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FOREWOR D 

Bau xi te was f ound in th e Sa l em H i l l s ,  Ore gon , by t he St ate of Or egon 
D ep artm ent of G eo logy and M inera l I ndustri es in 1 945 . A br ief rec onna issanc e 
study was made at that t ime and a p re l im inary descrip tion of some of th e d e­
p osi ts was inc l uded in  Dep ar tment Bu l l eti n 29 .  I n  1 953 th e Govern ing Boar d  
of th e D ep ar tment au thor i zed a fol l ow- up pr oj ect to obta in  more defini te info r- · 

mot ion conc ern ing q uantity and qu a l i ty of bauxi te i n  the Sa lem H i l l s ar ea,  a nd 
the accomp any ing repo rt g ives th e resu l ts of the study. I t  was f e l t  tha t th e 
investigation was war ran ted both because of the need f or m ore inf ormati on on 
O regon' s  m in er a l resour ces and, perhap s  more imp ort an t, because of the na tio nal  
need f or in cr ea sing dom estic r eserves of bauxi te. 

I n  1945 i t  was fr eely pr ed i cted t hat s ince a l um inum p roduction had been 
gr eat ly stepp ed up to sup p ly wa r needs th er e was excess cap aci ty ,  and d emand 
for th e meta l  wou ld  f al l  off as a p ost-war r eaction wh ich w ou l d  resu l t  i n  a 
serious decl i ne in pr oduction. Th e p redi ction w as in err or. I nst ead of dec l in ing,  
th e demand f or al um inum p rogressively increased. New r educti on and f ab ri­
catin g p l ants were bu i l t  i n  the Pac i fic Nor thwest as w e ll as in other p arts of t he 

c oun try ,  and the d emand continues to inc rease. Th is  exp ans ion meant , and 
mean s, an incr eased need for b auxi te, most of wh i ch must be sh ipp ed in to the 
Un i ted States fr om Carribean co un tr ies . Fr om a nationa l def en se ang le ,  de­

p endence on f or eign or e is dangerous. O ne need s  only to p oint  to the s ink ing 
of many b auxite sh ip s  by G er ma n  subm ar i nes ear ly in WoddWar I I wh en f ai lur e 
of b aux i te imp orts became a ser ious menac e  to nationa l s ecur i ty, Theref ore 
f indi ng new re. serv es of bauxi te i s  gr eat ly to be des ir ed an d fi nd i ng them near 
establ ish ed reduction p l an ts ,  as in th e lower Co l umb ia Ri ver area, off er s  added 
advantages. 

I n  thi s investiga tion th e D epart men t  cou ld  n ot do suffic ient ly deta i l ed 
dr i l l i ng and samp l ing to eval uate accura te ly  th e bauxit e r eserves in the Sal em 
H i l l s ar ea because of th e co st i nvolved. I n  add i tion such detai l ed wor k  is not 
a p rope r f unction of th e Dep artment,  wh ich,  in such st udi es, shou ld on ly po i nt 
the way b't indi ca t ing poss ib i l i t ies ,  leavi ng the comp lete exp loration to p rivate 
enterpr ise . 

As an add ed comment on th e p roj ect i t  shouJd be p o int ed out that Mr. L .  L .  
Hoa g l and, D ep art ment ch emist, and h i s  ass istants coop erat ed who lehearted ly wi th 
the a uth ors in the impo rtant task of p rep ar ing and ana ly zing th e l arge number of 
samp l es. Promp t ana ly tica l  resu l ts wer e e ssent ia l  i n  p l annin g  in tel l igen t  exp lora­
t ion and in p rovid ing th e assay ev idence necessary f or th e co mp letion of th e r ep or t . 
Th e Dep ar tmen t i s  app reci ative of M r .  H oag l and's gen er ous, comp ete nt h e lp to th e 
author s  in th e car ry ing out of th e pr oj ect .  

J u ly 2 ,  1956 

Hol l is M. Do le  
D ir ect or 
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FE RRUG INO US BA UX ITE DE PO SIT S I N  T HE 
SALEM H I LLS, MA RION COUNTY , ORE GON 

By 
R. E .  C orcoran and F. W. L ibbey 

Abstract 

L ateriza tion of basa l tic  l ava in the Salem H i l l s area, 7 to 10 m i l es south of S a lem, 
formed deposi ts of ferrug inous bauxi te. T he l ava, various ly termed Salem basa l t  or Stay ton 
l ava, is be l ieved to be a corre l ative of C ol um bia River basa l t  of m idd le M iocene age. I t 
overl i es the marine sed iments of the E ugene formation of O l igocen e  age , and un derl ies 
Fern R idge tuf fs be l ieved to be of P l iocene age as in terpr eted outs ide of the l ater iz ed area. , 
Q uat ern ary a l l uvia l  depos i ts occupy str eam val l ey s  both east and we st of the Sa l em H i l l s. 
Th is range of gent ly rol l i ng h i l l s  wh i ch is i ntersected by the W i l l amette River con tinues 
north as the Eo la  H i l l s . The Sa l em-Stay ton l avas in th e Sb lem H i l l s dip gent ly to �he north­
east and form the west l imb  of a syncl i ne whose east l imb is the Wa l do H i l ls. 

Probab ly baux i ti zation of the Sa l em-Stayton l avas cont inued in to P l iocene t ime dur ing 
wh i ch a g ibbsi te section was formed . Up l ift and erosion d i ssected and removed much of the 
lateri te hori zon and the deposi ts that remai n  are found at topograph ic  h ighs . As the resu l t  of 
eros ion , re l i c g i bbsi te nodu l es of a l l  s i zes as much as 30 inches in di ameter are scattered wide ly  
over the surface and in  the soi l . The g i bbs i t ic  l a teri te section i s  under la in  by l i thomarge wh i ch 
merges successive ly  i n to weathered basa l t  and then fresh basa l t .  The Sa lem H i l l s l ater i te i s  
analogous to the la teri te on Co l umbia R iver basa l t  farther north i n  Oregon and Wash ington . ·  

"Draping" o f  the deposi ts over some o f  the rounded h i l l s i s  ind icated by dri11i ng . The 
most extensive and cont inuous depos i t  appears to exist in the Rosedal e Church area . The 
att i tude of the depos i ts corresponds w i th that of the basa l t . 

The g i bbsi t ic  later i te i s  reddish brown , granu l ar, and genera l ly  soft . An o81 it i c  section 
is rare in  contrast to the depos i ts farther north . G i bbs i te nodu l es when broken are genera l l y  
I i g h t  tan ,  p i nk ,  and gray with a porce l aneous texture . They are dense and hard with a smooth , 
rounded, i rregu l ar surface . A waxy, desert-varn ish type of surface is characteri st' ic of many 
of the nodul es .  At l east one loca l i ty has a hard g i bbsHe l ayer i n  p lace and this  l ayer appears 
to be un ique i n  showing regu l ar band ing . 

Auger ho l e  dri l l ing by the Department has indi cated that an aggregate area of appr oxi­
mately 1 200 acres is under l ain  wi th g i bbs i t i c  l ateri te wh ich has  an average thi ckness of  
14.4 feet and a weight-vol ume f actor estimated to be 17 cubic feet per  ton in  p lace . Average 
anal yse s  of dri l l  hol e  samp les give a we i ghted avera ge of 35 . 0  percent AI 203, 6 .7 percen t 
Si02, 31 . 5  percent Fe203, 6 .5 percent li02, and 20 . 2 percent L . O. I . 

