpho rus and sulfur were  shown to  b e  pre s e nt by o ther  
qua l itative metho d s .  

!/ A 4)-inoh channe l troll t h e  l ower part o r  the  H endric ks o n  out . 
!/ C o mpo s i te sampl e repre s ent ing 2 0  t e et o r  ore  rrom ho l e  50. 

J/ A 2 . 4 -root  samp l e  o r  the hard pi s o l i ti c  hori zon. 

Charact e r  or t h e  o r e  at e aoh locality is given later under Description  or Depo s its . 
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Ge o l ogy o f  Depo s i t s 2 1 

As s tat e d  pre vi ou s ly t h e f errugi nous b auxi t e d epo s i t s ar e o f  lat e r l t l o  o ri gin , and 

were  f ormed by the l at e r l zat l o n  of Co lumb ia River basal t s  or Mi o c e n e  age . Th e o r i g i n  o f  

th ese o re s  i s  di fferent from  that o r  the Sc appo o se limonite  d e po si t s  l n  Colamb l a C ounty 

whi c h  w ere  fo rme d ln b ogs . The Sc appo o s e - type l i mo nl t e s c o n tai n much l e s s a lumi na,  mo r e  

pho s p h o ru s  an d s o m ewhat l e s 1  ti tani a.  The a s s o c iat i o n  of  s edimentary mate r i al and p etri • 

f l ed w o o d  wi th ao a e  o r  the l i aoni t e  depo s i t• and the ir  1trat i graph l o  po si t io n wi thin th e 

b a s a l t i c  s e o t i o n  i nd ic a t e  that they were f o rm e d  in a diff e r e nt e nvi ronment and pri or t o  

t h e  f e rruginous b auxi t e .  A l thoush l imonl t l o  mat eri al occurs  i n  s ome o r  t h e  f erruginous  

bauxi t e  d e po s it a ,  the 1amp l e e  anal yzed s h o w  that i t  c o nt a i n s  a muc h  h i ghe r p e r c entage o r  

alumina t han th e Scappo o s e  type . 

Muo h add i t i o nal e videnc e b e a l d e e  the c o nf i n e me nt o r  the f e rrug i nou s b aux i t e d e po s it s 

to t h e  t o p  o r  t h e  s e c ti o n o r  Kio o ene b asal tic  t e r rane ind i c at e s that th ey were d e r ived f r o m  

t he b a s a l t  by l at e ri zatio n . Road o u t  expo 1ur e a  a n d  dr i l l  l o gs s how t h a t  ther e i s  a grada • 

t i o n  f r o m  b au xi t i c material  to alt e r e d  basal t .  Tho ro ad c ut a t  Lo c a l i ty 3 2  sho ws t h e  o r i 

g inal ve s i c l e s  l n  t h e  bas al t and a lphero i da l w e at h e r i ng pat tern ;  that a t  Loc al i ty 4 show s  

a sugg e s t i o n  o r  suoh a pat t e r n .  R e s i dual magne t i te  grai n s are pr e se n t i n  t h e  de po s i t a and 

s o me ot t h e  grains s t i l l  r e t a i n  part or the i r  o ri ginal  c ry s tal o u t l i n e s .  The o � l l tl o  o r  

pi s olit ic an d no dular texture o f  t h e o r e s  l n  Was h i ng to n and C o l umb ia C o u n t i e s  t o g e t h e r  wi th 

the  mixed c o mpo s i t i o n  and o o l lo t o rm s truc ture o r  b o th th e o � l i t e s and ma tr i x , s ug g e s t  th e ir 

c o l l o i dal nature and th e i r  d e r i vat i o n fr o m basal t .  O n e  s pe c i me n  o r  o 8 1 i t i o f e r ruginous  

b auxi te c o ntai ns i nc lu s i o ns or  a l t e r e d  ba sal t  wh i ch  r e ta i n  muc h  o f  t h e i r  o ri g inal t e xtur e .  

T h e  p o ro us granu lar f e rrusinous baux ite  r e tains much o r  t h e  o r igi nal t extur e o r  t h e  b a sal t 

i no ludl ns the o r i g inal arrang e m ent o r  the r e si du al graine  o f  magne ti t e .  

Spectrographic  anal y s e s o t  the f e rrusi nou a bauxit e  t r o a . th r e e  d i f f e r ent d epo s i t a s how 

that i t c o ntains a l l the me ta l l i c  e l em e nt s  p r e s e nt i n  a sp e c iae n froa  the Mi o c ene b asal t 

a e ri e s . one or  th e f e rruginous b auxi te samp l e •  analy z e d lhowed  b e tw e en 0 . 1 and 0 . 0 1  p e rc ent 

arsenic  and 0 . 0 1  to o . o o l  pe rc e nt b o ron.  P r e s en c e o r  t he se e l e m e n t s  n o t  r ound l n  the  a p e c i •  

men  o r  b a s a l t  analyzed  oan not  n o w  b e e xp l a i n e d .  N e v e r th e l e • •  t h e  p r e s eno • o r  1 2  e l e me nt s 

i n  th e o r e whi c h  are a l so pre s e nt i n  the basalt  a lai lar to tho l e f r o m  whic h  the  o r e  was 

suppo s e d ly d eri ve d , is  undoubt e d ly ao re  than o o ino i deno e .  

I n  summary i t  s e eas  fai r ly w e l l  e s tab l i s h e d  that lateri zat i o n was ac compl i s h e d  by th e 

l e ac h i ng ac t i o n  o r  ground wat e r s  which removed s i l i c a  and o t he r non- aluminous c o ns t i tuent s .  

Muoh o f  t h e  si l i� o n  and aagn e s ium, and al l th e calo lum and s o d i um p r e s e n t  i n  t h e  Mi o c e n e  

b a s a l t s  we r e thus r ea o v e d .  Th e late rizati o n  in Wash i n gt o n ,  Uul tnomah ,  and Co lumb ia Count i e s  

a p p e ar s  to  have taken p l ac e f o l l owing the extru s i o n  o r  t h e  Mi o c e ne l ava s and pr i o r  t o  the i r  

f o ld i ng wh ich i s  a s s i gne d t o  t h e  P l i o c e ne .  At that t lme the surfac e o r  the b as al t s pr o b ab ly 

had a·  muc h l ower av e ras e e l evati o n  than now . Addi t i o nal info rmat i o n  on  t h e  l at e rl zat i o n o r  

the b a s a l t  1 s  give n o n  page 1 2 .  
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Lo c all tz 
!!.2.:. � 

1 A 

2 A 

3 B 

4 B 

5 B 

6 B 

7 A 

8 A 

9 B 

10  B 

1 1 B 

12 B 

1 .3  B 

1� B 

1 5 A 

1 6  A 

17  A 

18  A 

1 '  A 

2 0  A 

2 1 B 

2 2  c 

2 3  . c  
24 c 

2 5  c 

2 6  c 

27 c 

28  c 

2 '  c 

30 D 

31 D 

32 D 

" D 

3� B 

35  c 

F e rrug i n o u s  B auxi t e  �e p� s i t s  . i n . N o r t�w e s t e rn O r e g o n  

K e y  t o  D e p o s i t s  Shown o n  Lo c a l i ty Kap s 

.!!!.!.! 
Lo c a l i ty 1 

Rai l r o ad C u t  

La�y 11'111 R a n c h  

Lo o a l l ty 4 

Hendr i c k s o n  a Ext e n s i o n  

N e l s o n  

P e a r l  Smi t h  

Hutc h l s o n • !l i x o n  

rarm e l e  

Jac o b s  

C a t h ey 

Le i t z e l  

B e r g e r  

Mr s .  .\ ,  a .  E dw .  Ande r s o n  

c .  E .  F e r gu s o n  

B a l d  llt , 

Lo c a l i ty 1 7  

H .  Davi e s  

H .  Davi e s  

Lo c al i ty 20 

Gus N e l s o n  

E .  ll .  Lamb e rt 

Yankt o n  Rai l r o ad Cut 

J o hn Gaman 

J o hn Mar s h a l l  

L o c al l  t y  26 

J o hn Ge n t ry 

Dar k C r e e k  R o a d  

Happy H o l low S c ho o l  

Lo oa 11 ty 30 

F e r n  H i l l  S c ho o l  

u . s .  Highway 30 1 Rai ni e r  

Lo cal i ty 3 3  

Lo o a l l ty 34 

Lo o a ll ty 35  

( S e e  pag e s 2 � · 2 7 )  

Ty p e  o f  

Samp l e * 
· 

( 2) 

( 2) 

( 2 )  

(2)  

( 2 ) 

( 2 )  

( 2 ) 

( 3 )  
( 3 ) 
( 3 ) 

( 3 ) 

( 3 ) 

0) 
( 3 ) 

( 3 ) 

( 3 ) 

( 1) 

( 3 )  

( 3 ) 

( 3 ) 

( 1 )  

( 3 ) 

( 3 ) 
( 1 )  

( 3 ) 

Ai 2.Q.3 

28 . 48 

3 1 . 8 5 

3 2 . 52 

34 . ,33 
,32 . 62 

2 2 . 33 

• u . o8 
3'1 . 08 
5 6 . 36 
4 � . 24 

22 .80 

5 6 . 3 1  

40 . 28 

3 1 . 44 

30 . 48 

, . ,5 

35· 50 

4 1 . 1 1  

2 2 . 84 

30.52 

35 · 56  

46 . 84 

54 . 72 

36 . 1 2 

2 2 . 35 

. . .. . ' 

Fe lli2 

d. 54 16 .80 

N o t  analy z e d  

No t  analy z e d  

N o t  analy z e d  

2 5 . 95 8 ; 9 5 

2 1 . 66 12 . , 7  

N o t  analy z e d · 

2� . �6 8 .  64 

2 1+ . 22  8 . 52 

N o t  analy z e d  

1 5· 9.3 
.
40 . ,35 

1 9 . 32 8 . ,30 
,30 . 4 1 5 · 12 

8o 95 3 o 90 
2 2 . 2 6  5 · 8� 

,32 . 08 2. 07 

1 3 . 54 5 · 30 

2 2 . 0 6 6 . 42 

2 , . 3 1  4 . 25 

2 , . 07 3 · 39 

N o t a a mp h d  
I 

N o t  samp l e d  

1 5 . 04 .  1 6 . 76 

2 6 . 52  6 . 66 

. 2 1 . 1 7  7.48 

37· 5' 4 , 00 

N o t  analy z e d  

2 , . 5 , 8 . 08 

21f . 2 2 6.60 

N o t  sampl e d  

, .81 7. 2 6 

a . ;7  6.70 

16. 51 2 1 . 66 

N o t  analy z e d  

H o t  analy z e d  

4 3 . 6 5  1 . 77 

- - - - - - - - - - - - - - - - - - - - - - -
• 

( 1 )  C hann e l  ( 2 )  Dri l l  ho l e  (3 ) Ot h e r  

I gn . 

lli2 .!!.!! 

4 . 5  18. 0 ( av. ) 

( av. ) 

· - · -

4. 12 JJj .  57 

2 . 8 , 27. , 5 
2 . 25 2 3 · 37 

5 · 67 

2 . 73 24 . 86 

4 . 4 9  18 . 22 

4 . 8 1  18 . 1 7 

4 . 65 18 . 51 

� · 72 1 6 . 79 

6. 1 1 18 . 50 

4 . 16 1 7.97  

5 · 76 16.03 

4 . 50 18 . 71 

3 · 53 2,.16 

3· 31 17. 50 

2 . ,8 11 . 85 
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Lo c a. l l tl Typ e  o f  Ian . 

� !!!J!. !!!!! Sampl e  .!!2.!!3 !! lli2 Tl 02 !!.!! 

, 36 c C o l po r t  Dev e l o pm e n t  co . R o t  sampl e d  

- 37 c L o c a. U ty 37 No t sa.mple d 

,a c o u t e r  R e a. d  ( 1 ) 38 . 80 2 3 . 4 6  6 . 2 ,  1 . 4, 20 . 6 5 

'' c L o c a. l l ty " ( 3 ) 44 . 47 18 . ,, 5 · 0' 2 . 08 22 . , , 

40 c . Lc o a l l ty Ito ( 3) 35 o 32 17. ,  .. 1 1 . 2 1  2 . 68 n . o1 
4 1  c Lo c a. l l  ty 4 1  R o t  ana ly z e d  

42 c L o c a l i ty lf2 ( 3 ) 33· 50 31 . 6 6 "  2 . 32 2 . 58 17 - 73 

43 c L o c a. U ty lf 3  N o t  sa.mp l e d  

44 c L o c a l i ty lf4 ( 1 ) ,6 . 42 2 3. 8 3  10 . 8 7 1 , ,8 1 , . 1 8  

4 5  c Lo c al i ty 4 5  Ro t s ampl e d  

46 c L o c al i ty IJ6  R o t  sample d  

47  c L o c a l i ty 4 7  N o t  sampl e d  

46 c L o c al i ty 4 6  No t sampl e d  

4.9 c Lo c a l i ty 4 '  N o t  s amp l e d  

- 50 c Bunke r H i l l  No t s a mp l e d  

51 c S e r a f i n N o t samp l e d  

52 c L o c a l i ty 52  No t s amp l e d  

53 c T r e nh o l m  N o t  s a mp l ed 

54 c Lo c a l i ty 54 N o t  samp l ed 

55 c L o a  nl i ty 5 5 N o t  sampl e d  

5 6 c L o o a l l ty 56 N o t  SO.IIp l e d  

-- 57 c I r o no r e s t  L i mo n i t e  Not samp l e d  

- 56 c I r o n o r e a t  N o t  s a111 p l e d  

- 5' c Lady a mi t h  N o t  samp l e d  

60  c o. E .  D e Vau l N o t  s a mp l ed 

61  c Spl t z enb ers · No t analy z e d  

62 c L o c a l i ty 62  ( 1 ) 44 . 52 1 2 . 53 llf o 30 

63 c Lansl l e  P l ac e  No t s a mp l e d  

..,... 64 c L o c a l i ty 61f Not analy z e d  

6 5 c L o o a l i t1 6 5  ( 3 ) 52 · 73 6 . 37 10. , 2 . 06 2 6 . 6 1 
66 c Or e so n  C ha rc o al I r o n  C o . N o t  IB.IIp l e d  

6 7  c Loo a l 1 t1 67  N o t  s a mpl ed 

- 68 c Map l e  H i l l  No t s amp l e d  

6' B S ky l i n e  B l vd .  N o t  analy z e d  

70 B Mo r e l an d  R o ad Ho t sampl ed 

71 * C h e h a l e m  Ut a .  ( 3 ) �2 . 80 20 . 6 5  1 3 . 3 1  4 . 27 
72 * Chehal e m  Ut a .  ( 3) 4 0 . 35 2 1 . 34 3 . 08 4 . 4 6  . ,.  . .  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
* 

I n  Tua l at i n  quadran s l e  an d no t s h o wn o n  any l o c a l i ty map . S e a  i n d e x  map pago 5 · 
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2 8  F e rruginous  B au x i t e  D e po s i t s  i n  N o r thwe s t e r n  Oregon 

De s c r i pt i o n  o f  D e po si t s  
i n  

W a s h i ngto n ,  Mu ltno mah , and C o lumb ia C o unt i e s  

Lo cal i ty 1 ,  Gal e s C r e e k  quadrangl e 

Thi s d epo s i t  i s  4 . 6 mi l e s  n o r t h  o f  the  P l e as ant Vi ew S c h o o l  o n  t h e  Pumpkin Ridge 

Road at an e l e vat i o n  o f  ab o u t  1600 f e e t .  A d r i l l  ho l e p e n e trat e d 9 f e e t  o f  r e ddi sh·  

b rown ma t e r i al having th e f o l l ow i ng analy s i s r  

28 . 48 % 
l J ,  5 11 
16 . 8 0  

Nodular typ e  o r e  w a s  found o n  t h e  surfac e n e a r  the r o ad .  

L o c a l i�_Eai l r o ad C u t ,  Gal e s  C r e e k  qua2r angl e 

T h i s l o c al i ty ,  11 .• 0 mi l e s  n o r t h  o f  P l eaoan t  View Scho o l  by t h e  way o f  th o Pumpkin 

R i d g e  Road, is at an e l e vat i o n  of 1 5 50 f e e t . Th e bottom  o f  an o l d r ai l r o a d  cut , ab out 

1 5 f e e t d e ep , show s a J � fo o t  lay e r  of  r e d d i s h · b r o wn c l ayUke  mat e r i a l  c o nt a i n i ng pi e c e s  

o f  typi c al o U l i t 1 c  o r o  a s  muc h  a s  4 i nc h e s  i n  d i ame t e r , N o  analy s i s  o f  t h e  mat e r i a l  has 

b e en made . 

L o e a}. i ty 3 1  La9.: "W" Ran c h ,  Hi tlil'b o rE guadro.ng l e  

S everal f e e t  o f  f e rrug i n o u s  b au xi t e  c o ntai n i ng gibb s i t e  no du l e s  i s  e xp o s e d  in  t h e  

r o a d  c u t  J us t north o f  t h e  ho u s e  i n  t h e  SE! s e c ,  30 , T .  3 N . , n .  2 w . , at an  e l evat i o n  

o f  ab o u t  1 575  f e e t .  O� l i t i o  f e r ruginous b auxi t e  o c c u r s  as  f l o at i n  the s a d d l e  w e s t  o t  

th e hou s e ,  No analys i i o f  mat e r i a l  f ro m  e it h e r  p l a c e h a s  b e en mad e .  

T h e  weath e r e d  ba sal t  a s s o c iat e d  with t h e  f e rruginous baux i t e  e x po s e d  in  t h e  cut 

app ear s t o have a sph e ro i da l  w e ath er i ng pattern .  
• 

Lo c a l i ty 4 ,  H i l l sb o ro qu adrangl e 

Thi s l o c al i ty i s  ab out half  a mi l e  w e s t  o f  th e ho u s e  at Local i ty ) . O� l 1 t i c  f e rru· 

gino u s  b o.u xi t e  and a o s o c i at e d limoni t i c  c o nc r e t i o ns as mu c h  as  6 i nc h e s  1n d i ame t e r ,  have 

b e e n taken f r o m  p r o s p e c t  ho l e s  i n  th e  NEi SWi s e c .  )0, r .  3 N . , R. 2 W . , ne ar t h e  h e ad of 

a s ma l l  c r e e k  whi c h  f l ow s  s o uth e a s t .  Th e o r e  i s  at  a n  e l e va t i o? of  ab out 1 5 50 f e e t  which 

i s  a l i t tl o b e low t he t o p  o f  the  h i l l . N o  ano.lysi s o f  the o r e  has b e en mad e ,  The l i mon• 

ltic c o n c r e ti o n s ,  al though t h ey r e s e mb l e  th e Sc appo o s e  l i mo ni t e ,  ar e ve ry s i m i lar t o  tho s e  

1rhi ch o c c u r  at  Lo c a l i ty 2 .3 ,  s o u th o f  Yankt o n  i n  C o l umb i a  C o unty ,  i n  that b o th have a "wo �my " 

i: e xtur e .  Tho s e f r o m  t h e  Yankt o n a r e a  c on t a i n  as much  as 20  p e r c e nt Al2 o3 and )4 . 68 p e r c e n t  

i ro n .  



________________ __ ....Q.e,� d ptl o n o f De po s i t s 2 9  

Lo oaUty 5 ,  H e n drlcks t m o.nd  Hendr i c ks on e xtens i on ,  H i l l s b oro quadrangl e 

The H e n dr i c ks o n  fo.rm o n Di x i e Mt . R o o. d  i s  iri the  N� s e c . 6 ,  T,  2 N . , R , 2 w . , at an 

e l evation o f  ab out 1.300 f e e t . · I t  was _ee l e c t e d  fo r  the f ir st  e xp l o rati on pro J e c t  b e c au s e  

o f  i t s ac c e s s i b i l �ty and al s o  b e c aus e expo sures  of  t h e  o r e  f ormat i on a long a n  o ld l oggi ng 

rai l ro ad grad e i n d i c at e d  a po s s i b l e large to nnag e .  P r e l i mi nary samp l i ng o f  t h e  expo sur e s  

wh i c h r e pr e s e n t e d o n ly th e to p o f  the o r e  b e d  gave t h e  f o l l o w i ng r e s u l t s : 

( Analy s e s  by L e r c h  Bro s . , Hibb i ng, Minne sota)  

Sampl e ( A )  I n  r a i l r o a d  out ( 1 500 N - 4ooo  E ) , A 4- f t .  c hanne l s ampl e o f  nodular 
typ e  f e r rugi n o u s  bauxi te . 

Sample  ( B )  

Sample ( C ) 

I n  l'a.l l ro ad 

s a mp l e d .  

A l u m i n a  

I ro n 

S i l i c a 

Pho s pho ru s 

c u t  ( 1 9 0 0  

A lumi na 

I ro n  
S i l i c a  

Pho s ph o rus 

Ti to.n l a  

S a m e  l o c at i o n  a s  ( B ) , 

Alumina 
I r o n  

S i l i c a  
P h o s ph o ru s  

T i t ani a 

N � 

A 

( A l 2 0.3)  
( F e )  
( S1 92 ) 
( P ) 

5 100 E ) . 

( 112 03 ) 
( F e ) 
( 5 1 02 ) 
( P )  
( T i  o2 ) 

Top  

4 � f t .  c hanne l 

( A l � 0 .3 ) 

( F e  

( 51 02 ) 
( P )  
( T102 ) 

.34 . 60 % 
28 . 2 6 
6 . 2 2  
0 . 1 70 

f o o t  o f  

24 . 5 9 % 
4 0 . 92  

.3 o 58 
0 , 0 9 2  
4 . 02 

samp l e o f  

2 .3 . '1 1  % 
l ll , l .3  

.38 . 2 7 
0 . 098  
.3 . 22 

t h e  o g l i t l o o r e  b e d  

r e d  s i l ty c lay o v e r lying ( B ) .  

A pl ane - t abl e su rvey o f  the  H e n d r i c k s o n  l o c al i ty was made i n  1 944 and 2 9 ho l e s w e r e  

d r i l l e d u s i ng hand au g e r s and ch o pp i ng b i t s  f o r  th e  purpo s e o f  s ampUng t h e  d e pos i t . Tho  

t o p o graphy and t h e  l o c a t i o n  o f  d r i l l  h o l e s and outs  are  ahown on  t h e  map o ppo s i t e  page .3 1 .  

I t  i s  be l i e ve d  that s o m e  o r  the ho l e s  i n  o r o  s h o w e d  r e l atively h l gh s i l i ca  r e su l t s 

b e c au s e  t o o  much o f  t h e  o verly i ng r e ddi s h  c l ay ey s i l t wa s i nc lud e d  l n  the  s ample s ,  

Th e mat e ri a l near  the  bo tto m o f  th e cut,  wh l o h  i s  ab ou t .3 5  f e e t  s .  6 5 °  E .  o f  ho l e  7,  

c o n tains gi bb s i t e i n  addi t i o n  t o  l i mo n i t e  a n d  a mi n o r  am o unt o f magne ti t e ,  The s l l i oa  

c o n t e nt o f  t h i s e ar thy ma t e r i a l  i s so mewhat l ower  than that o f  th e  average o r e .  Ana ly s e s  

o f  sampl e s  f r o m  thi s out we r e n o t  i nc lud e d i n  t h e  c a l c u l a t i o n s  o f ave rage grade o f  t h e  

de po si t . The c u t was ma d e  t o  d e t e rmine t h e  c harac t e ri s t i c s o f  a s e c ti o n o r  the o r e ,  and 

was samp l e d to o b tai n the vo l u m e -w e i ght f ac to r f or  t o nnage c a l c u lat i o n s .  Analy s e s and 

d e s c ri pt i o n o r  the mat e r i a l in t h e  cut fo l l o w s : 
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De s c r i pt i o n  o f  D epo s i t s 

Sample  N o .  Th i c kn e s s  .!h2, Fe  lli2 Isn . loss 

0 ' - 3 ' ( H o t  s amp l e d ) 
)6 . ll8 2 ) . 2 5 5 · 70 1 , . 8  

, .  - 1 2 • 7" ll2 . ,2 1 5 . 8 1  5 · 7ll 

Mo i s ture  

1 7 · 5 

2 1 . 2  

Jl 

De s c r i p t i o n  

Red  c layey s i lt .  

Hard r e ddi sh
b r own or e . 

Dark r e d d i s h �  

b r own o r e wi th 
gray gibb s i t 1 c  
no du l e s a.nd 

whi t e  s p e c k s .  

An ari thme t i c a l  a.vera.ge ana ly s i s  o f  s ampl e s ot o re from  h o l e s dri l l e d  o n  the  

H endri c k s o n  plac e i s :  

Alumi na ( A1 2 03 } )1 . 8 5 % 
Iron  ( F e )  2 5 . ,5 
Si l i ca ( S i 92 ) 8 . ,5 
Pho spho rus  ( P }  0 , 140 
Titania  ( Ti 02 } 4 . 5 
Ign.  l o s s  1 8 . 0  

Mo i s ture l, . o 

T h e  a r e a  underlain  by o r o  o n  the Hendr i cks o n  farm i s  approxi mnte ly 64 ac r e s .  The  

vo lume �we i ght f ac t o r  for  o r e  i n  pl ac e  has b e e n d e t e r min e d as. 1 7  cu .  f t .  p e r  l o ng t o n .  

Us i ng thi s f ac tor , t h e  He ndri c k s o n  f a r m  w o u l d  c ontain in round figure s 2 500 tons  p e r  a c r e •  

t o o t ,  T h e  ave r a g e  ari thmeti c al thi o kne u o f  the  o r e  samp l e d ,  u si ng 1 1  h o l e s  i n  o r e ,  i s  

appr oxi mat e ly 1 1  f e et ; t he r e f o r e ,  1 , 760 , 000 _ l ong  tons  o f  o r e  ( natural b a s i s ) i s  i n d i c at e d  

t o r  the  H e ndri c kson pro perty al one . The  e ar thy material  unde r lying the  hard o r e  was 

tho ught t o  b e  l arge ly c l ay at t h e  t i me mo s t  o r  th e  sampl ing was done . Sinc e then  i t  has 

b e e n  r ound that in  p lac e s  thi s mat e r ial  is b auxi ti c ,  and it is probab l e  that further  

dr i l ling will  prove  a gr eat e r  thi c kn e s s o r  ore  than  us e d  i n  the cal culat i o ns . 

Fi ve o f  t h e  bo l o s  we r e  dri l l e d  Jus t s o uth o f  the Hendri c k s o n  farm  on the  Schoe nb e rg 

pro pe rty whi c h  ad J o i ns i t o  R e sul ts o r  th i s  dr i l l ing indicate  that t.ho s ame o r e  b o d;r und er•  

l i e s  a po r t io n  o r  the  Soho enb erg · farm, al though the areal  e x t e nt is  s ma l l  b e c aus e o r  the  

natur e ' o t  the  t e rrai n. 

H e ndri c ks o n  exten s i o n  

T h i s l o cal i ty own ed  by t h e  Geo . B .  Z i mme r man E s ta t e  l i e s  o n  l and i mmedia.t e ly northw e s t 

o f  t h e H e ndri c k s o n  d e po s i t  and i s  s e parat e d  f ro m  i t  by a narrow sadd l e .  

A dri l l  h o l e  p e n e t rat e d  1 3  r e s t  o f  o Y l l ti c  o r o  whi c h  gave the  f o l l owing valu e s :  

) 6 . 60 % 
2 ) . ' 1 '  
· 6 . ,4 

Any e s t i mate  o f  t h e  ext e nt o f  thi s o r e  b o dy i s  d i f f i c u l t  duo t o  insuff i c i ent  e xploration . 
Howeve� ,  a f lat �to p p e d  area po s s i b ly 50 ac r e s  o r  mo r e  i n  extent may b e  und e r lai n by o ro .  -



32 F e r ruginous  Bauxi t e  De Eo s i t s i n  Northw e s t e rn Orego n  

Loc ality 6 ,  N el s o n  depo s i t ,  H i l l sb oro quadrangl e 

A quar t e r o f  a mi l e north e a s t  o f  t h e  H e ridr i c k s c n  lo c al i ty at a s om ewhat greater e l eva• 

t i o n  ( about 1400 f e at ) , s i x  auger  h o l e s  w e r e  put d own on the Ne l s o n  farm i n  th e swi s e c . 32 , 
T. 3 N. , R .  2 w .  The o r e  d e po si t s  on the s e  two farms , al though not  oonnaotad ,  c ould  eas i ly 

h e s e rved  by o n e  mining o p e ration .  

Average ana ly s i s  or  o r e  from 3 dr i l l  ho l e s  is  a s  fo l l ow s : ' 

32 . 52 % 
2 1 . 66  
1 2 . 97 

R e s e rve s ,  bas e d  o n  a l O � f o o t  average thi ckn e s s  o f  o r e  f o r  t h e  ar e a  lying b e twe e n the 

ho l e s  in  ora  are e s t i mated  t o  be 1 75 1 000 l o ng t o n s .  By de epen ing 3 o ther  ho l e s whi c h  fail ed  

to enc ounte r  o r e ,  an additi onal  to nnage mi ght b e  prove d .  Inc rease  in  areal  ext ent might 

al s o  be shown by addi t i o nal d r i l l ing.  � we l l  at the Dud l ey house  s outhw e s t  of the N e l s o n  

farm and 2 0 0  f e e t  s outheast  o f  the  Wal lac e Scho o l  cut s e veral  f e e t  o r  o g l i t i c  o r e  a t  a 

d e pth o f  about 2 5  f e e t .  No ac c urate measurement c ould  b e  made  due to  inac c e s s ib i l i ty or  

the well . A p e t r o graphic  e xami n at i o n  o f  a samp l e  o f  o l ayl i k e  materi al f r o m  t h e  we l l  dump 

showed  the mat e r i a l  to be l arge ly a mixture of gibb s i te  and l i mo ni t e .  Spe c tr ograph i c  

analysi s  show e d  th e mat erial  was mai nly alumi num and i r o n  with  ab out 5 perc ent e a c h  o r  

s i l i c a and ti tan i a .  

Th e s i l t  ove rlying t h e  o r e  b o dy i s  th e s a m e  as t hat o n the ad J o i ni ng Hendri c k s o n  farm. 

The ho r i zo n  o r  the o r e  in the d r i l l  ho l e s  o n th e N e l s o n  farm i s  n e arly the s am e  as  would b e  

o btai n e d  b y  pro J e c t ing t h e  1 °  • 2 °  d i p o f  the  hard o r e  no r t h e a s tward f r o m  th e H endr i c ks o n  

o r e  b o dy .  Al though th e s e two o r e  b o di e s  w e r e  undoub t e d ly c o nn e c t e d  o r i gina l ly ,  th ey a r e  

now s e parat ed  by th e s addle  whi ch  c ro s s e s the ro ad b e twe e n  W a l l ac e  Scho o l  and th e Grange 

Hal l .  A ho l e  dri l l e d  Jus t e a s t  o r  the road a t  t h e  lowe s t  po i nt i n  the  saddle  was i n  s i l t  

whi c h  w a s  d ep o s i t e d  a f t e r  e ro s i on  had r e m o v e d  t h e  o re . Another ho l e d ri l l e d  1 2 0  f e e t  so uth 

o r  a point  mi dway b e tw e e n  ho l e s 24 and 2 5  was l i kewi se  barren  o r  o r e .  

Lo c al i ty 7 ,  P earl Smi th,  Gal e s  Cr e ek  quadrangle  

Thi s o c c ur r e nc e is  o n  t he Pumpkin Ri dge Ro ad o . 4 5  mi l e  no rth o r  t h e  P l e asant Vi ew 

Scho o l ,  at an e l evat i on o r  1 1 75 f e e t . o8l i ti o  type  f loat i s  round b o th no r th ot the 

Smith hous e and i n  a draw a short d i s tanc e to t he so uthw e s t .  A we l l has  b e en dug b a c k  o t  

t h o  hous e a t  t h e  o ld Epl e r plac e o n  t h e  o th e r  s i d e  o r  th e r oad from, and a s h o r t  di s tanc e 

no r th o f  the  Smi th hous e .  o3 li ti o  type o r e  was f o und o n  th o dump and may b e  s e en al s o  on 

the wal l s  o f  tho  w e l l  s haf t .  

L o c al i ty 8 ,  Hutc h i s o ndNixon  pro j e c t ,  Gale s  C r e ek quadrangle  

As stat e d  i n  tho  Intro duc ti on ,  an are a  c ontai ning the  Hutc hi s o n and N i x o n  pro p erti e s  

was s e l e c t e d  f o r  furth e r  explo ration  b y  auger  ho l e d ri l l i ng . Tho s e  pro p e rti e s were  bri ef ly 

d e s c r i b e d  in G . M. I . Short Pap e r  No . 1 2 . 



Desc ription  o f  Depo s ita  

The  ar e a  l a  14 mi l e s  north o f  Hi l l sb o ro and 8 mi l e s north of  North P lain s b y  the  way 

o f  Pumpki n Ri dge Road.  E l e vatio n  of t h e  ar e a  rang e s  from  1 100 to 1 300 f e e t , Legal d e �  

s c ri pti o n  i s s e e s . 1 and 2 ,  T o  2 N . , R .  3 W . , an d s e o s .  34 ,  3 5 ,  and 36 , To  3 N. ,  R.  3 W .  

Branch roads,  as  shown o n  th e l o caliti e s  map ,  c onne c t  the Pumpkin Ri dge  Road w i t h  the ar e a . 

The H e nd r i c kson d epo s i t l i e s  to the east  ac ro s s  UoKay C r e e k .  

P r e l i minary wo rk o n  t h e  pro J e c t  inc luded  plane- tab le mapping o f  mo r e  than 3 2 5  ac re s 

o n  a s c al e  o f  2 00 f e e t  to the i n c h ,  w i t h  a lO � t o o t  c o nt our i nt e rval ( s e e  map in po c ke t ) . 

An a d d i t i o na l  sur round ing ar ea,  as s hown o n  the  map ,  was s ke tc h e d  i n  to  show drainage . 

Dri l l in g  o f  the d e po s it  was done  by hand with  2 • i nc h  and 3- inch "Iwan" s o i l  augers l . 

Some hard r i b s  in  the o r e  w e r e  en c ount e red  whic h  r e qu i r e d  the u s e  o f  a c h o pp i ng b i t .  

Mo re  than 2 30 s amp l e s  w e r e  tak en f ro m  2 3  dri l l  ho l e s  to tal ling 6 � 2  f e e t . As the  o r e  in  

the auger  samp l e  was di f f i cul t t o di sti ngui sh fro m  iron-stained  si l t  whi c h  overli e s  th e 

o r e ,  and from  altered  b a s a l t  i n t o  whi c h  th e o r e  grade s , samp l e s were  o ve r  2 • f o o t  interval s ,  

b u t  whe r e  there  was doubt as  t o  t h e  c harac ter  o f  material  penetrate d , samp l e s  w e r e  taken  

at · l • fo o t i nt e rval s . 

In s eve ral  ho l e s  c o nc e ntrat i o ns o f  magne t i c o S l i t e s  we r e enco unt er e d  i n  t h e  s ilt  

o ve rburden  s everal  f e e t  above  the or e z o ne and also  ab ove  the  basalt  where  the  o r e  was  

mi s singc Thi s o 8 l i t i c  mat e ri al c l o s e ly r e s e mb l e d  the  unde r lying o r e  and  c o u l d  b e  r e 

garded as o r e  e xc e p t  f or  the h i g h  s i l ioa c o n t e n t .  P e t r o graphi c  e iami nati o n o f  the  mag

netic  o H l i t e s  show s that th ey c o ntai n  included grai ns o f  quartz  and f e l d spar ! o . o8 mm 

i n  d iam e t e r , Th e s e  grai ns are s imi lar t o  thos e in  t h e  non� o H l i ti c  part o f  t h e  s i l t  and 

their  pre s enc e suggests  the d e ve l o pment in the si l t  of magne tic  o � l i t e s  of s e c ondary iron  

o xi d e . 

Cro s s  s e c t i o ns through the de po s i t showing the r e l ati o nship b e twe e n th e  o ver ly i ng 

s i l t 1, th e o.r e  b o dy p  and the  unde r lying ' basalt  are shown i n  f i gur e s  1 ,  2 ,  and 3 o n  page s 

37 , 38 , and 39 · Al though the  dri l l  ho l e s  are spac e d  to o far apart to d et ermine  ac c urate ly 

the outline  of the o r e  b o dy and the  t h i c kn e s s  ot the s i l t  mant l e ,  it is b e lieved  that the 

r e lationships  s h o w n  are e s s ential ly c o rr e c t .  

T h e  o r e  b o dy i s s i mi lar i n  thi c kne s s , att i tude , and c o mpo s i t io n  to  that at t h e  

H e nd r i c kson  farm ( Lo c a l i ty 5 )  whi ch l i e s  1! mi l e s  to the  e a s t .  The ore  i s  o � l i t i c  and 

pi s o l i t i c  fo r t he mo s t  part,  with t h e  lower  p o r t i o n  of t h e  b e d s omewhat l e s s  gri tty and 

of a po rousogranu l ar t e xture . The narr owne s s o f  t h e ri dge prevente d  a d e s i rab l e  l o c at i o n  

for a l l  the  d r i l l  h Q l e s ,  and thus i t  was di f f i c u l t t o  determine the  atti tude o f  t h e  

s h e et l i k e  o r o  b o dy ,  whi c h  s t r i k e s ab o u t  N. 8 5 •  w .  and d i p s  appro ximate ly 1 °  - 3 •  t o  

the south.  

1 "Aug e r  H o l e  P r o sp e c ti ng",  TilE OREu •BIN,  De c e mb e r  1 �4� . 
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Deeoripti on  a n d  analy s e s  o f  the material  in  ho le 50 whi ch e n o o un t s r e d  th e thi c k e s t  

s ec t i o n  o r  o r e f o l l ow s :  

Samp l e  w i d th 

0 1 � 2 0 1 

36 • 6 " - 39 ' 

39 ' - 4 1 • 

4 2 1  - .. , .  

4 ) 1 • 44 I 

41 p  - 4 5 ' 

4 2 . 72 

4 1 . 0 0 

')8 . 4o 

37 . 8 8  

( B o t to m e d  i n  o r e } 

W e i gh t e d  

Av e rage 

N o t analy z e d 

1 0 . 4 3 

1 8 . 04 

20 . 87 

1 8 . 0 6  

2 1 . 61 

2 3 o 04 

2 1 . 2 5 

2 2 . 2 6  

1 9 . 01 

2 2 . 48 

2 1 . 00 

4 . oo 

6 . 82 

H o l e  50 

4 . 1 8 

lgn . l o s s  

10 . 2 6 

2 0 . 9 1 

24 . 1 1  

20 . 04 

2 4 . 60 

De s c r i p t i on 

Burr and r e d  s i l ty c lay w i th f ew 
magn e t i c  o � l i t e s , s o me ye l low spot s .  

B r i c k - r e d  c l ay , f ew o � l i t e s . 
B r i c k - r e d  c l ay , few  o �li t e s . 
Har d ,  b r i c k- r e d  c l ay ,  magne t i c 

o � l i t e a  and pi a o l i t e s . 

To p  o f  o r e . Har d ,  b r i c k• r e d 1  

o 3 l i ti o , sp ot t e d , 
Har d ,  b r i c k- r e d  and vari c o l o r e d , 

gr i t ty , o � l 1 t 1 c .  

F i r m ,  r e d-b rown ,  s l i gh t ly o � l i t i o ; 
th i n l ay e r  o r  o l i ve drab , g r i t ty ,  

o:l 1 th . 

Har d , b rown,  gr i tty , s l i ght ly o 3 l i ti o . 

F i r m ,  b r i c k - r e d ,  s an dy t exture d wi th 
o S H t e s . 

F i r m ,  b r i c k- r e d ,  s andy ,  s l i ghtly 

o ll l 1 t 1 c . 

F i r m ,  l i gh t  b r i c k- r e d ,  s andy , 
non- o : u u c . 

II 
Hard ,  b r i ck•r e d 1  gri tty,  n o n - o o l i ti c .  

Hard, b r i c k• r e d ,  gr i tty , non- o � l i ti c  
with whi te  s po t s . 

Fi rm, var ic o l o r ed ,  gri tty , l u mpy, 

s pot t e d .  

Fi rm, var i c o l o r e d ,  o l i ve - d rab , s po t t e d . 

20 f e e t  o r  o r e  ( 30 '  • 50 ' )  

A b e d  o r  mas s i v e ,  dark-b r o wn l i mo n i t e  mo re  than 2 r e e t . t hi c k c r o p s  out  n ear the b o t t o m  

o r  the gully d i r e c t ly b e low ho l e  32 .  II 
The l i�o ni te i s  w e a k ly magn e t i c ,  has no o o l i t e s , and 

i s  typical  or th e l imo nite  ri b s  or the Sc a ppo o s e ar e a .  A sampl e r eturn e d  5 1 . 34 perc ent iron,  

5 . 64 p e r c ent a lum i na ,  and 4 o 53 p e r c e nt s i l i c a .  T h e  o ut c r o p  is  appar ently s trati graphi c al ly 

b e l o w a b e d o r  o U l i t i c 1  h i gh•alumina o r e .  A n  in di cat io n o r  t h e  d epth to wh i c h  t h e  b a s al t 

und e r lyi ng the  o r e  z o n e  has b e en a l t e r e d  i s  r e v e a l e d  by t h e  o u t c r o p  o r  hard, unal t e re d basa l t  

in t h e  a i d e  o r t h e  gul ly 2 0 0  f e e t  v e rt i o a l ly b e l ow the b o ttom  o f  t h e  o r e  i n  h o l e  62 .  



De s c r i pt i o n  o f  D e po s i t s  

P r o f i l e s  o f  al l t h e  ho l e s  whi c h  e n c ount e r e d  o r e ,  and t h e  ave rage w e i gh t e d  analy s i s  

o f  t h e  o r e  ar e g i ven  i n  f i gur e s  4 ,  5 ,  6 ,  and 7 ,  o n  pag e s  4 o ,  4 1 ,  4 2 ,  and 4 ) .  A summary 

o f  th e ho l e s  i n  o r e ,  giving ac r e a g e  and ac r e - f e e t  fo r e a c h  h o l e ,  t o g e ther  w i th ave rage 

analy s i s of the  o r o  and d e pt h  o f o v e rburd e n  is g i v e n  on page )6 . 

35 

Th e Hutc hi so n - N i x o n d e po s i t  i s  ab out 8 m i l e s  f r o m  the  n e a r e s t  rai l h e a d  at N o r t h  P l ai n s  

o n  t h e  Uni t e d  Ra i lw ay ( S " P . &  s . ) l in e . Th o ne ar e s t  pro b ab l e  p l ant s i t e  o n  d e o p  wat e r  w o u l d  

b e  o n  t h e  C o l u mb i a  R i v e r  n o r t h  at  P o r t l an d ,  appr o xi mat e ly 40 mi l e s  f r o m  the  d e po si t  o v e r  e x 

i s t i ng r o ad s .  

n e s e rve s : 

C a l c u l at i o n  o f  o r e  r e s e rve s was go vern e d  by t h e  f o l l o wi ng fac t o r s : 

( 1 )  Only mat e r i al c ontaining  appro xi ma t e ly 1 0  p e r c ent o r l e s s S i 02 w a s  c o n s i d e r e d  t o  

b e  o r e , al though s o me mat e r i a l  whi c h  c o nt a i n e d  s o mewhat mo r e  than 1 0  p e r c ent  w a s  i n c l u d e d 

i n  t h e  e s ti ma t e s .  Th e o v e r � a l l  w e i ght e d  ave rage analy s i s  o f  t h e  o r e  i n d i c at e d ,  u s i ng t h e  

verti c a l  b i s e c t o r  m e tho d ,  i s  ]4 . )) p e r c ent A l 2 o 3 , 24 . 46 p e r c e n t  F e ,  a n d  8 . 64 p e r c e n t  S i 02 • 

Mo i st u r e  d e t e rminati o n s  w e r e  n o t  mad e  f o r  al l t h e  o re s ampl e s  as s o m e  h o l es w o r e  d r i l l e d  

b e l ow th e  wat e r  t ab l e .  Mo i s tu r e  c o nt e nt o f  t h e  o r e  t e s t e d  range d f r o m  1 5  t o  )4 pe rc e n t . 

La s s  o n  i gn i t i o n  f o r  m o s t  o f  t h e  o r e  sam p l e d  averaged ab out 2 0  p e r c e n t .  

( 2 )  B e c au s e  t h e  o r e  b o dy c r o p s  out  at  o n ly a f e w  w i d e ly s e pa ra t e d  p l ac e s ,  i t s  exac t 

b o undari e s  c o u l d  n o t  b e  d e t e r m i ne d di r e c t ly .  T h e  mant l e  o f  s i l t wh i c h  c o ve r s  t h e  ar e a  l i ke 

a b lan k e t  o f  s n o w  i s  th i n  o n  t h e  s t e e p e r  s l o p e s  and a s  muc h  as 4 0  f e e t  t hi c k  o n  s o me f l at 

ri dge t o p s .  

( 3 ) H o l e s  ) 0  a n d  5 0  w e r e  b o tt o m e d  i n  o r e  and o n ly t h e  t hi c kne s s e s  o f  o r e  ac tual ly 

dri l l e d  w e r e  u s e d  in the c a l c u l a t i o n s .  A smal l " ! � land "  of o r e  ac r o s s  the gully  t o  the 

n o r t h  or ho l e  ) 2 ha s b e e n i n c lud e d  in the  to tal s - e v e n  t hough i t was no t dr i l l e d .  T o p o g

r aphy and f l oat  f o und i n  th e i.mme d i a t e  vi c in i ty i nd i c at e  the  p r e s enc e o f  th e o r e .  

( 4 )  F o r  the  purpo s e  o f  d e t e r m i n i ng t h e  ap p r o x i ma t e  b oundar i e s  o f  t h e  o r e  s h e e t ,  i t  

was a s sume d that t h e  s i l t  was o f  un i f o r m  t hi c kn e s s  i n  a g i ven  l o c al a r e a .  The  pro c e du r e  

u s e d  i n  d e t e rm i n i ng t h e  o r e  margi n s  c o ns i s t e d  o f  f ir s t  d e t e r m i n i ng whe r e the  m e d i an l in e  

o f  the  o r e  wo u l d  have c ro ppe d out  i f  t h e r e  had b e en no  s i l t  o verbur d e n .  N e x t ,  th i s  b o und

ary w a s  moved b a c k  a d i s tan c e  e qu a l  t o  t h e  p r o du c t  of  t he th i c kne s s  of  the  s i l t  mu l t i p l i e d 

by th e c o tangent o f  t h e  ang l e  o f  the  hi l l  s l o p e . Thi s  n e w  b o undary wa s u s e d  i n  d e t e r mi n i ng 

t h e  a r e a l  e xt e nt of the  o r e  b o dy ,  whi c h  i s  e s t imat e d  t o  b e  1 1 1  a c r e s .  T h e  t h i c kne s s  o f  o r e  

us e d  i n  c a l c u l at i ng t o nnage rang e s f r o m  9 · 5  t o  m o r e  than 2 0  f e a t ,  w i th a wei ght e d  ave rage 

o f  13  f e e t .  As  the  ore  s h o u l d  ave r age  2 SO O  l o ng t o ns p er ac r e  f o o t  in p l ac e ,  a t o ta l  r e 

s e rve  o f  ) , 6oo , oo o  l o ng t o n s  i n  p l ac e  i s  i n di c at e d .  Thi s f i gur e d o e s  no t i n c lude  al l o f  

th e p o t enti al o r e  i n  t h e  ad Jac e n t  a r e a  a s  th e o r o  b o dy i s  known t o e x t e nd n o r thw e s t  from  

ho l e  30 f o r  a n  unknown di s tan c e .  Tho r a  i s  a n  e xc e l l ent po s s i b i l i ty that t h e  or e may b e  
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pr e s e n t  o n  the 

F e rrusinous B au xi t e  D epo s i ts in Northw e s t ern Oreso n 

r i da e  ac ross the o r e e k  to the no rth o t  ho 1 e s  6 o ,  � 1 ,  6 2 ,  and 30 1 but thi s 

ar e a . was n o t  lamp 1 e d  or  i nve st i gat e d  t o r  want o t  t i me . The thi o k n e • s  o r  o v e rbur d e n  rang e •  

t r o •  2 to  ) 0  t e e t  and ave raa e s  16 t e e t .  !he ltrippina rat i o  o t  overburde n  to o r e  h 1 . 4  t o  

To nnaa e Calcu lati on• 
Hutohl son-Nixon P ro J ec t 

P u t  cit Ao r e  An&lzl l •  O v e rbur d e n  

H o l e  .!!.!:.!.! o r e  ill! u2�3 F e  Si02 Depth Ac r e  rt  • 

30 6 .  38 7• 44 .66 )).65 2 2 . 70 8 . 4 1  6 )8 . 3 

32 , . ,1 14 45. 33 33· 54 24 . 84 7. 62 10 3) . 0 

44 1 . ?8 12 2 ) . 76 3 5 · 56 2 1 . 8 7  8 . 8 ? 2 2 4) . 5 

48 2 . 70 1 6  4) . 20 38 · 7' 2 2 . 4 1  6 . 80 2 ? 78 . 2  

50 ) . 84 20*  76 . 80 )8 . 4 6  2 1 . 00 6 , 8 2 JO 1 1 5 . 0  

51 1 . 70 1 2  20 .40  '" · 34 2 5 . 0 1 8 . 75 2 ? .. , . , 

53 6 . 2 1 1 2  8 6 . 52  )5 . 8 1  2 ) . 16 ? · ?7 24 14 , . 0  

5 5  10 .6) 12 12 7 .56 35 . 24 26 . 3) 7 . 2 2 8 8 5 . 2  

56 1 2 .6) 14 176 . 8 2 )6 . 6) 24 . 84 5 · ?7 15 18 , . 0 

57 1 ) . 18 1 0  1 )1 . 80 )2 . 72 2 2 . 54 13 . ?4 28  ,,6 . 0 

58 2 3 . 14 1 3  )00 . 82 33 · 73 24 . 05 8 . 67 1 3  562 . 0  

5? 1 1 . 66 ? · 5 1 10 . 77 )3 . 0, 2 5 . 60 8 . ?5 10 . 5 1 2 2 . 0  

61 10 . 77 16  172 . )2 )1 . 40 24 . 4? 8 . 8 8  1 1  1 18 . 2 

62 ) . 64 10 )6 . 40 )0 . 77 2 7 . 67 , . ,a 16  58 . 2 

To tal s 1 1 1 . 77 1 ;3?7 . 16 2 00 ? . 00 

'll e l gh t e d  ave r a g e  1 2 . 50 )4 . 3) 24 . 46 8 . 64 18 . 0  

* 
H o l e b o t t o m e d  in o r e . 

1 . 
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Drill Hole Bo • .2Q_ 

Profile ot Hole 

(Collar Eln. 
1312.98 ft. ) 

!'e 
Al:z0) Si02 
Jloiat. 
Ig. Lo .. 
'H02 

22.� 
.3.3.65 

s • .a 

(Bottoa Elev. 
1299.98 rt. ) 

HOLE PROFILES , HUTCHISON-NIXON DEPOSIT 

Drill Hole No • ...E._ 
Profile of Hole 

(Collar El.n. 
lloo.oo rt. } 

!'! 

A1z>.3 
5102 
Jloist. 

Ig. Loss 

T102 

24.� 
.3.3.54 

7.62 

(Bottom EleT. 
1012.oo rt. } 

,.I G U R E  

Drill Hole No . -1./

rrotile of Hole 

4 

(Collar !ln. 
ll13 • .35 rt. } 

!'e 21.8'1% 
Al:z0) .35-58 
5102 8.!9 
lloist. 19.15 
Ig. Loss 22 • .34 

T102 .3-46 

(Botto• EleT. 
1076.35 rt. ) 

Drill Hole No . _!&_ 

Profile of Hole 

(Collar EleT. 
1122.11 rt. ) 

!'! 22.-U% 

AltJ:J .38.79 
5102 6.80 

Moist. 21.8) 

Ig. Loss 22.62 

"r102 4.55 . 

(Bottom El.ev. 
1o77 .17 rt. ) 
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Drill Hole Ho. _jQ_ 
Proflle of' Hol.e 

(Collar ll.n. 
ll3l.S3 tt. ) 

!'e 21.00-' 
ll:z03 38 • .46 
8102 6.82 

lloiat. -

Is. Loaa -

!102 
-

(Botto• Elev. 
1081. 5.3 f't. )  

HOLE PROFILES , HUTCHISOH-RIXOB DEPOSIT 

Drill Hole Ho . _a_ 
Profile of Hole 

11 (Collar !lev. 
ll20 . SO f't. )  

!'e 25 .01% 

Al:z03 34o.34 
8102 8. 7S 

Moist. 
Ig. Loss 
T102 

42 1 6•.J......J (Bottoa Elev. 
1078.00 tt. ) 42 '  

Drill Bole Ho • ....U.. 
Profile of' Hole 

'n ( Collar El.ev. 
1120.97 ft. ) 

Fe 2.3.16% 
Al:z0.3 .35 .81 

8102 9.97 

lloiat. 19.8.3 

Ig. Loss 21.14 

T102 -- -

(Botto• !lev. 
1078.97 f't. ) 

F I G U R E  S 

Drill Hole Ho. � 

Profile of' Role 

en (Collar li:lev. 
113So09 f't. )  

Fe 26 • .3.3% 
ll:z0.3 .35.24 

8102 7. 22 

lloiat. -

Ig. Loaa -

T102 -

(Bottoa Elev. 
lll0 . 09  ft. )  
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Drill Hole Ro • ..i§... 

Profile of' Hole 

(Collar Elev. 
l.lJ2.40 ft. )  

l!'e 24. 84% 

A¥3 36.83 
8102 5.97 

lloist. 

Ig. Loss 

T102 

(Bottom Elev. 
ll0l.40 ft. )  

HOLE PROFILES, HUTCHISON-NIXON DEPOSIT 

DrUl Hole No • ..21... 

Profile of' Hole 

( Collar El.ev. 
ll85 . 84 ft. )  

ra 22. 54� 

Ali', 32.72 
5102 13.94 
lloist. -

Ig. Loss 19.91 
'1'102 5 . 81 

(Bottom Elev. 
U43-84 ft. )  

l. 

21 
27· 

Drill Hole No . � 
· Profile of Hole 

( Collar El.ev. 
1229.63 ft. )  

l!'e 24. 05� 

!12').3 33. 73  

5102 8.67 

Moist. 

Ig. Loss 

T102 

(Bottom El.ev. 
1202.63 ft. )  

F I G U R E  6 
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Drill Hole No . _52,_ 
Profile of Hole 

( Collar El.ev. 
1237 ·24 ft. ) 

l!'e 
!12')3 5102 
lloist. 
Ig. Loss 
'1'102 

25. 6o� 
33.09 

8. 95 

( Bottom El.ev. 
1212.24 ft. ) 
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Drill Bole Ho. _9L 
Profile of Bob 

(Collar !lev. 
1288.18 f't. ) 

Fe 24.49% 

Al:z03 31.40 
8102 8.88 
lloiet. -

Ig. Loss 20.41 
T102 -

(Botto• Elev. 
1258 .18 f't. } 

HOLE PROFILES , HUTCHISON-NIXON DEPOSIT 

Drill Hole No . � 

Profile of' Hole 

I I 

� 

I 

(Collar Elev. 
1280. 0  ft. ) 

, 

Fe 27. 6.,. 
�03 3(J.'n 

2 9.38 
Moist. -
Ig. Loss 18 • .36 
'1'102 4.66 

(Bottom Elev. 
1253.0 ft. ) 

F I G U R E  7 

IQil 
Holes 31, 34, 45 , 46, 47, 49 , 52, 54, 6o 
f'ailed to encotmter ore . Some of' these 
probably were drilled in areas of' pre
aUt erosion of' the ore, others proved 
to have been started stratigraphica.l.l.y 
below the ore horizon .  
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�o callty , ,  Parme l e ,  Hi l l sboro  quadrangle  

Hard  no du l ar typ e ore  o c c urs  in  the S� s e c . 5 ,  T ,  2 N . , R .  2 w . ,  0 . 2 7 •i l e  east  of  

Dixi e Mt . Road . Th e o r e  i s  expo s e d  i n a re adou t at th e top  o f  the  hi,l l at  an e l e vati o n  

o r  ab out 1 240  f e e t .  Ho l e  2 ,  pe n e t rated  10 f e e t  o f  o r e  having the  fo l l o wi ng w eighted  

ave rage analys i s ;  

)2 . 62 " 
2IJ . 2 2 

8 , 52 

The s i l i ca  c o nt e nt o f  the  lower  6 f e e t  o f  o r e  i s  somewhat l e s s  than that give n .  

P e t r o graph i c  analy s i s shows  that t h e  whi t e  par ti c l e s  i n  t h e  f i r m  r e d  c lay l l ke mat e r i al 

o f  th i s  low e r  po r t i o n  ar e made up o r  gi b b s i t e  with some  l i monite , 

Lo c ality lO L��!.L-!:!���!..!!.!:.!!!!l! 
Thi s l o c a l i ty i s  near the  mi dd l e  o f  t h e  townshi p l i ne b e tw e e n  s e e s . 25 and 30 ,  

T .  2 N o , R s . 3 and 2 W ,  r e s p e c ti ve ly,  and i s  0 . 2  mi l e  east  o f  t h e  Pumpkin Ri dge Road 

and 4 . 4 5 mi l e s  s o uth  of the P l e asan t  Vi ew Scho o l .  P i e c e s  o f  o � l i t i c  ore  and gibb s i tlo 

mat e r i a l  ar e s c at t e r e d  over part o f  the  W , O. Jaco b s  farm. The ore oc curs  at an e l eva•  

t i o n  o r  ab out 5 2 5 fe et  and  i t  ma.y b e  rath e r  exten s i v e  ln  thu genera l vic in ity .  No  

c h e mi cal  analys e s  have b e en made . 

Lo c a l i ty 1 1 ,  C athez,  Hi l l sb o ro �uadrangl e 

Half  a mi l e  north  o f  the  Le i t z e l  farm ( Lo ca l i ty 12 ) and at a h i gher  e l evat i o n  thr e e  

auge r  ho l e s  w e r e  put down a l o na  the county roa4 ! n  t h e  NE! s e c .  )4 , T u 2 N . , R. 2 W ,  
f!i. 

Two o f  the  ho l e s  encoun t e r e d  i rony mat erial  and the ave rage o f  the  analys e s  of  sampl e s  

t a k e n  f r o m  them i s  gi ven b e l ow � 

2 2 . 33 :' 
1 5 . , 3 
4 0 . 3 5  

T h e  s i l i c a  c o nt ent of  th e mat e r ial  dri l l e d  i s  much t o o  h i gh f o r  lt  to  b e  c l a s s e d  as ore . 

Lo c al i ty 12 , L e i t z e l ,  Hi l l sb o r o  quadrangl e 

Thi s l o cal i ty i n  the  southern part o f  the  ar ea i n  the NW! s e c .  3, f .  1 N • •  R .  2 1 , , at 

an e l e vat ion  o f  ab out 350 f e e t  was d e s c r i b e d  i n  Q , M , I .  Shor t  Paper No . 12 as the Schmidt 

farm . Ownership c h anged  hands and the  thr e e  ho l e s  dri l l ed by the  department and one outc rop 

are  l o cated  on  l and o wn e d  by John  w .  L e i t z e l .  Ogl iti c f erruginous b auxi t e  1 1  expo s e d  l n  a 

cut on the  north s i d e  o f  the c ounty ro ad o n  the  lm. B i shop  p l ac e ,  north o f  the  L e i t z e l  tare. 

A pr e l iminary sam p l e  o f  the  outcrop  on the L e i t z e l  plao e re turned :  

4 5 . 8 7 :' 
1 8 . 51  
8 . 1 6 
0 . 150  



D e s c r i p t i o n  o f  D e po s i t s  

Thr e e  auge r  ho l e s w e r e  put d o w n  o n  th i s farm . Analyti c al r e su l t s  o f  sam p l e s f r o m  

ho l e s  1 '  and - 2 g l v e  t h e  f o l l o w i ng ave r age analy s i s :  

� 2 . 0 6 " 
1 , . ,2 

B .  30 

�5 

A de s c r i p t i o n  o f  a thi n s e c t i o n  o f  the o r e  f r o m  th i s  lo cal ity l s  g i v e n  und e r  t h e  

c harac t e r  o f  t h e  o r e  o n  page 1 6 .  T h e  t o p o g r a phy o r  thi s area i s  euc h that  a c on s i d e r ab l e  

a c r eage might b e  und e r l a i n  b y  o r e . · Addi t i onal  ho l e s  t o  d e t e rmine  th e e xt e n t  o f  t h e  o r e  

b o dy ar e ne e de d b e f o r e  any t onnag e e s t i mate s may b e  mad e ,  and t o  eive  i nf o r ma t i o n  c o n-

o e rn i ng ave rage thi c kn e s s  o f  o ve rb u r d e n .  

Lo c al i ty lJ ,  G .  F .  B e rs e rJ _ H i l l s b o r o  �drans!! 

F loat o f  o 8 l i t i c f e r rugi nous b auxi t e  and l i mo n i t i c  mat eri a l  o c c urs o n  t h e  s l o pe s o f  

a smal l h i l l  north o f  t h e  f ar mh ou s e  i n  th e  NW! s e c . 2 ,  T .  1 N . , R . 2 1 . , at  a n  e l e vati o n  

o f  ab out 4 50 f e et .  N e ar t h e  ho u s e at a l o w e r  e l e vat i o n ,  two shal l ow shaf t s  we r e  sunk 

s e v e r a l  y e ar s  ago  and p e n e trat e d a bed of  l i mo n i t e ,  p i e c e s  of  wh i c h  ar e pi l e d o n  th e  dump s . 

R e su lt s  o f  a samp l e  o f  o � l i t i c  f e rrug i no u s  b auxi te  s ub mi t t e d  by Q , P .  B e rge r f o l l ow : 

A l 2 03 ,3� . 06 " 
F e  )0 . 4 1  
S i o 2 5 c l 2  
T1 0 2  4 . 1 2 
l gn . l o s s  1 6 . 5 7 

L o c al i ty 14 , l.lr s . A .  and Edw. Ande r s o n ,  H i l l sb o r o quadrangle  

Thi s o o ourren o e  i s  n e ar th e  to p o f  th e h i ll i n  t h e  Nl'f! s e c .  2 7 ,  T .  2 N. , R . 2 w. , 

a b o u t  o ne thi r d  m i l e  e a s t  o f  t h e  L o g i e Trai l .  Th e  o r e  o c c ur s  a t an e l evat i o n  o f ab out  

Boo  f e e t  and is  e z p o a e d  a long t h e  no rth s i d e  o f  th e r o ad n e ar th e hous e ,  and  i s  sc att e r e d 

o ve r  t h e  p l o w e d  f i e l d Ju s t  north o f t h e  road  and w e s t  o f  th e h o u s e , The mat e r i a l  i s  r e •  

p o r te d  t o  have b e e n  en c o unt e r e d  a t  a s ha l l ow d e pth i n  t h e  o l d we l l  near t h e  barn.  Gib b ·  

s i t i o , l i mo ni t e , o H ll tl o ,  and ear thy var i e t i e s  o f  f e rrug i n o u s  b auxi t e  ar e p r e s e nt , Ana ly s i s 

o f  a samp l e  o f  t h e  g i b b s i t i c  p i e c e s ,  P • JJ6IJ 1  i s  given ln t h e  f o l l o wing tab l e ,  P e tr o graph i c  

e x am i nat i o n  o r  t h i s  s a mp l e  s ho w s that i t  i s  made up l arg e ly o f  g i bb s i t e . Ana ly s e s  o f  a 

l i m o ni t i c  p i e c e ,  P · J J6 3 ,  o f  an o 8 l i t i c ty p e 1 P - 3 36 5 1  and o f  a s o m ewhat p l a o l i t l c  ear thy 

typ e ,  P - 3 36 6 ,  ar e a l s o  gi ven . 

Sampl e No v 

P - 3 36 3  

P · J)64 

P - ) 36 5 

P - 3 366 

!hE., 

10 ., 4 8  

5 6 . )6 

44. 24 

4 7 . 36 

F e  

50 . 5 6 

6 . 9 5 

2 2 . 2 6 

1_2 . 1 9 

ill2 lli2 Isni t i o n  l o u 

4 . 5 6 1 . 76 1 2 . 14 

, , ,0 2 . 6 , 2 7 . 9 5  

5 . 84 2 . 2 5 2 3 . 37 

4 . 70 3 . 6 ,  2 6 . 8 1 
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Lo c a l i ty 1 5 1  C , E. F e rgu s o n , Ga l e s C r e e k qu a d r an g l e  

Only a f ew smal l pi e c e s  o r  p 1 s o l 1 t 1 o i r o ny mat e r i a l  w e r e  f o und a t  thi s l o c a l i ty on 

the  n o r th e a s t  s l o p e  of  the  r l dge i n  th e NW! NE! s a o .  2 4 ,  T.  3 N . , R . 3 w. ,  a t  an e l e va• 

t i o n  of ab out 1 70 0  f e e t .  T h e  r e po r t e d  r e s u l t s  o f  a o h a m1 o a l  analys i s  o f  t h e  mat e r i al 

fo ll o w : 

Al203 2 2 u 8 0 'I> 
F e 2 o3 44 . o4 
F e O 1 . 60 
S i 02 2 . 0 7 
T 1 o2 5 · 67 

L o c a l i ty 1 6 ,  B a l d Mt . ,  Ga l a s C r e e k  qu a d r an g l e  

P i e c e s  o f  b au x i t e  f l o at w e r e f o u n d  1 n  a c u l t i va t e d  f i e l d  o n  t h e  southw e s t  s l o pe o f 

B a l d  M t .  at an e l e v a t i o n  o f  ab out 1 30 0  f e e t . Bal d Mt . c an b e r ea c h e d  f r o m  t h e  Wo l f C r e e k  

H i ghway by s e v e r a l  r o a d s .  It  i s  ab o ut 4� mi l e s  d u e  no r th o f  Bank s . T h e  f l o at has a 

p o r o u s granu l a r  t e xtur e ,  I t  i s  no t o nly po r o u s  b u t  r e tai n s  mu c h  o f  t h e  o r i gi na l  t e xtur e 

o f  t h e  b a s a l t i c  r o c k  f r o m  whi c h  1 t  w a s  d e r i v e d .  R e s u l t s  o f  t h e  an aly s i s  o f  two p i e c e s  

o f  t h e  f l o a t  f o l l ow : 

A l2 03 
F e  

S 1 02 
T l 0 2  
l gn ,  l o s s  

56 . ,31 � 

1 .3 - 54 
5 · .30 

2 .  7.3 
24 . 8 6 

Una l t e r e d  ba s al t o c c u r s near the e dg e  o f  the n o r thw e s t  c o r n e r  o t t h e  f i e l d .  

L� c al i ty 1 7 ,  Gal a s  C r e e k  quadrangl e 

Ferruginous  b au x i t e  o c c u r s  o n  t h e  t o p  o f  t h e  s pur ab o ve and ab out o ne quar t e r  o f  a 

m i l a  east o f  t h e  r o a d  l e a d i ng n o r thward f r o m  n e ar Dav i e s  on the  Wo l f  C r e e k  H ighw ay toward 

B a l d Mt.  The l o c a l i ty is ab out 1� m i l e s  n o r th-north e a s t  o f  Davi e s  and at an e l evat i o n  o f  

about 6 5 0  f e a t .  Nume r ou s  pl a c e s  o f  f l o a t  were  f ound s c at t e r e d  over  th e s l o p e s  around the 

farmhous e ,  wh i c h  1 s  s i tuat e d  on t o p  o f  the  s pu r ,  and appa r e nt ly o r e  o c c u r s  in  p l a c e  near 

t h e  northeast  c o rn e r o f  th e h o u s e .  S e v e r a l  t e xtural var i e t i e s  a r e  pr e s ent .  R e s u l t s  o f  

the analy s i s  o f  o n e  o t  t h e  non• 1 r o ny ty p e s  f o l l ow ,: -

Al 2 03 40 . 28 � 
F e  2 2 . 0 6 
Si 02 6 . 42 

T 1 02 11 . 4' 
I gn .  l O l l  1 8 . 2 2 

Lo c al i ty 1 8 ,  H .  Davie s ,  Gal e s  C r e e k  gu adrans1 a 

Thi s l o c a l i ty 1 s  1 n t h e  SE! s a c . 1 9 ,  T .  2 N . , R .  3 1 . , a b o u t  3 mi l e s  d u e  no rth o f  

Wi l ke s b o r o . Th e o r a  o c cu r s  at i h e  e dg e  o f  the t i mb e r  o n  the n o r th s i d e  o f  the r i dge at 

an e l e vat i o n  of a b o ut 825 f e e t .  



De s c ri pt i o n  o f  Depo s i t s  

R e su l t s  o r  t h e  analy s i s  o r  a c o mpo s i t e  samp l e  mad e  u p  o r  two o � l i t i o  pi e c e s  and o n e  

nodular type p i e c e a r e  given b e l ow :  

Al 2 03 
F'e 
S i 02 
Ti 02 
I gn .  l o s s  

Lo c al i ty 1 9 , H .  Davi e s , Gal e s  C r e ek_guadransl e 

3 1 . 44 � 
2 9 . 3 1  
4 . 2 5  
4 . 6 1 

1 6 . 1 7  

Nume rous  s mal l  pi ec e s  o f  f l oat c o eur ln  t h e  f i e l d  Jus t  e as t o r  t h e  hou s e  i n  the  

47 

NE! s e c ,  1 9 ,  T, 2 N . , R .  3 w . , at an e l evati o n  o r  abo ut 600 t e e t .  A t a w  glbb s i t l c  pl ac e s  

w e r e  among t h e m .  Re sult s o r  the analy s i s  o r  a c o mpo sit e samp l e  made  u p  o r  o � l l t l o and 

nodu lar type pi ec e s  fo l l ow : 

Lo cal i ty 2 0 ,  Ga l e s  C r e e k  quadran�le  

Al 2 03 
F e  
Si02 
T1 02 
Ign. l o s s  

30 . 4 6  "' 
2 9 . 07 

3 o 39 
4 . 6 5 

1 6 . 51 

P i e c e s  o r  f e r ruginous bauxi te  ar e r e po r t e d  to  o ccur  on t o p  o f  a l o ng, n o r th-tr ending 

r i dge  at an e l e vat i o n o r  1 5 50 f e e t ,  ab out 5! mi l e s  nearly due no rth o r  Ban k s ,  

Local ity 2 1 ,  Hi l l s b o ro quadrang! e  

Mr . Gus Ne ls o n  r e p o r t s  that f errugino u s  b auxi t e  o c curs  o n  hi s farm o n  t h e  top  o r  a 

ri dge ln  the SE! s a o . 2 5 ,  T .  3 N . , R .  3 w. , at an e l evat i o n  o r  ab o ut 1400 f e e t .  

Lo c a l i ty 2 2 ,  E . K. Lamb e r t , St. H e l e n s  quadrangl e 

Thi s l o c a l i ty i s  in  probably  the NE! s a o .  1 ,  T. 4 N . , R. 2 w. , at an approximate  

e l evati on o r  500 t e e t .  I t  i s  o n  the Stone  Road  about  halt  a ml l e  s o uthea s t  o r  i t s  int e r 

s e c ti on wl th th e Spi t z e nb o rg•Yankto n  ro ad.  Th e  ro ad here  fo l l ows. an e l o ngate r i dse  trend• 

i ns and s l o p i ng s l i ghtly  t o  the  s outheast .  Reddish  p l s o l i tlo  mat erial  i s  ro und at the  

b e nd l n  t he r o ad and , ac c o r d i ng t o  Lamb ert ,  was enco untered  i n  the t e l epho n e - po l e  ho l e  on 

the  southw e s t  s l d e  o r  the road .  Tho r e su l t s  o r  the  analyai a . o r  a pi e o e troa  t h e  ro ads i de  

l s  given  b e l ow : 

39 · 2 5 � 
1 5 . 04 
1 6 , 76 

Lo c al i ty 2 3 ,  ab ando n ed rai l r o ad out  n ear Yankton,  St.  H e l ena  quadrangl e 
' 

Thi s depo si t was f i r s t  men t i o n e d  in  the  r e po r t  by Wi l l i ams and Parks ( 1 92 3 ) .  They 
not e d  the o o ourreno e or l i moni tic  "shot"  o r e  in  an , o l d  rai l road out s o uth of C o x  C r e ek 

ab out one  quar t e r  o f  a mi l e  s o u t h  o r  Ya�kt o n  ( ac tua l ly a b o u t  h a l f  a m i l e  s o u th - s o ut h e a s t ) . 
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lf8 rerrusi nou• Baux ite Depo 1 1 t1 ln No rthweat ern Orecon 

The d e p o e i t  11 i n  t h e  sr! . .  o. 1 1  T .  If H. , R .  2 w. , and o an b e  r eao h e d  b u t  b7 wal kl na the 

old ara d e  r r o a  whe r e  lt lnte r 1 e o t 1  the lapp l e r  Road at i tl lnterl e o t l o n  with the r oa d l ead• 

lnt about thr e e  quart er• o r  a al l e  due north to Yankt o n .  T h e  o l d  rai l r o ad arade run• 1 1 n• 

1ral l7 northea•t about 2200 t e e t  to the eut wher e  the o r e  i l  expo e ed over  a di ltano e of  

'00 t e e t .  The arade then o o ntinu e l eaetward nearl7 h a l t  a ai le  and turn• 1 o uthe a1t to t i n• 

nl l7 i nt er 1 1 o t  the lapp l e r  Road aaain about 1 ai l e  ea•t  o t  i t e  other l nt e r • e otl on.  The 

a:rade il sl tuat ed part W&7 down the no rth, or Cox C r e e k  l l d e, ot a rather t lat r i dae whl o b  

1 •  • • parat e d  t r o a  l t• 1 a1 tern ext enl i o n  toward l o o al l t l • •  21f an d  2 5  b 7  a w e l l • d e r l n e d  1addl e .  

The e l e vati o n  o r  the out a •  Jud a e d  troa the t o p o graphio aap i l  about 2 7 5  t e e t .  A• 

thl • eut i 1  t h e  b e lt expo sure o r  t e rrugl nou• b auxi t e  kno wn ,  a lke to h i 1  a lven b e l ow. The 

pre 1 ent grad e i l  the r e au l t  e t  exoavat ion pr eparat o r7 to bui l dl na a r oad a l o na the t o raer 

rai l road arad e .  

S C A L I!:  
0 10 P-32 75 

E W 

F I G .  8. S K E T C H  OF YA N K T O N  RAI LROAD CUT LOC ALI T Y  

The later i t e  i l o verlain dl e o o nto raab l7 b 7  a aa1 1 ive ao t t l ed a l l t  wbioh o ontainl 1ra1 n1 

or h o rnb l e nd e ,  aasn e t l t e ,  bi o t i t e ,  au • o o vl t e , and apat i t e , ae w e l l  ae o the r a i n e r a l e .  C hann e l  

and arab 1 ampl 1 1  o t  th e hori zon•  and o r e  t7p 1 1  b ene ath the • i l t  have b e e n  t aken and t h e i r  

anal71 1 1  are g i v e n  i n  t h e  tab l e  o n  page .. , .  Thr e e  eaap l e e  t ro a a 12 . , - r o o t  verti o al o hann e l  

w e r e  taken l if O  t e e t  t r o a  t h e  e a e t  end o t  the out. The uppermo e t  hori zon •••p l e d  11  a s o rt,  

r e d d i s h - b rown, s l i ght l7 pi so l l t l o ,  baux l t l o •1&7• Samp l e  P • 3 3 ' 5  ie  a ' · 2•fo o t  v e r t l o al o h ann e l  

samp l e  o f  thi • ho ri a o n .  Thi s srad e e  b e lo w  into a 2 . 1f - t o o t  thi o kn e e e  o t  e o tt,  aottl e d  brown 

and sr&7 , more pl•o l l t i o  aat e rla l ,  r e pr e e en t e d  b7 eaaple P • )),lf . P e t r o gr aph i o  exami nat i o n o r  

mat e r i a l  troa  thl e hori z o n  ehowe that l t  o o nt a l n •  sibb l i te ,  quart s ,  apat i t e ,  au• o o vi t e ,  air• 

o o n, t o ur aaline,  ae w e l l  a 1  other aineral l .  !he p l e o l i t e •  o t  thi l hori zon ar e aaanet l � and 

petrographi o examinat i o n  e bow• that t he 7  o ontai n rounded  and 1ub angu lar sral n l  ot quart s  

ab out 0. 1 ! •• i n  diaa e t e r .  AI ebown in t h e  ab ove eketob, thi e bauxltle o l &7  app e ar •  t o  b e  

o o nt o raab l e  wi th t h e  unde rl7lDI te rruslnou• bauxi te and w a e  depo e l t e d  pri o r  to th e dt po • i t l o n  

o t  tb e r t l at i vt l7 unwe athe r e d  aae e lve e i l t  whl o h  d i 1 o o n t o raab l7 over l i e e  l t .  
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I t  can no t b e  s ta t e d  c e rta i n ly wh e t h e r  t h e  b auxi t i c  c l ay was f o rm e d  i n  plac e f r o m  

s i l t  t h a t  wa s d e po si t e d  o n  to p o f  b a s a lt pri o r  t o  lat e r i zat t o n  o r  whether i t  w a s  d e r i v e d  

f ro m  l a t e r i t e  e l s e whe r e  a n d  d e p o s i t e d  o n  t o p  o f  previ o u s ly fo r m e d  f e r rugi nous b auxi t e  n o w  

f o und und e r lying t t .  The pr e s e nc e  o f  a r o u n d e d  p eb b l e  o r  c o nc r e t i on o r  f e r rugi nous  b aux

i t e  near the c o n tac t wi th the underlying l a t e r i t e  sugge s t s  _ d e po a i ti c n  or the b auxi t i c  

c lay fo l l o wi ng l a t e r i zation or the basal t .  The i nc lusi o n  o t  quart z gra ins wi thin the 

o 8 1 i t e s  ln the bauxi t i c  o l ay h o r i z o n  i n d i c at e s  that tho � ll i t e a  were not  d e r i ve d  tro a 

basal t .  As t h e  quartz  gra ins i n  the o B l i t e a  are l i ke t ho s e  in the matrlz,  l t  l s  thought 

that the  o H l l t e s  were f o rm e d  a f t e r  th e  s i l t  was d e po s i t e d  on top of the basal t p r i o r  to 

l at e r l zat i o n or both hori z on s .  I t  ls a l s o po s s i b l e  that t h e  oS l i t e s  w e r e d e v e l o p e d  a f t e r  

d e po s i t i on o f  a b auxi t i o  c lay o n  t o p  o f  previ ous ly f o r m e d  f e r rugino u s  b auxi t e .  