The Sal em Hi l l s  ba uxite depo si ts a re low in  A l 203 co mpared with high-grade bauxi te,  but 
they have advantages whi ch partia l ly ,  at le ast, compensate for th is d ispar i ty. The average of 
6 . 7  percent S i02 i s  re la. tive ly  low and that i s  very desirable in the Bayer process. Th e h igh 
i ron content cou l d  make a com mercia l  by- product, ei ther pig i ron or f erroti tan ium . I t  h as been 
reported author i tative ly that there are no meta l l urg ic al obstac l es to treatment of the ore eit her 
b y  the Bayer or Pedersen processes . T he physi cal c haracterist i cs of t he deposi ts are favorabl e 
f or cheap surface m in i ng ,  and there are exce l l ent t ransporta tion fac i l i t ies to t he lower C o l umbia 
R iver a rea about 50 m i les to the north where a l um inum red uction p lant s  ore operating . A n  : 
a l um ina p lant i n  t ha t  area wo ul d  mean a Iorge sav ing in  th e cost of transportation of al um ina 
wh i ch now ( 1956) must be sh ipped a cros s the con ti nent t o  reduction p l ants in th e West. 



r 

OREGON 

STATE OF OREGON. 
of Geology and Mineral Industries 

Scale of Miles 

10 15 20 

F ig u re l - Index Map Showing F e r r u ginous Bauxite Deposits in Northwestern Oregon 



· In tr oducti on 

I ntroductio n 
G ene ral 

Ferrug inou s  ba uxit e  d eveloped on la ter i zed M iocen e basa lt in the Sa l em Hi ll s, Marion 
· County, O re gon, was fou nd by the De pa rtme nt in 1945 dur i ng a n  inve stiga tion of la ter i te 

deposi ts i nJh e northern W i l l amette Va l l ey a rea ( se e  I nd ex Map o n  opposi te pag e). A brief 
descr iption of these depo si ts wa s i ncl uded i n. De par tment Bu l l et in No. 29.!/ wh ich was p ri ­
mari ly  conc erned wi th th e baux i te depos its i n.Col umb ia .a ndWa sh ington counties . At that 

3 

ti me. wh en th e fi rst reconna issa nc e  work in th e S a l em H i l l s wa s don e, it was te nta tively though t 
th e l ater i. te sect ion th er e  ha d under gone cons idera b ly  mor e  erosion tha n depos i ts i n  C ol um bia 

. andWa sh ington cou nties, a nd tha t  th e Sa l em Hil ls off er ed J ess h op e  for develop ing s ub stantial  
reserv es. Assq ys of some of the ma ter ial tak en fr om road cuts, ho wever0 i nd ic ate d tha t  the 
ba uxi ti c  la ter i te i n  these h i ll s  m ig h t be of suff icie nt gra de to warra nt a mor e deta i l ed ex­

a m inat ion . 

I n t he summer of 1953 furth er wor k in th e Sa l em Hills ar ea wa s a ut hor i zed by th e Gover n­
in g Boa rd of th e De par tment. P re l im ina ry exp lora ti on bega n wi th a gen era l r econnais sc;� nc e  
over most of the area i n  order to de term in e, a t  l eas t  appr oximat ely, th e surf ac e  l imi ts of th e 
l ater i te section . Dur i ng th e cou rs e  of thi s  exa mina ti on s everal of th e m or e  pr omi s ing a reas 
wer e se lected for dri l l i ng. The dri l l i ng pr ogra m  was begu n in th e fa l l  of 1953 and con tinu ed, 
when wea th er condi tio ns permit ted, unt i l t he fall of 1954. Twent y-f ive ho les were pu t down 
by ha nd au ger for a t ota l  of 489 feet (see L ocal it y Ma p, P la te 1, i n  poc ket). The hol es we re 
dr i ll ed to a bout 20 f eet in depth unle ss sa mple r esu lts obtai ned by ther ma l a nal ysis  or assaying 
showed tha t greater or. l es s depth wa s r equ ir ed. Thr ee deep er hol es wer e dri l l ed by power 
a uger i n  coopera tion wi th th e Sta te H igh way D epar tmen t  to deter min e th e t h ic kn ess of th e c l ay 
section benea th the bau xite a nd Cl l so to in ves tiga te th e poss i bili ty of l ower ba ux i t ic h or izo ns .  

Mor e tha n 250 sa mples ob ta in ed i n  thi s  inves tigat ion w ere an alyze d  for A l�3o S i02 , 
T i02, a nd Fe203 in  th e DepCi rtmen t' s  chem i ca l  labo ra tory • .  Spe ctr ograph ic0 pet rograp h ic ,  

an d.X -ra y d i ffra ction studies of se l ect ed sa mples wer e mad e e ith er i n  De. par tmen t o r  U. S .  
Bu rea u  of M ines la bora tor ies in  order to supp leme nt th e resu lt s of t he chem ica l ana ly ses. 
Dif ferentia l thermal a na lys es of dri l l  sam ples wer e run durin g the drHiirig i n  or der to est imate 
promptly  the a moun t  of g ib bs i te a nd ka o l i ni te pr esent in th e la ter i te. 

Ano th er pa rt of the la ter i te i nvestigat ion w as c oncern ed with t itani um m in eral ogy a nd 
it s poss ib le g eochem ica l  s ignif ica nc e .  In some p lac es sa mples conta in ed a lmost 10 p erc ent 
T i0 2 and the a vera ge for t he bauxi te section is a pprox im ate ly 7 perc en t. Th e De partment 
auth ori zed D r . E .  E. Roedder0 professor of m inera logy a t  the Un iv ersit y  of Utah, ta co nduc t 
resea rch on. sa mples furn ish ed by the Depa rtmen t, a nd a . r epor t  on . th e resu l ts i s  g iven in  th e 
Append ix . Th e U. S. Bu rea u  of M ines a t  A l ba ny, Or egon, a l so coo pera ted iri the t i tcm i um 
res ear ch.b y ma k in g  p et rogra ph i c  an d X-r ay dif frac tion exa m ina tion s. Res ul ts o f  the Bu reau 's 
stud ies a re g iv en on pa ges 20 a nd 21 .  

· 

Comple te chem ical a na lys es of s<J mpl es of th e pare nt ba sa lt, c l ay, a nd ba uxite wer e 
mad e a t  the Rock A na lys is Lab ora tory, Un iversi ty of M inn esota, under th e d ir ect io n  of 
Dr •. S. S .  G old ic h  (see Ta b le  2 , p<�g e 13). 
1'lib�y� F-:- W.u

-
L o:ry� w. o.; a ;d Ma ;n; R� s:: i945; Fe ;uglno:;s ba u;it; d;po;lts

-

in  north western Or egon: O regon D ep t. Geo lo gy a nd M in .  I ndu str ies Bul l. 29. 



4 Ferrug inous Bayxi te - Sal em Mi l l s 

In the course of the Sa l em H i l l s  bauxite invest igat ion, the nearby Eo l a  and Wal do 
h i l l s  were a l so exam i ned for poss ib l e  bauxi t i c  hor i zons . Al though some g i bbs i te nodu les 
were found on the surfac:;e and scattered through the so i l  hor izon on the lower s lopes in  the 
southern part of the Eo la(Hi l is ,  onl y  deposi ts of very I im i ted s i ze and scattered distr� i but ion 
�ere · indicated • •  No dr : ll ing was done i n  e i ther the Waldo or Eo la  b i l l s ,  and  the poss ib l e  
pr>esen.ce of baux1te hor1 zons of greater extent cannot be ru l ed out .Y 

. . . � 

' · ; .,,. . . As noted i n  Department Bu l le t in  No . 29, the name "ferrug inous bauxite" llsed in  
': .. referr i ng to the l atE�r i tes of northwestern Oregon has been g iven to th is  mater ia l  for l ack 

ofa more . .  defi n i t ive term. It cannot be c l ass if ied as an i ron ore and the hydroU5 a lum i num 
oxides ore� genera l l y  i n  excess of the hydrous i ron ox ides. Al though one dr i l l  samp le  from 
th'e.Sale(ll;J:HI I s  conta i ned 44 percent Fe203, the overa l l  ?verage o f  the baux i te sectio�1 
is approx ima te l y  30 pe rcen t. In h i s  invest igat ion of the �ntr im l ater i tes· ,  Ey l es ( 1952)� 
a l so uses the term "ferrug inous bauxi te " when descri b ing the mater ia l  deve loped on basa l t  
simi l ar i n  composi t ion and age to that i n  the Sal em H i l l s .  

The. term "ore" i s  used i n  th i s  report for conven ience . It i s  rea l i zed that accordi ng 
to a str i ct defin i tion the ma ter ial is not ore unt i l  i t  is shown that i t  may be treated com­
merc ia l l y. 

Two progress reports on the Sa l 'em H i l l s bauxi te i nvest igation have been printed i n  
the Department's month ly  publ i cation , The Ore . -Bin (Corcoran,  1954, and Corcoran and 
Libbey 1 1955). The reports inc l uded a br ief descr iption of the deposi ts and resu l ts of chem ical  
assays for the f irst 23 dr i l l  ho l es . Ear ly i n  1955, Al um i n i um Laborator ies, 'lim i ted, began 
an exp loratory dri l l i ng program in  the areas or i g i na l l y  outl i ned by the Department . 