The magne t i c p r o p e r ty o f  t h e  o gl i t e s  i s  very l i k e ly due t o  a s e c o ndary i r on o x i de ,  

pro bab ly de rive d f r o m  th e und e r lying  b a s a l t  a s  the o B l i t e s  b e c o m e  l e s s  abundant upwar d .  

A lt hough t h e  baux i t i c  c lay a pp ears to  b e  c onfo r mab l e
-

o n  t h e  f e rruginous  b auxi t e ,  th e 

evidenc e i s  insuf f i c i e nt to e s tab li sh th e  r e lationsh i p . 

'arke d ly d i f f e r e nt f ro m  thi s ho r i z o n  i s  t h e  und e r ly ing h ar d  r e dd i sh-brown p i s o l i t i c  

z o n e . Sample  P - 33, 3 i s  a 4 . 3� f o o t  c h anne l samp l e  o f  thi s h o ri z o n  w hi c h  c o nt i nu e s  down-

war d "  Analys e s  o f  th i s  and o ther  samp l e s  a r e  g i ven i n  t h e  t ab l e  b e low : 

Thi c kn e s s  
�ampl e no . r e2r e s e nt o d  !h!!3 !:.!. !!,22 1!22 f. 

P • 3 3 , 5  6 . 2  f t .  3, . 2 2 1 2 . 50 2 3 - 36 3 o 32  0 . 18' 
P • 33,4 2 . 4 f t .  3 3 . 70 24o 85 14 . o4 4 . 86 0 . 2 32 

p . ,, 4 . )  f t .  3 J . 06 2, . 72 6 . 2 0 5 ) 1 6  O o 2 1 2  

P · 3 2 7 5  grab samp l e  4 1 . 28 10. 18 2 2 o 52 4 . 6 1  

P - 3 2 74 3. 0 f t .  )4 . 4' 14. 5 1 2 6 . 6 5 4 . 73 0 . 2 1 2  

37 · 30 1 5 . 00 2 2 . 04 4 . ,4 

P · 32 7.3 , . 0  r t .  3 5 · 5 0  2 6 . 52 6 . 6 6  5 · 72 0. 24 8 
)). 20 27. 83 6 , )6 5 · 3 5 

P • 3272  large c o nc r e t i o n 20. 00 )4 . 6 6  8. 38 3 . 20 

P • 3)22 no du l e  60 . 5 2  ) ... 58 7. 6 6  

P • 3 )2 1  2 . 0  f t .  2 6 u l 2 2 5 v 6 2 16 . 14 

P z 3)20 1 . 5  f t .  )8. 4 8  1,. 07 14 . 34 

Igni t i o n  
l o s s  

18. 10 L e r c h  Bro s .  

14 . 56 L e r c h  B r o s .  

1 5 . 2 5  L e r c h  B r o s .  

2 0. 1, 

15 . , 3 L e r c h  Bro s .  

1 7 . 62 H oagland 

16 . 7' L e r c h  Bro s .  

1, . 83 Hoag l and 

1 5 . 6 2 

1 ) . 6 3 

18. 4 6  

P e t r o graph i c  examinat i o n  o f  mat e r i a l  f r o m  thi s hard p i s o l i t i c  h o r i z o n  ( s amp l e  P • 32 73 )  

s hows that t h e  hard magn e t i c  c o nc r e t i o ns  a r e  p r e d o m i nantly a mixtur e o f  magn e ti t e , l i moni t e  

{ i n c ludi ng go e th i t e ) , and a b rown i so tr o p i c  mat e r i al with an i n d e x  o f  r e frac t i o n  o f  ab out 

1 . 7 1 � 1 . 72 .  A s  no · i s o tro p 1 o ,  i ro n- alumi num mine ral h as a s i mi l ar index, the  mat e r i al i s  

thought t o b e  a n  inti mate m i xture o f  hy drous  f a rr i o  and aluminu m  o x i d e s . P o s s ib ly i t  i s  

o l i ac h i t e  mi x e d  w i th an i r on s e aqui o x i d e .  T h e  c o nc r e t i o n s  al so  c o nt aln a mino r amount o f  
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gib b s i t e  as w e l l  as a minor  amo unt o f  an uni dent i f i e d  mat e r ial . The matr i x o f  thi s hori zo n  

i s  mo re  uni form  i n  c ompo si t i o n  and i s  only very s l i 8h t ly magne t i c , I t  i s  made up  large ly o f  

t h e  i s o tr o p i c  i r on --aluminum mat e r ial  d e l c r i b e d  abo ve as  o o ourring i n · the  c onc r e ti on s .  Limon

i t o is  a much l e s s  i mpo rtant c on s t i tuent and probab ly o th e r  mineral s ar e pr e s ent i n  s mall  

amount s .  S ome  o f  th e c o nc r e t i o n s  o r  p1 a o l i t e s  fro m thi s  h o ri zon  are as muc h  a s  5 i nch e s  i n  

d iame ter .  They  have a porous  or  "wo rmy"  t exture and  unlike  the  main  mas s o r  t h i s  h o r i zon,  

are  on ly very s l i ghtly magneti c ,  In th e f i e l d  they wer e  d e s c r i b e d  as  b e i ng l i moni t e  but  

analysi s o f  a p o r t i o n  o r  o ne of  the  l arger  o ne s �  sampl e  P - )2 72 , shows it  c o ntai n s  20 percent 

A l2 o3 • I t s  analys i s  i s  given ln the  tab l e ,  

B en eath the hard pi s o l i t i c  'one  near the e a s t  end o f  the cut i s  a brown, non�o3 l i t i o 1  

earthy ho r i z on  o r  lateri z e d  basalt ,  About  6!  f e et o r  thi s mat e r i a l  i s  expo s e d .  The  l ow e r  

Ji f e e t  was c hann e l  sampl e d ,  Samp l e  P • ))20 r e p r e s ents  the  l ower  1! f e e t  and P• ))2 1 1  the  

upp e r  2 f e e t ,  A pi e c e  o f  l i gh t  gray c o mpac t mat e r i al ) inc h e s  l ong and ab out 1 i n c h  thi c k, 

samp l e  P • )322 , was fo und at the  to p o r  the  s e c t i o n  o f  s am p l e  P - 3 32 1 .  P etrographi c e xami n •· 

a t l o n  s h ow s that i t  1 s  large ly gibbsi t e ,  and c hemical analys i s  glve s 60 , 5 2 pero ent A l2 o) • 

A ) · f o o t  c hanne l  s ampl e ,  P • 32 7� ,  of  the s o f t  bauxi t i c  c l ay ove r lying the  pi s o l i t i c  

f e rruginous b au x i t e  w a s  taken e ar l i er a t  the plac e indi c ated  i n  f i gure  8 o n  page �8 . I t  

i nc l u d e s  a l l  o f  the materi al r e pr e s ented  b y  s ampl e  P - 339� and the  l ow e r  part o f  that r e pre 

s e n t e d  by �am p l e  P � 3 39 5 ·  A g r ab s a mp l e ,  P - 3 2 75 , o f  the  baux i t i c  c lay ab out  7 f e e t  ab ove the  

hard pi so l i ti o  ' o n e  is  equivalent  t o  the uppe r  par t o f  c hanne l eamp l e  P - 3 3 9 5 · A chip  s ampl e ,  

P � 3 2 7 3 ,  o f  tho  hard p i s o l i t i c  mate r i a l  was taken s o m ewhat farther  eas t whe r e  the  thi c kn e s s 

i s  about  9 f e e t ., Samp l e  P · 3 J 9 3  � e p � e s ents  the upp e r  part  o f  th l s  h o ri zo n .  Analy s e s  o f  t he s e  

s a mp l e s  ar e a l so  g i v e n  1n  t h e  pr e c e d i ng tab l e .  

-��!.!L_ 2 4 ,..lo hn Gua!!z....!!.• H e l e n s  quadran&!! 

Thi s d n po si t ,  f o rme r ly known as  th e Sal & ar l o c al i ty. was f i r s t  d e s c r i b e d  by Wi l l i am s  

and Pa�ks  ( 1 92 3 : 24 ) ., I t  i s  in  th e  S! NEi s e c . 1 ,  r. � N . ,  R . 2 IY , , about 2i mi l e s  w e s t  o r  

S t .  H e l e n s  an d  about  1 mi l e  s o u th e a s t  o f  Yankton .  Wi l l iams  and Parks stat e d  that a thin 

· ed o f  s i l i c e o us shot  o r e  i s  expo s e d  an d that such  d � po s i t s  are c lo s e ly a s s o c i a t e d  wi th t h e  

bas a l t s  and  t h a t  th e o�•  i s t o  b e  r egard e d  a s  d e c ompo s i ti o n  produ c t s  o f  the s e  lavas . They 

furth e r  s tated  that none of the "shot"  vari ety of i ro n  o r e ,  d e s c r i b e d  as  l imo nite  " s h o t s "  

he ld  i n  a fai r ly hard matrix ,  thu s  far pro s pe c t e d  h a s  proved to  b e  suff i c i ontly high in  i r o n  

o r  large enough i n  quanti ty to b e  glven c o n s i d eration.  They,  l lke o th e r s ,  di d not  menti o n  

th e pr e s e nc e  o f  a high perc entage o f  alumina i n  such Co lumbia  C ounty o r e s .  

T h e  o.r e i s  expo s e d  i n  a n  adi t  and s everal o l d  c u t s  s i tuated part way do wn on  t h e  no rth 

s i d e  of t he h i l l  s outheast  of Ui l t o n  Cre ek,  at an e l evati o n  probably b e tween  2 75 and )00 

f e e t .  T h e  po rtal o r  t h e  adi t1  whi ch i s  about 50 f e e t  l o ng ,  a xpo s o a  about  1 0  f e e t  o r  hard 

oB l l t i c  or p i s o l i t i c  o r e .  A grab samP,le , P - )2 67 ,  r e p r e s e n t i ng the upper  6 f e e t  o r  o � l i ti c  
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o r e  expo s ed by th e po rtal fac e and o. harder , dar ke r - c o l o r e d ,  more  "irony" sampl e ,  P - .3268 , 

fro m. o. mo r e  c o mpao � layer  near the to p o f  t h e  po rta l  i t s e l f ,  w e r e  taken .  Th e c o mpac t 

"irony" layer  i s  o.bout  ll t o  6 inch e s  th l o k  and o.ppears to e xtend as  an une ven  hori zon  fro• 

the po rto.l mo r e  o r  l e s s  c o ntinuous ly to the  fac e of the  adi t .  Ana lys e s  o f  t h e s e s ampl e s  

a r e  given b e low :  

Thi c kne s s  I gnl tlon  
So.mEl e No . re2r e s e n t o d  A l 2.23 F e  ill2 !!.22 p l o s s  

P � J 2 6 6  6 i n .  2 1 . 60 ,36 . 0 2 4 . 2 8  .) . 6 8  17 "  !J 2  Hoagland  

P - .32 6 7  6 f t .  4 1 .  1 1  2 L l 7  7 . 1 1 6  6 "  1 1  0 . 316  1 6 . 50 L e r c h  B r o s .  
,36 . 80 2 2 . 0 5 7 . 0 2 6 . 0 5 O . J4 7 2 l )lO Ho a�;land 

P - 32 6 6 6 i n . 2 11 , 66 3 9 . '2 5 ' ' · 5 5 '' · 6 1  0 " 1 4 1  l 2 , 1j !J L e r c h  ll ro s .  
2 3 . 1 2 4 0 , 2 0  ' ' · 6 4  J . B !J 0 ,. 1 8 2  1'1 •. 2 9  ll oo.gland 

P · J31 7 2 , 5  f t . IJ O ,  38 1 5 · 5 5 11L '20 Hoagland 

P - 33 18  6 2 . 3 2  1 .  95  2 . 68 Hoagland 

P · 3 3 l !J  5 7 · 3 2 4 ,_ 0 3  l J .. lO H o agland 

The analy s i s  o f  a sample , P · J 2 6 6 ,  o f  the  11 1 ro ny11 l ay e r- from  the  fac e  o f  the ad it  i s  

l i s t e d  i n  the  ab ove tab l e .  A mor e  e ar thy and s o mewhat s o f t e r. b rown, no du l ar mat a r l al under

l i e s  thi s l ayer i n  the  fac e o f  the  c ut , The  analy s i s  o r  a 2-k- f o o t  c hanne l sampl e ,  P - .3317. 
or th i s  l ower  hori z o n  is  gi ven in th o tab l e  above .  

P i e c e s  o r  l i ght� c o l o r ed or  l ight buff ear-thy mat e r i a l  as muc h  a s  an i nc h  i n  s i z e  

o c c ur e mb edded  i n  and Jus t  b e low  th o "i rony" lay e r  i n  the fac e .  P e t r o graphic  examin at i o n  

o f  thi s  material , sampl e P - .3.318 , show s that i t  c o ntai ns muc h  gib b s i t e .  A l ight gro.y earthy 

mat e r i a l ,  samp l e  P - .3 .3 1 9 ,  o ccur s at s e veral plac e s  in th e north wal l  o f  the  ad i t ,  P e tro • 

graph i c  e xaminati o n  shows  that i t  too  c o ntai ns  muc h  gibb site . Chemical  analy s e s  o t  the s e  

two samp l e s  are al so  l i s t e d  i n  the tab l e .  

P i e c e s  o f  o H li tio  f l o at w e r e  p i c ke d  u p  along t h o  trai l l e nding f r o m  t h e  Gaman hous e 

to the  adi t  and c u t s  to t he we s t .  Th e ore  i s  over lain b y  a thi o k  s i l t  very s imi lar i n  

appearanc e and c o mpo si ti o n  t o  that f ound in  Washi ngton County lying above  t h e  f errugi nous 

bauxi t e  depo s i t s  the r e .  A s  expo s e d  1 n  outs  a lo ng t h e  Kappl e r  Ro ad ,  whi ch runs a l o ng the 

o outh o rn si d e  o f  the  h i l l ,  the  s i l t  i s  s e en  to be  l i ght brown to brown, mo t t l e d  wl th gray.  

It  is  ma s s ive and  l o o s e ly c o ns o lidat e d .  I t  may b o  as  much  as 75 f e e t  thi ck  i n  plac e s  at 

th o Gaman l o c al i ty . The o r o i s  thou�;ht t o  b e l o ng to tho s ame bo dy as  that at t h e  Mar shal l 

plac e ,  Lo c ality 2 5 ,  ab o u t  half  a mi l e to t h e  east - south e a s t .  Thi s b o dy may ext e nd e i th e r  

b r o k e n  o r  unb ro ken  t o  Loc a l i ty 2 3 ,  about  a m i l e  to  t h e  we s t . 

Loc al i ty 2 5 ,  J o hn R .  Mar shal l plac e , S t .  H e l ens  quadran&!! 
Thi s l o c al i ty i s  i n  about the c en t e r  sr! s e c . 6 ,  T .  4 N . , R .  1 w . , at an e l e vation  o r  

ab out 3 2 5 f o e t .  I t  i s  on  the mo r e  gentl e  ba�k  or  southe a s t  s l o pe o f  t h e  h i l l  o n  whi c h  the 

Gaman d e po si t ,  Lo c al i ty 2 1� ,  is s i tuat e d .  Numerous  pi e c e s  of hard ,  dark r e ddi sh-brown ,  i rony,  
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o H l l t i e  f l o at w e r e  s e a n o n  the s l o p e  i mm a d l a t s ly e a s t  and b e l o w  t h e  h o u s e .  Uo r e  e ar thy 

p i e c e s  w a r e  r o u n d  b u t  i t  i s  th o ugh t that t h e  har d e r  typ e s  o f  o r e  w e a th e r  l a s s  rapi d ly and 

ar e th u s  mo r e  l i k e ly to o o o u r  as f l o a t .  Uany p l a o e s  e f  t h e  hard i r o ny typ e a r e  t o  b e  s e e n  

i n  t h e  d r i v e•ay f i l l  and p r e sumab ly c am e  f r o m  t h e  w e l l  n e ar t h e  h o u s e .  Th e r e s u l t s o f  th e 

ana lr s i s o r  samp l e  P - 32 6 '  wh i c h c o n s i s t s  e r  s e v e r a l  p i e c e s o r  p i s o l i t i c  f l o at f r e m  t h e  

s l e p e  e a s t o r  t h e  h e u s e  ar e g i v e n b e l ow : 

A l 2 o3 2 2 . 8 4 '{. 
F e  3 7 · 5 '  
S 1 o2 4 o OO 
T 1 0 2 4 . 1 6 
I gn .  l o s s 17 . ,7 

P i e c e s  o r  o 3 1 1 t 1 c mat e r i a l w e r e  r o und i n  t h e  f i e l d  w e s t - s e ut hw a s t  e f  t h e  Mar s h a l l 

ho u s e .  The e ve r b u r d e n h e r e  may b e  t h i n .  S e v e r a l  l a r g e  g l ac i a l  e rr at i c s  may b e  s e e n i n  

t h i s ar e a . T h e  u . s .  Bur e au o r  U l n a s i s  d r i l l i ng t h i s d e po s i t . 

Lo c a l i ty 2 6 ,  Eb e r  B r o wn ,  S t o  H e l e n s  qua d r angl e 

F e r r ug i no u s b au x i t e  i s  e x p o s e d  a l o ng the no rth si d e  o r  t h e  V e r n o n l a = S t �  H e l e ns 

Highway ab out 1! mi l e s e a s t  o r  Yankt o n  at an e l e va t i on b e tw e e n  32 5 and 350 f e e t .  S o me 

of the m a t e r i a l has a b r e c c 1 a l 1 ke a p p e aranc e .  Gi b b s i t e i s  al s o p r e s e nt b u t n o an a ly s e s 

o f  e i th e r  mat e r i a l h ave b e e n mad e . 

Num e r o u s pi e c e s  o f  ha r d 11 1 r o ny 11 ty p e  o � l 1 t 1 o  b auxi t e , s i mi l ar t o  s o m a  o f  t h e  f l oa t 

at th e Ma r s h a l l p l a c e ,  Lo c a l i ty 2 5 ,  and m o r e  e arthy va r i e t i e s  o c cur o n  t h e  n o r th s i d e o r  

th e V e r n o n 1 a � s t . H e l e n s  H i ghway f a r t h e r a u t ,  about 1 mi l a w e s t  o f  S t .  H e l e n s , and a s h o r t 

d i s t an c e  w e s t  o f  i t s Junc t i o n  w i t h  t h e  r o a d l e ad i n g  s o uth t o  H o u l t o n .  T h e  e l e va t 1 o n , a s 

s h o w n  by th e t o p o gr a p h i c  map o f  t h e  S t .  H e l e n s  quadrangl e ,  i s  ab out 300 f e e t  and t h e  f l o a t  

h e r e  d o e s n o t  ap p e ar t o  r e pr e s e n t  an e a s tward e x t en s i o n  o f  t h e  d e p o si t s  f a r t h e r w e a t .  

G r a n i t i c  b o u l d e r s  and o th e r e r r at i c s ar e a l s o  p r e s e nt . 

L o c a l i ty 2 7 ,  J o hn G e n t ry, S t . H e l e ns quadrang l !  

Th i s l o c al i ty i s  i n  t h e  SE! s a o . 2 6 ,  T .  5 N . , R .  2 w . , ab o u t  1! mi l e s  n o r t h - n o r t hw e s t  

o f  Y a n kt o n .  Grab s a mp l e s  w e r e tak e n  f r o m  two s o ut h e a s t - t r e n d i ng s p u r s  ? f  the r i d g e  Ju s t  

n o r t h  o f  t h e  V e r n o n i a - s t .  H e l e n s  Hi ghway . S amp l e  P - 32 64 i s  f r o m  t h e w e s t e rnmo s t  s pur an d 

w a s  t ak e n  n e ar i t s  t o p  at an a pp r o x i mat e e l e vati o n  o r  5 50 t e a t .  I t  i s  a har d ,  rough t e x 

t u r e d i r o ny mat e ri a l .  The o th e r  s am p l e ,  P - 32 6 5 ,  w a s t ak e n  f r o •  t h e t o p  o r  t h e  s pu r ab out 

o n e  qua r t e r  of a mi l e  t o  th e e a s t  at a n  e l e v at i o n  o f ab out 525 f e e t .  T h e  s amp l e  c o n s i s t e d  

o f  s e v e r a l  p i e c e s  o f o 8 1 1 t i c  f l o a t  g a t he r e d  n e ar t h e  to e o r  t h e  s pur . Analy s e s  o f t h e s e 

s amp l e s  ar e g i v e n b e l ow :  

Samp l e  No . !!.2�3 
2 9 . 84 

30 . 5 2 

I gni t i o n  l o s s  

2 1 . 72 

16 . 03 
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1o o a l l tl 2 8 1 Dark C r e ek  Road• S m i t h  Ro ad i nt e r s e c t i o n  and vi c i ni ty ,  S t .  H e l e n s quadrangl e 

Thi s ar ea i s  ab o ut 2! mi l e s w e s t  o r  C o lumb i a  C i ty and th e gene ral e l evat i o n  is  about 

750 t e e t .  Wi l k i n so n ' s survey o t  the  s t .  ll e l ens  quadrang l e  ( 1 ,4 1 )  no t e d thi s l o cal ity. 

A 4!- t o o t  verti c a l channe l samp l e  was taken from the  w e s t  bank o r  the Dark C r e e k  Road , 

about 0 . 2 mi l e  s o u th o t  i t s  i n t er s e c t i o n  w i th the  Sml t h  R o a d .  Th e Mars ha l l  hou s e  l e  w e s t  

o t  the  spot samp l e d . The uppe r 3 f e e t  l s  r e d and o 8 l i t i c  and the l o w e r  1! f e e t l e  no du l ar . 

Re s u l t s  o r  t h e  analy s e s o f  thi s samp l e  f o l l o w : 

Al2 03 
F e  
Si 02 
Ti 02 
Ign. l o s e  

3 5 · 5 6 % 
24 . 2 2 

6 . 60 

4 . 50 
1 8 . 71 

0 ,  E .  De Vaul r e po r ts that s i mi lar mat e r i al was enc ount e r e d ln mo s t we l l s  i n  the 

vi c i n i ty of thi s i nt e r e e o t i o n .  A b e d d ed ,  r e l at i ve ly unweath e r e d  vo l c ani c a s h  w i th s o m e  

mu s c o v i t e  under l i e s t h e  C o lu mb ia River b a s a l t  i n  thi s a r e a .  

A s p e c i me n  o r  mas s i ve l i monite  was c o l l e c t e d  by  Wi lkinso n ' s  survey par ty , and i s  

r e po r t e d t o  o c c u r  o n  the  e as t  s i de o f  the  road,  a sho rt  di s tanc e s o uth  o f  th e  i n t e r s e c t i o n .  

Lo cal i ty 2 2 ,  Trenho lm-Happz H o l l o w  S c ho o l  a�S t . H e l ens quadr a ngl e 

F e r ruginous b au x i t e  o c cu r s  in a r oadc ut o n  th e Ve rno n i a - S t .  H e l e n s  Highway mo r e· than 

a mi l e by r o ad we st or the Hap py Ho l l ow S c ho o l . No analys i s i s  avai l ab l e .  

Lo c al i ty 30 , Kalama quadran g l e 

Thi s lo c al i ty l s  near the c e n t e r  s e c .  )4 , T .  7 N . , R. 2 w . , at an e l e vat i o n  o r  about 

1 1 50 f e e t . I t  i s  n e ar the h i gh p o l nt o r  tho road l ead ing f r o m  the N e e r  C i ty Scho o l  to 

Raini er and ab o u t 1 . 6  mi l e s n o r t h  o f  i ts i nt e r s e ct i on  with  the o n ly mal n r o a d  l e adi ng to  

the w e s t ,  a l l t t l e  mo r e  than a mi l e  no r th o f  the  Near  C i ty Scho o l .  Nume rous  p i e c e s  o r  

f l o at ,  s ev eral i nc h e s i n  diame t e r ,  o c cur b e l o w the r oad o n  th e east  s i d e .  A f ew pi e c e s  

wer e f o und along t h e  r o ad . A l l  the  pi ec e s have a r e d di sh -b ro wn c o lo r  and a po r ou s granu-

lar t exture . R e su l ts or the analy s i s or a samp l e  made up or pi e c e s  f r o m  f i v e  chunks o r  

o�e  are s iven  b e l o w 1 

4 6 . 84 � 
9. 81 
7 . 2 6 

Locali ty 3 1 ,  F e r n  Hill  S c h o o l  a r e a, Kal ama quadrang l e  

Numerous pi e c e s  o t  f l o at o c cur o n  the  b ar e ,  upper sur fac e o r  the h i l l  i n  the sw! 

s e c .  30 1 T . 7 N. , R . 2 w. , at an e l evat i o n o t  ab o ut 200 f e e t .  The hi l l  i s  ab out thre e 

quart e r s o r  a m i l e n e a r ly d u e  no rth o t  the  F e rn H i l l  S c ho o l  and l e a s than halt  a mi l e 

e a s t  o t  the r oad l e ad i ng north f r o m that s c ho o l to the Hud s o n Sc ho o l , 3 m i l e s  farther 

no r th . 
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Analy s e e  of  e&mp l e a  o f  wh i t e  a n d  buff  c o l o r e d  gibb e i t i o  mat e r i al , P - 340 1 ,  o f  a b rown, 

s l i ghtly o �l i tio , l i mo ni t i c pi e c e ,  P- 3402 1 and a r e d d i s h-brown, p or o u s ,  granu l ar pi ec e ,  

P - 3408 1  are given  in  t h e  f o l l ow i ng tab l e : 

Sample No . lli.Q.3 !:!. S1 02 T!..Q2 ! I sni tl o n l o s e  

P · 340 1 5 5 · 84 3 · 5 ' 1 1 . 68 .3 · 5 .3 o . o 8 '  )0 . ,1 

P • J4 0 2  1 8 . 2 6 4 1 . 0 5 4 . 44 2 . 7 5 1 , . 40 

P • J406 54 ., 72 8 . ,7 6 . 70 .3· 5 .3 2 , . 16 

P e trographi c  e xam i nati o n  o f  s a mp l e & P � J4 0 l  and P � 3408 s h o w e  that b oth c o n tai n muc h 

g i b b s i t e . 

1o c al i  ty 32 , U � S..i..l!!!l!!!':l_J.Q.) . .  .!��.!!!!L.2!..B�!!!!.!!J....!!.!!.!!....S.� ada:ans l,L 

F e r ruginou s bau x i t e  i s  expo • s d  1 n  two ad Jac e nt r o adc u t s  o n  u . s ,  Highway )0 1 ab out  

2 , )  mi l e s  w e s t o f  the L o ngvi ew b r i dge JUnD t l o n .  The se o u t s  are  i n  s e b . 18 , T o  7 N . , 

R .  2 W. , and are Just  e a s t  o f  t h e  Junc t i o n  o t  the  highway and a marke t r o ad l eadi ng t o 

the  s o utheast ,  at an e l e va t i o n  o f  ab out 66 5 f e e t . Th e f e rrug inous b au xit e  i s  h e r e  

o v e r l a i n  b y  a mo t t l e d  s l l t .  

R e sult s o t  t h e  ana ly e i s o f  a c hann e l  sampl e ,  P· JJ'' '  r epre s e nt i ng th e upper s e c t i o n ,  

2 . 3 f e e t  i n th i c kne s s ,  i n  t h e  w e s t ernmo s t  o u t  a r e  given  b e l ow .  Thi s s e c t i o n  i s  mad e  up 

o f  so ft  o 8 1 i t 1 o  mat e r ial  r e d  i n  c o l o r  wi th s o me gray streaks . So me o t  the overlying s i lt 

may have b e an inc lud e d  i n  t h i s s a mpl e . I t  d i d  no t i n c l u d e  any part o f  the  hard o S l l t l o  

b o u l d e r s  whl o h  f o r m  a d i s c o nt i nu o u s  l ay e r  i n  thi s ho ri s o n . R e su l t s  o f  the analys i s  o t a 

p i e c e
_ 

b ro ken  fro m o n e  o f  th e s e b o u l d e r s , s amp l e P�3.36 1 ,  are given i n  the  f o l l owi ng tab l a . 

Th e m l d d l a  s e c t i o n  o f  t h e  d e po s i t  i n  thi s o u t ,  8 . 7  f e e t  i n  thi c kne s s ,  i s  r e p r e s e n t e d  

b y  samp l e  P � 33'8 and c ons i st s  mo s tly o f  har d ,  r e d o S l i t i o mat e r i a l  wi th s o me s o r t  s t r e ak s . 

Th e l o w e r  par t o f  th i s  h o ri s o n c o n t a i n s  s o m e  sma l l  f o s sil  w o o d  f ragme nt s .  

B e low thi s  hard mi d d l e  h o r i z o n  th e � e  l s  o � l i ti o ,  o l ayllke  mat e r ial  whi c h  wa s s ampl e d 

i n  two s ec t i o n s .  Samp l e  P • 3J9 7 l s  f r o m  t h e  upper  lt f e e t whi c h  i s  r e d  i n  c o l o r  and oon·  

tai n s  s o me ye l l o wi sh f ragm e n t s  o f  f o s s i l  wo o d  s i mi lar to  tho s e  i n  t h e  o ve r lyi ng zo n e . The 

l o w e s t  s e c ti o n ,  3 f e e t i n  th i c kne s s ,  i s  repr e s e n t e d  b y  sampl e P� J.39 6 . Thi s l owe st  hori zon  

i s  b u f f- c o l o r e d  and o H l i ti c ,  and c o ntai ns s o m e  hard spo t s . 
Analy s e s  o r  s amp l e s  take n  i n  t h e  w e st out ,  L o c al i ty 3 2 ,  f o l lo w :  

Thi c kne s s  

�!1-,� . .lli!.· r eer e s en t e d  A l 2.2.3 E.! §i 02 Tl 02 Isni ti o n l o u  
P · 3 3 9 9  2 . 3  f t .  2 6 . oo 10 . 6 7  24 . ,0 2 o 75 1 1 . 50 

P - 33 6 1  "boul d e r "  )9 o 32 1 8 . 7, 1 5 . 00 3 o 6 ,  1 7 . 2 6  

P � 33 9 8  8 . 7 t t .  ) 6 , 1 2 1 6 . 5 1 2 1 . 6 6 .3 · 37 17 . 50 

P - 3 397 1 . 5 f t o  )2 , 1 2 l ) o OO ) 1 . 70 2 . ,6 1 ,3 . 8 0  

P �  .3396 3 . 0  ft . 3 7 - 32 5 · 7 1 34 . ,2 ) . 0 2 1 5 . 0 6 



De s c ri pti o n  o f  Depo s it a 

" 
P e tr ographic  e xami na t i o n o f  mater ia l  from  t he upp er, hard o o l i ti c  hori zon,  r epr e s ented 

by part o f  sampl e  P � )) 9 8 ,  s hows that the o � l i t e s ,  which  are magne ti c , c o ntai n  qu art z  grai ns 

! 0 , 1 mm in d i ame t e r o  The matrix  co ntai ns quart z , apati te , and t ourmaline ( 7 )  as we l l  as 

o t h e r  m i n e ral s .  

P e tro graphi c e xaminati o n  o f  t h e  ligh t - c o lo red o layl ike h o r i z o n  a t  t h e  b a s e  o f  th e  eut  

ahows th at i t  c o ntai ns suc h min e r a l s as t o urmal i ne , musc ovi te ,  b i o t i t e � and i l menite . 

Chemical  analysi e sho ws that th e mate r ial  c ontains  mor e a lumina than s i l i ca ,  which i ndi · 

cates that i t  1 s  pr obab ly bauxi ti c .  It !. s s lml lar l n  appl! arano t� to t he s i lt  wh i c h  overl i e s  

hard p i s o l i t i c  o r e  a t  the  Yankto n rai l r oad cut . Lo c a l i ty 2 3 .  

A l though t h e  f er r uginous .b au xi t e i n  thi s out r e s e mb l e s  that e l s ewh e r e  d e rived  by 

l ate ri zat ion o r  basalt � its s i l i ca c ont ent is highe r ,  and th e p r e s e n c e of detri tal m ineral s 

and woo d  fragme nt s  ind i cat e s  i t s  d e r i vati o n  f r o m  tran s po r t ed material . I t  i s  n o t  known 

wheth e r  lat e r i za t i on t o o k  plac e b e f o r e  or  after  d e p o s i t i o n . The pr e s e nc e  o f  quar t z  grai ns 

in the  oU l i t e s wh i c h  ar e si mi lar t o  tho s e i n  the matr ix sugges t  that th e  o � l i te s  were  d e 

ve l o p e d a f t e r  d e p� s 1 t i o n .  Lac k o f  s t rat i f i c ation  and th e i ndu r ati o n  o f  the upper hori z o n  

sugge s t  l at e ri zat i o n  t o o k  p l a c e a f t e r  d ep o si ti o n o f  the mat e ri a l . 

Si l ty so i l a l s o  o ver l i e s the dep o si t  l n  the  ad Jac ent readout east  and a f ew t e e t low e r  

i n  e l evation "  The  upper s e c t i o n , 3 teet  i n  thi c kn e s s , under  the  s i l t  i s  re pr e s ent e d b y  

samp l e P-- ))64 , Thi s h o r i zon  i s  c o mpo s e d  o t  rat h e r  s o r t  r e d d i s h-brown o � l i t i o  mat erial ,  and 

a p p e ars to be part o f  a ti l l  o c c upying a c hanne l i n  lat e r i t e "  Wat er - wo rn p ebb l e s  mark the 

b o t to m  or the  w e l l � de f in e d  cut  and f i l l  s t ruc tur e .  A f rac tu r e ,, n th e lat e r i z e d  bas al t o n  

the  e a s t  s i de o f  t h e  s truc tur e  appear s  to  e xt end up i nto th e channel  fi l l i ng whi c h ,  however ,  

do e s  no t show th e  e f f e c t s  o f  de f o rmati on  e xhib it ed  i n  the  s li c kens id ed  b a s a l t  Jus t b e low 

the b o t to m  of the c han n e l . .  A near ly ve rt i ca l  fau lt  whi c h  a t r i k a a  roughly no rt h e as t l a  shown 

in the basalt Ju s t  south o t  the c hannel  fi l l i ng .  The late r i z e d  b asal t r e tains th e o ri gi nal 

ve s i c l e s  and sphero i dal  w e athe r i ng pa t t e r n ,  Thi s l o w e r  ho r i z o n , 1 1  t e e t  i n  thic kne s s ,  was 

samp le d  in  two e qua l s e c ti o n s  r e pr e s ent e d  by P � )463 and P � )462 . The upper  s e c ti o n  i s  gen•  

eral ly browni sh  red wi th hard angu lar fragme nts  gray i n  c o lor  and · c ommonly half an i n c h  o r  

more 1n s i z e .  Thi s sample  may have i n c l u d e d  a l i ttl e  or  the  overlying ch �nne l f i l l ing . 

Th e low e r  5! r e � t 1 s  s i mi lar to  th e mat e r i al Ju st above , but 1 s  mo r e  mot t l e d  and l i ght 

r e ddi sh nnd y e l low i sh b rown i n  co l o r .  Analys e s o f  the s e  s amp l es fo l l ow : 

Thi c kn. e e •  
Sa!J!!��· ll2ll!.!.!l't...!.!! Al2.23 !:.!. ru!2 I.!£2 ]sn!_li o n  l o s s  

P • 3464 3o 0 rt .  38 . 80 1 6 . 2 6  2 1 . 78 4 � 1 8 1 7 . 02 

P � )4 6 3  5 · 5 r t o  )8 . 76 2 0 . 07  1 ) . 86  �� . 50 18 . 44 

P · 3462  5 · 5 rt . )8 . 56 20 . 5 2 17 . 30 4 . 18 1 7 . 07 

P � 3400 grab sampl e 4 3 . 96  1 3 . 0 1  14 . 4 6 3 . 2 1 2 1 . 70 
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Also  l i s t e d  i n  the fo rego ing tab l e  are  r e su l t s  o f  the analysi s o f  a grab sampl e, 

P c )4oo , taken from tht a out at an e ar l i er dat e .  I t  repr e s ent s hard gi b b a i ti o  pi ec e s 

i n th e upp er par t  o f  the l o1rer  hori aon .  

Al though fracturing ,  a lt o kenai d1ng,  and fau l ti ns o t  t h e b a s a l t  11ay haYe taken pla c e  

b e f o r e  c hann e l i ng and f i l l i ng ,  i t  t s  no t known w h e t h e r  lat e r i zat i o n  o f  t he b a sa lt pre

c e d e d  c hann e l ing an d  f i l l i ng .  If  the  f rac turi ng an d fault ins s ho1rn llainly t n  the later 

i z e d  b a s al t acc o mpani e d  de fo rmati on o f  t h e  b a s a l t s  els e wh e r e , l a t e r i z a t i o n  o f  the basalt  

may have pr e c eded  c h ann e l i ng and thus t h e  c hanne l  fi l l ing i s  larg e ly t ran s po rte d b auxi ti c 

ma t e r i al , 

Aa th e evi d enc e  ap p e a r s  to f avo r l at e r i zat i o n  o f  t h e  tran s po r t e d  materi al i n  the 

upper cut after  tts d epo s i t i o n  and that in the l o1r e r o ut bef or e  depo s i tion ,  addi ti onal 

utudy of t h e cuts i s  nec e s s ary b e f o r e  c onc lus ive s ta t em ent s may be 11ad e . 

Lo c al i tz_U , C latskani e .suadr-al!J.!! 
S e v e r a l  pi e c e s o f  a l t e r ed b as a l t ,  s amp l e  P - 34 8 8 , w e r e c o l l e c t e d  fro m t h e  b a nk o f  th e 

road i n f r o n t  o f  a hou s e in the Nl! s a o .  1 ,  r. 6 N . , R .  3 w. , at an e l e vati o n  o f  approxi 

mat e ly 1 0 00 f e e t . The lo c a l i ty t a " about 2 mi l e s  no rth-no r t h e a s t  o f  Apiary . P etro graphic  

exami nat ion  ehow s  that t h e  pl a c e s  c o nt a i n  muc h gi bb a i ti o mat e r i a l .  No c h emi c a l  analya� a 

were  mad e .  

Lo cal i tl 3� H i l l sb o ro �adrangl e 

Numerous pie c e s  o f  f e rrugi nous bauxi t e  a s  much a s  6 i nc he s i n  di ame t e r  we r e  r ound on· 

the  c r e s t  o f  t h e s pur t n  th e no r th e as t c o r n e r  s ao .  12 , T .  2 N . , R. 3 w. ,  at an e le vation 

o f  ab out 1 1 0 0  f e e t .  Bo th nodular and porou s granular typ e s  are pre s ent . . tlo analys e s were  

Loo a l 1 ti. 351 S t .  H e l e n a  guadrangle 

W i l kinson  ( 1 ,4 1 ) no te d the o c c urr enc e o f  l i 11o n t t t o  and pi a o l t t t c mat e r i a l  f r o m  t h e  

s o u t h e a s t  s l o p e o f  a h i l l a t  an e l e va ti on of  about 7 5 0  f e e t ,  2 • i l e a no rthwe st  o f  So ap po o a s . 

Analy s t s  o f  a pi so l i ti c  pi e c e  c o l l e c t e d  by hi a party and ana ly z e d re c ent ly in  t h e  De par t11ent 

lab o r at o ry gave t h e  fo l l o w i ng re sult c 

Al2 03 2 2 . 35 � 
Fe  4 3 . 6 5 
Sl 02 1 . 77 

Tl 02 2 . ,6 

Ign .  l o a  a 1 1 . 6 5 

Lo o a l i tz 36 , C o lpo r t  Deve lopment C o . ,  S t .  H e l e na quadrangl e 

Thi s  ar e a ,  about 2f mi l e s  northw e s t  o f  S o appo c a e , o o n taina b o t h a l i •o ni te depo a tt and 

a " sh o t •• depo s i t  w h i c h  may pro ve to b e  f e rruginou s b au x i t e . Th e a e de po s i t a w e r e  t i ra t  men-

tt o n e d  i n th e r e port  by W i l l i ams and P arka ( 1 , 2 3 ) o The l imonite  depo si t was a hown o n  their  
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map i n  the  sri s e c , 34 , r .  If N . , R. 2 1 . , and was r ep o r t e d  t o  und e r l i e basalt  and to b e  

o f  b o g  o r i gin.  li l l iam s • and Parks noted  t h e  o c curr e n c e o f  a ·r ew f e e t  o r  r e s i dual r edd i s h 

" s h o t  o r e "  in a pro s p e c t  o u t  n e ar t h e  north e a s t  c o rner  o f  th e C o l port  Deve l o p ment Co mpany 

property whi c h  inc luded 50 ac r n  i n  the Slf-! 1 1 c . )If .• T .  4 N • .• R. 2 w .  · fhey r e c ogni z e d  the  

d i s t i nc t i o n  b e tw e en the l i moni t i c  and th e - l at e r i ti c " Sho t o r e " d e po s i t s and  s t a t e d  that 

the latter  did n o t  c o nt a i n  su f f i c i e n t ly high i ro n  to b e  given s e ri o u s  c o ns iderat i o n .  fhi s 

l o c a l i ty has not  b e en c h e c ke d ,  but the d e s c ri p t i o n  o f  the "shot  o r e "  i ndi c at e s  that t erru • 

gi nous  b auxite  may b e pre s en t  i n  addi ti o n to l i Mo ni te . 

Loc al i ty 37, S t .  H e l e n s  guadr ansl e  

fhi s  l o c a l i ty , 3!  mi l e s no�thw e a t  o f  Sc appo o s e , was no t ed by  Wi l ki ns o n ( 1 24 1 ) .  I t  i s  

d e si gnat ed  a s  a p i t  i n  i ron o r e .  The c harac t e r o r  th e o r e  i s  unknown.  P o s s ib ly i t i s  

bauxi ti c . 

Local i ty )8 , Oe s t er depo si t , S t .  H e l e n s  quadrangl e 

Thi s d e po si t i s  o n  t he Wm.  J .  O e s t e r  p l a c e n e a r  t h e  w e s t  end o f  the  O e s t e r Ro a d ,  

about  3! mi l e s  no r th - n o r thw e s t o r  Scappo o s e  at an  e l evati on  o f  about  500  f e e t . I t  was 

not e d  by Wilki n s o n  ( 1 24 1 )  and later  by Ho t z l who d e s c r i b e d  the o r e  as  a "cemented  shot"  

depo s i t  expo sed  i n  an  o l d cut  and ad i t o  H o t z  s ta t e d  that i t  was r e po r te d  that s o m e  o f  

thi s materi al  was min e d  and c rushed  f o r  p a i n t  pi gment many year s  ago . R e s u l t s  o f  th e  

analysi s o f  a 2 - f o o t  c hann e l  sampl e  o f  th e  pl t materi al b e l ow l o o s e  boulders  o r  o h l t i c  

f e rrugi nous b au xi t e are  given b e lo w : 

Al2 0.'3 
F e  
Si 02 
Ti 02 
Ign.  l o s s  

Lo c a li ty 32 , Uo B r i d!L �lens quadrangle  

)8 . 80 � 
2 ,'3 . 4 6  

6 . 2 ,  
1 . 4 ,  

20 . 65 

R e su l t s  o f  th e analys i s  or a 4 � i nc h  pi e c e  o f  br i ck-red ,  porou s - granular bau xi t e  f loat 

f ound o n  th e northeast  s l o pe  of a ridge at  an e l evati o n  o f  ab out 650  f e e t, about · lt mi l e s  

du e south o f  th e D e e r  I s l and p o st o f f i c e ,  a r e  gi ven  b e low : 

Al2 o3 lf lf . lfZ :' 
F e  1 8 . )6 
Si 02 5 · 0 2 
Ti 02 2 o 08 
lgn . l o s s  2 2 . 62 

Lo c a l i ty ItO , s t .  H e l e n s  quadrangl e 

C o n c reti o nary l ro n  o r e  i s  indicated  by ll l k l n s o n  ( 124 1 )  as o c curr i ng n ear th e  sum•l t 

o f  the no r thw e s t  s i d e  o f  a h l l l 1  ' 5 0  t e e t  i n  e l e vati o n, ab out 1 •l l e  south eas t o f  Spi t z e nb e rg,  

1 
Ho t z , P . E . , o p , c i t . , p .  1 ) .  



F!rr�inou s Baux i t e  �eeo s i t s  in  N o rthw e s t e rn Orego n  

Results  o f  t h e  analysi s o f  a sp e c i men  o f  b r i c k  r e d ,  o B l i t i o  f errugi no u s  bau xi t e  c o l l e c t e d  

b y  W i lkinson ' s par ty in  1 94 1  and analyzed  r e c ently by t h e  Department ar e given b e l ow :  

Al 2 0:3 :3 5 · 32 � 
Fe 1 7 . 94 
Si 02 1 1 . 2 1 
T i 02 2 . 68 
Ign ,  l o s s  2 1 . 0 1  

Lo c al i ty 4 1 ,  S t .  H e l en e  guadr ang l e  

Ho t z l r e p o r t s  the o c cdrr e n c e  o f  a sma l l  o va l  b o dy of  " c e mented  s h o t "  o re on t o p  o r  

a hi l l  8 2 5  f e e t  i n  e l e vati on  abo u t  1 !  mi l e s  e a s t  o f  Spi t z enb e r g  i n  the NWi s e c .  1 5 ,  T .  4 N . , 

R . 2 w .  H e  stat e s  that the  e x po s e d  surfac e i s  200  f e e t  l ong and ab out 100 f e e t  wide . H e  

a l s o  no t e s  t h e  pr e s enc e o f  rounded  quartzi t e  and weath e r e d  basalt  p ebb l e s  and sugg e s t s  

that t h e  r i dge i s  part o f  a o nc e  more  extensi ve t e rrac e .  Inve s t igati o n  b y  the  Department 

show ed  that numerous p i e c e s  o f  o � l i ti c  f e rruginous  bauxi t e  a s  much  as 6 inc h e s  i n  diamet e r  

are p r e s ent o n  t h e  sur fac e n ear t h e  t o p  o f. the  hi l l ,  No analys i s  o t  the  mate r iat w a s  made . 

Lo c a li ty 4 2 , S t .  H e �ens  quadransJe 

P i s o l i ti c  o r e  was no t e d  by Wi l k i n s o n  ( 1 94 1 )  on  th e  southw e s t  e n d  of a ri dge 5 7 5  f e et 

h i gh , a b o u t  2 mi l e s  east  o f Spi t z enb e r g .  R e su l t s o f  th e analy s i s  o f  a c o mpo s i t e  samp l e  made 

up  o f  two pi e c e s  o f  o B l i t io f e rrugino u s  b aux i t e  c o l l e c t e d  by Wi l k i ns o n ' s party and analy z e d  

r e c en t ly i n  th e D e partment labo rato ry ar e given b e low :  

A l 2 0:3 J J . 50 � 
F e  ) 1 . 66 
S i 02 2 . )2 
T 1 02 2 . 58 
Ign. l o s s  1 7 . 7J 

L o c a l i ty 4J, St.  H e l en s  quadrang l e  

A d e po si t  of f e rrugino u s  bauxit e i s  r e po rt e d  t o  f o r m  the · up p e r  part o f  t h e  e l o ngate 

hi l l  wh i c h  i s  about 850 f e e t  ln  el evati on and thr e e  quar t e r s  o f  a mi l e  no rth of Spl t z e nb e rg. 

The o c curr enc e of h e matite  f l o at i n  thl s l o c al i ty was mentioned  by Wi l l iams and Parks ( 1 9 2 3 ) . 

Th e d e po s i t  has no t b e en i nve s t igated  by the De partment. 

Lo c a li ty 44 , S t .  H e l ens quadrang l e  

Num e r o u s  p i e c e s  o r  porou s granu lar f e rrugi nous b auxi t e  o c cur  near th e c r e s t  o f  the 

Spi tzenberg-Yankt on  road at i t s  junc t i o n  with  a market  road l e ading southward . The 

l o c al i ty is ab out 1 mi l a  e a s t  of S p i t z enb e rg at an e l evati o n  of ab out  1000 f e e t . Analy si a 

o f  a 1 -f o o t  c hann e l  s amp l e  taken from  the di tch  on  the no rtheast  s i d e  o f  the 1 nt e r e e o ti o n  

r e turn e d : 

, 
· ao t z ,  P . E . , o p .  c i t . ,  P o  1 :3 .  
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Al 2 03 36 . 4 2  '/> 

F e  2 3 . 8 3 

Si 02 10 . 8 7  
'l' i 02 1 . 98 

Ign . l o s s  1 9 . 18 

Lo c a l i ty 4 5 ,  S t .  H e l e n s  quadrang l e 

"Limoni t i c  c o n c r e ti o n s "  ar e r e po rt e d by W i l ki n s o n ( 1 94 1 )  t o o c cur  n e ar the h e ad o f  

a n  e as t- f l ow i ng c r e e k , a s h o r t  d i s t an c e  northeast  o f  L o c al i ty 44 . L i mo n i t ic c o nc r e ti o n s 

fro m o t h e r  l o c a l i t i e s  havo b e e n a s s o c iat e d  wi th f e rrug i n ous b auxi t e d e p o si t s , 'l'hi s 

o c curr e nc e has  no t b e e n  i nv e s t i ga te d by th e De par tment . 

Lo c al i ty 4 6 1  S t ,  H e l e n s  quad ra ngl e 

Und e s c r i b e d  i ro ny mat e rial is r e po rt e d by Wi l ki n so n  ( 1 94 1 )  t o o c cur a ve ry s ho r t  d i s tan c e  

no r th e a s t  o f  the  Dowd S c h o o l ,  wh i c h  i s  abou t 2 mi l e s  we s t o f  Yankt o n ,  I t  i s  sai d to o c c ur 

at an e l e va t i o n  o f  ab out 700 f e e t on th e  s o uthw e s t  s i d e  o f  a r i dge , No n e o f  the  mat e r i al i s  

avai l ab l e  f o r  analy s i s .  Th e o c currenc e h a s  no t b e e n  c h e c k e d  b y  t h e  D e partment, 

Lo c al i ty 47,  S t ,  H e l en s  quadrang l e  

W i l ki n s o n  ( 1 ?4 1 )  indi c at e d t h e  o c currenc e o r  pi s o l i ti c i r o n  o r e  o n  t h o  e a s t  e n d  o r  a 

l o ng east- trending and s l o pi ng r i dge , ab out h a l f  a mi l e s o uthw e s t  o f Yankt o n .  No analy s i s 

o f  the mat e r i a l i s  availab l e  and th e l o cal i ty has n o t b e e n  exami n e d  by the D epar tment.  

Loc al i ty 4 8 ,  St.  H e l e n s quadr ang l e  

W i l ki n s o n  ( 1 94 1 )  n o t e d  that i r o n  o r e  f l oa t  o c cu r s  o n  a h i l l  5 2 5  f e e t h ig h , ab out 2 mi l e s  

n e ar ly due no r th o r Yankt o n .  N o  o th e r i n fo rmati o n i s avai l ab l e . 

Locality 4 9 ,  S t •  H e l e n s  quadrangl e 

'l'h e o c c u r r e n c e o f  pi s o l i t ic o r e  a t t h i s  l o c a l i ty was r e por t e d by Wi lkins o n ( 1 94 1 ) .  

The ma t e r i al o c c ur s  o n  a hi l l , 1 5 50 f e e t  i n  e l evati on , wh i c h  i s  l o c at e d  ab o ut 2 mi l e s  

s o u th - s o uthw e s t o f  Tr e nh o l m .  N o  fur t h e r  d e s c ri pti o n was g i ve n ,  

Lo c al i ty 50 , Bunk e r  H i l l  l i monite  d epo s i t , S t . H e l e n s  qu adrangl e 

'l'hi s d e p o s i t  o f  l i m o ni t e  was f i r s t d e s c r i b e d  by Wi ll i ams and Parks ( 1 9 2 3 )  as t h e  

Bunke r  H i l l  group . I t  w a s  sai d to b e  l o c a t e d  i n  t he s outhwe s t  o o rn e r  o r  s e c , J l ,  T .  5 N . , 

R .  2 w . , at an e l evati o n o r  ab o u t  1 2 00 f e e t  o n t h e  no rth s i d e  o f  t h o  d i v i de at th e he ad 

o f  o n e  o f  the b ranc h e s  o f  t h e  C l atskani e R iv e r ,  T h e  o r e  was d e s c r i b e d  a s  t h e  s o f t  c rumb ly 

vari e ty w i th s o m e  band s o r  hard o r e ,  and was sai d t o  b e  o b vi o u s ly b o t h  o v e r lai n and und e r 

l a i n  b y  b a s a lt .  An average an a lys i s o f  the o r e i s gi ve n  i n  t h e  r e p or t  o n  the Scappo o s e M l n e , 

by t h e  u.s .  Bur e au o f Min e s  ( War Mineral s R e p o r t  1 8 6 ,  1944 ) .  Th i s  l o c al i ty i s  h e r e  m e n ·  

ti o n e d as l t  s e ems t o  i nd i c at e  that al th o ugh l i m o n i t e  and f e r rugi nous bauxi t e  d epo s i t s may 

o c c u r  i n  nearby ar e a s ,  t h e  l i mo n i t e  was d ep o s i t e d b ef o re the extru s i o n o t  lat e r  l ava s w h o s e 

upp er por t i o n w e ath e r e d t o fo rm f e r rugi no u s b auxi t e .  A c c o r d i ng to t h e  d e a c r i p t l o n  gi ve n, 
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t h e  l i mo n i t e  d e p o s i t  m e n t i o n e d  i s  ab out 100 f e e t  s t r a t l graph1 o a l ly b e l ow t h e  1 1p1so l 1 t l c  o r  

o e m en t e d s h o t " ty p e  o r  " i r o n "  d e p o s 1  t r e pr e s e nt e d  by L� o a l l  ty 51 .  

Lo o al 1 ty 5 1 ,  S e r a f i n  d e 2o s i t ,  S t . H e l e n s  guadrangl e 

" C emen t e d  s h o t "  o r e  i s  r e po r t e d  by Ho t z l to o c c ur at the  Seraf i n  d e po s i t  l o c at e d  i n  

s e c .  1 , ,  T .  5 N . , R .  2 w . , ab o u t  1 2 mi l e s w e s t  o r  s t .  H e l e n s , and h e  s tat e s  that t h e  de • 

po s i t  o c ou r s  a l o ng the  S t .  H e l e ns - Ve r no n i a  r o ad at an e levati o n  o f  1 300 f e e t .  In s a o . 1 , ,  

t h e  r oad do t s  no t r ea o h  an e l e vat i o n  o f  1 )00 f e e t ,  ac o o r d i ng to t h e  t o p o gr ap h i c  map . 

P o s s i b ly t h e  o r e  e x t e n d s  n o r thward al o ng th e c r e s t  o f  thi e r i dge . H o t z  d e s c r i b e d  the  d e ·  

po s i t  a s  a b l ank e t  o r  unknown s i z e  ly i ng o n  t h e  sur f ac e .  A s ha l l o w  p i t i s  sa i d  to d i s c l o s e  

a th i c kn e s s  o f  a t l e as t 3 f e e t  o f  o r e .  The  o c c u rr enc e has no t b e en c h e c ke d  by the D e par t m e n t . 

Lo o a li ty 5 2 ,  S t .  H e l e n s  quadrangl e 

W i l ki n s o n  ( 1 ,4 1 )  i ndi c a t e d  the o o c ur r e nc e  o r  11 l r o n" f l oat o n  the  no rth �nd o r  a l o ng 

r i dge at an e l e vati o n  o f  ab out 102 5 f e e t ,  appr o xi mat e ly t hr e e  quar t e r s  o f  a mi l e  no r th o f  

Trenho l m .  N o  i nv e s t i gat i o n  ha s b e e n made by t h e  D e partme n t .  

L o c a l i ty 5 3 ,  Tr e nh o l m  d epo si t ,  St .  H e l e ns quadrang l e  

Thi s o c c u r r e nc e w a s  d e s c r i b e d  b y  H o t z
l 

a s  t h e  T r e nh o l m  d e po s i t .  H e  s t a t e d  that the 

o r e  o c cur s o n  a f l a t - t o pp e d  hi l l  a t  an ap pr o x i ma t e  e l e vat i o n  of 1000 f e e � l n  j e c , 20 , 

T .  5 N . , R .  2 w. , 1 m i l e  no rth o f  T r e nh o l m r  Th e l o c ati o n  o r  thi s o c curr enc e as shown o n  

L o c a l i ty Kap C i s  p r o b ab ly l n  e r r o r  a n d  l o c al i t i e s  5 2  and 5 3  may b e  t h e  same . Pl a c e s  o f  

" c e m e n t e d  s h o t "  o r e  a s  mu c h  a s  3 f e e t  i n  s i z e  are  r e p o r t e d ly e xp o s ed i n  a s ha l l ow plt : ancl 

on t h e  su r f a c e .  Ho t z  a l s o  no t e d  t h e  pr e s enc e o r  pi e c e s o f  w eath e r e d  b a s al t  cut by narro w  

v e i n l e t s  o r  hard l im o n i t e .  No analys i s  o f  the  mat e r i al i s  ava i l ab l e .  

Lo c al i ty 51� , S t .  H e l ens  quadrang l e 

Pi s o l l tl o  " i ro n" o re was r e p or t e d  by W i l ki n s o n  ( 1 ,4 1 )  to o c c ur n e ar t h e  to p o f  a ri dge , 

about 1 mi l e  no r t h c no rtheast  o r  t h e, Happy Ho l low S c h o o l  o n  the  St.  H e l e n s - Ve rno n i a  H i ghway 

b e twe e n  T r e nh o l m  and Yankto n .  T h e  e l e vat i o n  o f  t h e  o r e  l s  about 8 0 0  f e e t .  N o  analy s i s  o f  

t h e  mat e ri a l  i s  avai l ab l e but i t s  t o pograp h i c  l o c a t i o n  and t h e  t extur e o r  t h e  o r e  sugge s t  

that i t  i s  b auxi t i c .  

Lo c a lity 5 5 ,  S t .  H e l ens quadrang l � 

ll'l l ki n s o n ( 1 ,4 1 )  no t e d  the o c c u r r e nc e o r  " i r o n  o r e "  at an e levat i o n  o f  abo u t  600 f e e t  

i n  a draw n o r th o r  t h e  s a d d l e  i n  a roughly e as t- t r e n d i ng r i dge , ab out 3 m i l e s  north o f  Yankt o n .  

No a d d i t i o na i i nf o r mat i o n  i i  avai l ab l e  r e gar d i ng th e o c cur r e n c e ,  an d  t h e  d e pt s i t  may prove
. 

t o  

b e  l l mo nl t e .  

1 
R o t z ,  P . E . , o p .  c i t . ,  p . 13 . 
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Lo c al i ty 56 , St .  H e l ens  quadrangl e 

6 1 

The  l o c at io n  o f  th i s o c c urrenc e i s  no t d e f inite ly known. Wi l kin so n  ( 1 24 1 )  ind i c a t e d  

that "i r on  f l oat" o c c ur s  near t h e  t o p  o f  a northw e s t�trending ri dge at a n  e l e vat i o n  o f  

ab out 8 2 5  f e e t ,  1! mi le s s outh e a s t  o f  Canaan Scho o l ,  and a ls o  o n  the s o utheast  s l o p e  about  

hal f a mi l e  t o  the  west  at an t l evati o n  o f  appro x imate ly 700  f e e t .  The c harac te r o f  the 

materi al fr om  the s e  p o s s i b ly s ep arate l o c al i t i e s  i s  unknown . The o n e  o n  to p o f  the h i l l  

may c ontai n f e rruginous b auxi t e ,  

Lo c al i ty 57, I ronc r e s t l i mo n i t e  d e po s i t ,  Verno nia  quadran gl e 

Thi s l i mo ni te d e po s it was d e s c r i b e d  by Wil l i am s  and P arks { 1 2 2 3 )  a s  th e Ir o�or e st  

pro perty ,  I t  c o nsi s t e d  o f  a gro up o f  c lai ms o n  t h e  summi t o f  the di vide  b e tw e e n  the No rth 

Fork and tha . South Fork of  Sc appo o s e  C r e e k  i n  the s o uthern part of s e c , 3 5 ,  T , 4 N. , R , 3 1 . , 

at an e l evat i o n o f  2000 t e e t . Th e depo si t i s  r e po rt e d  to r e s t  o n  a s ti c ky gray o l ay c o n

taini ng rounde d  pebb l e s  and s i l i c i f i ed wo o d .  One f o s s i l mo l lu s k  w a a  r e po r t ed ly f o und i n  

thi s c lay , The l imo nite i s  o ve r l a i n  by weathe red  ba sal t . 

Thi s  d ep o s i t i s  l i sted here  as a matt e r o f  re o o rd and to avo i d  c o nfu s i o n  with a po s s ib l e 

o c currenc e o f  f e r ruginous bauxi t e  n earby to the  eas t ,  li s t e d  as  Lo c al i ty 5 8 ,  

Loca l i ty 58 , I ro no r e s t pr o p e r ty , Verno n i a  guadran gl e 

W i l l i ams and P arks ( 1 2 2 3 ) r e po rte d  t hat s o m e  30 ho l e s  w a r e  dri l l ed i n  an ar e a  o r  140 

ac r e s along th e sadd l e in th e · northern  part o f  the SEt s ec ,  3 5 ,  T ,  4 N. , R. 3 I ,  Thi s ar ea 

ad Jo i ns Lo cal i ty 57 on the w e s t ,  Uo �t  o f  the  h o l e s  r e po rt e d ly s truck ore  through a s hal l ow 

overburden o f "weath e r ed  basalt"  from  2 to 20 f e e t thi c k. T h e  b e d  o f  o r e  was re porte d to 

have an ave rage thi c kne s s  o f  10 f e e t .  No i nf o rmati o n c o n c e rning the c harac t e r of the o r e 

was  given .  Analy s e s o f  the I ro nc r e s t o r a ,  as gi ven by th e u . s .  Bu r eau o t  Mine s (War Mi nerals  

Repo r t 1 8 6 ,  1244 )  i ndi c at e  that i t  i s limonit i c .  However ,  the r eport  s tate d that d e po s i t s  

o t  " lbo t  or e"  a r e  pr e s ent a t  th e I r o n cr e st , Ladysmith , and Bunker  Hi l l  l o c al i ti e s .  The s e  

depo si t s  are de l or i b ed a s  probab ly havi ng o ri gi nat ed o n  the surfac e a s  produc t s  o f  we ath er ing 

and l eac hing of b as al t ,  N o  analy s i s o f  t h e s e  "sho t o r e s "  was given,  So ma may prove t o  b e  

bauxi t i c  in  charac t e r .  I t  may b e that so m e o f  the  area t e 1 t e d  b y  t h e  dr i l l ho l e s  i s  unde r

lain  by f erruginous  b aux it e .  Thi s lo c al ity has no t b e en inve s tigat e d  b y  the Department . 

Lo c a l i ty 52,  Ladysmith  depo s it ,  Verno nia guad rang l e  

Wi l l iams and Parks ( 1 2 2 3 )  d e s c r ib e d thi s  l o c al ity and s tat ed that t h e  Ladysmi th o l alms 

were  i n  the swt s e a , 24 , T .  5 N . , R .  3 I ,  Th e o c currenc e s  o f  o r e th ey no t e d wa r e  apparent ly 

al l  l l moni t i o  and wer e overlain  by b asa lt , Howeve r , as no ted  in th e  d e s c r i ption  o f  the 

Irono r e s t lo oa U ty , " shot  o r e "  i s  reported  by the u. s .  Bur eau or Mi ne s ( War t.lln eral s Report  1 8 6 ,  

1 �44 ) t o  o c c u r a t  thi s l o cal i ty . The s mal l e r o f  two de po s i t s ment i o n e d  by the Bur e au • •  report 

i s  on  a wide  tlat ri dge 50 fast  ab o ve th e other  whi c h  l i e s  o n  the h i l l s i d e .  The re po rt stated  

that th e ore  c o n s i sted  o t  l i mo n i ti c c o nc reti ons  c e ment e d  wi th iron  oxi de . Po s s i b ly t h e  o r e  o f  

the h l �th e r  de po s i t i s  bauxi tic . 
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L_,2c a l 1 ty��L.De Vau l _p l �!!.!J St .  He l e n s q u a d r a n g l e  

Mr . 0 ,  E .  D e  Vau l r e p o r t s  t h a t  mat e r i a l  i d entical  wi th that shown at Lo c a li ty 2 8 ,  

0 . 2  m i l e  t o  t h e  s o u th , w a s  f o u nd i n  a w e l l  o n  hi s plac e .  The De  Vaul hou s e  i s  the  s e c ond 

one e a s t  of  the i n t e r s e c t i o n  o f  the  Dark Cr e ek Road and the Smi th Ro ad o n  the north s i d e  

o f  t h e  Smi th R o a d .  H e  a l s o  r e po r t s t h a t  s i mi lar  mat e r i a l  was encount e r e d  i n  the we l l s  

o n  t h e  A l f r e d Ni ght i ngal e p l ac e o n  t h e  s outhw e s t  c o r n e r o f  the inter s e c t i o n ,  and on  the  

C h ar l e s  R i d g e o n  pl ac e whi c h i s  t h e house  o n  t o p  of  the hi l l  n o rth o f  the i nt e r s e c t io n .  

�oca l i tl 6 1 , S pi t z e nb e rg area,  St . H!!!�s jUadran£!! 

S everal  smal l p i e c e s  o f  o H l i t i c  f e rrugi n o u s  b au x i t e  w e r e  f o und about thr e e  quart e r s  

o f  a mi l e nearly due e a s t  o f  Spi t z e nb e r g on  th e w e s t  s i d e  o f  t h e  road 0 . �  mi l e  s o u t h  o f  

i t m junc t i o n w i t h  th e  mai n ro ad l e ading  from  Spi t z enb e r g  t o  Yankto n.  The  mat e ri al was 

no t analy z e d ,  

Thi s l o c al i ty i s  i n  a n  are a  ment i o n e d  b y  Wi l l i ams and Parks ( 192 3 ) .  The r epo r t  

s tated  that mu c h o f  th e 11 s h o t 11 var i e ty o f  i ro n  o r e  c r o p s  o u t  i n  th e r o ad about one  mi l e  

near ly e as t o f  S p i t z e nb e r g  n e ar t h e  summi t o f  th e di vi de a t  an al titude  o f  about 8 50 f e e t .  

���l!!l-&!A r o a d o u!� twe�t z e nb e rg an� Yankto n , S t .  H e l ens quadrangl e 

An expo sa�e o f  f erruginous b auxi t e , 2 00 f e e t l o ng ,  i s  sho wn in the o u t  b an k  o n  the  

n o r thw e s t  s id e  o f  th e  r o ad l e ad ing f r o m  Spi t z enb e r g  t o  Yankt o n ,  pr o bab ly i n  the  NEi s ec .  10 , 

T .  4 N . , R .  2 I .  T h e  r e adout i s  ab o ut 0 , 3  mi l e  we st  f r o m  th e  S to ne Road i nte r s e c t i o n ,  and 

is at an e l evati o n  of ab out  575 f e e t .  S l i ghtly fractur e d ,  weath e r e d  b asal t is expo s e d  o n  

t h e  n o r th s l d e  o f  t h e  ro ad 0 . 2  mi l e  farthe r  w e s t  at a s i mi l ar e l e vati on,  and weath e r e d ,  

we l l � b e dd e d  tuffac e ous  s e d im ents ,  whi c h s tr at i graph i c al ly und e r l i e  t h e  basal t,  are  expo s e d  

i n  th e r e adout 0 . 4  mi l e  f arther  w e st a t  a n  e l evati o n  o f  ab out 6 2 5  f e et .  The s e d i ments  d i p  

a b o u t  1 5 °  N .  6 5 o  E .  a n d  provi de  evi denc e t h a t  t h e  f e r ruginous b aux it e at thi s l o c al i ty i s  

d ! p p i n g  e a stward . I n  thi s roadcut th e d e p o si t , mo r e  than 1 3  f e e t  i n  thi c kne s s , and o v e r 

lai n d 1 s c o n f o rmab ly b y  si l t ,  was s amp l e d  in  3 s e c t i ons . Sampl e  P- 3324 repr e s en t s  th e top  

h o r i zo n, 3� feet  i n  t h i c kn e s s . I t  c on s i s t s of  r e d ,  so mewhat o g l l t i c  hard mat eri al . 

Samp l e  P� 33 2 5  repre s ents  the  mid d l e  ho ri z o n 5! f e e t  i n  thi c kn e s s .  Thi s  s e c ti o n i s  s o f t  

and e arthy w i t h  s o a t t er e d  o � l 1 t e a .  Samp l e  P·332�  repr e s ents t h e  b o t t o m  hori z o n ,  4 t e e t  

i n  t h i c kn e s s ,  an d i s  mad e up o r  brown o H 1 1 t i a  material ,  harder t han t h e  top  hori zon,  w i th 

s o m e  pi s o l i t e s . Th i s  b o t t o m  h o r i z o n  e xt e nds at l east one f o o t  d e e pe r  as shown i n  the  

drai nag e  d itch  al ong t h e  road.  Ana ly s e s  o f  the s e  sampl e s  are given  i n  t h e  f o l lowi ng tab l e : 

SamJ!l e No . Thi c kn e s s  Al 2.!!
.3 !!. S i 02 

P � 3324 3! f t .  4� . 5 2  1 2 . 5.3  14 . 30 

P � 33 2 5  5i f t .  4 5 . 4 8  1 2 . 97 9 . 28 

P�J326  4 f t . 2 9 . 52 30 - 54 5 - 10 
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S imi l ar o 81 i ti c . material  is  e xp o s e d  along th e same  ro ad 0 . 1  mi l e  farth e r  e a s t  but 

analy s i s  o r a channe l s ampl e s h ow s  that it c o nt a ins a h i gh pe rc e ntage or s i l i c a .  

Lo cal i ty 6),  Langli e  plac e ,  S t .  H e l ens quadrang l e  

F e rrugino u s  b au x i t e  i s  r e po r t e d  to  o c c u r  o n  a s o u t h e a s t - s l o p i ng r i dge wh i c h  i s  ab out 

2 mi l e s no rth- n o r t hw e s t
.

o f  Sc a ppo o s e . The r e po rt has n o t b e e n  veri f i e d  by t h e  De partment.  

Lo c al i ty 64,  St . H e lens  quadrangle  

Mat erial  d e s c r i b e d ai i ro n o r e  i s  s how n b y  W i l kinso n { 1 ,4 1 )  t o o c c u r  o n  a s pur at an 

e l evat io n o f  a b o u t  3 2 5  f e e t .  1� mi l e s  no r thwe s t or Sc ap po o s e . A spe c i me n  o f t h e  o r e c o l 

l e c t e d  b y  h i s party i s  ma s s ive l i mo ni t e . The o c currenc e i s  n o t e d  h e r e  as a matt e r o f  

r e c o r d .  

L o o a l i tl � St .  H e l ��s_suadr an&l• 

" I r o n  o re " was repo r t e d  by Wilkinson  ( 1 ,4 1 )  t o o c c ur o n  th e s o u thwe s t  s l o p e s  o f  th e 

h i l l  1 mi l a we s t  o f  Y an kt o n , at an ap pr o x i ma t e  e l evati o n o r  4oo f e e t .  L o o s e  fragme nt s o r  

pi s o l i ti c  and gibb s i t i c  vari eti e s  o r  fe rrugi no us  bauxi t e t o g e th e r  •i t h  badly weath e r e d  

b a s a l t  w e r e  c o l l e c t e d  a l o ng t h e  upper  ro ad i n  th i s  are a .  

R e s u l t s or  t h e  an aly s i s o r  t h e  glbb a l t i o  pla c e s a r e  gi ven b e l ow : 

A l 2 o3 
F e  
Si02 
T i 02 
I g n .  l o s s  

5 2 o 73 � 
6 . 37 

1 0 . , ,  
2 . 06 

2 6 . 6 1  

L o c a l i ty 6 6 ,  Oregon C ha r c o a l I r o n  C o . l i mo ni t e d epo si!& St . H e l en a  gua�rang l e  

Th i s  o c curreno e ·was n o t e d  b y  Wi l l i ams and P a r k i  · ( 1 , 2 3 } . arid . d i sc r i b e d  a s  the oregon  

Char c o a l  I ro n  C o mpany pro p e r ty l o cated  li mi l e s  no rth• e s t  o r  S c a ppo o s e .  T h e  o r e  is  l i mo n 

i t i c  and d e s c r i b e d  a s  a b e g  d e po si t b etw e en f l ow s o r  b as al t .  · I t  was d ri l l e d i n  1 ,42 b y  . 

the u. s .  Bur e au o r  Mi n e s  ( War Mineral s Report  18 6 , 1 ,44 ) ,  and the d e po s i t i s  menti on ed  

here  a s  a mat t e r  o f  r e c o r d .  

- Lo c a l i ty 6 7 ,  S t . H e l ens quadran g l e 

W i l l iams and Parka ( 1, 2 ) ; map ) s how t h i s l o c al i ty i n  t h e  Hit s e c .  2 6 1  T .  5 N . , R .  2 1 .  

They state  that nume r � u a  pl a c e s  o r  " l i mo ni t e  f loat"  as  large  a s
"

"b o u l d e r a "  o c c u r  o n  t h e  

h i l l  s l o pe n o rth o r  Mi l to n C r e a k .  A l t e r e d  b a s a l t  c o untry r o o k  w & s  al s o  no t e d .  Thi s  o c cur

r e n c e has no t b e e n checked ,  b u t  as  i t  i s  l e a s  t han a m i l e  no r th or Loc al i ty 2 7  whe r e  f e rru

ginous b auxi t e  o c c u r s , the mat e r ial  may prove  to  be  b aux it i c . W i l l i am s  and P a r k s  al s o  men

t i o n e d  that s i m i l ar f l o a t  o c cu r s  at i nt e rva l s  to  the  n o r t hw e s t  o v e r  a d i s t an c e  of 2 mi l e s  

a l o ng th e Mi lton  C r e s k  s l o pe  o r  the d i vi d e .  Abundant show i ng s  w e r e  no t e d  a s  o c c urr i ng w i t h i n  

t h e  l o o p o r  U1 l t o n  C r e ek and n e ar t h e  summi t o r  t h e r i dge probably  i n  s e a .  201  T .  5 N . , R .  2 1 .  

Thi s l a s t  o c curr e n c e may b e  t h e  same a s t h a t  m e nt i o n e d  und er  l o cal i t i e s  5 2  and 5 3 ·  
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L o c a.l 1 ty 68, Map l e  H i l l ,  St . H e l e n s  quadrangle 
A s  s hown by W i l l iams an d Parks ( 1 92 3 : map ) thi s o o o u r r e no s i s in the sw� s e c o  z�  and 

the n o r t h e r n  part o f s a c . 1 8 ,  r. 5 N . , R . 1 w . , near th e to p of t h e  n o r t h  s i d e  of Map l e  
-

Hi l l  at an appro xi ma t e  e l evat i o n  o f  500 f e e t ,  ?hay r e po rt that a s e r i e s  o f  out s and dri l l  

ho l e s  fai l e d t o  prove th e p r e s e nc e o f  a c o mm e r c i a l  quanti ty o f  o r a  wh i c h  t h ey d e s c r i b e d  a s  

a . .  b e d  o f  l i m o ni t e .  ?hi s  c o o u r r a no e  has no t b e en c h e e k e d ;  i t  probably 1 a  no t baux i t i c  i n 

charac t e r ,  

Lo c a l i ty 6 9 ,  Skyl i n e  B l vd . , Hi l l sb o ro guadrangl e  

Num e r o u s  small  p i e c e s  o f  f e rrug i n o u s  b auxi t e  w e r e  f o und i n  t h e  r e adout  a l o ng Sky l i ne 

B lvd , near  t h e  s outh and o f  s ec ,  3 ,  T .  2 N . , R .  2 w . , at an e l evat i o n  o r ab out 1300 f e e t ,  

T h e  area i s  o v e r la i n  b y  s i l t .  F e r r uginous  bauxi t e  i s  a l s o  r e po rt e d  to  o c cur  farther south 

o n  S ky l i ne B lvd . i n  s o c , 14 1  T .  2 N . , R ,  2 w . , near its  Junc t i o n  w i th th e L o g i e  Trai l .  