Location 

A loca l i ty map(Piate 1 i n  pocket) shows the l ocation of the Sa l em Hi l l s and surroundi ng 
a reas. Later i te depos its are s i tuated in the southwestern port ion of the hill s  i n  a northwest­
trendi ng strip approximate l y  3 m iles wide by 6 m i l es l ong in T. 8 S . ,  Rs . 2 arid 3 W. This 
area i s  7 to 10 m i les south of Sa l em i n  Marion County and i s  easi ly  access i b le'from U .  S .  
H ighway 99 over a network of g raded secondary county roads . Topograph ic  maps of the 
Sal em and Stayton quadrang les cover ing the areas of i nterest may be obta i ned from the U . S. 
G eo log i ca l  Survey .Y 
2/A s�a� d�po�i t�f ba:X i t�c �te�i t� h� b�e� d�co:e� �n �h�1o�h01 s  �f ;j,e

-
w:Ste�n

-

Cascades near the town of Mehama approx imate ly  25 miles east of the Salem H i l l s .  
Some bul l doz ing was done by the owner of the m i n i ng c l a ims, and'samp l es i n  the bu l l ­
dozer cuts were taken and ana lyzed by the Department. A few sampl es i nd i cated 
bauxi t ic  materi a l , but the depos i t  appears to be of l im i ted extent. The Department 
p lans to cont inue reconna issance i n  the Mehama area • 

.3/ See b ib  I iography • 

.4/ Aer ia l  photographs taken in  1948 hav i ng a sca l e  of approxi!'Jiately .1(>67 feet = 1 inch 
are ava i l ab l e  from the Agri cu l tura l Stabi l i zation and Conservation Serv i ce, U .  S. 
Department of Agr icu l ture. 

· 



Introduction 5 

ReI i ef and drainage 

The Salem Hills are part of a larger relief feature in this area of the Willamette Valley 
that is referred to as the Salem-Eola Range. These two groups of hi lis, Eo Ia to the north 
and Salem to the south, are structurally continuous but are topographically separated by the 
Willamette River (see Index Map opposite page 3 and Locality Map, Plate 1, in pocket}. 
The hills owe their height to a capping of lavas 400 to 500 feet thick which are more resistant 
to erosion than the underlying tuffs and tuffaceous sandstones. The trend of the range changes 
from approximately N. 60° W. at the southern end of the Salem Hills to northerly in the Eola 
Hills. The Willamette River flows around the western side of the Salem Hills, and erosion of 
the nonresistant marine sediments which underlie the lavas has created a fairly steep scarp. 
The laterized basalt surface on the east side of the Salem Hills, however, has a gentle north­
easterly slope of approximately 150 to 200 feet per mile. This slope has been maturely dis-

Plate 3 -View of Salem Hills showing 
typical rolling terrain. Crop land is 
in wheat. 

sected by numerous streams, the 
largest of which are Rodgers and 
Battle creeks that flow south and 
east into Mill Creek, a tributary of 
the Wi llamette River. 

The highest point in the Salem 
quadrangle is at Prospect Hill (eleva­
tion 1121 feet} near the westernmost 
margin of the ridge. On the whole 
the topography is rolling but in certain 
areas the surface is relatively flat 
(Plate 3). The thickest and most ex­
tensive bauxite deposits are located 
in these flatter areas at elevations 
between 600 and 1000 feet. Bauxite 
may also occur in places at lower 
elevations, but increasing thickness 
of overburden and lack of outcrops 
prevent any direct observation of 
such deposits. 

Climate 

The broad lowland of the Wil­
lamette River Basin has a relatively 
equable climate, characterized by 

warm dry summers and cool wet winters. These characteristics are shown by Table 1 on page 6, 
which gives averages of temperature and precipitation for the years 1950 through 1954. Over 
most of the Willamette Valley the yearly average temperature is between 51° and 53° F. 
The precipitation, rain for the most part, occurs largely in the winter and early spring, with 
usually no more than 2 to 3 inches falling during the summer months. The table shows this 
marked seasonal distribution of rainfall and snowfall, which is characteristic of the entire 
Willamette River Basin. It is interesting to note that during the 5-year period from 1950-
1954, the average annual temperature remained fairly constant but there was a considerable 
variation from year to year in the total rainfall. Studies have been made on the average 
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annua l ra i nfa l l i n  the Wi llamette Va l l ey over a 40-year per iod (P iper, 1 942) and show that 
a long the m idd l e  of the Valley the prec ip i tat ion has ranged from 60 to 1 45 percent of the 
average (37 .  22 i nches for Salem) .  

Table 1 .  
Record of Average Temperature and Tota l Prec ipi tation i n  the 

Wi l l amette Ri ver Bas i n from 1 950 to 1 9541nc l us i ve 

Average Temperature - Degrees F .  Tota l Prec ip i tation - I nches 

1 950 1 95 1  1 952 1 953 1 954 1 950 1 95 1  1 952 1 953 1 954 

Jan .  30 40 39  47 40 1 1 . 7 9. 5 6 . 6  1 5 . 4  1 0 . 0  
Feb .  4 1  43 41  43 43 6 . 2  5.4 4 . 9 4 . 9  5 . 9  
Mar .  45 4 1  44 45 43 4 . 9 4 . 0  2 . 6  5 . 0  3 . 0  
Apr. 48 53 50 49 49 1 . 9 1 . 0 1 .6 1 .6 2. 7 
May 55 56 56 54 56 1 . 2 2 . 5  0 . 2  3 . 8  1 . 3 
J une 62  64 59 58 57 2.8 Tr .  2.6 1.3 1 . 3 
J ul y  67 67 67 65 63 0 . 2  0 . 2  0 . 0  Tr .  0 . 3  
Aug . 69 65 66 65 63 0 . 1 0 . 7  0 . 0  1 .7 0 . 7  
Sept . 62 63 64 62 59 0 . 8  3 . 2  0 . 2  1 . 6 1 .3 
Oct .  52 53 57 54 5 1  1 0 . 7  7 . 3  0 . 8  3.0 3.5 
Nov. 47 45 39  48 49 9. 7 7.0 1 . 7 7 . 0  5 . 1 
Dec . 47 38 4 1  43 40 6 . 1 6 . 7  8 . 6  7 . 8  6 . 3  

Average annual temperature Average annual ra i nfa l l 

52 52  52  53 5 1  56 . 6 47 . 5  29. 9 53 . 0  4 1 . 5  

From : U . S .  Weather Bureau Cl imato log i ca l  Data: Oregon, Years 1 950- 1 954 . 
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Geology 

Geology 

Stratigraphy 

The Salem-Eola Range (see Plate 1 in pocket) is underlain by a series of marine tuffs, 
tuffaceous sandstones, and pebble conglomerates named lllahe formation by Thayer (1939) 
from exposures in lllahe Hillrjust north of the Salem Hills. The lllahe formation can be 
traced southeastward into Oligocene marine beds in the Lebanon area which have been cor­
related (Allison and Felts, 1956) with the Eugene formation ( Schenck, 1927, 1928) farther 
to the south. The name "Eugene formation" has therefo�e been adopted for this report 
because of its priority. In this formation, according to Mundorff (1939), sandstone pre­
dominates and is typicblly composed of feldspar, quartz, and glass with minor amounts of 
augite, magnetite, olivine, and various rock fragments. The grains vary in size from about 
.02 mm to 5 mm in different beds, but they are usually quite well sorted within each bed. 

In the Salem Hills the general dip of the beds is 4° to 5° NE., varying as much as 
12° NE. due to local folding. The best exposures of the Eugene formation are along the 
steep western escarpment of the Salem- Eola Range which forms the anti -dip slope. The 
strike of the formation more or less coincides with the present trend of the Range; i.e., 
approximately N. 6° W. in the Eola Hills to qpproximately N. 45° W. in the southern 
part of the Salem Hills. The total exposed thickness is approximately 2200 to 2500 feet. 

7 

Fossils were first collected from 
these beds by Doll ( 1896)*who assigned 
c doubtful 0 I i gocene age to them. 
Later collections by Arnold and 
H.annibal (1913), Schenck (1928), 
Thayer ( 1939), and Mundorff ( 1939), 
show that these sediments are of 

Plate 4 -Outcrop of Salem-Stayton lavas 
exposed in quarry on U. S. 99 south of 
Salem. Note columnar jointing. 

upper Oligocene age and correlate 
with the Pittsburg Bluff formation 
(type locality west of Portland, 
Oregon) and the San Lorenzo forma­
tion of California. 