Lo c ality 70 , Mo r e l and R o a d ,  H i l l s b o r o  quadrangl e  

F e r r u g i no u s  b au xi t e  i s  r e p o r t e d  t o  o c cur near the Junc t i o n  o f  the Mo r e land R o ad with 

the Mas o n  H i l l  R o ad i n  th e s o uthwe s t  c o r n e r  of  s e c , 1 6 ,  r .  2 N . , R .  2 w . , at an e l evat i o n  

o f ab o u t  9 2 5  f e e t ,  

Lo c a l i ty Zl 1 Cheha l e m  M!��!at in qU!drang l� ( not o n  l o c al i ty map � s e e  index map o n  P o 5 )  
Th e  ma t e r i a l  i s  expo s e d  i n  a r eadout i n  th e SE! s e c .  30 , T .  2 s . , R .  2 w , , a t  a n  e l e vag 

t i o n  o r  ab o u t  1000 f e e t .  R e s u l t s  of th e analy s i s  o t a 3 " f o o t  chan n e l  s am p l e  or y e l l ow 

ear thy mat e r i a l  wi th s o ma hard  lump s ,  are  given b e l ow :  

32 . 80 � 
20 , 6 5 

1 3 . 31 
4 . 27 

Lo c a l i ty Z2 1 Chehalam Mts . , Tualatin quadra ngl e ( n o t  o n  lo c al i ty map - s e e  i ndex map o n  p . 5 )  

F e r rug inou s b auxi t e  i s  exp o s e d  i n  a r e adout o n  the  t o p  o r  a no rth e a s t - t r e nd i ng and 

El l o ping s pur in  tho SE;\: s e c . 34 , T .  2 s. , R, 2 w , , at an e l evat i o n  of 9 50 f e e t , Thi s 1 a  

t h e  farth e s t  s o u t h  that f e rruginous  b au x i t e  has b e en r ound b y  the De partment  i n  the  Washi ng-
ton C o unty area,  

R e s u l t s  o f  the  analy s i s  o f a c o mpo s i t e  s a mp l e  made  up o f  thr e e  pl a c e s  o f  o � l i ti c  

f e r rugi nous  b auxi t e  ar e given b e l o w ,  Gibb s i t i o  and l i moni t i c  var i e t i e s  w e r e  al s o  r o und . 

40 . 35 '% 
2 1 . 34 

3 . 08 
4 . 4 6  
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Other  indicat i on s  o f  f erruginou s b aux it e 

Addi t i o nal o c currenc e s  and i ndi cat ions  o f  f e r ruginous baux i te d e po s i t s  n o t  s h own o n  

t h e  l o c al i ty maps a r e  know n .  

I n  the  Gal e s  C r e e k  quadran gl e ,  f erruginous baux i t e  is  expo sed  in a r e a d o u t  o n  the 

Pumpk i n  R i d ge Roa d about  half way b e tween  l o cal i t i e s  7 and 8 at an e l e vat i o n o f  about  

1 2 50 f e e t .  L o o s e  p i e o e e  o f  po r ou s , cranula• f e rruginou s baux i t e  o c cur in  th e reado u t s  

a s h o r t d i s t anc e t o  t he s o uth .  

In tho Hi l l sb o r o  quadrangl e ,  l o o s e  p i e c e s  o f  f e r r- ugi no u s  b au xi t e  o c c u r  i n  t h e  ro ad• 

out in the s outheas t c o rn e r  o f  s e c .  2 ? ,  T .  3 N � , R .  2 w . , at an e l evat i o n o f  ab out 14 50  

f e e t . 

I n  the  S t .  H el e n s quadrang l e ,  l o o s e  p i e c e s  o f  po ro us ,  granul ar f e r rug i nou s baux i te 

c o e ur a l o ng th e  road  about 2 mi l e s no r th • n o r- t h e a s t  o f  Yankt o n  and ab out hal f a mi l e  s o ut h 

w e s t o r  Lo c a l i ty 2 8 .  

A t  the r o a d  i n t e r s e c t i o n  a quar t e r o f  a mi l e  s o u th o f  L o c al i ty 5 0  a l at e r i t e  s e c t i o n  

s ev e r a l  f e e t  t h i c k  i s  e xp o s e d i n  th e r e a d o u t  l e ad i ng n o r t h .  N o  i n f o rmat i o n  o n  t o ta l th i c k 

n o a a i s avai lab l e .  So me smal l no du l e s  o f gibb a it io mat e r i a l  are e mb e d d e d i n  th e upper par t 

o f  the s e c t i o n  whi c h  c o ns i s t s  o f  s o f t  r e ddi s h - brown material . Nume rous  p i e c e s  o f  po rous  

granu lar f l o a t  w e r e  f ound alo ng t h e  ro ad wh i ch e x t e nd s  s o uthw e s tward f r o m  thi s int e r s e c t i on .  

The  i r o n  c o nt e nt o f  samp l e s fro m f our  o p en o u t s  i n  a h i l l l o c at e d  about  1 m i l e  n o r t h 

w e s t o f  C o l umb i a C i ty i n  t h e S t .  H e l e n s q u a d r ang l e  i s  r e po r te d t o  r ang e from 2 ?  to  )6 p e r -

c e nt . Th e s e  o l d  c u t s , de s cr ib ed  as th e  Gi ltner  o pe rat i o n , ar e r e po r t e d  t o  b e  o n th e e a s t 

s l o p e  o f  the  hi l l  ab o u t 40 f e e t  b e l ow the t o p .  The c o m po s i t i o n  o f  t h e  r emai ning po r t i o n s  

of the samp le s is no t known, but the t o p o gr a p h i c  p o s i t i o n o f  the outs  and th e p erc entage 

o f  i r on  in  th e s a mp l e s sugge s t t h at the material  may b e  f erruginous  b auxi t e . 

I n  the s outhw e s t c o r n e r  o f  the  Kalama quadrangl e ,  s eve ral pi e c e s  o f  bauxiti c f l o at . 

w e r e  f ound on  the  u p p e r  surfac e o f  th e r i dge  ab o ut 4 mi l e s  du e s outh o f  Local i ty 30 at 

an e l e vat i o n of  n early 1 200 f e e t .  

A p i e c e  o f  pi s o l i t i c f e r r ugi no u s bau x i t e  w a s  r o und b y  Mrs .  H .  M i l d r e d  Stockwe l l  o n  

a sravel  bar a t  t h e  Junc t i o n o f  th e C lac kama s and Wl l lamet t e  Rive r s ,  Jus t no rth o f  oregon  

City .  The  s o ur c e  of  t h e  mater ia l  i s  unknown , but a s  l t  i s  rather fr i ab l e , i t  may no t have 

trave l e d  far if trans p o r t e d  by natura l proc e s s e s ,  and it may have b e en de ri ve d from a ne arby 

depo �i t .  No attempt t o  l o c a t e  i t s  s o ur c e  h a s  y e t  b e e n mad e .  Th e r e su l ts o r  the  analys i s 

o t  the  s p e c i men  ar e given b e low : 

Al2 o3 
P e  
S i 02 
T 1 02 
I sn .  lo s s  

4 5 . 64 % 
, . 1 2 

1 2 . 84 
2 . 40 

2 5 . 2 6  
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G e o l o gy o f  Depo s i t s  
i n  the  

S a l e m  Ar e a • Polk  and Marion  Counti e s  

I nt r o du c t i o n  

F e rrugi nous  b auxite  and as s o c iate d n o d u l e s  o f  b auxi t e  w e r e  fo und b y  t h e  Depar tment 

in the E o l a  H i l l s  and Salem  Hi l l s  no rth and south r e sp e c t ive ly of the  c i ty of Salem. 

Some f u r t h e r  i nve stigati on  of t h e s e two are as has b e en mad e si nc e the d i s c o very , and 

r e o o nnal s lano e work has  b e en do n e l n  the area farther  east in t h e  vi c i nity of Stayton.  

llany o f  th e  higher  ri dg e s and s l o pe s l n  t h e S al e m  Hi l l s  c o ntain muc h hlgh • grad e bauxi te  

f l o at ,  but i nve s t i gat i ons  to  dat ' show i t  to b e  i n p l ac e  at o nly a f ew l o c a l i t i e s .  A 

c o n s i d e r ab l e  ar e a, at l east s evera l hundred  ac r e s , may b e  und e r lain by f e rrugi nou s 

b au xi t e ,  w i t h  b aux i t e f loat di s tr i buted  o ver  the s urf ac e , and c o ntaine d ln  the o verbur d e n .  

s tn t1. sr !!£!!l 
As in  Washingto n and C o lumb ia C ount i e s , th e b au xi t e and f e rruginou s b auxit e  d e po s i t s 

i n  t h e  S a l e m  area ar e a s s o c iated w i th Ui o n ene  b asalt s . The s e  basal t s  are c a l l e d  S t ay t o n  

l avas ( Thayer ,  1 9 3 9 )  and t entat ive ly are c o rr el at e d wi th ' th e  Co lumb i a  River b a s al t s .  

Thay e r stat e s : 
" The  Stayt o n  l avas o ve r l i e the  I l l ah e  formation in  th e  Sal e m  H i l l s ,  

and have b e en �rac e d  eastward c ontinuous ly t o  t h e  c r e s t  o f  t h e  Mehama 
antic line . I n  the  vi c i ni ty o f S tayto n  they form  d lp  s l o pe s  from whi c h  
the younge r  f ormations  have b e e n  s tr i p pe d o r r .  Th e  l ava s attain a maximum 
thi c k n e s s  of  ab out 4oo f e e t in  th e Sal e m  ll i l l s  and appar e nt ly inc r e a s e  i n  
th i c kne s s  to ward t h e  northeas t ;  e as t and southeas t o f  Stayton they ave rage 

l e s s  than 2 00 f e e t "  The l ava s ar e mainly medium�gray t o  dark�gray b a s a l t s 

i n  s o me o f  w h i c h  o l i vi ne i s  vi s i b l e ; ande s it e  f l ow s  o c cur s o uth and east 
o f Stayto n . 

" Th e  Stay to n  l avas U e  unc o nf ormab ly o n  t h e  I l l ah e  and Mehama t o rmae 
t i o ns . Di p s  in  the l ava s ave rage J 0 ,  wh ere a s  d i ps in  the I l lahe and 
M ehama fo rmat i o ns average 10 to  1 2 ° .  The i r r e gu l ar i ty of the basal c on
tac t o f  the l ava s i n d i c at e s  t h a t  th ey w e r e  pour e d  out o n  a ro l l ing land
s c ap e t h a t  had r e l i e f of 600 f e e t  o r  mo r a . " 

The  Stayto n  lavas a r e  p e t r o graphi cal ly v e ry s imi l ar to  the C o lumb ia River b as a l� •  

1 n  Washingto n and Co lumbi a  C ount i e s , and , as  d e s c r i b e d  b y  Mundo r f f ( 1,39 ) ,  a r e  typ ic al ly 

f i n e o grai n e d ,  even� t extur ed to s l i ght ly po rphyri t i c , d e n s e  rockl  w i t h  a gray to ne ar ly 

black  c o l or .  T h e  ave rage c o mpo si t i o n  as d e t e rmine d p e trographical ly b y  Mundo rff f r o •  

15  repr e s entative s p e c i me n s  was given as  54  p er c ent plagio c l a s e ,  1,  perc ent augite ,  21  per-

c ent glass,  5 perc ent magne t i t e , and 1 pe rc e n t mi sc e l laneous •ineral s .  Mundorff stated 

that t h e  bulk  o f  the pl ag io c l as e  i s  b asi o ande s i ne ( Ab5 5  • AU45 ) . O I He i l l  ( 1'3' )  ra•  

p o r t e d  that mo st  o f  the  plagi o c lase i n  t h e  S t ay ton lavas i n  th e  Stayton  quadrang l e  is 

labrado ri t e .  
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The I l lahe f o r ma t i on is mad e up o t  tuf tao e ou a  aarlne a and a t o n a a  whioh Thay e r  t e nta� 

t l vely o o r r e lated with the Eusen e or Pitt abur1 B lu t t  toraationa of Oli g o o ene age . I n  

t h e  Mola lla area nor t h e a at o r  Sal e a  t b e  Stayton· lava a  unoo n f o raably - o verll e aar lne a e dl · 

m e n t s  o o ntal nlng f o s si l s  a s s lsned by Durhaa ( 1 � 2 ) to the l ow er Ml o oene . 

A c o ordlns to Thayer . the S tay ton lava a east o f  t he Salem q ua drangle are co nf ormably 

ove r l ain by the fern Rl dsa tur r a  o r  K l o o ene age .  O ' le ll l  later po inted o ut that the tur r s  

ll e on an erosion su rfac e o r  t he S tay t o n  lava a ,  and h e  tentati vely ref e r r e d  th e m  t o  the 

P lioc e ne .  

Th e H l sh Ca s c a de lava s oc c ur farther eaat1 and they have been r e f e rred b y  Thayer 

to the Pll c o e n e  and P leia toce ne .  

�tu r a  o f  t h e  Mioc ene lava a  

The t opographic distribution o f  the terruglnoua bauxi te deposit a  l n  the Sal e m  area , 

like thos e l n  the Wa sh l nston County- Co lumb i a  C ounty area, appear a to b e  r e la t e d  to the 

s t ru c tu r e  or M i ocene lavas. Pe r the most part, t he deposit a  occur on f l a t -t opped h i l l s 

and r i dge a .  

Dips of 3 °  i n  t h e  S tayton lava a  l n  the Sal e m  area were noted b y  Thay e r  ( 1'3' ) • 

H e  s t ate s : 

" Th e  S al em H i l ls are e s aent ially a sl i ghtly warped lava • e ap p e d  .a as 
whose ea etward dip is bes t  show n  w est of Marl o n .  The Sa l e m ,  Eola , and 
Ami ty Hil l a  are al l part of a singl e  ea stward dipping homo o l l nal block 
w h l c h  ls transeoted by th e l l l lamette River w u t  o f  Sa lem. Ero sion o f  
th e soft Illah e  b e ds expos ed bel ow the w e s tern edge o r  th e S tayton lava e  
has g i v e n  the hi l ls their asymmetr l o al , ouestal i ke f or m .  Along the t oot
hil l s of th e Ca s c ades proper, nor th or Thomas C reek, the l avaa slo pe gent ly 
nor thwestward toward the li l l a mette Vall ey . " 

Additional informat i o n  o n  the attitude o r  the Stayton lava is siven by Al l i s o n  and 

14undo r f f l . 

" The apparent s t r i k e  o f  t h e  lava a  o t  th e Sa lem and Eo la Hil l a  o hanses 
from about N .  4 5 er. t n  the sout h to about N .  15• 1'.  toward the nor t h ,  and 
the dip of the ma ss a p p e ar a to be about 2 •  to�ar d  the east or nor theast • • •  

It is not e wor thy that c e rt a i n  o f  the a ast�ard s l o pe a  o n  t he Eola Ril l s  ( and 
l e s s  c learly on the Sal e m  H l l l a )  ar e e esential ly dlp slopes o r  th� o o m 
pon e nt lavas . " 

Lat e r i zat i on o f  t he basalt 

lnsuffl oient wor k has been done by the Depar tment in the Salem area to date t h e  per i od 

o f  lat e riza t i on there w i t h  certai nty, but the e videno e lndi c atea lat a r ization took plac e 

b e f o r e  the d e posi tion of t he r e rn Rid ge tu f f s . 

As no bauxitic material wa a f o und ln seve ral plaoes wh e re the o ontaot betwe en th e Pern 

Ridge tu f f a  and the Stayt o n l ava l waa examine d ,  it appeara that if la ter l zatl on d l d  preoede 

depos i ti o n o f  the tuf f a ,  e ithe r the laterite dl d not form l n  plaoes or waa removed bef o re 

t!e
_

t�f!a_w!r! !a�d
-

d�w� · - !fL !n_t2e_o!h!r_h�n!1_l�t!r!z!t!o! !o!l!w!d_d!P! s!t!o� !r_t�e_t! f!•� 
1 A l l i s o n ,  I r a  s . , and Mundo rff , Mau rice J . , Pre l l ainary seo l osi o aap of the Salea quadransle, 

Oreson : I n  aanu s o r l p t .  



68�-----�--�----�F�e�r�ru�g�i�n�o=u=s�B�a�u�x�i�t�e�U�e�p�o�s�i�t�s�i�n�N�o�r�t�h�w�e�s�t�o�r�n�O�r�e�g�o�n�-------------------

then it  wo u l d b e  unl i ke ly t h a t  a ny l at e r it e w ou l d b e f o und b e n eath t h e F e rn Ri dge tuff s . 

O ' Nei l l  ( 1 939 ) s tat e s t h a t  th e Fern  Ridge  tu f f s i n th e St ayt o n qu a d r a ng l e a r e  m&d e 

up o f p o o r ly s o r t e d  and p o o r l y  b e dd e d , s t r e am- l ai d  d e po s i t s  o f  tuf f and so me pe bb l e c o n 

gl o me r at e whi c h  uno onfo r mab l7 o ve r l i e  th e  Stay t o n  lavas and i n  p l ao e s  t h e  I l l ahe f o rma

ti o n ,  A c c o r d i ng t o  Thayer ( 1 939 ) t h e  l ow e r  part ,o f th e F e rn R i d g e  f o rmat i o n  i s  made u p  

m a i n ly o f  tuf f s ,  san d s t o n e s a n d  f i ne p e b b l e  b e d s , and t h e  upp e r  pa rt c o mp r i s e s c o ar s e  

ande s i ti o c o nglo me r a t e  w i th b o u l d � r s  a s  muc h as 18 inc he s i n  diame t e r .  Th i s  i nf o rmati o n 

i n d i c at e s  that e r o s i o n w a s  ac t i ve whi l e  the  F e rn R i dge  tu f f s w e r e  b e ing d e po s i t e d . 

I f  the  F e rn Ri dge tuf f s  w e r e  c o nf o r mab l e  o n  t h e  St ay t on l ava s ,  as sugg e s t e d by 

Thay e r , there  wou l d  be no r ea s o n  to b e l i e ve that the l ava s in th e Sal e m  Hi l l s , wh e re 

b aux i t e  i s pr e s e n t ,  w e r e  no t  o r i g i n a l ly buri e d  by the tuf f s .  Nond e po s i t i o n  t h e r e  wo u l d 

b e  hard to e x p l ai n ,  as th e F e rn Rid g e  tuf f s  farth e r  e a s t  ar e e s t i mat e d  by Th ay e r to b e  

a s  mu c h  a s  1 500 f e e t th i c k  i n  p l ac e s . I f  th e l ava s i n  t h o  Sa l e m H i l l s  had b e e n  bur i e d  

b y  o t h e r  th an a th i n vene e r  o f  F e r n  Ri d g o  tuf f s ,  tho l at e r i z ati o n wo u l d  have h a d  t o  pr e 

c e d e  d e po s i ti o n o f  t h e tuffs ,  a s  e r o s i o n  o f  su c h a c o ve r t o  p e r m i t l a t e r i z a t i o n  o f  th e 

unde r ly i ng b a s a l t s  w o u l d have r e mo v e d  t h e  lat e r i t e  as f a s t  as i t  was f o r me d .  

O ' N e i l l  r e po r t s  that t h e  F e rn Ri d g e  tuff s ar e unc o n f o r mab l e  o n  t h e  S t ay t o n  l avas , 

Thu s l f  l at e r i za t 1 o n  had f o l l ow e d  d e p o s i t i o n o f  t h e tu f f s ,  i t i s  c o nc e i vab l e  t h a t  th e  

l avas in  th e Sal e m  H i l l s  and E o l a  H i l l s  w e r e  n o t  c o ve r e d  b y  the tuf f s  and th at l a t e r i t e  

c o u l d  have f o r m e d th e r e  and no t farth e r  e a s t  wh e r e  the l avas w e r e  c o ve r e d .  H o w e ve r ,  t h e r e  

a r e  two p o s s i b l e  o b J e c t i o ns t o  thi s the sl s o  P i r s t ,  t h e  attitude o f  m o s t o f  th e l at e ri t e  

appe ar s t o  c o nfo rm t o  t hat o f  t h e  lavas. Thi s at t i tu d e  c o nf o rmab l e  w i th th e f l o w s ,  and t h e  

pr e s e nc e o f  n e ar ly al l  o f  th e late r i t e o n ly on t h e  h i g h e r  r i d g e s a nd s l o pe s would b e d i f f i 

c u l t t o e x pl a i n  i f ,  as po stu l a t e d b y  O • Ne i l l ,  th e e ro s i o nal  break b e tw e e n  t h e  S tayt o n . 

l avas and th e  F e r n  Ri d ge tuff s was  th e r e su l t  o f  fo l di ng o f  the lava s pr i o r t o  d e po s iti o n 

o f  t h e  tu f f s .  S e c o nd , t h e  r e d  s o i l  c overing the .  l at e r i t e  l n  the Sal em  H i l l s  c l o s e ly r e 

s e mb l e s  tha t w h i c h  i s  r e s i dua l  f r o m  t h e Fern Ri dge tu f f s  farth e r  e a s t ,  a n d  1 f  t h e y  b e  t h e  

s �m e , the  tu f f s  c o ve r ed the l ava s i n  the  Salem  H i l l s  an d  a r e  r e pr e s e n t e d  by t h i s  s o i l 

c o v e r ,  A numb e r  o f r o unde d , unw e ath ered  basaltic p ebb l a s have b e en found l n  t hi s s o i l 

c o ver at s e ve ra l pl ac e s i n  th e Sal e m  Hi l l s  wh e r e th e i r  tran s p o r t  by o th e r  th an natural 

age nt s  seems un l i ke ly . Pr e s en c e o f  t h e s e pebbl e s  indi cates  that a wat a r l ai d  d e po s i t 

f o r m e r ly c o ve r e d  th e l at e r i t e , and th e s e  pebb l e s ar e t e nt ati ve ly a s s i gn e d to the  Fern 

Ri dge tuff s ,  

I f  lat e r i z a t i o n  p r e c e d e d  depo si ti o n  o f  t h e  tu f f s  a s  i s  b e l i eve d , the ab s enc e o f  b aux

i t ic mat e r i al b e n eath the  F e rn Ri dg e  tuffs  in th e Stayton ar e a o an b e explai ne d  by e i t he r 

n o nf o r mat i o n  i n  p l a c e s o r  by e r o s i o n  pr i o r  to d e po s it i o n  o f  t h e  tuff s "  A l t ho ugh no n fo rma• 

L i o n  i s  a po s s i b i l i ty ,  th e r e i s  e v i d en c e wh i c h  indi c at e s  that b o th l at e r i zat i o n  o f  t h e  

S t ay t o n  lavas an d sub s e quent  e r o s i o n  pr e c e d e d  d e po s i t io n o f  t h e  F e rn Ri d g e  t u f fs , 



G e o l ogy o f  D e po s i t s  - Sa l e m  Ar e a  

S edi ments whi c h  O ' Ne i l l  ( 1 939 ) ma p p e d  a s  par t o f  t h e  F e r n  Ri dge tuff s o ve r l i e unc o n f o r mab ly 

w e ath e r e d S t ayt o n  l avas i n a re ado ut n ear tho Ed Do o r f l e r  p l ac e i n  th e NWi s e c , 2 1 ,  T. 8 S , , 

R c  1 w . , at an e l evation  o f  ab out 500 f e et .  Th e s e s e d i m e n t s  a p p e ar t o  b e  an o u t l i e r  o f  

t h e  ma i n  b o dy o f  t h e  F e rn Ri dge tuf f s  farthe r  e as t and ar e s i m i lar to  th e m i n  a p p e a� an o e ,  

l i tho l o gy 1  and d e g r e e  o f  w e at h e r i n g . A no dul e of  h l gh • grade g i b b s i t e  was f o und h e r e  i n  th e 

s e d i m e n t s  s e ve r a l f e e t ab o ve th e c o n tact wi th th e  und e r ly i ng b a s a l t .  Thi s  indi cate s no t 

o n ly that l at e r i zati o n  p r e c e d e d  d e po s i t i o n o r  th e F e rn Ri dge tuf f s  but al s o  that e r o s i o n  

a c c o mpany i ng th e i r  d e po s i t i o n  i n  plac e s  e tr- i pp e d  away l at e r i t e  wh i c h  w a s  d e po s it e d t o g e t h e r  

w i th t h e  tu f f s .. I n  t h 1 S r oa dc ut t h o  mar k e d  d i f f e r e nt i a l  w o ather i ns s hown i n  t h o  un de r ly i ng 

b a s a l t .  as w e l l  as the e r- o s i o nal unc o nfo rmi ty • i n di c at e s th at par t  o f  t h e lat e r i t i c  pro • 

f i l e was r e move d by e ro s i o n b e f o r e  t h o  o ve r lyi ng s e d i m e n t s w o r e  d e po s i t e d . 

Bo th the tuff s and grave l s 1 n  t h e F e r n  R i d g e  f o rmati o n  have b e e n  w e at h e r e d  i n  plac e s  

t o  f o rm h i gh a l u m i n a c l ay s .  I t  a p p ear s that the w e ath e r i ng o f  the F e r n  R i d g e  tuff s  repre-

s e nt s e i th e r a c o n t i nuat i o n  o f  th e oo ndi t1 on t  wh i c h  produ c e d  l at e r i za t io n of  t h e  Stayt on 

l ava s �  o r  a l at e r w e at h e ri ng oyc l e .  The tuf f s  may have b e e n  d e po s i t e d  i n  t h e Salem ar e a  

a t  ab o ut th e same t i m e  as  th e s e d i m e n t s  o r  t h e  Tr·o utdal e !" o rmati o n  i n t h e P o rt land ar ea . 
Grave l s  t e n t a t i v e ly as s i gn e d to t h e  Tro utd a l e  f o r m at i o n  i n  t h e  S t .  ll e l en e q u a d r angl e by 

Lo wry and Baldwinl have b e en si mi l ar ly w e ath e r e d ,  and the  c lay from th e F ransen depo s i t  

(U l s o n and T r e a s h e r ,  1 9 38 ) ,  wh l c h  may b e long t o  t h e  T r o ut d a l e fo rmat i o n , co ntai n s  a s  muc h 

alumi na as s il i c a .  Thi s suag o s t a  t h a t  la t e r i z a t i on may have b e e n active  dur i n g par t o f  

Troutda l e  t im e • 

.2.!!!1!!...!!!L��·uda_!U.!.P..o!.t�! 
T h e  pr e s ene e of mu�h b au x i t e  f lo at on many o r  t h e  h i ahe s t r i d ge s and f l at h i l l s  i n  

th e S a l e m  Hi l l s indi c at e s that t h e  d epo s i t s  w e r e  formed  f r o m  t he u p p e r  f l ow s i n  t h e  b a -

sa l t i e  s e c t i o n .  T h e  sur fat. e a  h ere  a s  we l l  a s  i n  the  Eo la Hi l l s  h ave b e e n d e s � r i b e d  a s  

d i p s l o p e s .  l!o s t  o f  t h e  r o adou t e i n  t h at ar e a  ar e no t d e e p  en o ugh to e xp o s e t h e  u nd e r · 

lying basal t .  al though l a t e r i E e d  b asal t i s  s h ow n i n  o n e  re ad o u t  on t h e  c r e s t  o f  a h i l l .  

Thus the  o u t l in e  o f  t h e  d e po s i t s  pr ob ab ly i s  d e t e r mine d by the t o p o graphy, and the i r a t t i � 

tud e by th at o f  th e  b as a l t f l ow s _  O n e  appa r e n t e x c e pt i o n i s  t h e o c c u r r e nc e  o f  f errugi no u s  

b au xi t e  and a n  as so c i at ed  o ve r lying l ay e r  o r  bau x i t e  no du l e s  a t  Loc al ity 8 7  o n  u. s . H i gh · 
w ay 9 9 E  i n  th e SEi s e c . 35 ,  T. 8 S .  ,, R. 3 I.  The bauxi t e  h e r e  o c c u r s  i n a r o a dc u t  wh i c h  

i s  mor e than 200 f e e t  b e l ow th e sur rounding summi t s . Thi s  su gge s t s that e i th e r  thi s d e -

p o s i t  ha s b e a n af f e c t e d  by f au l t i ng o r  s lumpi ng or  th at the area  may h ave had  c on s i d e rab l e  

r e l i ef whi l e l a t e r i zat i o n  w a s  t ak i ng p l ac e . 

1 
Unpub l i sh e d  r e p o r t .  



F e r rugi no u s B aux i t e De po s i t s in No r thw e s t er n Or e go n  

Charac t e r  o f  the o r e  

P r e l i mi nary i nve s t i gat i o n  i n  th e Sal em area shows t hat the c harac t e r  o f  t h e  l ate r i t e 

i s  s o mewhat d i ff e r e n t  fro m th at i n  Wa shi ngt o n , Ku l tno mah , and C o l u mb i a  C o u n t i e s .  T h e  

o H l i ti o  and p i s o l i t i c hor i zo n  is mi s s i ng e x c e p t  at Lo c al i ty 9 3 * ·  E l s e wh e r e  t h e  lat er it e  

a p p e a r s t o  hav e t w o  d i s t i nc t  pha s e s . T h e  upp er phas e c o n s i s t s  o f  b auxi t e  n o d u l e s ,  rangi ng 

i n  s i z e  f r o m  s ma l l p i e c e s  to a s  muc h  as 2 o r  3 f o e t i n  d i am e t e r , whic h  have  b e e n fo und i n  
.... . 'f 

mo st p lac e s  o n ly as f l o at .  The o th e r  phas e i s  s om ewh at e ar thy lateri z e d  b as a lt .  The  

u p p e r  f ew f e e t  o f  thi s pha s e  i s  equi val e n t i n  grade and s i mi lar 1 n  c harac t e r i s t i c s to  th e 

s o f t  e ar thy s e c t i o n s  i n  Wa sh i ngto n C o unty o r e .  B e l o w  thi s upper s e c t i o n ,  t h e  e a r t hy 

l at e r i t e  i nc r e a s e s in  s i l i c a  c o nt e nt , and grad e s i n to w e a the re d b as a lt . I n  s o me p l ac e s  

s ma l l  n o du l e s  o f  b au xi t e  o oour near t h e  to p o f  th e l ow e r phas e ,  i nd i c at i n g a gradati on 

f r o m  o n e  ph a s e to t h e o the r . 

At two lo c al i t i e s whe r e  the e arthy f e rrugino us b auxi t e  has b e en s amp l e d , t h e  l ateri t e  

has  charact e r i s t i c s  whi c h  show i t s  de ri va t i on f r o m b a sa lt . At o n e ,  Lo c al i ty 83 ,  a w e l l •  

d e f i n e d  sp h e r o i d a l  w e a th e r i ng pat t e r n  i s  p r e s e rv e d , and at t h e  o th e r ,  Lo c al i ty 8 7 ,  the 

l ow e r  part of th e red ear thy l at e r i t e  c o n t ai n s  a large p i e c e  of una l t e re d  basal t .  At the 

f i r s t  l o c a l i ty,  t he upp e r 5 f e e t  i s  br own w i th l i mo ni t i c s tr e aks o r  s eam s which  are r e 

l a t e d  t o  t he sph e r o i dal w e ath e r i ng .Pa t t ern . Thi s  uppe r s e c t i o n  c o ntai n s  l i ght e r  c o l o r e d 

gi b b s i t l e  mat e r i a l  wi t h  num e r o u s grai ns o f  ma gn e t i t e , s om e  o f whi c h  show an o c t ah e d ral  

c ry s t a l  h ab i t .  Ana ly s i s o f  c hann e l  s am p l e s o f  th e uppe r 5 f e e t o f  t h e  la t e r i t e  s e c t i o n  

a t  b o th l o c a li t i e s  s ho w s  t h a t  i t  c o nt ai n s  ab o u t 1 

� -
2 1  
10 . 5  

2 - 5  

T h e  s i l i c a c o n t e nt o f  t h e  n ex t  J o r  4 f e e t  b e low at b o t h  l o c a l i t i e s  i nc r e a s e s  t o a b o u t  

1 7 p e r c e nt and t h e  a lum i na d r o p s  t o  ab o u t  J O  p e r c e nt .  

Ove r lying the f erruginous bauxi t e  a t  b o th l o cali t i e s  i s  a l ay e r  o f  l o o s e  b au x i t e  

n o d ,l l e s . Al tho ugh s i mi l a r  no du l e s  have b e e n r ound i n  Wa s h ing t o n and C o l umb i a  C o unt i e s , 

tho s e  i n  t h e  Sal em  a r e a  ar e mu c h  mo r e  c o mmo n and g en e ral ly l arge r i n  s i z e .  Th e n o du l e s  

ar e i rr egu l ar i n  o ut l i n e an d h ave' a r o ugh s u r f a c e .  Commonly th ey m e a s ure 6 - 8  inch e s i n 

d i a m e t e r .  T h e  la rg e s t  no dul e s e en so far m e a su r e d  ab o ut 3 f e et i n  l o nge s t d i mens i o n .  

C o l o r  o f  the no du l e s wh en b ro ken , i s wh i t e , gre en,  pi nk, l i ght b rown , o r  r e dd i s h� b rown 

or var i ati ons o f  t he s e c o l o r s .  Some of the r e d d i s h - brown b auxi t e  n o du l e s  have a po r ou s , 

a lmo e t  s pongy, granu lar t extu r e  wi th r e si dual grains o t  magne t i t e .  Some o f  t h e  l arg e r 

n o du l e s  have a d ens e t extu r e  wi th i rr e gu l ar ly s h ap ed c avi t i e s  a n d  c o ntai n muc h  t ewer  

��ai n s  o f  r e s i du a l  magn e t i t e .  They t en d  to . b e  l i gh t e r  c o l o r e d • 

• 
Th e d ep o s i t c o n ta i n i n g  p i s o l i ti c f e rrug i no u s  b � x i t e  was f oun d whi l e  th e manu s c r i pt 
was b e in g mu l t i graph e d ; h enc e i t s  pr e s e nc e  c o u l d  not  b e no t e d i n  t h e  Ab s t rac t . 
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A g ib b s i t i c no du l e  f r o m  Lo c a l i ty 6 1  s h ow s  whi t e  l ath- shap e d  c ry s t a l s  and r e s i dual 

grai n s o r  magne t i t e . Exam i n a t i o n  o r  t hl s s p e c i me n  i n  thin s e c t i o n  und e r  th e mi c ro s c o p e 

r ev e a l s t h a t  mu c h  o r  the  o r i gi na l t e x t u r e  o r  t h e  par ent b a s a lt i s  pr e s e r ve d . A pho t o 

mi c r o s r a p h  o r  the  s e c ti o n  i s  s h own i n  P l at e I I ,  f i gur e 3 ,  o p po s i t e  page 1 6 .  Th e o ri gi nal 

b a s a l t had an i nt e r s e r t a l  t e x tu r e and was mad e up or s ke l e t o n  c ry s ta l s  or magn e ti t e  and 

l aths or p lagi o c lase  i n  a part i al ly c ry s tal l i z e d  g l a s sy gro undma s s .  The o r i gi n a l laths 

or  p l a g i o c la s e were  ! 1 m m  l o ng and ar e  n o w  ti l l e d  wi th aggr e gat e s  or  g i b b s i t e . Many o r  

th e ske l e t o n  c rys ta l s o r  magne t i t e are o u t  through b y  ve i n l e t s o r  gi b b si t e .  G i bb s i t e  

f o r m s  o t h e r  v e i n l e t s  wh l o h  o u t  the o r i ginal t e xtu r e and al s o  l i n e s  s o me o r  t h e  c avi t i e s .  

A s  p o r e s pac e mak e s  up  l e s s than 2 5  p e r c e n t  o f  the  s e c ti on,  th e p r e s e rvati o n  o r  the o r i gi nal 

t e x t u r e  i s  n o t  al o n e  the r e su l t o r  al t e r ati o n  i n  p l a c e but i s  i n  part due t o  r e p lac e m e n t by 

intro duc e d  g i b b s i t e .  

A th i n s e c t i o n  o r  a b r own ,  mo r e  p o r o u s  nodul e f r o m  Lo c a l i ty 7 9  r e ta in s o n ly a p a r t  

o r  t h e  o r i g i n a l  t e x t u r e  o r  th e b a s a l t  f r o m  whi c h  l t was d e r i v e d .  A t h i n  s e c ti o n o r  a 

pinkp  m o r e  d e n s e  no du l e fro m Lo c al i ty 66 i s  ma d e  up o r  a o h a l o e do n i c l i ke aggr e gate  o r  

g i b b s i t e  wi th nu�e r o u s  r e s i dual gr ai n s o r  magn e t i t e s o m e  o r  whi c h r e tain part o r  al l o r  

th e i r c rystal  o ut l i n e s . Only i n  o n e  pl ac e d o e s the s e c ti o n  show a s ugg e s t i o n o r  t h e  

o r i g i na l t extur e ,  P r o bab ly muc h  o f  t h e  i r o n  i n  t h e  n o du l e i s  i n  t h e  f o rm o f  r e s i dual 

magn e t i t e  gra i n s , mo s t  o r  wh i c h a r e  muc h l e s s  than 0 . 2  mm i n  di ame t e r , t h e  maxi mum s i z e . 

G i b b s i t e  f o rm s v e i n l e t s  cut t i ng thro ugh th e aggr egat e s  and a l s o  ti l l s  o r  l i n e s  s o m e  o r  th e 

c aviti e s .  Ve ry s mal l  grai ns  whi o h  may b e  r e s i dual apat i t e  ar e a l s o  p r e s e n t "  

A l t h o ugh mo a t  o r  t h e  gi bb s i te n o du l e s  a r e  l o o s e  o n  t h e  surfac e o r  i n  t h e  o v e rb u r d e n ,  

s o m e  app ear to b e  i n  pl ac e  i n  l at e r i z e d b a s a l t at s e ve r a l  l o c al i ti e s , and h i gh • grad e 

b aux i t e  appar ently l s l n  p l a c e a t  L o c a l i ty 6� wh e re a b e d  o r  s o l i d  o r e ab out 12 t e e t l o ng 

an d 1 t o o t  thi c k  i s  expo s e d  i n  a r O ado ut .  

T h e  a lumi na c o nt e n t  o r  t h e  no du l e s  ana l y z e d  range s f r o m  50 t o  60  pe rc e nt ; the  s i l i c a ,  

f r o m  1 t o  6 pe rc e n t ; and t h e  i r o n ,  fro m 1 t o  1 �  perc e n t .  

A t  Lo c al i ty 9 3 1  nu m e r o u s  pi e c e s  o f  pi s o l i ti c  f e rr ugi nou s b au x i t e  and b aux i t e n o du l e s 

o c c ur as f l o at o n  the s u r f a c e .  At thi s l o c al i ty ,  a t ew p i e c e s  o r  h i g h - grade pl s c l i t i o  

b au xi t e  w e r e  r ound n e ar t h e  J .  Summ e r s •  h o u s e ; o n e  c hunk o r  p i s o l i t i c  f e rrugi n o u s  b au xi t e 

found n ear the w e l l  wa s ne ar ly 1 f o o t  l o ng ,  T h e  o o ou rr o no e o t  muc h  o r  t h e  p i so l i �l o  

f errugi nous b a uxi t e n o rth e a s t  o f  mo s t  o r  th e b auxi t e  no du l e s  and at a s l i ght ly gr eater  

e le vat i o n  i nd i c at e s  that t h e  p l s o l i tl e  f e rrugi nous bauxi t e  i s  strat lgraph i o a l ly h i gh e r 

i n  t h e  l a t e r i t i c  p r o f i l e  as th e d l p  o r  t h e  b a s a l t i c  l ava s i n  t h e  Sal e m  Hl l l s  i s  no rth e a s t . 

Thu s th e pro f i l e  l n  the Sal e m  a r e a  m ay have b e e n qui t e  s i mi l a r  t o  that l n  Was hi ngton and 

C o lumb i a  C o unt i e s  wh e r e  the o g l i t i o an d pi so l i t i c ho r i zo n  is upp e r mo s t .  The p r e s enc e o f  

th i s  h o r i z o n a t  o nly o ne l o c al i ty s ugge s t s that l t  h as b e e n  r e mo ve d  b y  e r o s i o n f ro m  t h e  

o t h e r l o o al 1 t i a s .  



72 F e rrQgi noQs Bauxi t e  Depo s i t s  i n  Northw e s t e rn  oregon  

The  pi s o l it i c  f errugi no us  b auxi t e  at  Lo c al i ty ' 3 i s  qu i t e  s i mi lar i n  appe aranc e and 

c o mpo s i t i on  to that in Washi ngton, Multno mah , an� C o lumbi a  C ounti e s .  The pl s o l i t e s  are  

e mb e dd ed  i n  a reddi sh-brown,  earthy matrix .  They t e nd to be  round  and  average ab out  

thre e - l i xt.a enths o f  an inch  in  di ame t e r .  The i r  frac ture surfac e s  r an g e  fro m a du l l ,  

earthy b r own t o  a sub metal l i o ,  dark gray o r  nearly b lac k c o l o r . Th e pi s o l it e s  are  mag

ne t i c . The  pi s o l i t i c  f erruginous  b au x i t e  a ls o  c ontains inc lu s i o n s  of po r ou s  granular 

f e rrus i n o u s  b auxit e and d ens e gibb s i t e .  Th e poro us granular i nc lu s i ons  ar e r e ddish

brown in c o l o r  and as muc h a s  1*  inc h e s  i n  l ength.  They appar ently r e tai n part of the  

t exture of  th e basal t i c  par ent rook and c o nt ai n  r e s i dual grai ns  of  magnetite . The d en s e , 

l i ght- c o l o r e d ,  sibbs l t i c  inc lusi ons  ar e as muc h  as  2 inc h e s  i n  l ength and s ome  are  c har• 

ac teri z e d  by smo oth,  curved surfac e s  sugge s t ing the  c o l l o i dal nature  o f  the gibb s i t e .  

A n  analys i s  o f  a pi e c e  o f  th e pl s o l i tlo  f e rruginous  bauxite  f r o m  t hi s . l o c a l l ty ,  s ampl e 

P - 3 ,8 7 ,  i s  given i n  the tabu lat i on  b e low .  Other  pi ec e s  probab ly c o ntain  mor e  a lumina 

and s o mewhat l e s s  i r on  as  Judge d  by the amount o f  g ibb s it i c  mat e r i a l  i nc luded i n  them .  

An analy s i s  of  a pi e c e  o f  the  p i so l i ti c  b aux i t e ,  P - 3,88 , also  f ound at  thi s l o c al i ty 

fo l l ows : 

Samp l e  No . 

r - 3,87  

r - 3,88  

!h£3 

2 , . 1 5 

5 7 . 60 

!.! 
\ 3 5 · 0� 

' 6 . 78 

I gni t i o n  l o s s  

1 7 . 1 7 

)0 . 5 2 

I n  c o ntrast  to t he rathe r  th i c k  s i l t  o ve rburden in Was hingto n  and Co lumbi a C o unt i e s , 

that i n  the Sal em  ar ea  appears to  b e  thi nn er i n  s e c t i o n ,  p r o babl y l a s s  than 1 0  f e e t  thi ck .  

Th e s o i l c o ntains mine ral parti c l e s  o f  s i l t  s i z e ,  i nc ludi ng quart z grains , who s e  d e r l va· 

t i o n  i s  not  y e t  known. Possibly the s o i l  i s  the  r emnant o f  the Fo rn Ri dge f o rma t i o n .  

O r l g l n  o f  the de po s i t s  

T h e  late r i t e  i n  th e Sal e m  ar ea  i s  the  r e su l t  o r  t h e  weather ing o f  Stayton lavas o f  

Mi o c ene  age o ve r  a l ong  p er i o d  o f  t ime whi c h  f o l l ow ed  the e xtru s i o n  o f  the lava s and 

probab ly p r e c e d e d  the d e po s i ti o n  o f  the  Fern  Ridge  tuff s o f  P l i o c ene  ( ? )  ase .  De r i vat i o n  

o r  the  lateri t e  f r om  t h e  Stayton  lavas i s  unque s t i o nabl e .  The lat e r i t e  i e  o o nf l n ed t o  

t errane made up o f  Stayton  lava s .  At Lo c a lity 8 3 , t h e  o risinal s ph e r o i da l  weathering 

patte rn o f  the parent basalt  i s  pre s e rved i n  the  earthy f e rrugi nous  b auxi te  whi c h  c o n

tains  num erous  r e s i dual srai n s o f  masne ti te . At Loc al i ty 8 7 , the  e arthy f e rruginous  

bauxi t e  is  a late r i z e d  basalt whi ch  srad e s  downward i nto l e s s  a l t e r e d  material  c ontai n

ins fr e sh  chunks of b a s al t .  

The nodul e s  o f  hi gh•grad e b auxi te  repres ent a mor e  a ltered  &bd st rati g raph i c a lly 

hlsh e r  part  o f  the  ba sal ti c  s e c t i o n. They show a gradat i o n  from brown, very porous  

granular var i e t i e s  whi c h  r e tai n part  o f  the o risi nal t e xture o r  t h e  p arent b a s al ti c rock ,  
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to l i gh t � o o l o r e d ,  r a t h e r  d e n s e  va r i e t i e s ,  The d e n s e var i e t i e s  r e tai n n o n e  o r  o n l y  a 

sugge s t i o n o f  t h e o r i g i na l  t extur e an d o o nt al n  o n l y  a f e w  r e s i dual g� a in s o f  magn e ti t e 

w h i c h  s h o w  t h e i !f o r i g ina l  ll l'y s t a l  o u t U n e P. ., A s  d e s c !' i b e d  p F e v i o u s l y 1  an d a s  s h o wn i n  

P l a t e  1 1 1  f i g .  3 ,  o p po s i t e p a g e  1 6 , a b r owni s h - wh i t e  n o du l e f. ro m · Lo c a li ty 8 1  r e tai n s · 

muc h  o f  t h e  o r i g i nal i nt er· s er- t a l  t e xtur e o f  t h e  ba 1.11 a l t t r o ll  w h i o h  i t  w a s  l a rg e ly d e -

r i ve d "  H o w e v e r ,  p ar t  o f  th e pr· e s e r vat 1 o n  o f  t h o  t e x tur e l s  th e r- e s u l t  o t  r e p l ac e m e n t  

by g i b b s i t e .  

T h e  pi s o l i t i c f e r rug i n o u s  b aux i t e  a t  Lo cal i ty ! n ,  wh i c h  p r o b ab ly r e pr e s e n t s  t h e  

up p e r s e c t i o n o f  t h e  lat e r- i t a  pro f i l e ,  c o n t ai n s  i n c l u s i o n �  o f  p o r o u s  g ra nu l a r  f e r r u 

g i n o u s  b aux i t e  wh i c h  r e t ai n  p a r t  of t h e  t e x tu r e  o r  t h e  parent b a s a l t i c r o c k .  R e s i du a l  

grai n s  o f  magne t i t e  ar- s a l s o  p r e s e n t  i n  t h e  p i s o l i t i c f e rrugi n o u s  b auxi t e  and further  

a t t e s t  t o  i t s d e r i va t i o n  f r o m  t h e  S tay t o n  l ava s .  

F o r  a mo r e  c o m p l e t e  d i s c u s s i o n  o f  th e age o f  t h e  l at e r l z at l o n ,  r e f e r  t o  t h e  d i s -

h 7  
o u s s i o n  o n  page � 

u 
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D e s c r i p t i o n  o f  D e po s i t s o S a l e m  A r e a 

De s c r i p t i o n  o f  D e po s i t a  

i n  

S a l e m  A r e a  � P o l k  an d Ma r i o n  C o u nt i e s * 

L o c al i ty 73• W a l l ac e  H i l l ,  S a l e m  quad ran@ 

75 

N u m e r o u s  p i e c e s  o f  p o r o u s  granu l ar b au xi t i c  f l o a t  o c c u r  o n  t h e  so u th s l o p e  o f  W a l l ac e 

H i l l  i n  t h e  SE! s e c ,  8 ,  T .  7 s . , R .  3 � . , at an e l e vat i o n  o f  ap pr o x i mat e ly 350 f e e t ,  

R e su l t s  o f  t h e  analy s i s o f  a c o mpo s i t e samp l e  o f  s ev e r a l  pi e c e s  f o l l o w : 

Al 2 03 
F e  
S i 02 
T 1 02 
l e n . l o s s  

Lo c al i ty 74 , E o l a H!����!�!!�!! 

50 . 90 " 
1 1 . 98 

J . 50 
1 . 8 2 

2 8 . 87 

P i e c e s  o f  po r o u s  g r an u l ar b auxi t i �  f l o at w e r e  f ound e a s t  o f  t h e  r o ad i n  t h e  NE! s e c ,  1 2 , 

T .  7 s . , R .  4 w . , at an e l evat i o n  o f  750 f e e t .  No analy s i s o f  t h e  mat e r i a l  w a s  m a d e . 

Lo c a l i ty 7 5 ,  Gr i c e  H i l l ,  Sal!����� 

Nume r o u s  p i e c e s  o f  b au x i t i c  f l o a t  a r e  r e po r t e d  to o c cur o n  G r 1 o e H i l l  i n  S o c , 1 7 , T .  7 s . , 

R .  J W .  Th e l o c al i ty h a s  no t b e en vi s i t e d  b y  t h e  De partment . 

L o c a l ity 76 , C hap l i n  H i l l ,  Sal e m qua draag l� 

P i e c e s  o f  p o r o u s  granu l ar b a u x i t i c  f l o a t  o c cur o n  t h e  c r e s t  o f  t h o  r o ad o n  t o p  o f  

C h a p l i n  H i l l  n e ar the c e n t e r  o f  th e SE! s e c . 1 7 �  T .  7 s . , R ,  3 w . , a t  a n  e l e vat i o n  o f  

500 f e e t .  N o n e  o f  t h e  mat e r i a l  h a s  b e en analy z e d . 

L o c al i ty zz, Mo untain Vi ew S c h o o l ,  Sa l e m  qu a d r angl e 

N u m e r o u s  pi e c e s  o f  b au x i t i c  f l o at a r e  s c at t e r e d  ar o un d a l a r g e  o p e n  c u t  o n  t h e  n o rth 

end of the h i l l  s o u t hw e s t  of th e M o u nt a in Vi ew S c h o o l ,  i n  the s o uthw e s t  c o r n e r  s e c ,  16 1  

T .  7 s . , R .  3 w . , a t  a n  e l e va t i o n  o f  a p p r o xi mat e ly 400 f e e t .  N o  ana ly s i s o f  th e l o o s e  

p i e o e s  w a s  ma d e  b u t  a 2 · f o o t  c h an n e l  s am p l e  o f  t h e  mat e ri a l  s e v e r a l  f e e t  b e l o w  t h e  t o p  

o f  t h e  e x c avat i o n  r e tu r n e d : 

• 
S e e  l o c a l i ty map . 

A 1 2 03 
F e  
Si 02 
T1 o2 
I g n .  l o s s  

.)4 . 0 1  " 
1 6 . 62  
1 9 . 10 

J . l8  
1 9 . 28 
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Local ity 78 , Salem  H i l l s ,  Sal e m  quadrangl e  

R e s u l t s  o r  t h e  analy s i s  o r  l o o s e p l ac e s  o f  b rown porous  granul ar bauxi t e  whi c h  c o e u r  

l n  a readout or the  L i b e rty � P r o s p e o t  r oad  i n  t h e  SW:/t: s ec . 17,  T .  8 s . , R .  3 w . , at an e l a ·  

vat l o n  o r  700 f e e t  a r e  given b e l o w .  T h o  b au x i t e  c ontai ns r e s i dua l gra ins o r  magneti t e .  

Al2 0.3 
Fe  
Si 0 2 
Ti 02 
J gn.  l o s s  

5 6 . 4 6  � 

7 . ')2 
5 · 57 

) . 4 7 
2 8 . 3') 

Looal i ty 79 , Pro spe c t  Hi l l  ar e a , Sal e m  qu adran£!! 

Both  gibb s i t i c  and l i mo n i ti c var i e ti e s  o r f l o at o c c u r  i n  th e r o adcut o n  the  ea s t  s i d e  

o t  t he saddle  i n  a north • t r e nd i ng r i dge i n  th e SW! s e c . 1 9 ,  T .  8 s . , R .  3 w . , a t  a n  e l eva 

ti on  o f  8 2 5 t e e t .  Re su l t s o r  t h e  analy s i s  o r  a gi b b s i t i o  s p ec i men , P � 3 5 5 1 ,  and a l i moni t i c  

sp e c i men,  P �3552 , ar e g i v e n  b e l ow .  The gi b b s i t l o  s p e c i men was brown and had a po r o us granu -

l ar t extur e � i t  c o ntai n e d  r e s i dual grai ns o f  magn e t it e " 

S amp!_!_!2_. Al 0 -�2�.3 Fe S1J>.2 .'l'tQ.2 l gni �i o n l o s s  

P = .35 5 l  5 3 " 35  9 . ') 1  l c 55 2 . 68 2 8 . 8 3 

-P < 3552  111 " 35  4 2 o 4 7  10 . 18 l o 39 1 3 . ')6 

Lo c a l i ty 8 0 ,  P r o sr.!�H l �! ar!!J..._Sal e m  q� 
P l e o o s  o f  g ib b s 1 t 1 o  mat e r i al c o e u r- i n  t h e  r e ad o u t  o n  the no rth w e s t  s i d e  o f  t h e  hi l l  

a s h o r t  di s tanc e e a s t  o f  t h e  s c h o o l h o u s e i n  t h e  so uth�e s t  c o rn e r  o r  s e � . l ') p  T �  8 s . ,  

R ,  3 W . , a t  an e l e va t i o n  o f  8 2 5 f e e t .  No an aly s i s  o r  t h e  mat e r i al was made by t h e  D e p a r t m e n t . 

Lo o a l i t�l, Sal e m  H i l l s , S al e m gu�drana!! 

Numerous piec e s  o f  glb b s i t i o  f lo at ar e expo s ed  i n  t h e  readout o n  t o p o r  the  s pur n ear 

t h e  c e nt e r  o r  s e c .  30 1 T .  8 s . , R .  3 w. , at an e l evati on  o r 8 2 5 t e e t .  A sp e c i m e n o r  t h e  

bauxite  h a s  a b ro wni s h �whi te c o lo r  and a po r o u s  granu lar textur e with r e s i dual spear l l ke 

aggr egat e s  or  magne t i t e . A de s c ri p ti o n o r  a thin s e c t i o n  o f  thl s no dul e i s  given o n page 8 . 

Analy s i s  o f the  mat eri al gave the  f o l lowing r e sul ts � 

Al2 o3 50 . 64 % 
Fe 1 3 . 57  
S i 02 2 . 2 3 
Ti 02 2 . 1 1 
l gn.  lo s s  2 7. 07 

Locality  82 , R o s e dal e S c ho o l ,  Sal em  guad rangl ! 
We ather e d  basalt  !s exp o s e d  i n  t h e  re adout i n  t h e  NW! s e c . ' 2 8 � T . 8 s . , R .  3 w . , 

at an e l evat i o n  o r  about 650  f e e t, about o n e  quarter o r  a mi l e  so u th - s o u thwe st o f  th e  

Ro s e dal e Scho o l . I t i s  o ve r l ai n  by 4 f e e t  o f  si l ty so i l  c o ntai ning g ib b s i t i c  f l o at . 



D e s c r i pt i o n  o f  D e po s i t s - Sa le m Ar ea 77 

No analy s i s o f  the f l o at was  ma d e  but analys e s  o f  thre e chann e l  s amp l e s  o f  th e weath e r e d  

basalt  w a r e  mad e  and a r e  l i s ted  b e l ow .  The s e  analys e a  ahow gradati o nal o hangea  in th e 

l at e r i t e  s e c t i o n .  

Thi c kne s s  
s_am2l e No . r el!r e s ente_!! Al2.Q3 !! !!.!!2 T1 0? Isnit l o n l o s s  

1' * 35 6 , 3 r t .  3 5 , 08 18 . 57 1 7 · 71 3 · 57 20 . 43 

P = 3568  3 r t .  2 , . 6, 1 5 - 10 3 1 . 4, 3 -· 77 1 5 · 73 

P � 3567 1� r t .  2 9 . 60 1 2 . 75 35 , 0 3  4 . 07 1 5 . 2 3 

S a mp l e  P - 3 5 6 9 r e pr e s e n t � t h o  u pp e r ho r i zon , 3 f e e t i n  thi c kne s s ,  c o nta ining b r owni sh

gray m at e r i a l  w ith whi t i s h  gibb e iti o pi e o e a . I mme d i at e ly s outh o f  the  po i nt wh e r e  this  

channe l samp l e  w a s  t ake n , an unalt e r e d  c hunk of  dark  gray b asalt o c c u r s  i n  about the same 

ho r i zo n . Samp l e  P � 3 5 68 r epr e s ents  3 f e e t o f  th e  s o f t  c layl i ke m iddle  ho r i zo n, whi c h  c on

ta i n s  a few o� l i ti e s  i n  l t 8  upper  part .  I t  show s no r e s idual basal t t extur e .  Sa mpl e P - 35 67  

r e p r e s ent s  a 1�- r o o t chann e l  o r  th o lowest  hori zon  samp l e d .  I t  l s  a so r t , r e d  and gray 

material  whl o h  r e tai n s t h o  ve si c l e s o r  t h e  o r i gi nal bas al t . 

Lo c a.U ty 8 ), Sal em H i l !!, , Sal e m  quadrangl e 

A l aye r of brow n ,  por o u s  granular ,  gibb s i t i c  no du l e s i n  th e shal l o w  so i l  o v e r lying 

l at e r i z e d ba s a l t  i s  exp o s e d  in tho readout i n the NE� SWi s e e .  2 8 , T .  8 s . , R .  3 w . , at 

an e l e va t i o n  of 775 f e at ,  ab out two - th i r d s  of a mi l o s outh  ot the Ro s edal e Sc ho o l .  R e su l t s  

o f  t h e  analy s i s o r  o n e  o r  the  g l bb s i tt �  no du l e s ,  sam p l e P � 3 54 9 ,  ar e  given  b e l o w .  A thi n 

s e c t i o n  o r  o n e  o f  the  no du l e s show s th at only par t o t  th e o r iginal  texture  o f  the parent 

b a sal t is  r e tai ne d .  Out l i n e s  o f  s o me o f  the o ri g i nal plagio c la s e  l at h s a r e  vi s ib l e and 

the  o r i gi nal arrangement  o r  t h e  r e s i dual gra i n s o f  magne t i te i s  parti a lly p r e s e rved .  

The la t e r i z e d b asalt  b e low th e  o verburden  i s  c harac t e r i z e d  b y  a s ph e r o i dal weath er i ng 

pattern .  The upp e r  5 t e e t , chann e l  sample  P r 3571 , i s b ro wn w i t h  l i mo ni t i c  a n d  g i bb s i t io 

s t r e ak s .  The  gib b s i ti c  s t r eaks c ontain  r e si dual magn e t i t e  grai ns s o me o f  whi c h  s h o w  th e i r  

c ry s tal out l in e .  Th e  l e s s  al te r e d  lowe r part o f  t ho b asal t wh ich  i s  a so f t -, l i ght brown , 

e arthy mat e r i a l, 4 t e e t l·n thia kne aa ,  h f' Cpr . .  e nt e cl  b;r •amp l e  P •3570. A n a ly s e s  o f  the s e  

samp l e s  f o l l ow : 

Thi c kn e s s 
SamJ!le  No . r _!ir !!.!!!!!,� Al,2.Q_'3 !! !!.22 T 1 02 Isni t l o n  l o s s 

P • 3549  nodu l e  50 •. 2 3 1 1 . 0 2 4 , 82 3 · 57  2 6 . 1 1  

P � 3 571 5 r t .  37 . 4 6  2 1 . 20 10 . 5 5 2 . 78 19 . 80 

P � 3570 4 ft . 2 , . 2 2  24 . 66 1 7 - 33 3 . 2 7 16 . 8 8 

Analys e s o f  the l at e r i z e d  b as al t show that al though c o nt i nu e d  later i zation  has  e ff e c t e d 

e f11rthe r  r e duc ti o n i n  the o o nt o nt o r  si l i ca and tltan ia and an increase  i n  the  alumi na s imi �  

l ar to  that whi c h  t o o k  plac e at  Lo c al i ty 82 ,  i t  has r e duc e d  the  perc entage o t  i ro n . The  
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analy s i s  o r  t h e  gi b b s i t i o no du l e , P� 354? 1 s h o w s  t h e  c on t i nuati o n  o f  s i m i l ar c hange s w i t h  

t h e  e x c e p t i o n  o f  an i nc r e a s e i n  t h e  p e rc ent ag e o f  t i tan i a .  Muc h  o f  th o r e ma i n i n g  t i t a ni a  

may b e  pr e e e nt a s  t i t ani f e ro u s  magn e t i t e .  

Gibb a i t i o  n o du l e s  a r e  expo s e d  i n  t h e r e a do u t  about o n e - th i r d o f  a mi l a  s o u t h  o r  t h i s 

l o c al i ty ,  n e ar t h o  so uth end o f  s e c .  2 8 .  T h i s n o d u l a r  mat e r i a l  h a s  no t b e e n  analy z e d  by 

the D e par t m e n t .  

Lo c a l i ty 84 , S a l e m  l l i l l s ,  S a l e m  qu ad rangl e 

An e xpo su r e  o r  l i g h t � c o l o r e d ,  p o r o u s  g l b b s i t i c mat e r i a l  ab o ut 1 2 f e a t  l o ng and 1 f o o t  

t h i c k  l s  ehown i n  t h o  r ea dou t a b o u t  1 m i l e  south ea s t  o f  t h o  R o s e dal e S c h o o l  n o a r  th e c e n t e r  

o r  t h e W �  s a c . 2 7 ,  T .  8 S o 1 R .  3 w . , at an e l e v at i o n  o r  ab o ut 7 2 5  f e a t .  T h e  o u t c r o p ap p e a r s  

to b e  i n  p l ac e .  Ana ly s i s o r  a samp l o  o f  t h e  mat e r ial r e t ur n e d 1 

A12 °3 5 2 . 80 f. 
F o  9 o 98 
5 1 02 2 ,. 5 5 
Ti 02 2 . ? 8 
l g n .  l o s s  2 8 . 77 

G l b b s l t l c  no du l e s  a r e  e x po s e d  i n  a r o ad c u t  n e arly h a l f a m i l e  to the w e s t  o f  the ab o v e  

out c r o p. No analy s i e  o f  t h e  mat e r i a l was  made  by th e D o p a1r t m ent . 

L o c a l i ty 8 5 ,  Sa l e m  H i l l s ,  Sa l�m qua d rangl e 

Many g i b b s i t i c  n o du l e s  ar e s c at t e r e d  o v e r  t h e  su r fac e at th e b e n d  i n  t h e  ro ad i n  th e 

s o u thwe s t  c o rner o f  s e o o 2 2 1  T .  8 s. , R .  3 w . , a t  an e l evati o n  o r  ab o u t  6 7 5  f e e t .  No anal · 

y s l s  o r  t h e f lo at w a s  mad e by t h e De partment . S l m l l ar g i b b s i t i o  n o du l e s o c cur i n  th e r o a d -

out  o n  th e c r e s t  o f  t h e  r i d g e  i n  th e s o u t h e a s t  quar t e r  o f  t h e  sam e s e c ti o n .  

Lo c a l i ty 8 6 ,  Sunny s i d e  S c h o o l  are a ,  S a l e m  quad rangl e 

Llght• c o l o r e d ,  i r r e gu l a r l y  shap e d  bauxi t e  no du l e s a s  much  as 8 i nc h e s  i n  di amet e r  

w e r e  r o und l n  t h e s o i l  ho r i z o n  l n  t h e r o ad c u t s  n e a r  t h e  c e nte r  o r  s e c .  2 6 ,  T .  8 s . , R.  3 w . , 

at an e l evati o n  o f  ab o u t  750 f e e t .  A na ly s e s o r  o n e  o r  t h e  n o du l e s , P- 3 54 6 ,  and o f  a 

3i• f o o t  ch anne l sam pl e ,  P � 3 5 36 , o f  t h e  r e d ,  n o du l a r  mat e r i a l  un d e r lyi ng t h e  no du l e ho r i z o n  

a r e  g l v e n  b e l o w : 

Th i c kn e s s  
SamJ! l a  No . r e 2r e s e n t e d  A l 2£!3 !! ill2 T1 02 l&n i t l o n  lo s s  

P • 3546 no du l e 5 ? u 5 5 2 o 5? 3 o 2 4 1. oo  ,3 2 . 8 5 

P � .3536 3! r t .  2 8 . J5 14 . 7 1 2 8 . 70 4 . 32 1 6 . ') 7  

I t i s  thought t hat t h e  c h an n e l sampl e i nc lud e d  p a r t  o f  th e s i l ty s e l l  h o r i z o n and 

th a t po s s i b ly t h e  l o w e r part of th e c hann e l r e p r e s e n t s  b e t t e r  grad e  mat e r i a l . 

Baux i t e  no du l u s w e r e  al s o  f o u n d  al o ng t h e  same ro ad l e s s  than h al f a mi l e to t h e w e s t .  

T h e r e  th e mate r i a l  e x p o s e d  i n  pl ac e  i n  t h e  r e adout l s  weath e r e d  b a s a l t  c o ntai n i n g  m o r e 

t h an 30 p e r c e n t  s i l i c a . 
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�Uty 67 ,  U , S ,  Highway 2 2E r-eadout , Sal em  quadrangle 

A layer  o f  l o o s e  i rr egularly shaped ,  s l i ght ly porous  bauxit e  n odu l e s  i s  e xpo s e d  i n  

the r eadout o n  U , S .  H i ghway 9 2E i n  the NE* SE! s e c .  35 1 1 .  6 s . , R .  3 W. , ab out 6 mil e s  

south o f  Salem.  The n o dul e s  are l i ght• c o lo rod  when broken,  and lie  o n  to p o r  r e d  later -

i z e d  basalt i n  p lac e ;  they ar e al s o  d i s tributed  over  the surfac e o f  the  slope  to the ea st .  

The analy si s of  one  o f  the  nodu l e s ,  P • 3532 , 1 f o o t  1n longe st  dimension ,  l s  given b e low.  

P e tr o gr ap h i c  examination  show s that  i t  i s  made  up large ly o f  gibb s i t e  with  some  o liachi t a ,  

and a f ew  r e s i dual grai ns  o f  magneti t e .  The upper 5 '!  f e e t  o r  t h e  lo.,t e r i z ed basalt i s  r e pr e � 

s e nt e d  by samp l e  P� 3537 •  B e low thi s a s e c ti o n o r  late r i t e ,  3 t e e t  i n  thic kne s s ,  i a  repre 

s ent e d  by sample  P � 3573·· Thi s  lower  s e c t i o n  shows a marked inc r e a s e  1 n  the p erc entase o f  

s i l i c a .  A large chunk o f  una lte r e d  basalt  o c cur s l n  or  b e low thi s ho r i zon  a l i ttl e  farth er  

s o u t h  in  t h e  out .  

E�!!'.I!!L!!!.-
P - �532  
p , 3 5 37 
P • 3 5 73 

Thi c kn e s s  
r-e pr· e !-!!.!!!!!� 

rio du l e  

5! f t .  

3 f t  . .  

!!2.!b 
5 6 . 50 

3 5 - ? 7  

30 , ? 5 

!! Si O-z !!-.2.2 !S.�!tlon  l o s! 

1 .. 2 1  4 , 67  1. '3 0  )2 , 6 6 

2 0 . 60 10 . 6 5 .  4 . 62  1 2 . 64 

2 1 ., 6 2  17 - 77 5 · 2 5 16 . 91 

T h o  e l evat i o n  or  the  expo su r e  1 s about  5 0 0  f e e t  which is  s e ve ral hundred  f e e t  b e low 

t h e  ne arby hi l l t o p s _ I t  i B  not  known wheth e r· the  pr e e enc e o f l at er it e  h ere  indicate s that 

lato r i tation  t o ok  p l ac e  wh l l o  the area  had c o n s i d e rab l e  re l i e f  or  that fault ing or s lumpc 

ing i s  r e spons i b l e  f o r  its p o s i t i o n ,  Bauxi t e  n o du l e s  s imi lar to  thos e at th i s  l o c a lity,  

o c cur i n  the next  two r eadout s l e s s  than half a mi l e  to  the south . Analysi s  o r  a grab 

samp l e  o f  the weath e r e d b a sa lt from  ne ar the  ba s e  o f  the south ernmo st  o f  the s e  cut s r o •  

turn ed  about 3 0  p er c ent alumina and 26  p e r c e n t  s i l i ca ,  A hard r e d  no du l e  in the weath e r e d  

basal t expo s e d  i n  t h e  hi ghway outs m o r e  than a mi l e  south o f  Lo cal ity 6 7 c ontains  about 

15  p erc ent alumi na , )6 p erc ent i ron ,  17 perc e nt s 1 l l ca ,  and 0 . ) perc ent t itania .  

1o o a l ! t� 8 6 ,  Georse V ea l l  pl�c e ,  S�l em  quadranJ!! 

Bau x i t i c nodul e s  siml l ar to  t ho s e  at Loc �lity 67  are emb edd e d  ln  the  s o i l  on top  o f  

t h e  r i d g e  i n  th o NE! s e c .  3 ,  T .  9 s . , R .  3 w . , at · an e l evation o t  6 7 5  t e at .  They are  

al s o  sh own unde r  upro o t e d  t r e e s  and  in one  shallow pro s p e c t  pit . Many or  the · no du l e s  are 

1 f o o t  in d i amet er  and one  o r  tho s e  s e en was 3 f e e t i n  l onge s t  dimens ion .  !hay have a 

tough surfac e ,  a rat h e r  d en s e  though s l ightly cavernous textur e ,  and a plnkt sh  co l o r .  

They c o ntai n some  r e s i dual grai n s  o f  magnetit e .  A b r i e f  d e s c ription  o f  a thin s e c t i on  

o f  on e  o f  the s e  no dul e s  i s  g iv en  on  page 9 .  

Lo ca lity 6 9 ,  Sa l em quadran gl e  

Many gib b s i t e  no du l e s ,  as much  as 2 f e et i n  d i am e t e r ,  o o our on  to p o f  a northwe st •  

trendi ng ri dge n ear it s  we st ern  end  in  th e NW! HE! s e c . )4 , T .  6 s . , R .  3 1 . , at  an a l e �  

vation  o r  600 f e e t .  Some  bauxit e  f l oat was foun d ' al ong the west ern exten s i o n  o r  thle  
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r i dge j u s t  w e s t  o f  an intervening s a d d l e .  

Lo c a l i ty 20 , Sa l e m  que d r angl o 

G i b b s i t e  n o d u l e s s e v e r a l  i n c h e s  in  d i am e t e r w e r e  f o u n d  o n  the dump o f  a s h a l l ow p i t  

near t h e s o u th e a s t  c o rn e r  o f  t h e  c hurch o n  t h e s outh s ide  o f  th e  r oad i n  the  NE! SE! s e c . 2 8 ,  

T .  8 s . , R .  3 w. , a t  a n  e l evat i o n  o f  7 2 5 f e e t .  Nodul e s  were  a l s o  s e e n e l s ew h e r e  i n  the  vi 

c i ni ty o f  the c hu r c h . 

Lo cal i ty 2 1 ,  Sa l e m  quadrang l e  

L o o s e  g i b b s i t e  no du l e s  a r e  e xp o s e d  i n  t h e  r o adcut at t h e  tap  o f  the  r i dge near t h e  c e nt e r  

o f  t h e  "R� s e a . 2 2 1. T .  6 s .  1 n .  3 if. , at a n  o l e va t i o n o f  ab out 6 5 0  f e e t .  

Lo ca l itz 2 2 ,  J o ry H i l l ,_ S al e m  guadrangl e  

Bauxi t e  n o du l e s ar e s c at t e r e d  over  t h e  f l a t  u p p e r sur f ac e o f J o ry H i l l ,  mo s t  o f  whi c h  

l i e s  i n  s e c , 2 0 ,  T .  8 s . , R .  3 w . , at a n  e l evation  o f  ab out 700 fe e t .  A pi l e o f  the n o du l e s  

s e v e r a l  f o o t  h i gh ,  appar e nt ly g a t h e r e d  from  t h e  a d j ac e n t  f i e l d , i s  j u s t  n o r t h  o f th e mai n 

r o a d  at th e no r t h e a s t  c o r n e r  o f  th e s o u t h e a s t  qu a r t e r  o f  the s e c t i o n .  A w e l l = r o und o d ,  un

w e a t h e r e d  ba s al t i c p e b b l e  was f ound on the surfac e o f  t h e f l at s o uth o f  the r o a d .  

L o c a l i ty 9 3 ,  J .  Summ e r s  plac e ,  Sa l � m  qua d�ang l e  

P i e c e s  o f  pi s o l i t i c  f e rrugi n o u s  bauxi t e  and bauxi t e nodule s a r e  c o mm o n  o ve r  muc h  o f  

th o f lat surfac e o f  t h e  J .  Summ e r s  p l ac e i n  the SW! s e c . 15 ,  T o  8 s . ,  R . 3 1. , at a n  e l e va 

tion o f  near ly 500 f e e t .  Gibbs i te n o du l e s  ar e mo r e c o mmo n jus t s outh of  the  r ight  angl e 

turn in the r o ad w e s t  o f  the hous e .  F ar t h e r  east  toward the  hous e ,  at a s l i g ht ly h i gh e r  

e l e vat io n, pi e c e s  o f  pi so l i t i c  f e rruginous  b au xi t e  b e c o me mor e  c o mmo n an d c hunks a s  muc h 

as a fo ot  in l e ngth w o r e  found n e ar t h e  we l l  o n  t h e e a st  s i d e  o f  th e h o u s e .  A f ew  pi e c e s 

o f  pi s o l i t i c  bauxi t e  we r e  f o und a s ho r t d i s tanc e  bac k o f  th e house . As t h e  d i p  o f  th e lavas 

of the Sal a m  Hi l l s  i s  no r the as t , t h e  pi s o l it i c  mate r i a l  whi ch  pr edominat e s  t o  t h e  e a s t  prob 

ab ly r e pr e s e nts th e s trati graph i c a l ly h igh e s t  s e c t io n  o f  th e  o r e  at this  lo cal ity .  

T h e  p i s o l i ti c  f e r ruginous baux it e  i s  v e ry s imi l a r  to  that found i n  Washington  and 

C o lumb ia  C o unti e s and d e scrib ed  o n  pag e 1 0 .  R e su l t s  o f  ana l y s e s  of  type s pe c i me n s a t  

Local ity 2 3 1  name ly a p i e o e  o f  f e rrugi nous  b aux it e , P • 32 6 7 1  a p i e o e  o f  pl so l l t lo b au x i t e ,  

P - 3 ? 8 8 ,  and a no du l e  o f  th e po rous granular baux ite  c o ntaining a f e w  at t a c h e d  o 8 li t e s and 

p 1 s o l i t e s 1  P � J?8 2 ,  ar e g i v e n  b e l ow :  

S a mp l e  No , .!.b.Q., [! Si 02 T 1 02 Isn1t1 o n  lo u 

P - 32 8 7  2 2 . 1 5 J 5 o OIJ 2 . 78 l . J? 17 . 1 7  

P-3288  5 7 . 60 6 . 78 IJ . 0 7  2 o 77 3 0 . 5 2  

P - 32 8 ,  IJ J . 2 5 1 5 . 37 a . IJ6 3 · 1 7 
A f ew we l l oround e d  unweather e d  b as al t i c p e b b l e s  w e r e  al s o  fo und o n  t h e  s u r fac e at 

thi s l o c a li ty . 
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Lo c al ity 94 , Grab e nhor s t  C o rner s ,  Sal e m  quadrangl e 

8 1  

Two hori zo n s  o f  lat er it i c  mat e rial  ar e shown in  th e  readout  i n  f r ont  o f  the w .  D .  Olden  

p lac e o n  t op  o f  tho hi l l  ab out half  a mi l e  w e s t  of  Grab enho r s t  C orne rs  at an  e l evation  o f  

ab out 5 0 0  f e a t .  Th e re adout i s  i n  the  N�4 s o c .  1 5 ,  T .  8 s . , R .  3 w .  Re su lt s  o f  analy s e s  

o f  samp l e s from t h e s e  ho r i zons  are gi ven b e l ow .  Samp l e  P - 3 9 9 0  r e pr e s ent s no dular mat erial  

o f  porous  granular typ e from  th e t op  o f  the  upper ho r i zo n.  Samp l e  P - 3 2 2 1  repres ent s  the 

upper hori zon ,  3 f e e t  in thic kn e s s ,  made up large ly of browni sh  no dular mat e ri al .  Samp l e  

P e 39 2 2  repre s ent s  the lower  hori zon,  3 f e e t  in  thi c kne s s ,  made up o f  earthy, brown and 

whi t e  materi al .  

Sampl e N o . iliE-3 !!. S i 02 Ti 02 

p . ,,o 4 4 . 6 5  1 6 . 2 0 1 . 9 6 3 · 5 7 

1' · 3991  2 9 . 11 5 1 2 . ,  2 0 . 3 7  

Pe 3 2 9 2  2 6 . 50 18 . 4 2  2 7 . 1 2  

O th e r  indi c at i on s  o f  b auxi t e  in  the Sal am area  

Bauxit e  no du l e s  w e r e  f o und alone tho road  s outh of  t he Ankeny Scho o l  in s e c . 2 ,  T .  2 s . , 
n .  3 W .  The  no dul e s do  no t o c cur i n  p l a c e ,  and probab ly have  c r ept or  have b e en transpo r t e d  

a c o n s i derab l e  di s tanc e .  Bauxite  no dul e s  w e r e  a l s o  a e o n  al ong th e J e ff e r so n  ll i ghway and U o S .  