The Eugene formation is overlain 
unconformably by a fairly thick series 
of basalts called the Salem lavas in the 
Sa I em quadrangle by Mundorff ( 1939) 

and Stayton lavas in that general 
region by Thayer ( 1939). On the west 
side of the Salem Hills the lavas are 

at least 400 feet thick and dip gently to the northeast approximately 2° to 3° (Plate 4). 

According to Mundorff (1939) the Salem lavas are typically medium to dark gray, fine 
grained and dense, rarely porphyritic. An average of 15 specimens of the basalts has the 
following mineral composition: plagioclase - 54 percent; augite - 19 percent; glass - 21 per­
cent; magnetite - 5 percent; olivine, epidote, apatite, and serpentine -each less than 
1 percent. Under the petrographic microscope the extinction: angle of the plagioclase 
shows that the predominant feldspar is basic andesine. O'Neill (1939), Barlow (1955), 
---------------------

* See Diller, J. S. 1896. 
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and Halstead (1955) report that most of the plagioclase in the Stayton lavas in the foothills 
of the Western Cascades is labradorite. 

Thayer (1939) suggests that the Stayton lavas are marginal flows to the Columbia River 
basalt as the formation thickens to the northeast. Schlicker (1954) presents evidence to 
show that the Columbia River basalt and the Salem-Stayton lavas can be correlated on the 
basis of geographic and stratigraphic position and mineralogic and petrographic similarity. 

The Salem-Stayton lavas are therefore almost certainly time-rock equivalents of the 
Columbia River basalt, if not actually part of the same series of flows, and are assigned 
a middle Miocene age. 

Plate 5 - Spheroidally weathered Salem­
Stayton lavas in Salem Hi lis on U.S. 99 
south of Salem. 

The bauxite deposits in the 
Salem Hills have been developed 
on the weathered upper flows of 
the Salem-Stayton lavas (Plate 5). 
In the Eola Hills the occurrence 
of gibbsite nodules in the soil 
indicates that the bauxite was 
once present in that area also 
but has since largely been removed 
by erosion. The process of baux­
itization of these basalts wi II be 
discussed in greater detail later 
in this report. 

On the lower slopes of the 
Salem Hills, a dark-red silty clay 
occurs in places between the 
bauxite and the surface soil 
horizon. The clay varying from 
4 to 10 feet appears to increase 
in thickness northward and is 
characterized by a somewhat 
higher silica and lower alumina 
content than the bauxite im­

mediately beneath it. Petrographically the silty clay is composed of angular to sub-rounded 
silt-size to clayey grains of feldspar largely altered to kaolin with a few grains of quartz, 
ilmenite, magnetite, and hypersthene in a matrix of iron-stained kaolinitic clay. Small 
pieces of almost pure gibbsite are sometimes found in the silty clay zone. The overlying soil 
horizon contains rounded, unweathered pebbles of basalt as well as pieces of gibbsite. 

The red silty clay has been considered to represent residual material from the Fern Ridge 
tuffs (Libbey, Lowry, and Mason, 1945) which unconformably overlie the Salem-Stayton 
lavas in the foothills of the Western Cascades to the east (O'Neill 1939, Barlow 1955, and 
Halstead 1955). Unfortunately the Fern Ridge tuffs cannot be traced into the red silty clay 
of the Salem area and there is no apparent petrographic similarity between the two. Another 
possible age correlative is the Portland silt overlying the bauxite in Columbia and Washington 
counties to the north (Libbey, Lowry, and Mason, 1945) (Lowry and Baldwin, 1952). How-



G eo logy  

ever,  there i s  not suffi ci ent ev idence ava i labl e at th is t ime to ref er the red s i l ty tl ay i n  the 
Salem area to any part icu l ar uni t  i n  the estab l ished stra tigraph ic  co l um n  f or northwestern 
Oregon .  

G i bbs i t i c  mater ia l  i n  the red, s i lty c l ay sh ows t hat th ere was a rew orking and i nter­
m ixing of the u nderl y i ng bauxi te during depos i t ion of the c l ay, 

Structure 

I n  sum mar i zing th e reg ional structure of the Wi l larnette V al ley a rea, Th ayer ( 1 93 9) 
states :  

" The W i l l am ette Sy nc l ine is  a broad open fofd th at p l unges somewh at 
east of north at a very low ang le ,  an d is re veal ed .by the d ips i n  the St ayton 
lavas . The Sale m  H i  Its are ess enti al ly a .s l ightl y war ped Ja vCI•capped m ass 
whose eastward d ip  is best shown w es t  of Mari on .{!\ear the southern edge of 
the Sa l em H i l l s i n  t he S tayt on quadr ang l.!"?.* Th e S ale m ,  E ol a ,  and A mi ty H i l l s 
are a l l part of a s ing le  eastward dipp ing ho mod i no1 bi ock wh ich· is .. t rans ected 
by the W i l l amette R iver west of Sa l em . Er os io n of th e s oft l ll ahe Lfu ge'1!7* beds 
exposed below th e western edge of th e Sta yton l avas has g iven the h i l l s  the i r  
asymmetr i ca l , cuestalike form: Along the footh i l l s  of the C(! sc� des prop er, 
north of Thomas Creek, the l avas slope gent l y  nor thw es tward t oward the W i l ­
lam ette Va l l ey . . . •  The l av as wes t of M arion i n  the so uth end o f  the Sa l em 
H i l ls a re u ndoubted l y  cont i nuous wit h  those so uth of She l bu rn ,  3! rri i l es to 
the south east . Nort h  of Turner the lavas can be mq tched a lmost flow f or flo w 
across Mi ll Creek Gap,  !lnd i t  is -certa in  that the y ar e p arts of a sing l e  l ava 
formation, wh ich  has been fo l ded along a northeas t-so uthw est line • . . • 

There i s  no evi dence of the fc:�u l t  a lon g th is porti on of the W il lain ette Val ley 
marg i n  suggeste d by W ashburn { 1 914), an d the Wester n C asca de fo lds exte nd 
u nbroken Q cross the W i I I  amet te River. " 

Lateri zat ion 

G en era l descri t ion: Th e term " la terite"  h as com e  to ha ve a vari ety of m ean i ngs 
s ince  it was fi rst appl le by Buchanan ( 1607) t o  the red f er r�gin ous so i ls o f  I nd ia w h i ch 
a re composed l a rgel y  of i ron oxid es wi th a s lag l ike, c e l l u lar , or p iso lit ic st ruc tur e .  

9 

Buc han an cal l ed th is  mater ia l  "l ater i te" {fro m  L. l ate ris·, a b ri ck) b ecause aft er i t  is qua rrie d 
and a l lowed to dry i t  becomes hard enoug h to be used f or b ui l d in g  const ruction . I n  l ater 
studies {Du Preez , 1 94 9; Sherman, 1950) m ore attent io n was pai d  to th e vario us wea th ering 
factors i nvo lved in  producing l ater i tes , and Buchanan' s  sOm ewh at rest ri ct ed defi n i tion was 
broadened to i nc l ude oth er types of  l ater i ti c  so i ls . M ost wo rker s  tod ay {Ey les , 1952; Sherman , 
1 952; Ow en , 1 954) ag re e  that l ateri zati on is essent ially a de-st li cation pro cess i n  wh i ch th e 
a l kalies and a l ka l ine earths are e l im inated a lo ng with s ilica . th e other const i tuents of the 
parent mCit eri a l  f rom which th e l ater i te wqs d er ived, chitfly i ron Clnd al um in um oxides, 
remg in I n  the im med iate v ic in it y . Laterite s are f ound to ra nge in c ompos it ion fr om re l ative ly  
pure i ron oxid e o f the type ori gi nc:d l y  referred to by Buehonan J'O a lumino us varieti es a lmost 
free fro m  iron { i . e . ,  b aux it e) . P rimar y  laterite b not a sedi men t i n the ord inary s ens e  of 
the word b ut a residual rock form ed in s i tu by the chemical weatheri ng of a pare nt ro ck as 

· a resul t  of the spec ial type of  weathering\ nown as Jateriz ati on . R ece nt  stud ies (Harder, 1 949) 

* 1-;;s;,.tio; b; �uth;rs�--------
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have shown that with few exceptions any rock type can be l aterized if the rate of  erosion 
does not exceed the rate of chemical decomposition . 

Products of laterization: Sherman (1949, 1952) shows that  durin g the che mical breakdown 
of basalt to laterite, a definite sequence of c lay types is produced as fo l lows: primary minerals 
of parent mater ia l  � secondary a l uminosil icate minera l s  ( mon tmorillonite-kaolin ite ) .......,... 

free oxides (hydrated iron or  a l u minum oxide in various proportions) .  H is studi es indicate that 
l a teri tes can form on l y  afte r  passin g  through the intermediate clay s tage . Dril ling done i n  
the Columbia Coun ty,  Oregon , bauxites by Al coa Mining Company suppor ts th is theory , as 
the samples showed a gra dationa l change from bauxite at the top down through kao l i n i te (ap-, 
proximate ly 100 feet thick) , weathered basa l t, into fresh basalt (Al l en,  1948, 1952). Eyles 
(1952) in h is invest i ga tion of the Antrim ,  I re l and, lateritel a l so conc l uded that  these were 
formed by the chem i ca l  breakdown of the parent rock in two d i stinct stages :  fi rst,  a l teration 
to lithomorge ( a  term used in I n dio  for the variegate d  c l oys under the I nd i an l aterites) , wh ich 
he termed "kool in izotion" and second, formation of l ater i te from the l ithomorge, wh ich  he 
te rmed "l oterization . "  

In the formation of  a l um inous l aterite (bauxi te) , however, some investigato rs bel ieve 
that an in termediate c l oy stage is not a l ways necessary and, further, kao l in ite i tse l f may be 
on end product of rock weatheri ng .  To support th is view, local ities ore described � where 
the m ateria l  shows a di rect  change from fresh rock to bauxite. In the Arkansas and Austra l ion 
bauxites (Go l dm an,  1955; Owen,_ 1954) there are l ocal areas in wh ich  kao l in ite has ap­
parent l y  been formed by sil icotion of  a bauxite zone . Harder (1949) summarizes various 
v iews concern i ng  formation of bauxi te and describes areas where bauxite has formed both by 
d i rect a l terat ion of the parent materia l  and through desilicotion of kao l in ite or ha l l oysite 
in the c l oy  zone . He  conc ludes that a l though bauxite formed from kao l in is common, never­
thel ess c l oys formed from bauxite due to si l icoti on canno t be ru l ed out. 

Processes of l oterization: Sherman ( 1949) al so determined tha t  the type o f  oxide 
end products (i . e . ,  a l um inous oxides or hydrated i ron ) formed th rough l a ter i zation ore l arge ly 
the resu l t  of two main c l imat ic  co nditions: ( 1) cont inuous l y  wet c l imates typ i ca l  o f  tropica l  
and subtropica l  a reas , and (2) c l  imotes having a l te rnating wet and dry seasons. 

A l uminous l ater i tes  or bauxi tes, Sherman be l ieves,  ore formed only in  areas having a 
cont inuous l y wet c l  imote . Under such condi tions the sil i co and iron ox ide ore l e ached and 
the a l um ino  becomes the stab le  oxide. Titan ium oxide increases s l i gh tl y . (See  F ig .  2 on 
opposite page . ) 

Ferruginous l ater i te ,  on the other hand, is formecl in areas where there are fair ly  dist inct 
wet and dry seasons . Under such conditions the i ron and ·t i tanium ox ides ore a l ternate l y  hy­
drated and dehydrated and, through capil l ary action , move upward and become concentrated  
in the upper portion of the so il horizon . A l um ino and s il ic a  ore removed dur ing the decomposi­
tion of the o l um i nosil icote c l oy m ineral s .  This process, according to Sherman, is especial l y  
effective when there is a fa i r l y  Iorge fl uctuation in ground-water l eve l betwe en the wet and 
dry seasons . The dehydration process promotes the formation of m inera l s  of  h igh spec ific 
gravity such as an atase and h ematite (see F ig . 2). 

---------------------------- 7 -----------

5/ D iscussion in Prob lems of  C l oy and Laterite Genesis :  AIME Symposium , St . Lou i s ,  Mo . ,  
Feb . 1951. 
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The influence of an increase in annual rainfall on the chemical composition of
"

soils developed 
in a continuously wet region. Alumina instead of iron becomes the stabilized free oxide. 

Figure 2 .. Graphs Showing Progreuive Change in Chemical Composition 
of Hawaiian Soils in (1) Areas Having Wet and Dry Seasons 
and (2) Continuously Wet Regions. (Reproduced from "Factors 
Influencing the Development of Laterite and Laterite Soils in 
the Hawaiian Islands," by G. D. Sherman, !.!�!.!�_!=..!..!..'!.�!..' 1949 .) 
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The theory that a l uminous l ater ites deve lop on ly  under conditions of contimJ10us rainfa l l 
is a t  variance with the concl usions of some earl i er workers {Fox, 1923; Harder ,  1949), who 
maintai ned that an a l ternating wet and dry season is necessary for the formation of  bauxite . 
Fox apparent ly based h is reason i ng on the fact that the la terites in I nd ia  are in areas havi ng 
de fi n i te wet and dry seasons and h is be l ie f  that the bauxi te is present ly  being formed .  Harder 
states : " Some observers cl a im that, not on l y  is a genera l  warm, mo ist c l imate necessary for 
l aterization, but there must be a regu lar  and distinct a l ternation of wet and dry seasons ." 
Sherman poi nts out that l ateri zation , as used i n  the g enera l sense for a l l  types of chem ical  
weather ing i n  which des i l i cati on is the dom inant process, can resu l t  from e i ther type of 
c l imate but bauxitization can proceed on l y  when the c l imate i s  cont inuous l y  moist . Hosking, 
(1941) stud i ed the c l ay m ineral ogy of Austra l i an soil s deve l oped on basal ts and agrees wi th 
Sherman . "Under excessive mo isture and dom inant l each i ng conditions, where free dra i nage 
is a feature ,  and there is no approach to d routh conditions 1 for any period of the year, basa l ­
t i c  parent m ater ia l s  g ive r ise to col loids of  the kaol i n ite type . Hydrarg i l l i te (g i bbsi te) , 
goeth i te ,  and hemati te are a further express ion of h igh sesquioxide content and condi t ions 
a l l owing comp lete oxidation . "  

Lateri zat ion o f  th e Sa l em H i l l s  basa l t: I n the Sa l .em H i l l s ,  evidence seen in road cuts 
and  dri l l -ho l e  samp les tends to support Sherman's theory of a two-stage process for l a ter i te 
formation . New road cuts through the Sa l em H i l l s  on U . S .  H ighway 99 i n  the genera l v i ­
c i n i ty o f  t he  bauxi te depos i ts show a t  l east 50  to 60 feet of varicolored c l ays underl a in  by 
darker sphero ida l l y  weathered  basa l t .  The h igher knobs on either s id� of the h ighway 
con ta i n  numerous g i bbsite nodu l es scattere d th rough the so i l ,  a l though the l ateri te h or i zon 
appears to have been str ipped . The presence of a thi ck c l ay zone between the bauxi te 
section and the paren t  basa l t  i s  best i l l ustrated i n  Ho l e  15, wh i ch was dri l l ed to a tota l 
depth of  85 feet . The upper 25 feet conta i ns a section of  l ow-si l i c a  bauxi te . F rom 25 to 
30 feet i s  a transi tional zone of h igher s i lica baux i t ic  c l ay .  Bel ow 30 feet and cont inu ing 
to the bottom of  the hol e ,  the materi a l  i s  a var ico l ored h igh-s i l i ca c l ay which  on therma l  
ana l ys i s  proved to be  predom inantl y kao l i n i te-ha l loysi te wi th some l imon i te (goeth i te) .  
The presen ce of  a c i a >' sect ion beneath a l ater i te hori zon has  been reported from local it ies 
i n  other parts o f  the wor l d  as we l l  as i n  Oregon (Fox, 1923 ; A l l en , 1948 ; Ey l es, 1 952; 
Owen ,  1 954). These reports a l l show that there is an apparen t  genet ic  rel ation between 
the baux i te and th e underl ying c l ay i n  ac cordance wi th Sherman ' s  conc l us ions .  I t  se ems 
i mprobab l e  that the 55 to 60 feet of  h igh-si l i ca c l ay in  the Sa l em Hil l s  wo ul d have formed 
by s i l i cation of baux i te .  