Hi ghway 22E nearer  Sal em  t han any o f  the l o c al i t i e s  shown on  t h e  l o c a l i ty map o n  pace 711 . 
Lo o s e  bauxi te nodul e s  o c cur  along the road  i n  the  SW* NW! s e c . 6 ,  T .  8 s . , R .  2 w. , 

ab out 2 mi l e s s outhwe s t  o f  Turn e r  i n  th e Stayton quadrangl e .  High -grade gibb s i t e  f l oat  has 

b e e n  f ound at s everal p lac e s  i n  the  Waldo Hi l l s  east of Salem .  O n e  p i e o e  was f ound o n  the  

s outh s l ope  o r  the  hi l l to p  in  the  SEk s e c . 2 ,  T .  8 s . ,  R .  2 w . , at a n  e l e va t i o n  o f  about 

62 5 f e e t . Several pi e c e s  were  seen in  the re adouts  n car tho  Wit z e l  S cho o l  i n  the NE� s e c . 16 ,  

T .  8 s . , R .  2 w .  Numerous  gi b b si t e  nodul e s  ar e  s c att e r e d  over the surfac e of  the f l at n ear the  

hous e e n  the s outh ai da o f  the  ro ad in  the  s outheast  c o rner of  th e NW! s a o .  1 5 ,  r .  8 s . , R.  2 w .  

The sur f ac e i s  a l i t t l e  m or e  than 600 feet  i n  e l e vation and extends  nor thwe s t  nearl7 a mi l e .  

Bauxi t e  l s  r eported  t o  o c cur · on th o surfac e o r  t he h igher  e l e vati on s  o f  the southe astern  

exten s i on  o r  the  Salem  H i l l s ,  ab out 3 mi l e s  northw e s t  o f  Marlon .  
69 

As pr evious ly m entioned  under  t he d i scus s i on  o t  the lat ari zati on  o f  the basa lt on page� 

a high�grado gibb s i te  nodu l e  was r ound ln  a readout near the  Ed Do a•r l o r  pl ac e  ln the NEt s e c .  2 1 1  

T .  0 s . , R .  1 w .  Th i s  nodul e  o c cur s  i n  s e diments  overlying Stayton lava . Th e s ed iments have 

b a on mapped by o • N a i l l  ( 1 2 32 )  as part of tho  rern Ridge tuffs .  The s ignif i canc e or th l s  o c cur-

r onc o is  no t ed  li'a th e  di scuss i o n  mentioned  above . 

An o o currenc c o f  l i monite  ln s e a . 2� , T .  6 s . , R. 2 w. , l s  al so  l i s te d  he r e  a s  a matter  

o r  r o o ord . Re su l ts o r  t he analys i s  o f  a sam p l e  submitted  to  the  De partme nt b y  Jame s E .  •rowle  

o r  th e laldo  Hi l l s  S e e d l ing Nur s e ry ,  Aumsvi l l e ,  Oregon,  a r e  given b e l ow :  

I' a 5 1 . 32 % 
Al 2 03 4 . 90 
S i 02 ) . 44 
Ti 02 0 . 32 

Ign. l o s s 1 6 . 4 3  
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E c o no mi e s  o f  D e p o s i t s 

.!.!!.t!:.�-2�� 
A c c o r d ing to p r e s en t  p r ac t i c e ,  m e tal l i c  a lumi num i s  p r o duc e d  f r o m  o r e  i n  two s t e p s . 

T h e  f i r s t  i s  t h e  pro du c t i o n  o f  pu r e  a lu mi nu m  o xi d e ,  o r  al umina as i t  i s  c a l l e d ,  f r o m  

h i gh · gr a d e  b au x i t e  b y  t h e  Bay e r  p r o c e s s .  The s e c o n d  s t e p  i s  th e e l e c t r o ly s i s  o f  a l u m i na 

1n a f l u o r i d e  b ath t o  o b t a i n the m e ta l . No o th e r  p r o c e s s  h a s  s o  f a r  b e e n u s e d  t o  p r o · 

d u c e a l u m i num c o m m e rc i a l l y i n  t h i s c o untry , On ly h i gh -g r a d e  b aux i t e  i s  am e nab l e  t o  

t r e a t m e n t by t h i s p r o c e s s ;  i n  fac t no o th e r  a l u m i n o u s  mat e r i a l  h a s  s o  f a r  b e e n  c o m po t i · 

t i ve w i t h  b auxi t e  in p r o du c t i o n  o f  alu m i nu m ,  i f  e xc e pt i o n  i s  mad e o f  t h e  r e po r t e d  t r ea t ·  

m e n t  o f  c lays 1 n  G e r many and Rus s i n ,  a n d  t h e  s ma l l wart i m e  pr o du c ti o n o f  a l u m i n a  f r o m  

a l uni t e .  I n  t h e s e  i n s tanc e s ,  t h e  p l a n t s  w e r e  Go v e r nme n t - o wn e d  o r  s p o n s o r e d  and c o s t s  

o f  p r o duc ti o n  w e r e  p r o b ab ly n o t  c o mparab l e  w i th t ho s e  o b t ai nab l e  b y  Bay e r  p r o c e s s  p l a n t s  

o pe r a t e d  b y  p r i vat e i n du s try. H o w e v e r  .• i t  i s  i m p r o b ab l e  t h a t  uni t  c o s t  o f  p r o du c i ng 

a l u m i num m e tal f r o m  l o w • grad e mat e r i a l s u c h  as c lay o r  o th e r  s i l i c at e s  h a s  b e e n n e a r ly 

a s  l ow as that o b t ai n e d  i n  u s i ng b au x i t e  o f  th e qual i ty r e qui r ed i n  Bay e r· p l ant s ,  The 

r ea s o n ,  of c o ur s e ,  f o r  t r e a t i n g  the lower g ra d e  mater ial  in G e r many and Ru s s i a  wa s th e  

l a o k  o f  b a u x i t e  w i t h i n  t h e i r  o wn b o undar i e s ,  and t h e  c o n t i nua l s ear c h  f o r  m e an s  t o  b e c o m e  

s e l f - su f f i c i e n t  i n  s tr at e g i c r aw mat e r i a l s .  

R e s e r v e s  o f  h i g h - g r a d e  b a u x i t e  i n  t h o  Uni t e d  S ta t e s ,  n e v o r  v e ry l a r g e  c o m pa r e d  t o  

t h o s e  i n  s o m e . f o r e i g n  c o untr i e s ,  have b e e n gr eatly r e du c e d  b e c a u s e o f  unpr e c e d e n t e d  wa� 

r o qul r o mo nt s .  New h i g h • g r a d o  o r e  has b e e n  f o u n d  by e xp l o r at i o n  wo r k  ( Mac Ph e r so n ,  194 5 ) .  

b u t  t h e  known quan t i ty o f  r e s e r v e s  o f  B ay e r' g r a d e  bauxi t e  i &  f ar t o o  s ma l l t o  make t h i s 

c o untry i n d e p e n d e n t  o f  f o r e ign su p p l i e s .  an d  i t  i s  a t r u i s m  t o s t at e that thi s c o unt ry 

s ho u l d  n e v e r  aga i n  b e  d e p e n d e n t  on f o r e i gn s o u r c e s  of s u p p l y  of any mate r i a l s o s s e nt l a l  

i n  p r o s e c u t i ng a war , T h er e f o r e  e i the r we mu s t  mai n t a i n  huge st o c k  p i l e s  o f  i mpo r t e d  

h i sh � grad o b au xi t e  o r  d e ve l o p  e c o n o m i c  p r o c e s se • to � a t  d o m e s t i c  l o w • g r a d e  a l u m 1 no u s  

mat e r i al s  wh i c h  c o e u r  i n  abundan c e .  I t  i s  unn e c e s sary t o  p o i nt o u t  the  advan t age s o f  

d e v e l o p i ng and m a i ntai n i ng o u r  o w n  i ndu s t ry . 

P r i o r  to W o r l d  War I I ,  b e c au s e  c h e a p  and r e l i ab l e e l e c t r i c  p o w e r  was avai l ab l e  

f r o m  hyd r o e l e c t r i c  d e v e l o pm e n t  o f  t h e  C o l u mb i a  Ri ver , two p r i va t e ly o wn e d a l u m i nu m  r e 

duc ti o n  p l ant s w e r e  b u i l t  o n  the r i v e r , o n e  a t  Van c ouve r ,  ll'a s h i ng t o n ,  and o n e  a t  L o n g ·  

vi e w ,  W a s h i ngt o n ,  The s e  w e r o  t h e  f i r s t a lumi num r e du c t i o n  p l ant s b u i l t  w e s t  o f  t h e  

1!i s s i s s i pp i  R i v e r .  Lat e r ,  b e c au s e  o f  war ne e d s ,  th r e e  m o r e p l an t s  w e r e  b u i l t  l n  t h e  

N o r t hw e s t  w i t h  G o v e r n me n t fund s ;  o n e  a t  T r o u t da l e ,  Or e go n ;  o n e  at S p o kan e , W a s h i n g t o n ; 

and th e th i rd at Tac o ma ,  Was h i ng t o n .  

/ 



Ferrus1nous  Bau x i t e  Depo si t s  in  Northw e s t ern  O r e g o n  

C o mb in ed  rat e d  capac i ty o f  the  two private ly own e d  p lante  is 248 , oo o , ooo  pounds 

annual ly ;  that of thr e e  Governme nt- o wn ed  p l ants is  36 7 , 000 , 0 0 0  pounfs .  T h e  t o ta l  i s  

over  .)00 , 0 0 0  to ns , o r  twi c e  annual do m e s t i o  pro duc t i o n  b e f o r e  1 9110 . 

Unde r  c o nd i ti o n s  exi st ing i n  th i s  c o untry , the  l arge s t  i t e m  o f  c o s t  i n  aluminum 

m e ta l produc t i o n  i s alumina supply ; the  s e c o nd i s  c o s t  of e l ec tri c  pow e r .  H o w e ve r ,  

c o s t  o f  alumina i s  l e s s  c r i t i c al i n  r e l a t i o n to  l o cat i o n  o f pl an ts , a s  alumina may b e  

t ran spo r t e d  over  l o ng d i s tan c e s  wi thout i n c r eas ing c o s t  o f  the me tal i n  di r e c t  pro po r •  

t i o n  to th e di stanc e spann e d ,  wh e r e a s  e l e c t r i c  e n e r gy may b e  tran s mi t t e d  e c o no mi c a l ly 

o ver  r e l atively sh ort  di s tanc e s .  D ependab i l i ty ot pow e r i s  a l s o  a governing fac tor  i n  

l o cat i o n  o f  plant s ,  as s o me  so - c al l e d o v e rh e a d  c o s t s  suc h a s  amo rt i zati o n , d epre o i a• 

t i o n ,  admi nistrati o n  and th e l i ke mus t  b e  c harge d  whether  or  no t a p l ant i s  tu r n i n g  

o u t  m e ta l . 

Exc e pt f o r  a r e lat i ve ly s ma l l  amo unt o f  a l u m i n a  pro duc ed from  alun i t e  by a p l ant 

at Sal t Lake C i ty ,  no alumi na i s  pro duc ed  i n  th 11 11 e s t 1ancUt mu s t  b e tran s p o r t e d  f r o m  · 

Bay e r plants i n  th e eas t e rn par t o r  the  c o un try to supply n orthw e s t p lant s . Rai l ro ad 

f r e ight i s  repo rted  to  b e  $ 8 . 00 p e r  ton  i n  train l o t s . C o nve r t e d  i nto u n i t  c o s t o f  

metal , th i s c o s t  o f  f r e i gh t i s  o . B ¢ per po und o f alumi num . 

Ec o n o m i c  charac teri s t i c s o f  depo s i t s  

T h e  thi c kne s s ,  attitud e , fr iabi l ity ,  and mo de rate stri ppi ng rat i o  o f  t h e  d e po s i t s  

i n  Washi ngt o n  and C o l u mb i a  C o u n t i e s  a l l  f avo r c h e ap m i ni ng wi t h ear t h - mo vi ng e qu i pm e nt . 

I t  i s  l i k e ly that the o r e  c o u l d b e  e xc avate d  w i t h o u t  the u s e o f  e xpl o s i ve s .  The d e 

po s i t s  a r e  d i s t r i b u t e d  wi de ly ,  a n d  aggregat e r e s e rve s appear t o  b e  s ub s tantial  i n  mi l l i o n s  

o f  t ons . L o cati o n  o f  t h e  d e po s i t s i s  e s p e c i al ly favo rab l e  i n  r e l at i on  to  rai l r o ad s ,  highg  

way s ,  th e aluminum plants  o n  th e C o l u mb i a  R i ve r ,  an d e l e c tr i o  pow e r . 

M e t a l l u r gy  

I n o rd e r  to b e  c omme r c i a l ,  t h e  o r e wou l d  need t o  b e  treat e d  to  pro duc e b ot h  a lumina 

and i r o h . R e s u l t s  of meta l lurgi c al t e s t i ng wor k  b e i ng c arr i e d out o n  l o w - grade  b aux i t e  

b y  pub l i c  and pr ivate agenc i e s a r e not  known t o  the wri t e r s .  In th e pas t  the  P e d e r s en  

pr o c e s s  was app l i e d  o n  a c omme r c i a l  s ca l e  ln  No rway t o  t re at analo gou s mat e r ia l ,  and l t  

l s  po s s ib l e  that thi s pro c e s s  o r  s o me m o d i f i c a t i o n  o f  i t  may b e  f e a s i b l e .  A s  u s e d in  

N o rway whe r e o p e rati on s  we r e  ai m e d  p r i mari ly at pro duc ing h igh � grad e pi g  i ron ,  lcw . .  s i l i ca 

f e rruginous  bauxi t e  was i mpo r t e d  f r o m  Franc e and s mo l t e d i n  an e l ec tr i c  furnac e wi th 

No rwe g i an i r o n  o r e ,  to gether  with  l i me as a f lux and c o k e as a r edu c i ng age nt . An out

l i n e  o r  t h e  pro c e s s i s  given o ppo s it e  page 8 .) .  P i g  i r o n  and o a l c i u m  a l u m i n a t e  s lag w e r e  

th e pro duc ts  f r o m  t h e  e l ec tri c furnac e .  Th e finely ground s lag wa s tr eat e d w i th ho t 

so di um c arbo nat e s o luti o n  c o ntai ni ng s o me s o d ium hydroxi d e .  Carbon  d i o xi d e  g a s  was pas s e d  

i nto t h e  r e s u l t i ng so d i um alumi nat e s o lut i on  t o  pr e c i pi tate aluminum hydr o xi d e whi c h  was 

f i l te r e d  and o al c i ned  to pro duc e a lu mi na .  



Ec o no mi c s  o f  D e p o s i t s 

F o �  a numb e r  o f . y o ar s. t h e  u . s .  Bur e au o f  U l n a s has b e e n c a rry i n g o n  t a s t i ng w o � k  o n  

t � e a t m e n t  o f  l ow- g�a d a b auxi t e .  R e s u l t s  have n o t  b e a n mad e avai l ab l e  t o  t h e pub l i c , but 

it has b e a n r e p o r t e d  that a l arge amount of wo�k has b e e n done in study i n g  t h e  app l i c a t i o n 

or th e P e d e r s en p � o o e l l  to h i gh - s i l i c a and h i g h- i r o n  b auxi t e s . 

A pro c e s s t o �  t � e a ti ng l o w · g � a d e  b auxi t e  o r  o th e r  l o w· g � a d e  aluminoui mat e r i al was 

deve l o ped  by t h e A l u m i num Co mpany of A m e r i c a  dur i ng th e wa� p e r i o d Just p as t ,  and ap p l i e d 

t o  tr eatment o f  w a s t e s  f r o m  t h e  B ay e �  pro c e s s . As  d e s c r i b e d by R o b a r t F .  Go u l d l the new 

p r o c e s s  ap p e ar s  t o  be c h i e f ly val uab l e  i n  c o mb i nat i o n  w i th the B ay e r  pr o c e s s , and w o u l d  

n o t s e a m  t o  b e  e c o n o m i c al ly s ui t ab l e  f o �  t r e atment o f  th e h l gh • i r o n  Or e g o n  o r e s .  

Sal a m  d epo s i t s  

I n  t h e  ab s e n c e  o f  e x p l o r at i o n  wo r k ,  i t  i s  i mp o s s i b l e t o  e s t i m a t e  t h e  e c o no m i c  i m p o r t anc e 

o r  t h e  o c o u r r e no o s  o f  h i gh -g ra de b aux i t e  i n  t h e  S al e m  a r e a .  I n  s o me r e ad o u t s  and o n  t h e  s u r -

fac e i n  s e v e r a l  p l ac e s  n o d u l a� b au x i t e  o c c u r s  i n  quant i t i e s wh i c h  warrant t e s t p i t t l n g  t o  d e •  

t a r m i n a  the am ount pr e s e nt . I n  o n e  r e ad o u t  h i gh - g r a d e  mat e r i al o c c u r s  i n  p l a o e a s a s o l i d  

l ay e �  ab out o n e  fo o t  t h i c k .  The a r e a l  e x t e n t  o f  th i s lay e r  h a s  n o t  b e e n d e t e r m i n e d .  

B a u x i t e  o f  the  q u a l i ty f o u n d  i n  t h e  Sa l e m  ar e a  m i g h t  b e  su i tab l e  fo r u s e e o th e r  t h a n  

pro duc t i o n  o f  a lu m i na .  T h e s e  u s e s  ar e i n  maki n g  a l u m i num c h e mi c al s ,  c h i e f ly a l u m i num s u l •  

phat e ; p r o duc t i o n  o r  h i gh -g ra d e ab ra s i ve s ; i n  o i l r e f i ni ng ; a s  a r e f rac t o ry ; and i n  maki ng 

qui o k• s e tt i ng c e m e nt s . Eac h or th e s e c l a s s i f i c a t i o n s  ha s d i s t i nc t i v e  s p a o i r i c a t i o n s . 
The l o w - g r a d e  o r e  w h i c h  o c c u r s  i n  t h e  la t e r i t e s e c t i o n  i mm e d i at e ly b e l o w  t h e  h i gh - g r a d e  

n o du l a r  o r e , i s  w i d e s p r ead b u t  app e a r s  t o  be  i n  th i nn e r  s e c t i o n  t h an i n  t h e  c o r r e spo nd i ng d e •  

p o s i t s o r  Wa s hi ng to n  and C o l u mb i a C o un t i e s .  S i l l o a  c o n t e n t  i n c r e a e a s  � a p i d ly w i th d e p th b e ·  

l o w  th e uppa�  4 o r  5 t e a t .  Th e c hange i s  g r a dat i o nal , and n o  d i vi d i ng l l n e  may b e  d e t e r mi n e d  

v i s u a l ly b e tw e e n l o w •  and h l gh• s i l i oa mat e � i a l .  Th e  p� a l i m i na�y s tudy o r  th e d e p o s i t s  h a s  

b e a n i n s u f f i c i e n t  t o  p e r m i t d e f i n i t e  state ment s  c o n c e rni ng t h e  p r o f i l e  o t  th e l at e r i t e  s e c t i o n, 

b u t  t r o m p�e s ent ind i c at i ons  the f e r rugi no us bauxite  ( exc lus i v e  o r  the h i gh-grade n o d u la� 

ma t e r i a l ) l n  th e S a l e m  a � e a  i s  p � o b ab ly ot l e s s  po t e n t i al c c mm a r o i a l  importanc e t han that i n  

Wa s h i ngto n and C o lu mb i a C o u n t i e s . 

C o nc l u s i o n  

I n  summa t i o n , the f e r ruginous  b au x i t e  d e po s i t s  o f  n o r t hw e s t e rn O � a go n  a p p e a r  t o  c o nt a i n  

re s e rve s o r  s u f f i c i e n t ly l ar g e  s i z e  t o  wa �r ant an alumi na i ndu s t ry .  D e v e l o p m e nt o f  a n  e o o -

n o m i c  tr e a t m e n t  p ro c e s s i s  t h e  o � it l c a l  f ao to � i n  pu tt i ng the s e  d e p o s iy s i nt o  pr o duc t i o n , 

no t quan t i ty o r  r e s e � ve s .  

A l t ho ugh t h e  O � e g o n  o r e  i s  l o w  i n  al u mi na c o m p a � a d t o  b aux i t e suitab l e  to � t h e Bay a �  

pro c e s s ,  t h e  i r o n  c o ntained i s  po t e nt i a l ly o t  c o mme r c i a l  va l u e . I t  ar b i trary va lue s o r  

$ 4 5 . 00 p e r  t o n  f o r  alumina and $ 1 7 . ,0 pe r t o n  f o �  i ro n a� e tak en , th e p o t en t i al g r o s s  va lu e 

o t  p ro duct s o b ta i nab l e f r o m  100 t o n s  o f  o r e  ( uni t tak e n  t o r  c o nven i enc e ) , a s s u m i ng '0 p erc e n t 

1 
l n du s t � i a l  and Engi n e e ri ng C h e m i s t ry ,  S e p t e mb e r  1 '4 5 . 
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r e c o v e ry ,  i s  $ 1 78 8 . 03 .  The  c o mp ara b l e va lue o f  a lumi na pr o duc e d  f ro m 100 t o n s o f  Arkan s a s 

b auxi t e  w o u l d  b e  $ 2 2 2 7 . 50 , as suming 5 5  p erc ent  Al 2 03 and 90 p e r c ent r e c o v e ry .  I f  t h i s 

alumina i s  t o  b e  u s e d  i n  al u m i num r e duct i on  p l ant s in t h e  Nort hw e s t , i t s  va l u e  t o  t h e  p r o -

d u c e r  i s r e duc e d by ra i l r o a d  f r e i ght o f  $ 8 . 00 p e r t on .  T h e  c o mpari s o n  i s  t ab u la t e d  as f o l l ow s : 

B ay e r  P ro c e s s Ore • 100  To n s  

5 5% Al2 o3, 90% r e c o v e ry ,  49 . 5 t o n s alumi na a t  $ 4 51 

L e s s  $ 8  p e r  t o n  f r e i gh t 

$ 2 2 2 7 . 50 

�26 . 00 

R e c e i v e d  by p r o du c e r o f  a l u mi na f . o . b .  l o w e r C o l umb i a  R i v e r  p o i nt s  

Or ego n O r e  - 100  To n s  

.3 :>% A l2 o3 , 90% r e c o v:_e ry ,  3 1 .  5 t o n s alumi na at $ 4 51 

2 3% F e ,  90� r e c o very ,  2 2 . 5  t o n s  i r o n  at $ 1 7 . 90� 

$ 

$ 

1 8 31 . 50 

14 17 - 5 0  

no · 2l 
Value  o f  c o mb i n e d  a l u m i n a  and i ro n  $ 1788 . 03 

Th e c o m p a r i s o n ,  o f  c o ur s e ,  a s s u m e s e c o no m i c  t r e a tme nt o f  the O r e go n o r e .  In prac t i c e , a 

l o w e r  p e r o o nt age r e c o very c o u l d  b e  e xp e c t e d  i n tr e at i ng Oregon  o r e ,  but th i s d i s advant ag e w o u l d 

p r o b ab ly b e  o f f s e t  by c h e ap e r mi n i ng c o s t s , and t h e  c o mpari s o n i n d i c at e s  t h a t  t h e r e  i s  n o  great 

d i s p ar i ty i n  gr o s s  va l u e  und e r the a s sumption s g i ve n ab o ve . At the  same  time  i t  i s  r e a l i z e d  

t h at p r o f i t  a n d  n o t  g r o s s  va l u e  go v e r n s  f e a s i b i l i ty . 

No va l u e  m ay b e  as s i gn e d the t i tan ium i n  t h e  Or e go n o r e  b u t  i t  i s  b e l i e ve d by t h e  autho r s  

t h a t  t h e  t i t ani um c o n t e nt may, at s o me futur e ti m e , b e  a c o mm e r c i a l  by . , p r o duc t i n  t h e  r e c o ve ry 

o f  al umi na and i r o n ,  e i t h e r  a s  t i tanium o x i d e  o r  f e rr o t i tanium . 

B e c au s e  o f  l o c a t i o n ,  p r o b ab l e  e xte nt , p hy s i c a l  and c h e mi c al c har a c t e r i s t i c s , and po t ena 

t 1 a l g r o s s  uni t val u e o f  t h e  o r e ,  t h e  Or e g o n d e po s i t s  f o rm th e  m o s t i mpo rt ant known r e s e r v e  

o f  l o w � s i l i c a  a l u m i n o u s  o r e  i n  t h e  Un i t e d  S t a t e s .  

1 

2 

F r o m  t h e  ab o v e , the f o l l o wi ng i mpo r t ant point s  may b e  e m phas i z e d : 

1 .  T h e  Or e go n o r e  i s  l o w  i n  s i l i c a  and t h e r e f o r e  may b e  mo r e  e c o no mi c a l ly t r e at e d  than 

c l ay s o r  o t h e r  al umi num s i li c at e s . 

2 .  T h e  i r o n  c o nt a i n e d  i n  O r e g o n  o r e s  i s  an a s s e t  which o f f s e t s t h e  l ow e r alum i n a  c o n t e n t 

c o mp ar e d to h i g h� gr ad e  b au x i t e  • 

.3 .  L o c a t i o n  o f  d e po s i t s n e ar a l umi num r e du c t i o n p l ant s , and phy s i c a l  c h ar ac t e r i s t i c s o f  

d epo s i t s  w h l o h  wi l l  pe rmi t l o w  m i n i n g  c o s t , are e sp e c i a l ly f av o r a b l e  f ac t o r s  i n  any 

p l an f o r  c o mm e r c i a l p r oduc t i o n  f ro m t h e s e  o r e s ,  

Re c o r d s  o f  c o s t s o f  p r o du c i ng alumina are n o t ' a vai l ab l e .  E s t i mat e s  b y  Eng l e , Gr e go ry , a nd 

Mo s s e  ( 1 944 ) r ang e f r o m about $ .35 , 00 t o  ab out $42 . 00 p e r t o n  as the c o s t  of pr o d uc i ng a l u m i na 

at hy po t h e t i c a l l o c a t i o n s  i n  th e Uni ted  State s ., the pri nc i pa l  var i ab l e  b e i ng o apac i ty o The 
l ow e st  c o s t e s t imate i s  f o r  a p l ant o n  t h e  l o w e r  C o l umb ia River w i t h  a c apac i ty o f  500 , 000 
t o n s  p e r  y e ar ,  a n d  u s i ng b auxi t e  b r o u ght i n  f ro m B intan I s l an d .  T h e  h i gh e s t e s t i mat e i s  f o r  

a p l an t  a t  a n  i n l and p o i n t  i n  th e  S o u t h e a s t  wi th a c apac i ty o f  100 1 000 to n s p e r  y e ar ,  and 

u s i n g  bauxi te  f r o m  Dutch Gui ana.  Based o n  f i gur e s i n  t h e s e e s timat e s  it wo u l d  appear that 
$ 4 5 . 00 p e r  t o n  i s  a �  l e a s t  no t t o o . l ow as a s e l l i ng p r i c e f o r  a l u m i n a  i n  t h e  N o r thw e s t ,  a n d  

th e r e f o r e d o e s  no t r e f l e c t  too l ow a gr o s s  value  o n  h i gh-grade b aux i t e i n  c o mpar i s o n  w i t h  

O r e g o n  o r e ,  

Ave rage value  p e r  n e t  ton o f  p i g i r o n  a t  b l a s t  fu rnac e s i n  t h e  Uni t e d  S tat e s  i n  p r e war 

y e ar 1 940  ac c o r d i n g  to u . s .  Bu r e au o f  Mi n e s  Mi n e ral s  Yearbook .  
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Analys i s  o f  F e r ruginou s Bauxi t e  Or e 

by 

L .  L .  H o a g l andl 

8 7  

A n  a c c urat e analy s t s o f  a l �mlna  o r e s  c o n t a i n i ng t i t anium r e qui r e s  mo r e attent i on and 

c a r e  than i s  g e ne ral ly app r e c i at e d .  Even i n  t h o  mo at r o u t i n e  metho d s  i t  l a  nec e s sary to 

r e s o rt to e xtr e me m e a su r e s to b r i ng th e  o r e  c o mp l e t e ly i nt o  so lut i on ,  and af t e r thi s i s  

ac c o mp l i s h e d  t h e  analyst  mus t  guard agai n s t  hydro ly s i s o f  the t i t an ium t o  pr e vent o o ntam-

lnat l o n  of the s i l i c a  and alumina o xi d e s .  

F o r  th e analy S i s  o f  f e r rug inou s b aux i t e  o r e  f r o m  W ash ingt o n and Co lumb i a C o unt i e s  i n  

t h e  labo rat o ry o f  t h e  De partme nt o f  G e o l o gy  and M i n e ra l  I ndus tri e s , i t  w a s  n e c e s s ary t o  

w o rk o u t  a me tho d in  wh l o h  t h e h i gh t i t a n i u m  c o nt e n t  o f  th e o r e  wo u l d  n o t  af f e c t  th e  aoou

raoy of  t h e  r e su l t s . The p r o c e du r e  final ly ad o p t e d  r e qui r e s 3 to 4 d ay s  f o r c omple t i on ,  

and e li mi n at e s th e t i t ani um i nt e r f e r e nc e s .  I t  al s o f l t a  t n  w e l l  with  o ther  l ab o rat o ry 

w o r k  whi c h  f r e qu ently i nt e r rupts th e p r o gr e s s  o f  any l engthy analy s i s f o r  p e ri o d s r anging 

fro m s e veral  hours  to  s e v e r a l  d ay s , 

P r i o r to ma k i ng any c h e mi c a l  analy s t s ,  t h e  o r e s w ere  exami ned  b o th p e t r ographically 

and s pe c trograp h i c a l ly,  and l t  was  f o und that a s i d e  f r o m  very mi nut e  quan ti t i e s o f  o th e r  

e l em e nt s ,  the o r e s  w e r o  e u e nt1. a l ly hydrat e d  o x i d e s o f  alum i na a n d  i r o n  w l th s l l i c a and 

t l tania as ac c e s s o ry c o mpo n e nt s . F o r  th o d e t e rminat i on  of al umi na,  iron ,  si l i c a ,  and 

pho sphorus , par t s o f  e t andar d m e th o d s d e s c r i b e d by Lunde l l , H o f f man and B r i ght
'-

, S o o t t 3, 

and Low
4 we r e  inc o rporated . '  After  tryi ng s eve r a l  s tandard gravi m e t r i c and vo lumetri c  

metho d s  fo r the t i tanium . de t e rmi natlon, whi c h  w e r e  d e s c r i b e d  l n  the works  c i t e d abo v e ,  a 

vo lum e t r i c m e t h o d  was worked  o u t  l n  th e  Department ' s  l ab o r at o ry .  Thi s m e tho d requi r e s 

muc h  l e a s  t i m e  and g ive s mo r e  ao o ur at e  r e s u l t s  than w e r e  po s s ib l e  by g r avi m e t ri c  metho d s , 

and c o mpare s  favo rab ly with r e su l t s o b t ai n e d  wi th s tan dard vo lumetr i c  me th o d s .  

I n  maki ng t h e  analys i s , s e para t e p o r t i o n s  o f  t h e  ai r - dr i e d  samp l e  are t ak e n  f o r  t h e  

mo i s tur e and i gni t i o n  l o s s ,  i ro n , and ph o s ph o rus d e t erminat i o n s ,  whereas the  s i l i ca,  

alumina, and tl tania are  do t o rmin e d o n  t h e  s am e  po rt i o n , A l l  po r ti o n s  ar e w e i gh e d  at the  

same  t im e i n  order t o  e l i minat e c hange s that might o c cur i n  t h e  mo i s tur e  c o ntent .  The  

f o l l owi ng g i v e s t h e  d e tai l e d  pro c e dure s f o r  making the d e t e r mi nat i o ns ' 

1 
A s s ay e r  and c h e mi s t ,  O r e go n  D e partm en t  o f  Geo l ogy and Mi n er a l  I ndu stri e s . 

2
Lund e l l ,  Hoffman and Bri gh t ,  C h e mi c a l  analy s t s  o f  i r o n  and s t e e l .  

3
s o o t t • s  s tandard metho d s  o f ana ly s t s . 

4 L o w ,  A . H. ,  Te chni cal  m etho d s  o f  o r e  ana lyst s .  
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Mo i s tur e 

Trans f e r 2 grams o f  the  air• dri e d  samp l e  to a weighed  platinum c ru c i b l e  having a 

t ight - f i t t ing c over .  Dry at 100 ° to 10 5 °  c .  t o r  3 to 4 hour s .  P l ac e  th e c over  l o o s e ly 

o n  th e c ruo i b lo . and c o o l  in  a d e s i c c ato r .  When  c o o l ,  c over  t ight ly and w e lgh . To f ind 

tho  p er c e ntage of  mo i s tur e ,  subtrac t the f l nal w e i ght from the  o ri ginal w e i ght  and mul t i •  

p ly by 50 · 

Lo s s  o n  Igni t i o n  

A f t e r t h o  f i nal  w e ighing i n  the  mo i s ture  d et e rminat i on, h e a t  the c ruc i b l e  gently 

i n  an o x i di z i ng atmo s ph e r e  unt i l  o x i dati o n  c hange s have taken p lac e ; co ver and h eat f o r  

3 0  m inut e s  at 1 0 0 0 °  t o  1 10 0 °  c .  C o o l  i n  a d e s i c cator and w e i gh .  Calculate  t h o  p e r -

c e n tage lo s s .  

I r on  

T h e  determinat i o n  o r  i r on  i a  made by  th e  we l l•known Z i mmermann•Rai nhardt metho d a s  

d e s c r i b e d  b y  Lund e l l ,  H offman, and Brightl . Thi s  metho d c h o c ks very c lo s e ly wi th  r e •  

s u l t s o btai n ed  by  muc h  l onger  umpir e  metho d s .  

Spe c i al  so lut i o n s  r e qu i r ed : 

S tannous  c h l o r i d e .  Di s s o lve  1 50 grams or  SnC l2 • 2H2 0 in  JOO ml  o f  IIC l ,  and di lute 

t o  1 0 00 ml  with wat e r .  

Ti trati o n  mixtur e .  Di s s o lve 20 0  grams o f  UnS04 • 4H2 0 i n  1000 m l  o f  water ,  and add  

a c o o l e d  mi xtur e o f  4oo ml  o r  H2S04 ,  1200  ml of  wate r ,  and 4oo ml  of  syrupy pho sphori c 

ac i d .  

M e r cur i c  ch l orid e . P r e pare  a saturat e d  s o luti on  o r  H1c 1 2  in  wate r .  

Standard O o lO normal permaneanate . Di s s o lve  3 . 16  grams o r  KUn04 i n  1 l i t e r  o f  wat e r ,  

al l o w  t o  ago ,  f i l t e r  through asb e s t o s ,  and s tandard i z e  asai ns t Bur e au o f  Standards s o dium 

oxalat e .  One m l  KMn04 i s  e quival ent to 0 . 0 0 5 584 srams o f  F a .  

1 

P r o c edur e : Tran s f e r  0 . 5 grams o f . th e ai r •dr i e d  sampl e  to a 200-ml  b eak e r ;  
a d d  1 0  ml  o f  HC l and 5 m l  o f  s tannous  c h l o r i d a  so luti on .  C o v e r  t h e  b eake r 
and gent ly heat  o n  a warm plate  f o r  J hours wi th a e oas i onal agi tat i o n .  I f  
any dark part i c l e s  r e main,  c o nt inue heat i ng unt i l  o nly a whi t e ,  f l o t ant , 
i n s o lub l e  mat t e r  r emains . 

A d d  a 2 . 5  p e r c e nt s o lution  o r  KUn04 ( dr o p  by drop )  unt i l  a d i s t i nct  
p i nk  o r  b rowni sh  c o l o r  appe ar s .  Di lute  t o  2 5 m l  with wat e r ; h eat ne arly 
to b o i l ing.  Add s tannous  c h l o r i d e  so lut i o n  d r opwl s e  and w i th s t i rring un· 
t i l  the  c o l o r  of the f e rr i o  i r on  di sappear s ,  and then add Ju st  one drop  
m e r e .  Wash down th e i n s i d e  o f  the b e aker ,  and  qui c kly c o o l  i n  l e e  wat e r .  
A d d  a t  o n e  s t r o k e  10  m l  o f  saturated  s o luti o n  o t  mercuri c c h l o ri d e ; s t i r ;  

O p .  c i t . , P •  8 7.  
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again wash d o wn · t h e  i n a i de of  the b eaker  with  c o l d  wat e r  and a l l ow the  s o lu•  

tlon  to s t and for  2 t o  5 m i nu t e s .  Tran s f e r  the so l u t i o n  t o  a 600-m l b e a k e r  
to whi c h  2 5  m l  o f  the t i trati o n  mixtur e a n d  400 m l  o f  c o l d  wat e r  have b e en 

ad d e d .  St i r  and add standar d p a rmanganat e  a o luti o n  f r o m  a bur e t t e to a d e f •  
i n i t e  pi nk e nd - p o i nt .  Run a b l ank o n  t h e  r a asents th r o ugh a l l  o pe rat i o n s  

and make pr o p e r  c o rr e c ti o ns . 

S U 1 c a  

T h e  t i t an i f e r o us e r a s  f r o m  W a s h i n gt o n  a n d  C o lumb i a  C o unti e s  a r e  no t e n t i r e ly d e 

c o mpo s e d  by  ac i ds . I t  i s  n e c e s s ary to f i l t e r  o r r the  i n s o lub l e  re s i due af t e r  ac i d  

treatment,  and sub J e c t  i t  t o  e vAp o rat i o n  i n  hydro f luo r i c  and sul phurlo ao i d s .  Th e 

f o l l owing proc e dure h a s  b e en fo und t o  b e  mo a t  e f f e c ti v e  a s  l t  yi e l d a a v e ry s harp a e p -

araU o n  and i s  a o mewha.t m o r e  rap i d  th an mo s t  ump i r e pro c e dur e s . 

Pro c e dur e : Tra n s f e r  0 . 5 gram o f  t h e  s amp l e  to a p o rc e l a i n  c as s e r o l e , c o ve r ,  
and add 25 m l  o f  HC l .  D i g e s t  w i th frequ ent agi t at i o n  o n  a warm p l at e o r  
wat e r  b at h  u nt i l  d e c o m po s i t i o n  app e ar s t o  b e  prac t i c al ly c o mpl e t e ,  t h e n  add 
1 m l  o r  HN03 and e vapo rate  to  dryne s s .  Bake at ab out  1 1 0 ° c.  for 1 h o u r .  
C o o l  s o m ewh at ,  d r e n c h  th e r e s i du e  w i th 10  ml o f

"
Hc l ,  d i g e s t  f o r  2 m i nut e s ,  

and t h e n  a dd 7 0  m l  o r  ho t wat e r .  H eat unt i l s o lub l e  s a l t s  ar e i n  s o luti o n · 
( pr e f e rab ly no t over  5 mi nu t e s ) and f i l t e r .  Wash 5 t i m e s with  h o t  di l u t e  HC l 
( 1 : 2 0 )  t h e n  w a s �  tho roughly wi th ho t w at e r .  Evap o r a t e  t h e  f i l trate  an d w a s h ings  
to  dryn e s s ; b ake and  d i s s o lve  the  so l ub l e  sa l t s  a s  b e f o r e . f i lt e r ,  w a s h  t h e  

s mal l amount or  s i l i c a ,  f i r s t  with c o l d  d i lut e  HC l ( 1 : 100 ) 1  t h e n  w i t h  h o t 
wa t e r .  Re s e rve the f i l t rate and washings f o r  the d e t e rminat i o n  o r  alumina 
and t i tan i a .  Igni t e  t h e  two p ap e r s  i n  a p l at i num c ru c i b l e , s l o wly a t  f i r s t ,  
and f i nal ly at a t e mp e ratur e  o f  1 2 0 0 •  c .  C o o l  and w e i gh .  Tre at with a f ew 
drops  o f  d i l u t e  H2 S 04 ( 1 : 1 )  and 5 to 10 ml o f  HF,  e vapo r a t e  t o  d ryne s s ,  and 
agai n i gni t e  at  1200 ° c.  C o o l and w e igh . Tho l o s s in w e i gh t r e p r e s e n t s  the  
s i l i c a .  

Alumina and T i tan i a  

F o r  th e d e t e rminat i o n  o f  alumi na i n  o r e s  t h e r e are  t hr e e v e ry ac c u r a t e  gravi m e t r i c  

m e th o d s  whi c h  a r e  f r equ en t ly u s e d .  T h e s e  m e t h o d s  a r e  a s  f o l l o w s : 

1 . P r e c i p i tati on o r  a l l  t h e  o xi d e s  w i th ammo nium hydro xi d e and c a l c u la
t i o n  o f  t h e  a lum i na b y  d i f f e r enc e af t e r  the  var i o u s  amo unt s of  o th e r  e l e m e n t s 
known to b e  pr e s ent  have b e e n d e t e r m i n e d .  

2 .  Pre c i p i t a t i o n  o f  t h e  a lum i na a s  pho sphate  a f t e r  r e mo val o r  t h e  i n t e r 
f e ring e l e m e nt s .  

3 •  P r e c i p i t ati o n  o f  a lumi na w i t h  ammo nium hy dr o x i d e  a ft e r  th e o th e r  
o xi d e s have b e e n s e parat e d  f r o m  t h e  s o d ium hyd r o xi d e so lut i o n . 

The l a s t  m e th o d was  ado p t e d  b e c au s e  i t  give s the l e as t  c o ntaminat e d  A l 2 0 ) pr e c i p i t at e , 

and a l s o  fi t s  i n  w i th the s c h e m e  f o r  the  vo l u m e t r i c  d e t e r mi nat i o n  o f  t i t an i u m  i n  t h e  same 
p o r t i o n  o f  t h e  samp l e . 
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Th e vo l u m e t r i c  m e t h o d  f o r  t i t an i a  as wo r k e d o u t  i n  t h e  Departme nt ' s  l ab o rat o ry g i v e o 

r e s u l t s  that ar e  w e l l  w i th i n  the  l i mi ts o f  ac c u r a c �  an d du p l i c at e r e su l t s ar e e as i ly o b -

t a i n e d  af t e r  a l i t t l e prac t i c e  t o  d e v e l o p  s pe e d  i n  th e man i pu l at i o n .  B e c au s e  o r  t h e  ra pi d i ty 

w i th w h i c h  t i t anium o xi d i z e s af t e r  r e du c t i o n  w i t h  z i no, mo s t  volume t r i c  m e t ho d s  r e q ui r e that 

t h e  r e du c t i o n ,  and man i pu l a t i o n af t e r r e du c t i o n ,  be c ar r i e d  o u t  i n  th e ab s e nc e  o r  ai r . The  

pro c e du r e  d e s c r i b e d b e l ow ,  a l t ho ugh i t  a l l ow s  t h e  s o l u t i o n  t o  b e  i n  c o ntact wi th ai r for  a 

f e w  s e c o nd s ;  g ive s r e su l t s  wh i c h  c h e c k  wi th i n th e l i m i t s  o f  a c c uracy o n  standard bauxi t e  

samp l e s ,  A s  an i l lu s t r at i o n ,  Bu re au o r  Standar d s  b auxi t e s ampl e N o ,  6 '  gave 3 . 0 1 ,  3 . 0 5 1  and 

3 , 0 3  p e r c e n t Tt o2 as agai ns t the c e r t i f i c at e val u e  or 3 . 0 7  p e r c e n t .  

P r o c e du r e : 

A l u m i na . F u s e the  no n - vo l at i l e  r e s i du e f r o m  the  si l i c a d e t e r m i nati o n  w i th 

a s ma l l  a m o u nt o r  s o dium c ar b o na t e ,  C o o l ,  t ake up the  m e l t  i n  d i lu t e  H C l  ( 1 : � ) ,  
and a d d  t h e  s o l ut i o n  t o  t h e  f i l trat e and wa s h i ng • f r o m  t h e  d e t e r m i n at i o n  o r  
s i l i ca , D i lut e to 300 m l ,  h e a t  t o  b o i l i ng,  an d  a d d  RH� OR c aut i o u s l y  unt i l  a l l  

t h e  o x i d e s  a r e  pre c i pi t at e d ,  An e x c e s s o r  a mmo n i a mu� t � �  avo i d e d a s  A l2 o 3 l s  

s l i gh t ly s o lub l e  l n  di l u t e  ammo nium hydroxi d e , B o l l  f o r  1 t o  3 m inu t e s ,  add 

4 d ro p s o r  me thyl r e d  and a l l o w  t h e  pr e c i p i ta t e �o s e t t l e  par t ial ly . I f  th e 

c l e ar s o l u t i o n  l s  r e d ,  d i s c h ar g e t h e  c o l o r  wi t h  a dr o p o r  two o f  NH40H .  f i l t e r  

t h r o ugh a N o . 40 Wh a t man o r  s i m i l a r  pap e r ,  an d  w a s h  5 t i m e s wi th h o t  ne utral 

2 p e r c e n t  s o lut i o n  or ammo nium c hl o ride , Wash the  pr e c i p i tate back i nt o  the 

b ea k e r  i n  wh i c h  t he p r e c i p i t at i o n  wa s  m a d e  wi th a s t ro ng J e t  of wat e r  and d i s 

so lve i t  i n  5 0  m l  o f  h o t  d i l u t e  H C l  ( 1 : 4 ) .  When d i s s o l v e d ,  d i lut e t o  3 5 0  m l , 
add t h e  pa p e r and s t i r  unt i l  i t  i s  pu l p e d , Repeat th e p r e c i pi tati o n  a nd w a s h i ng 

as b e f o r e ,  Tra n s f e r  t h e  p r e c i pi t a t e an d pap e r  t o  a s i l i c a c ru c i b l e ,  d ry a t  

1 10 t o  1 2 0 °  c . ,  and i gn i t e c aut i o u s ly unt i l  c har r e d , th a n  h e at t o  ' 0 0  t o  1 0 0 0 °  c .  
to burn o r r th e p a p e r , C o o l ,  pul ve r i z e the p r e c i p i t a t e  i n  a s ma l l  aga t e  mo rt ar 
u s i ng care  to avo i d l o s s , and r e tu r n  i t  to the c r u c i b l e ,  C l e an the mo rtar 

tho ro u gh ly by g r i nd i n g  s eve ral s ma l l po r t i o n s  o r  K 2 S 2 0 7 . A d d  th e s e f r ac t i o n s 

t o  the o ruc i b l e and make u p  th e w e i ght o f  K2 S2 07 to ab o u t 1 2  grams . M i x  a n d  

t h e n  fu s e  o ve r  a mo de rate f lame f o r 2 0  to 30 mi nut e s , C o o l ,  p l ac e  t h e  c r uc i b l e  

and c over  i n  a 3 0 0 - ml tal l f o r m  b e ak e r ,  add 1 2  m l  o f  HC l  d i lut e d w i t h  7 0  m l  o f  

wat e r , and h e a t  t o d i s s o l ve t h o  m e l t .  R e mo ve c ruc i b l e af t e r  r i n s i ng w i th a 

smal l vo lume o f  w at e r and h e at to b o i l ing,  F i l t e r  o f f  t h e  i n s o l ub l e ,  d ry t h e 

pap e r ,  i gni t e  an d w e i gh ,  then  t r eat t h e  re s i due wi th H F  and H2 S04 . Th e l o s s  

i n  w e i ght i s  a d d e d  t o  t h e  w e i gh t  o f  tho  s i l i c a .  The s o lut i o n  shou l d  n o t  b e  

muc h  gr ea t e r t han 1 0 0  ml at thi s po i nt a n d  s ho u l d  c o n tai n  n o t  l e s s  than 1 0  

p e r c e nt HC l by v o l um e  i n  o rd e r  to  p r e v e nt hyd r o ly s i s o f  t h e  t i tan i u m .  H eat 
t o  n e ar b o i l i n g and n e ar ly n e u t ra l i z e  t h e  s o luti o n  wi th 2 5  p e r c e nt NaOH an d 

pour  th e c l ear s o l ut i o n  s l owly and w i th c o n stan t  s t i rr i ng into  2 5 0  m l  o f  a 

nearbo i l i ng 5 p e r c ent s o luti o n  o f  NaOR i n  a 600-ml b e ake r .  C o o l  �o r o o m  t e m 

p e ratur e ,  t ran s f e r  t o  a 5 0 0 - m l  vo lu m e t r i c f lask a n d  d i l u t e  t o  t h e  mark. R e turn 

t o  th e b e ake r ,  mix w e l l ,  and a l l o w  t o  s e t t l e ,  F i l te r  th ro ugh a d ry No . 2 

ihatman o r  si mi l ar pap e r .  H o a s u r e  o u t  a 2 50 - m l  p o rt i o n  o r  t h e  f i l trate i n  a 

vo lum e t r i c  f l a s k ,  C o nt i nu e  t h e  f i l t r at i o n  and a f t e r  wa s h i ng the  p r e o l p i tat e 

o nc e  o r  tw i c e ,  r e s e r ve i t  f o r  the  t i tanium d e t e rm i nat i o n .  



A e n d i x  

T r an s f e r  t h e  2 50 -m l � l i q u o t  to a 4 0 0 - m l  b e a k e r ,  add 4 dro p s  of  m e t hy l  r e d ,  
ac i d i fy w i t h  HC l ,  a n d  a d d  1 0  m l  i n  e x c e s s .  H e at t o  b o i l i ng and p r e c i p i t�t e  t h e  
alumi num by ad d i ng NH4 0H unt i l t h e  r e d c o l o r Jus t c hange s t o  y e l l o w .  B o i l  f o r  
2 m i nut e s  and f i l t e r on  a pap e r  o f  l o o s e  t e xtur e .  W a s �  twi c e w i th a 2 p e rc e nt 

s o luti o n  of NH4C l .  Tran s f e r  t h e  p�p e r  �n d pr e c i pi t �t e  back t o  the  b e ake r i n  

whi ch the  p r e o i pi t �ti o n  w � s  ma d e ,  s t i r  t h e  p ap e r  t o  a pulp ,  and add 5 0  m l  o f  
ho t 1 : 4 HC l .  Di ge s t f o r  a f e w  m i nut e s ,  d i l u t e to 2 50 m l ,  and pr e c i p i t at e and 
w a s h as b e f o r e . I gni t e the pap e r  an d pr e c i p i tat e and we i gh as Al2 03 • C o rr ec t 

thi s w e i gh t by a b l ank car r i e d  through a l l  s t e p s  o f  t h e  me tho d . T h e  pr e o i pi 
t�te may al so c arry s o me P 2 05 • Howeve r ,  unl e s s  t h e  pe r c e n tage o f  p ho s ph o ru s 
i s  r e l a t i ve ly h i gh i n  t h e  o r i g i na l  s a mp l e ,  n e a r ly a l l  wi l l b e  lo s t du ri ng the 

vo lati zat i o n  wi th HF and the fu s i o n wi th pyr o s u l f at e .  I n  ge n e ra l t h e  amount 
r e ma i ni ng w i t h  Al2 03 pre c i pi tate  i s  negl igib l e .  

T i tanium. P l ac e a 2 00 - ml t a l l f o rm b ea k e r  und e r  t h e  funne l and d i s s o l ve 
t h e  pr e c i p i t at e o b tai n e d  i n  t h e NaOH s e parat i o n ab o ve w i t h  10 m l H C l  d i lut e d 
w i th 1 5  ml o f  wat e r .  ( So lut i o n should  b e  n e ar b o i l i ng � As  t i t an i um do e s  not  
di s so l ve r e a d i ly on  f i l t e r pa p e r  t h e s o lu t i o n  s h o u l d b e  reh eat e d  and agai n  
pas s e d  thr o ugh t h e  pap e r .  Wa sh the pap e r  wi th s mal l po rt i o n s  o f ho t very d i •  
lut e H C l un tl l a l l  t h e  c o l o r  i n  t h e  paper has b e e n  d i s c harge d .  The vo lume o f  
s o lut i o n  s h o u l d  no t e x c e e d  7 5  m l  � t  th i s  po i nt , and w i t h  th e R C l  c o nt e nt ab ovo 
10  p e r c e nt ( t o  pr e ve nt hyd r o ly s i s  of the  t i t an i um) c an be set as i d e f o r  s e ve r a l  
day s  w h i l e  ac c umu lating s e ve r a l  s amp l e s  b e f o r e  c ont i nui ng with th e t i t an i u m  

d et erminat i o n .  Trans f e r the s o l ut i o n t o  a 1 0 0 - m l  vo l um e tr i c f l a s k  and d i l u t e  
to t h e  mar k .  mi x tho ro ugh ly , r e t u r n  to t h e  b e ak e r ,  an d p i p e t t e  50 ml t o a 
2 50 � m 1  Er l e nm e y e r f l a s k .  The  pi p e tt e and  flask  mus t  b e  c he c ked  t o  i nsur e t hat 

th e 50  ml  r e m o v e d i s  e xac t ly 1/2 the to tal vo l um e . 

The  s o l u t i o n  r e ma in i ng i n  th e b e ake r i s  h e ate d to  b o i l i n g ,  t h e  i ro n 
r e duc e d  wi th s tannous  c hl o r i d e ,  and t i t r at e d  wi th po tass ium p e r manganate a s  
d e s c ri b e d ab o ve i n  the i r o n  d e t e rminati o n .  To th e s o lu ti o n  i n  t h e � r l enmey e r  
f l a s k  add  3 m l o f  HC l a n d  h e at t o  n e a r  b o i l i ng , r e move f r o m  th e h e at and add 
cau t i o u s ly 5 gr ams 2 0 c m e s h  z inc  sho t .  Th e i r o n  is r e du c e d t o t h e  f e r r o u s  

c o n d i t i o n  a n d  t h e  t i tan i u m  t o  Ti 2 03 J hyd r o g e n  is  l i b e r at e d by t h e  ac t i o n  o r  
the  f r e e  ac i d  o n the  z i nc a n d  ex p e l s  o xyg e n ' fr o m  th e f l as k .  A l l o w  t h e ac ti on  
t o  c o nt i nu e , h e at i f  n e c e s s ary unti l t h e  s o l ut i o n i s  f i rs t c o l o rl e s s  a n d  t h e n  

i m par t s  a vi o l e t c o l o r  ( due t o  r e duc e d ti tanium ) . C o o l  wi th 50 m l  o f  c o l d  
wa t e r  a n d  qu i c k ly plac e th e  f lask i n  a c o l d  wat e r bath . C aut i o u s ly add 2 0  ml  

1 : 1  n 2 s o4 whi c h  wi l l  d i s s o l ve t h e  g r eat e r  part o f  t h e  r e ma ini ng z i n c  s h o t  and 
a l l ow an e x c e s s  of su l phur i c ac id  f o r  the t i trat i o n . R emove from the w a t e r  

b ath a s  s o o n  a s  t h e  vi o l e n t  ac ti o n has sub s i ded  and al l o w  the ac t io n to c o n

ti nue . B e f o r e  al l the z i nc i s  d i s so lve d  f i l t e r rap i d ly thro ugh a funn e l  c o n· 

tai ni ng a s m a l l plug o f  mo i s t  c o tton  i nto a l · l i t e r  b eaker c o ntai ning at l e as t  
3 i n c h e s o f  co l d  wat e r .  Th e ne c k o f  t h e  tunnel  s ho u l d  e x t e nd t o  wi t h i n  1/2 i n c h  

of  the b e a k e r  bo t t o m  i n  o r d e r t o  c o l l e c t  the f i l t e r e d  so l uti o n un d e r  wat e r .  
W a s h  th e b e a ke r ,  funn e l , and c o t t o n r api d ly wi th l a r g e  quan t i t i e s  o r  c o l d wat e r , 
di lut e i f  ne c e s s ary to 700 m l  with  c o l d  wat e r ,  a nd t i t r a t e  at o nc e wi th s tandard 
po tas s i um p e r manganat e .  Sub t r a c t  t h e  b ur e t t e  r ead i ng o b ta i n e d  in t h e  t i trat i o n 

o f  the a l i quo t po rti on  r e duc e d  wi t h  s tanno u s  c h l o r i d e  f r o m  the r ead i ng o b t a i ne d  

ab o v e .  Th e d i f f e r e n c e  i s  t h e  vo l u m e  o f  p e rmanganat e  u s e d  t o  o xi d i z e  t h e  t i 
tanium from  Ti 2 03 to Ti o2 • C a l c u l at e th e p e r c e nt ag e o f  Ti o2 • O n e  m l  o f  0 . 1 0 

no rmal KMn 04 i s e quival ent to 0 . 0 0 7 9 9  grams T i 02 • 
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Pho sphorus 

P ho s pho rus 1 s  d e t e r mi n e d i n  t h l s l ab o r at o ry by the  s o - o al h d  "alka U m e t r l o • m e th o d "  

b a s e d  o n  th e �eutra l i z at i o n  o f  the  ammo n i um ph o s phomo lyb date pr e c i pi tate  w i th a s t andard 

s o lut i o n  o f  s:o d ium hydro x i d e .  It i s a ve ry d e s i r ab l e  pro c e du r e  for the r o u t i n e  d e t e r • 

alnat i o n  o f the  m o d e r a t e  amo unt s o f  pho s ph o ru e  f ound i n  Or e go n  f e rrugi nous  b auz i t e  o r e s  

l f  t h e  pro c edur e i s  f a i t h fu l ly f o l l ow e d .  

Sp e c i a l  s o l u t i o ns r e qu i r e d : 

S tandard 0 . 1 0 no rmal s o d i um hy dro xi d e .  Di s s o lve  100 grams o f s o d i um hyd r o xi d e  p e l l e t s  

in  100  m l  o f  d i s t i l l e d  wat e r , t r an s f e r  t o  a 1 50 - m l  t e s t  tub e o f  r e s i e t anc e glas s ,  and avo i d  

w e t t i ng the  t o p .  Sto p p e r  t i gh t ly w i th a a t o p p e r  c o ve r e d  w i th t i n  f o i l  and l e t  s tand i n  a 

ve r t i c al po s i t i o n  ( f o r  s e veral  day s )  unt i l  c l e a r .  W i thdraw care ful ly 6 . 5  m l  f o r  each  l i t e r  

o t  a o lut i o n  w l th a p i pe t t e and d i l ut e  at onc e w i t h  r e c e nt ly b o i l ed ( a o2 f r e e )  d i s t i l l e d  

w at e r .  S t an d ar d i z e  against  Bur e au o f Standar d s  s tandar d  ac i d  po tas s ium phtha l a t e  No . 84 . 

S tandard 0 . 10 no rmal n i t r i c  ac i d .  M i x  7 m l  o f  o l e an c o nc e ntrat e d  n i t r i o  ac i d  w i th 

1 l i t e r  of wat e r  an d standardi z e  by c o m p ar i n g  w i t h t h e s tandard al kal i so lut i o n .  

Mo lyb di c ac i d  r eage n t . M i x  100 gram a o f  mo lyb d i c  ac i d  ( 1 1 8  gram s o f 8 5  p e r c e n t  ac i d )  

1;o a pas t e  w i t h  2 6 5  m l  o f  wat e r .  Ad d 1 5 5  ml  o f  NH4 0H ( s p . gr . 0 . 90 )  and s t i r  unt i l a l l  i s  

d i s s o lve d .  T o  thi s s o l ut i o n  a d d  6 6  m l  o f  HN 03 ( s p .  g r .  1 . 4 2 ) s t i r  • a l l ,  and tha n s e t  a s i d e  

f o r  a n  hour . I n  ano t h e r  ve s s e l make a m i xtu r e  o f  39 5  m l  o f  HNo3 ( s p .  gr . 1 . 4 2 ) and 1 1 0 0  m l  

o f wa t e r . F i nal ly pour t h e  f i r s t  so l u t i o n  i n t o  t h e  s ec o n d ,  e t i rr i ng c o n s t an t ly . Age 2 4  hours  

and  then f i l t e r  b e f o r e  u s i ng.  

P r o c edure : Tran s f e r  2 gram s o f  t h e  s a m p l e  t o  a l arge  p l at i num c ruc i b l e  and 
miz w i th 5 t i m e s i t s w e i ght  o f  s o d ium c arb o �a t e . F u s e  at  th e f u l l  h e at o f  
a Maker o r  F i sh e r bur n e r  f o r  1 5  m i nu t e s .  C o o l  and r o t at e the  c ruc i b l e  s o  

that t h e  m e l t  s o l i di f i e s  i n  a t h i n  l ay e r  on th e s i d e  o f  t h e  c ru c ib l e . P lac e 
i n a 2 50 - m l  b eake r ,  e xt r a c t  th e me l t  w i t h  100 m l  o f  ho t wat e r . Remo v e  c ru 
c i b l e an d di g e s t  near the  b o i l i ng p o i n t  f o r  1 5  t o  30 m i nu t e s J f i l t e r  and wash 
with ho t wat e r .  

Ac i di fy t h e f i l trate  w i t h  HN03 and evapo r a t e  t o  dryne s s  i n  a po rc e l ai n  
o a s s e ro l e .  C o o l ,  a d d  2 5  ml  o f  1 : 1 HN03 1 h e a t  t o  b o i l i ng,  t h e n  ad d 2 0  m l  o f  
h o t  H2 0 a n d  fi l t e r  i n t o  a 2 50 - ml Erl e nmeye r  f l as k .  W a s h  th e pape r a f e w  ti m e s  

w i th a l i t t l e  ho t wat e r .  Evapo rate t h e  so l u t i o n  t o  ab out  4 5  m l ,  n e u t ra l i z e 

w i t h  NH4 0H1  and add 3 to 4 m l  o f  HN03 and 1 0  gram s o f  ammo nium ni trat e .  

H e at ·  t o  4o • C . J add 6 0  m l  o f  mo lyb d a t e  r e agent  pr e vi o u s ly h e ut e d  to  
4 o •  c .  St o pp e r the  f l as k  and  shake for  5 mi nute s . A l l o w  t o  s tand i n  a 
warm p l ao e f o r  1 5  to 30 mi nut e s ,  t h e n  f i l t e r  o n  a 9 em No . 4 2  lhat man p ap e r .  

W a s h  t h e  f l as k , pr e o i p i tate, an d pap e r  twi c e  w i th 5 m l  p o r t i o n s  o f  d i l u t e  
HH03 ( 1 : 10 0 )  a n d  th a n 5 t i m e s w i th 5 m l  p o rti o ns o r  a l • p e rc a nt s o l u t i o n  

o f  KN03 • F i n a l ly w ash t h e  p a p e r  abo ut 1 0  t i m e s  d i r e c t i ng t he J e t  o f  KN03 
s o luti o n  a r o und t h e  e dg e  o f  t h e  pap e r and then s p i ral ly do w n .  lashing i s 

c o mp l e t e w h e n  10 m l  o f  t h e  f i l trate  wi l l  no t d e c o l o r i z e  1 dro p o r  t h e  s tandar d 
a l kal i t o w h i c h  h as b e en add e d  1 dro p o f  pheno l phthal e i n .  



I ' 

Appe n d i x  

R e t u r n  the ·pap e r  an d pr e c i p i t at e t o  the  f l a s k ,  a d d  a 2 - 5 · m l  e xc e s s  o f  

s t and a r d  0 . 1 0 no rmal NaOH and 2 5  m l  o f  wat o r  f r e e  f r o m  c ar b o n  d i o xi d e ,  a n d  

s h ake o r  s t i r  u nt i l  t h e  pr e c i p i tat e i s  d i s s o l ve d .  D i l u t e  to ab o u t  1 2 5  ml 

w i t h C 02 f r e e  w a t o r t  a d d  3 d r o p s  o f  0 . 2 p e r c e nt p h e n o l phth a l e i n  and d i s c h arge 

t h o  pink c o l o r  w i t h  s ta n d a r d  0 . 1 0 n o rmal 11 N o3 • F i n i s h  t h o  t i tr at i o n  by a d d i ng 

stan d ar d  a l ka l i  un t i l t h e  r e a pp e aranc e o r .  t h e  p i �k c o l o r . One ml o f  0 . 1 0 

n o r ma l  NaOH i s  e qu i val e n t  to 0 . 0 0 0 1 3 5  gram pho sph o r u s .  

Ac know l e dgm e nt 

T h e  wri t e r  w i s h e s  t o  ac kno wl e dg e  t h e  a s s i s t anc e given by Mi s s  E s t h e r  Mi l l e r ,  

s p e c t ro s c o pi s t  f o r  t h e  D e p a r t m e n t  o r  G e o l o gy  and M i n e r a l  I ndu s t r i e s , w h o  ma d e  sp e o t ro 

grnp h i c  analy s e s  o f  p r e d i p i ta t e s and f i l t r at e s  du r i n g  t h e ' a x p e r imental  p e r i o d  i n  whi c h  

the s e  m e t h o d s  w e r e  b e i ng c h e c k e d .  
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Gl o s s ary 

A g e n e ri o t e rm f o r r o o k s ri ch in hy dro u s a l umi num o xi d e s . An alumi nou s 

late r i t e i n wh i c h a lu mi num hyd ro xi de s ar e i n gr e at e r quant i ty than o th e r  

l a t e r i t i o  c o n s t i tu e nt s .  A pp l i e d  c o mme rolal ly t o  aluminous l at e ri t e s o f  

o r e • grad e .  

Bauzltio  • C o nt ai ni ng bau xi t e mi n e ra l s . 

Bauzi t i o c lay • A c l ay c o ntaining bauxi t e  m i ne ra l • s o  that the  rat i o  o f  alumi na  to s i l i c a  
i s  gr e at e r  t han that i n  kao l i n i t e  o r  ha l l oy si t e . 

C l i aohi t e • A co l l oidal a l umi num hy dro xi d e who s e  c o mpo s i t i o n  h a s  b e e n  gi ve n  a s  
Al2 o3 ( H2 0 )z • I t  i s th e mai n c o n s t i tu e n t  o f  s o m e  b a ux i t e s .  

C o l l o t o rm - T h e  r o un d e d ,  r e ni f orm , o r  mor a o r  l e s s spherical  f orm  a s su m e d by amo r

pho u s o r m e tac o l l o i dal mi ne ral s o r mi ne r a l ge l s in o p e n  s p ac e s .  

S t ru c tu r e  s i mi l ar t o  that as sum e d  by c o l l o i d s .  

F e rrugino u s • 

Gi b b s i t e -

Go e t hi t e -

Lat e r i t e • 

Lat e ri zat i o n  -

Limo ni te -

Magn e t i t e  • 

No dul ar • 

o3 u ta a  -

oh 1 uo -

P l s  o 1 1  t l o  -

An a d j e c tive  app l i ed t o r o cks c o n t ai n i ng i r o n  as an inf l u e n c ing c o mpo ne nt . 

A m in e ra l c o n s i s t i ng o f  t he hyd r o u s  aluminum o x i d e , A l2 0J • 3ll2 0 o r  Al ( OH ).) • 
I t  i s  the  ma Jo r c o n s t i tu e nt o f  s o m e  bau x it e s  and a minor  o n e  i n  o th er s . 

A m i ne ra l c o ns i st ing o f  the  hydrous  iron  o x i d e ,  HFe o2 • 

A r e s i du a l  sur fac e d e po s i t ,  o f t e n  c o nc r e t i o nary , fo rme d a s  a r e su l t  o f  th e 
d e c ompo s i t i o n  o r  r o c k s  by we ath e r i ng and ground . .  wat e r  ac t i on , and c o ns i s t ing 
e s s e nt i a l ly or a luminum and f erri c hydr ox ide s ,  whic h  may be c ry s tal l ine or 
amo rphous . 

T h e  p ro c e s s by w�i c h  l at e ri t e i s  forme d .  

Name f o r m e r ly g i v e n  t o  a hyd rou s i r o n  o xide  with  t h e  s u p p o s e d  f o rmu la 

2F e2 o3 · JH2 o .  I t  has  b e e n  s ho wn that muc h o f  t h e  natural mat e r i a l  c l a s s e d  

as l i mo ni t e i s  c ry p t o c ry s t a l l i n e  go e th i t e w i t h  ad s o rb e d  o r  c api l l ary w at e r .  

I t  i s  re tai ned  as  a c onve ni e nt f i e l d o r gen erio t erm to r e f e r  t o  hyd ro u s 

i r o n  o xi d e s  who s e  r e a l i d ent i ty l s  unknown. 
I 

Th e magn e t i c  o x i d e  o f i ron , F e
3� o r  F e O• F e 2 o3 • 

!l aving the s hap e o f  a n o du l e  o r  c o mpo s e d o f  n o du l e s J l n  tub e r o s e f o rm s ; 

o r  having i r re gu lar pr o tub e r anc e s o ver th e su rfac e . 

R o u n d e d ,  c o n c r e t i o nary grai ns usua l ly c o n s i d e r e d  to b e smal l e r  than a p e a .  

' A  t e x t u r a l  t e rm f o r r o c k s  c o n s i s t ing o f  smal l round  grains o r  c o nc r e t i o n s 

( o 8 l i t e s ) c e me nt e d t oge th e r , r e s e mb l ing t h e  r o e o f  a f i s h .  

A tex tur e c o ar s e r  than o � l i t 1 o , the  c o n c r e t i o n s  b e i ng ab o u t  t h e s i z e  o f ,  

o r  l arge r  than , a p e a .  
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A l l i s o n ,  I .  s . � a n d  Mundo r f f ,  M. J . ,  P r e l i m i nary g e o l o g i c  m a p  o f  t h e  Sal e m  q u a d r ang l e , 

O r e g o n  ( i n  manu s c r i pt ) : O r e g o n  D e p t .  G e o l .  and M i n .  I n d .  

A l l i s o n , I ,  s . , an d  O ' N e i l l ,  T .  F . , P r e l i m i nary g o o l o g i o  m a p  o f  t h e  S t ay t o n  quadran g l e ,  

O r e g o n  ( i n  manu s c r i pt ) : O r e g o n  D e p t .  G e o l .  and M i n .  I n d .  

C h a n ey , R ,  w . , P l i o c e n e  f l o ra s  o f  C a l i f o r n i a  and Or e go n :  C arn e gi e I n s t ,  o f  Was h i n g t o n ,  

Pub . 5 5 3 ,  1 !)44 . 

D a rt o n ,  N. H . , S t r u c tural mat e r i al s  i n  par t s  o f  O r e g o n  a n d  W a s h i ng to n :  u . s .  Ge o l .  Survey 

B u l l .  38 7 ,  1 !)0 !) .  

D i l l e r ,  J .  s . , A g e o l o g i c a l  r e c o nn a i s sanc e i n  n o r t hw e s t e rn Or e go n :  u. s .  Ga o l .  Survey 

1 7 t h  A n n .  R c p t . , p t .  I ,  P •  4 8 5 1  1 8 !) 6 .  

Du rham, J .  1 . , U a r p e r ,  H e rb e r t ,  a n d  Wi l d e r ,  B e v e r ly ,  Low e r  Mi o c e n e  i n  t h e  W i l l am e t t e  

Va l l ey, O r e a o n  ( ab s t r a c t) : G e o l .  S o c . Ame r i c a Bu l l .  vo l .  5 5 1  n o . 1 2 , p t ,  2 , . 
P • 1 8 1 7 ,  D e c . ,  1 !)4 2 .  

E d wa r d s ,  J .  D . ,  F r a r y ,  F .  c . , an d J e f f r i e s ,  Zay ,  T h e  a l u m i num i ndus try , ll c Graw - ll i l l ,  

1 !) 30 .  

E n g l e ,  N .  H . , . G r e go ry ,  H .  E . , an d  M o s s c , Ro b e r t ,  A l u m i num ( An i n du s t r i a l  mark e t i n g  

a p p r a i s a l ) : I ndu s t r i a l  S e r i e s  o f  t h e  Bu r .  o f  Bu s i n e s s  R e s e ar c h o f  t h e  

C o l l e g e  o f  � c o no m i c s  a n d  B u s i n e s s ,  U n i v .  o f  W a s h . , Ri a har d D . I rwi n ,  I nc . ,  

1 !)4 4 . 

F o x ,  c .  s . , B au x i t e  and a l u m i no u s  l a t e r i t e ,  C ro s by Lo c kwo o d  a S o n ,  Lo n d o n ,  1 !)2 7 •  

G o o l .  S o c .  O r e g o n  C o u n t ry ,  G e o l o G i c a l  N e w s - L e t t e r  ( l o g  o f  t h e  Ray Mal i n g  w a l l ,  

H i l l sb o r o , O r e g o n ) : vo l .  3 1  n o , 1 2 , p .  1 3 7 ,  P o r t l and , O r eg o n ,  1 !137 ·  

H ar d e r ,  E .  c . , Bauxi t e  i n  i ndu s tr i al m i n e r al s and r o c k s ,  Am.  I n s t .  Mi n .  E ng . , 

p p . 1 1 1 • 12 8 , 1 ,4 7 .  

H o d g o , E .  T . , G e o l o gy o f  t h e  l o w e r  C o lumb i a  R i ve r : G e o l .  S o c . Am e r i c a  Bu l l . ,  

PP • 8 3 1 - , 3 0 , vo l .  4 , ,  n o . 6 ,  J u n e  1 ' 38 . 

H o t z ,  P .  f: . ,  I r o n  o r e  d e po s i t s  n e ar S c appo o s e ,  C o lumb i a  C o unt y ,  O r e go n ,  manu s c r i pt 

r e p o r t  i n  f i l e s  o f  u . s .  G o o l .  Survey . 

L i b b e y ,  F .  w . , Lowry ,  w. D . , and Ma s o n ,  R .  s . , H i gh a l u m i na l r o n  o r e s  i n  W a s h i ng t o n  

C o unty, Or e go n :  O r e g o n  D e p t .  G e o l .  and Mi n .  I n d .  Sh o rt P ap e r  No . 12,  1 94 4 .  

L i l l ey ,  E .  R . , Baux i t e  and a lu m i nu m ,  i n  E c o n o m i c  g e o l o gy o f  m i n or a l  d e po s i t s ,  

P P • 5 32 - 54 4 , H e nry U o l t ,  1 ' 3 6 .  

L i n dgr e n ,  Wa l d e ma r ,  M i n e r a l  d e po s i t s ,  P •  3 7 5 ,  M o G r aw•H i l l ,  1!133•  
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D e p t .  G a o l .  a n d  U1 n .  I nd .  

0 1 N a i l l 1  T .  F . , G e o l o gy o f  t h e  S t ay t o n  quad rangl e ,  O r e g o n : Ua a t e r • s  t he s i s ,  O r e go n  

S t a t e  C o l l e g e ,  1 9 3 9 .  

R u a b o l d 1  w.  G . , B a u xi t e  an d a l u m i n i u a : I mp e r i a l  I n s t i t u t e  M o n o grap h ,  J o h n ll u r r y ,  

Lo nd o n ,  1 9 2 5 . ( N o t e  t h a t  r e f e r e n c e  i n  t o x t  i s  i n c o r r e c t ly d at e d . ) 

Ru z e k , c .  v. , e t  a l ,  S o i l  su rvey o r  Mu l t n o mah C o un ty ,  O r e go n :  u. s .  D e p t .  Agr . 

Bur.  S o i l s ,  1 9 2 2 .  

Thay e r ,  T .  1' . 1 G e o l ogy o f  t h o  S a l o m  H U l a  and t h e  N o r t h  Sant 1 am R i v e r  b a s i n ,  O r e g o n : 

O r e g o n  D e p t .  o f  G a o l .  a n d  Mi n .  I n d .  B u l l .  1 5 1  1 9 3 9 .  

Tho e n e n ,  J .  R . , Bauxi t e  r e s o urc e s  o f  t h e  Uni t e d  S t at e s : U .  s .  Bur . Ui n e s 

R e p t . l nv .  35 98 ,  1 94 1 .  

T r e a s h e r  1 ll. ,. c . , G o o  l o g i c  h i  s t o ry o f  th e P o r t l a n d  ar e a :  O r e  c o n  D e p t . G a o l .  a n d  

M i n .  Indo  S h o r t  P a p e r  N o . 7,  1 94 2 , 

U , S ,  Uur . M i n e s , T h e  S c a p p o o s e  U l n a : War M i n e r a l s  R e p t .  1 8 6 , 1 944 , 

Wagn e r ,  N .  s . , G e o l o g i c  r e c o nnai s s anc e i n  pa r t s o f  Uma t i l l a  and Mo r r o w  C o u n t i e s 

( unpub l i shed  r e p o r t ) : O r e g o n  D e p t .  o f  G e o l .  a n d  M i n .  I n d . , May 1 94 5 .  

Warr e n ,  w .  c . , N o r b i s r a t h ,  H an s ,  an d  Gri v e t t i , R .  u. , G e o l o gy o f  n o r t hw e s t  O r e go n  

( w e s t  o r  t h e  W1 l l a m e t t e  R i v e r  an d no r t h  o r  l a t i tu d e  4 5 ° 1 5 1 ) :  u. s .  G e o l Q  

Sur vey , O i l  and g a s  i nv e s t i ga t i o n s  p r e l i m i na ry ma p ,  ( i n  pr e s s ) . 

W e av e r ,  c .  E . , T e r t i ary s t r a t i graphy o f  w e s t e rn W a s h i n gt o n  a nd n o r t hw e s t e r n O r e g o n :  

W a s h i n gt o n  U n i v .  Pub . i n  G e o l o gy ,  vo l .  4 ,  J u n e  1 9 37 .  

W e i t z ,  J .  H . , a n d  T ro ugh t ,  M.  E. , Bau xi t e  a n d  a l umi num : u. s .  Bu r .  M i n a s  M i n e r a l s 

Y e ar b o o k ,  1 9 4 ) ,  PP • 683-712 , 1 9 4 5 •  

W i l k i n s o n ,  w .  D . , G e o l o gy o f  t h e  S t .  H e l e n a  q u a d rang l e  ( i n  manu s c r i p t ) : O r e g o n  

D e p t .  G e o l .  and � 1 n .  I n d . , 1 94 1 .  A l s o  r e f e r s  t o  a f i e l d  m a p  s h ow i ng 

l o c a t i o n s  o r  m i n e r a l  d e po s i t s .  

W i l l i am s ,  I .  A . , a n d  P a r k s , H .  Mu 1 T h e  l i m o n i t e  i r o n  o r e s  o f  C o l u mb i a  C o u nty , O r e go n :  

O r e go n  B u r .  lli n e s  u.n d G e o l o gy ,  vo l .  ) ,  n o . 3 1  M ay 1 92 3 . 
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