Ana lyses o f  samp les by the Rock Ana l ys i s  Laboratory, Un iversity of Minnesota are 
g iven in Tab l e  2 on page 13. They show the chem i ca l  changes produced by l ater i t i c 
weathering of  the basal t  i n  the Sal em H i l l s .  



Lab. No. 

Si02 
Al2o3 
Fe2o3 
FeO 

MgO 

CaO 

Na20 

K20 

H20+ 

H20-

Ti02 
P205 

MnO 

R 2 150]/ 

Basalt 

54.95% 

13.47 

2.26 

10.00 

3.47 

7.13 

3.00 

1.69 

.82 

.32 

2.12 

.35 

.20 

99.78 
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Table 2. 

R 2151� R 2152� 
Ferruginous 

Clay Bauxite 

24.13% 4.81% 

24.05 30.02 

26.18 33.14 

2.73 2.79 

• 15 .23 

• 13 .13 

.05 .03 

.04 . 07 

12.43 17.15 

2.56 2.59 

6.13 6.76 

.79 1.51 

.31 .36 

99.68 99.59 

liresh basalt from State Highway Department rock quarry in the southeastern part of the 
Salem quadrangle near U.S. 99 in NW:! sec. 2, T. 9 S . , R. 3 W. (See Plate 4, page 7 . ) 

�rom 16' to 20' interval, Hole 14. 

�rom 2' to 6' interval, Hole 14. 
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Samples R 21 50, R 2 1 51, and R 2 1 52 were also analyzed spectrographicall� in the 
Department's laboratory and showed the following results: 

SAMPLE R 2 150 

Elements present in concentrations over 1 0 %  
Si, AI 

Elements present in concentrations 1 0 %  - 1% 
Fe, Ca, Na, K, Mg 

Elements present in concentrationF 1 % - 0 . 1 %  
Mn, Ti 

Elements present in concentrations 0 . 1 % - . 01 %  
Ba, S r  

Elements present in concentrations . 01 %  - . 00 1% 
Zr, Cr, V, Ni 

Elements present in concentrations below . 00 1 % 
Cu 

SAMPLE R 2 1 5 1 

Elements present in concentrations over 1 0 %  
AI, Fe. 

Elements present in concentrations 1 0 %  - 1 %  
.Si, Ti 

Elements present in concentrations 1 %  - 0� 1 %  
Mn 

Elements present in concentrations O.l% - . 0 1% 
Mg, Na, K 

Elements present in concentrations . 0 1 % - .001% 
Ca, Zr, Cr, V 

Elements present in concentrations below .001% 
Cu, Ba, Ni 



Geology 

SAMPLE R 2 152 

Elements present in concentrations over 10 % 
AI, Fe 

Elements present in concentrations 10 % - 1 %  : 
Ti, Si 

Elements present in concentrations 1% - 0. l %  
Mn 

Elements present in concentrations 0. 1% - .01 % 
Mg, Co, No, K 

Elements present in concentrations . 01 %  - .00 1% 
Zr, V, Ni, Cu, Bo 

Elements present in concentrations below .001 % 
Cr, Sr 
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Formation of aluminous laterite in the Salem HiiJs: The present climate in Oregon is 
one of alternating wet and dry seasons. There is usually a period of at least three months 
during the summer when the total rainfall does not exceed 3 inches and a period of at least 
three months during the winter when the total rainfall is more thcin 20 inches (see Table 1, 
page 6) . On the basis of Sherman•s conclusions, any laterites that may be forming at the 
present time in Oregon should be the more fer ruginous type which would contain little, if 
any, bauxite. However, the authors have reason to believe, that even in a climate having 
a definite dry season, conditions may still be favorable for the formation .of alumin9us laterite 
below the ferruginous zone. 

In the Salem Hills, during the course of the drilling, it was noted that the ferruginous 
bauxite was damp approximately 10 to 12 feet below the surface even at the end of the summer 
dry season (late September .:. early October). Hole 23 was drilled during this period, and, 
although the material was damp below 1 4  feet, the water table was not encountered in 
drilling to bottom at 32 feet. This hole was later inspected in the latter port of December 
of the some year about the middle of the rainy season. At that time the water table had risen 
in the hole to within 10 feet of the surface. 

From the foregoing observations, it can be seen that there is a 20- to 30-foot zone in 
which the ground-water table seasonally fluctuates, and the laterite section never becomes 
completely dehydrated to allow the iron oxides to be precipitated, The continually wet 
section may therefore be an active zone of leaching most of the year and approximate the 
ccmditions Sherman regards as necessary for the formation ofaluminous-laterite. The laterite 
section that has formed in the alternating wet and dry climate of India also tends to bear out 
this conclusion. Harder ( 1 952), in his diagrammatic sketch of a typical laterite profile in 

. central India shows .that the bauxite section is usually overlain by a zone of ferruginous 
laterite. 
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I 
The presence of ferruginous bauxite near the surface in the Salem H il l s can perhaps 

be exp l ained by a change in c lim ate since the basalts were first exposed to weathering . 
Durham ( 1 950) and Cheney ( 1 948) have shown that the c limate of Oregon since Eocene time 
has become progressive ly  coo ler and drier . I t  is therefore poss ib l e  that a suffi cient amount 
of rainfa l l occurred th roughout the year during the early lateri zation of the basal t  to cause 
the formation of a fair l y  thick section of low-iron bauxite . The presence of the res idua l 
h igh-grade g ibbsite nodu l es now scattered through the upper 2 to 3 feet of soil tends to 
support this concl usion . With the gradual  change to an a l ternating wet and dry c l imate 
during post-P l iocene time, the upper part of the remain ing original bauxite section in the 
zone of seasona l dehydration became more ferruginous . Bauxitic cl ays in the lower part 
of the l aterite section grading upward into ferrug inous bauxites near the surface are there­
fore the prevail ing types in the Sa lem H il ls .  

Age o f  l aterization in the Salem H il l s :  lowry (Libbey, lowry, and Mason , 1 945) 
be l ieved that l aterization of the basa l t  took p l ace before deposition of the Fern Ridge tuffs . 
The tuffs d isconformably overl ie the Sa l em -Stayton l avas in the footh il l s  of the Cascades 
to the east and are genera l l y  considered to be of upper Miocene-lower PI iocene age . lowry 
suggested that the red s i lty c l ay covering the l aterite in the Sa lem H il l s m ight  be a res idual 
materia l  from the Fern Ridge tuffs . 

I n  the Mehama ,  Oregon,  area, east of the Waldo H ill s  (see I ndex Map,  opposite 
page 3) , however, the l a terite appears to have deve loped on massive l ith ic tuffs wh ich have 
been mapped as " Fern Ridge" by Bar low ( 1 955) . Farther to the north , in the foothil l s of 
the Cascades a long the C l ackamas River near Estacada (see I ndex Map opposi te page 3) , 
an o8 1 itic ferrug inous bauxite horizon has been formed on a tuff breccia of the Rhododendron 
formation . A l though no fossil s  have been found in the Rhododendron formation , its strati­
graphic posit ion and genera l l itho logy suggest that it is a northern equiva l ent of the Fern 
Ridge tuffs . The Rhododendron formation at the C lackamas River bauxite l ocal ity is dis­
conformably overl ain by a basa l s il tstone of the Troutdale f�riJ1ntion of lower to m iddle P l iocene 
age according to D .  E. Trimbl e ,  U . S .  Geo logical Survey . 21 There is a poss ibil ity that two 
separate periods of l aterization are represented in the post midd le  M iocene section of the 
northern Wil l amette Val l ey .  I t  appears more l ike ly ,  however,  that the laterite on the Sa l em­
Stayton l avas and Col umbia River basal t, a s  wel l a s  on the Rhododendron-Fern Ridge forma­
t ions resu l ted from one period of l aterization . This wou l d  mean that the o l der l avas became 
l aterized where they were exposed, but a l ong the footh il l s  of the Western Cascades, the 
younger formations (Rhododendron and Fern Ridge) wh ich covered the Miocene basalt were 
subjected to lateri zation . 

The laterite formed on Rhododendron tuffs in the C l ackamas River area. has somewhat 
d ifferent  characteristics from that developed on Sa lem-Stayton l avas and Co l umbia River 
basa l t .  The C l ackamas River bauxite is h igher in both a l um ina and silica and much l ower 
in iron oxide and titan ia . The importan t a l um inum minera l s  are g ibbsite and a much sma l l er 
proportion of kao l in .  The co lor  of the bauxitic materia l  vades from reddish brown to brown 
and is typica l l y  o81 itic with on ly  a few piso l ites observed . G ibbsitic nodu l es ,  wh ich a re 
common in Wash ington,  Columbia, and Marion counties,  have not so far been found in the 
C l ackamas . R i ver depos i ts .  

6/ Persona l commun ication . 
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I n  1 948 the Department drilled six hand-auger holes and sampl ed road cuts where the 
bauxit ic  materi a l  was exposed i n  the v ici n i ty of the K iggins and Shearer farms, NWl sec . 3 
and NE!- sec . 4� T .  4 S .  1 R.  4 L ,  Clackamas County .(Oregon Dept . G eology and Min . 
l nd . ,  1 948) . 

Average ana lys is,  on a dry basis,  obta ined from about 7 feet of section of two auger 
ho les about 1 , 000 feet apart on the K igg ins farm, is as fo l lows: 

Al203 • • • • •  

Fe2o3 • • 

S i02 . . . . 

Ti02 . . . . 

. 

. 

L . O . I .  . . . .  

Moisture 

Shape and atti tude of the deposi ts 

43 . 0 %  

1 0 . 0 

. . 2 1 .5  

. . l . O 

. . 20 . 0 

24 . 0 

The l ater i te derived from the upper flo\vs of the Salem-Stayton l avas probably was 
first formed as a bl anketl i ke deposi t  of fai rly  l arge .extent . Subsequent upl i ft of the Sal em 
H i l l s caused d i ssection of the bauxite deposi t  and i t  now occurs l argely as eros.ional remnants 
capping the h igher knobs . P l ate 1 ( i n  pocket) shows the location and approximate bound(:lry 
l im i ts of the depos i ts as estimated by fie ld  reconn�issance work and dri l l -hole  samples . 

Although the surface on the northeast s ide of the Sal em H i l l s ,  where the bau>fi te de­
pos its occur, has been descri bed as a dip  s lope, dri l l -ho le  evidence suggests that the l avas 
may d ip  more steeply  to the northeast than i nd i cated by surface topography . I f  so, then the·· 
l ateri te section as we l l  as the overburden would be th i cker i n  that d irection . 

The average th ickness· of the ferrug inous bauxi te section in  the Salem H i l l s  as determined 
from dri l l  samples is 1 4 . 4  feet •. Th is figure may be somewhat low as .severa l of the holes in the 
northeastern part of the l ater'i zed area bottomed in low-si l i ca bauxit ic m(:lteria l . Two ho.es: ' 
especi al l y  worthy of mention are 22 (depth 25 feet) and 23 (depth 32 feet) . Both ho les i l l us­
trate the seemi ng th icken ing of the bauxi te section in a northeasterly d i rection . 

The resul ts of the dri l l i ng in the vi ci n i ty of the Rosedal e Friends Church indi cated 
that th is area contai ned the greatest th i ckness and greatest (:!real extent of bauxi te in the 
S(:llem H i l l s .  Therefore th is area was topographical l y  mapped on a scale of 500 ft . = I  inch 
to show more accurate ly  the extent of the deposi t  {P late 2 i n  pocket) . The l im its of the 
deposi t  are onl y  approximate as they are based a lmost entire ly  on information obtained from 
seven scattered dri l l  hol es; furthermore severa l of these ho les d id not completel y  penetrate 
the lateri te section . 

· 
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Certain relatively high areas that were expected to contain some bauxite were found 
to be capped by weathered basalt or clay both of which underlie the laterite sect ion in other 
places. Th is is especial ly well shown in Hole 12 (NWl sec. 28, T .  8 S . ,  R .  3 W .) wh ich 
l ies near the north end of a long ridge in the middle of the bauxite area and was drilled to 
a depth of 20 feet. Chem ical analyses showed that the ent i re section contained high-sil ica 
material. Thermal analys is indicated that the dominant m ineral was kaolinite-halloysite. 
Another example of th is type of occurrence i_s the large hill in the NEl' sec. 34, T .  8 S., 
R. 3 W . , between holes 19 and 2 1 .  A bulldozed trench 4 feet deep and 25 feet long has 
been cut into the hill at its h ighest po int {800 feet elevat ion). The material exposed in the 
s ides and bottom of the trench is a bluish clay essentially composed of kaolinite. Paradox- ' 
i cally, this hill contains more h igh-grade gibbsite nodules in the soil than have been found 
anywhere else in the bauxite area. The reason fo r this soTewhat spotty dist r ibution of the 
g il:bs it ic later ite is difficult to explain. One possibility is that the drainage pattern devel ­
oped on the basalt in the early stages of loterization has changed. After the Salem Hills 
were upl ifted, some of the low places from wh ich the bauxite had been stripped became the 
h igh inter-stream areas. Another poss ibil ity is that the uplift of the Salem H ills was accom­
pan ied by considerable faulting more or less normal to the present strike of the Salem-Stayton 
lavas. Although displacement may have been comparat ively small, the bauxite would have 
been stripped more rap idly from the higher blocks. The structural relat ionshi ps of the baux ite 
depos its are shown in the cross sections of the Rosedale Church area (Plate 2, in pocket). 
The base of the laterite sect ion if pro_jected across the r idges from Hol_e 18 to Holes 26 and 23 
indicates that some block faulting may have occurred. Unfortunately the drill hole infor­
mat ion is not suffic ient to show more than the approx imate base and att itude of the laterite 
sect ion, and the apparent offsett ing may be caused in part by the l ine of the cross sections 
not be ing parallel to the true dip of the depos its. 

Further evidence for post-laterite faulting is indicated by the relationsh i p  of Hole 1 3  
to Hole 4 in the southeast part of the bauxite area. Hole 1 3, elevation 630 feet, contains 
a 1 2-foot gibbsitic later ite section averaging 6 percent s il ica. Hole 4, elevation 828 feet , 
approx imately one mile north of Hole 13, contains a similar laterite section, but \vas not 
cons idered ore because of its somewhat h igher s il i ca content (8-: to . 1 6-foot interval, 11.89 %) .  
Assuming that the later ite in the Salem Hills has a general northerly dip, it appears that the 
section in Hole 4 has been e levated with respect to the sect ion in Hole 1 3. · 

Examination of a freshly dug basement showed bauxi tic materia l in p lace approx imately 
28 feet vertically below the top of the knoll on which Hole 1 was drilled. As the chemical 
analyses of Hole 1 indicated that the thickness of the laterite was not much greater than 20 feet, 
the baux ite hor izon appeared to be "draped" over the topographic high at this local i ty. To 
test th is possibility in other areas of the Salem Hills, Hole 27 was dr i l l ed down slope approx­
imately 250 yards southeast and 37 feet vert ical ly below Hole 23. Chem ical analys i s  of the 
bottom 2 feet from Hole 27 (AI203, 31 .05 percent; Si02, 10 .00 percent), which is approx­
imately 57 feet below the top of the h ill at Hole 23, shows that the mater ia l  is still within 
the bauxite section at that depth and indicates that "draping" may be val id in other places . 
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Character of the ore 

Fresh outcrops of the l ater ite section in the Sa l em bauxi te area are rare , except in a 
few road cuts because the material  tends to change rapid ly to form a soi l .  Most of the in­
formation concern ing the deposi ts has been derived from dri l l  hol e  samples . One road cut 
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in the NE! SW! sec . 28, T .  8 S . ,  R .  3 W . ,  contains a 1 0-foot exposure of what m ight be : 
termed 11 typ ical 11 ferrug inous bauxite in the Sal em H i l l s .  Th is section i s  somewhat vari co lored, 
but predom inant ly ye l lowi sh to reddish brown and earthy . It shows a wel l -defined spheroidal 
weatheri ng pattern s im i l ar to that seen i n  the underly ing .  weathered basal t exposed in other 
road cuts (see P l ate 5,  page 8) . The texture of the parent basal t  has . been preserved in the ' 
bauxite at th is loca l i ty .  The section is criss-crossed by numerous vein lets of I imoni te and 
l ighter co lored c layey materia l  (g i bbsi te and kaol in i te? )  ·. I Angul ar pieces of g ibbsi te as 
much as 3 inches across are scattered through the upper few feet of the bauxi te sec:tion . 
Larger, more rounded nodu l es of g i bbsi te as much QS 8 inches in  d iameter are a l so present 
i n � the overly ing soi l . 

A 9-foot channe l sample was taken i n  th is  cut and gave the fo l lowing resu l ts: 

Upper 5 feet 

Lower 4 feet 29 . 22 

30 . 35 %  . .  1 0 .55% 

35 . 3 1  1 7 . 33 

2 . 78% 

3 . 27 

L . O . I .  

1 9 . 80% 

1 6 . 8S 

Th is  cut is approximate ly  600 yards northwest and 40 to 50 feet verti .cal l y  below the 
surface at Hole 1 8  and may represent a portion of the 1 1 draped11 materia l  that occurs a long 
the fl anks of the r idges referred to prev ious ly . 

Two prospect p i ts showing l ater i t ic  material  were excavated along the top of the ridge 
near the center of sec . 35, l. 8 S . ,  R .  3 W .  1 severa l years ago by Paul R .  Hendri icks, owner 
of the property . These pits ,  approximate ly  1 00 yards apart, are 40 feet long and 10 feet 
deep at the deepest point (P l ate 1 ,  in  pocket) . The mater ia l  is very sim i l ar i n  I i tho logy and 
texture to that exposed in the road cut described above . In the east pit, two channel samples 
cover ing 9 feet of depth be l_ow 3 feet of soi l  averaged 40 .• 6"'percent A IJ.o3; 25 . 2  percent Fe203, 
and 1 8 . 6 percent S i02 • From the west p i t  a channel sample  representmg a section 9 feet th ick 
be low 2! feet of so i l  averaged 35 . 5*percent AI 2o3, 30 . 40  percent Fe2o3, and 1 5 . 4  percent 
S iO� . The U . S .  Bureau of Mines at A lbany, Oregon; recent ly  took a l arge bul k  sample  con­
tai nmg approximate ly  30 tons of the l aterite from the east p i t  for meta l l urg i ca l  test ing . The' 
ana lyti ca l  resu l ts determined by them for the 30-ton sample  are as fol lows: · Al 2�3 - 33 . 4  per­
cent; Ti0 2 - 2 . 67 percent; Fe2o3 - 26 . 6  percent; S i02 - 1 7 . 2  percent; and L . O. I .  - 1 8 . 03 
percent .  The ir bu l k  sampl e  was taken from the same 9-foot zone exposed in the bul l dozed 
p i t  that had been prev ious ly sampled and analyzed by the .Department .  Department Hole 24, 
near the sa�e p i t ,  showed that low-si l ica bduxi t ic  l ater i �e occurs at th is local i ty beneath a 
section , approximate ly  1 2  feet th ick, of higher si l i ca bauxit ic c lay .  A 5-ton samp le  was 
a lso taken by the U . S .  Bureau of Mines from a pit  approximate ly  5 feet deep, about 20 feet 
west of Hole 1 1 .  Analytica l  resul ts of th is bu l k  sample as reported by the Bureau are as fol lows:' 
Al 2o3 - 38 . 6  percent; Ti02 - 5 . 1 6  percent; Fe2o3 - 32 .6  percent; S i02 - 4 . 4  percent; and 

· L . O . I .  - 20 . 6  percent . 
- - - - - - - - - - - - - - - � - - - - - - - - - - -

* 
I nc l udes approximate ly  3 percent Ti02 . 
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The wri ters have found that samp les of ferrug inous baux i te taken from weath�red out­
crops are more c l ayey and run somewhat h igher in si l ica than materia l  obta i ned from nearby 
dr i l l  ho l es at or near correspond ing hori zons . This  i s  parti cu l ar ly true wi th respect to the 
mater ia l  in the eastern and northeastern parts of the area that l ie beneath the c l ay s i l t  over­
burden or so i l  hori zon . The h igher s i l i ca content in the weathered exposures apparent ly 
i s  due to part ia l  interm ix ing of the over ly ing c l ayey mater i a l  wi th the bauxi te hori zon under .. 
neath . For reasons not c l ear l y  understood, t�e dri 1 1 -ho l e  samp l es i ndi cate that  the zone 
of interm ixi ng is  much narrower i n  those areas that have not been exposed to d i rect su rface 
weather ing . This cond i t ion is we l l  i l l ustrated in the v i c i n i ty of Hol e  23 . Therma l  anal ysis 
of a 2-foot channe l samp le  taken from a sma l l  road cut 400 yards southeast and approximate ly '  
25  feet verti cal l y  be low the surface at Ho l e  23 indi cated a s i l i ca  content between 15  and 
20 percent .  By compar ison , the average s i l i ca in the 20- fo 30-foot interval of Hol e  23 is 
3 . 28 percen t .  

The h ighest percentage of Al 2o 3 found in  the dri l l -ho l e  samp les (6 1 . 32 percent) i s  
from the 4- to 6-foot interva l i n  Ho l e  23 . Th i s  hol e  a l so had the h ighest Fe203 and T i02 
conten t, 44 . 70 percen t and 1 0 . 1 9  percen t, respective l y ,  from the 26- to 28-foot in terval . 
Th is  l ast ana l ys i s  apparent l y refl ects a l oca l  concen tration of i lmen ite and t i tan i ferous mag­
net i te i n  the bauxi te section . The l owest percentage of s i l i ca found ( 1 . 34 percent) is from 
the 8- to 1 0-foot interva l i n  Ho l e  1 5 .  

The U . S .  Bureau of M i nes a t  A l bany ,  Oregon , made petrographic exam inat ions of 
two se l ected samp les from each of three dri l l  ho l es as shown be low . The m inera l  consti t­
uents are I is ted i n  approximate order of decreas ing abundance . Parti cu l ar· attention was 
concen trated on the identif i cation of any t i tan i um-bearing m i nera l s  that m ight be present 
because of the i r  possi b le  econom i c  va l ue . Percentage estimates were ca l cu l ated by em­
p loying a combi nation of gra in-count studi es, we ight determinations of products derived 
by ac id l each , m i c ro heavy- l iqu id separations, and a series of magnet ic separations . 
D i fferent ia l  thermal  anal yses conf irmed the ident i ty of the hal loysi te and g i bbs i te and a ided 
in determ i n ing the re l ative amounts of each . Resul ts of the Bureau ' s  exami nations 'fere 
reported as fo l lows: 

Sampl e  No . 3 .  · (6- to 8-foot depth in  ferrug inous baux i te ,  Ho l e  No . 22) 
essent ially conta i ns g i bbs i te ,  w i th some associated i lmen i te ( 1 4 to 1 7  percent) , 
ha l loys i te ,  l imon i te ,  goeth i te ,  and sma l l amounts of l eucoxene (2 to 4 percent) 
and magneti te ( i ncl udi ng a m i nor amount of t itan i ferous magneti te) . A l so presen t 
is a trace of cal c i te .  

· 

Chem i ca l  ana lysis :  AI 203 - 29 . 68 percen t, .S i02 - 1 0 . 96 percent, 
Ti02 - 9 .  90 percent 1 Fe203 - 35 . 9 percent .  

Samp le  No . 1 1 .  (22- to 24-foot depth i n  ferrugi nous bauxi te ,  Hol e  No . 22) 
essenti ally conta ins  g i bbs i te ,  wi th some l imon i te ,  goeth i te ,  i lmen i te (8 to 10 pe rcen t) , 
and ti tan i ferous magneti te (6 to 8 percent) . A l so ptesent are smal l amounts of hal ­
l oysi te ,  l eucoxene ( 1 to 2 percent) , and a trace of cal ci te . 

Chem ica l  ana lys is: AI 203 - 33 . 32 pe rcent, S i02 - � : 72 percent, Ti02 -
6 . 56 percent, Fe2o3 - 35 . 5  percent .  
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Sampl e No . 1 3 . ( 1 1 - to 1 3-foot depth in ferrug i nous bauxi te , Ho l e  No . 2) 
essentia l l y  contai ns g i bbs i te ,  wi th some associated l imon i te ,  ilmen i te ( 1 0  to 1 2  per� 
cent) , goeth i te ,  and sma l l amounts of magnetite ( inc l udi ng a m i nor amount of 
t i tan i ferous magneti te) , and l eucoxene ( 1 to 2 percen t) . A l so present i s  a trace 
of sphene . 

Chem ica l  ana l ys is :  A I 203 - 37 . 0 1  percent, S i02 - 9 . 38 percent, Ti02 -
7 . 20 percent, Fe2o3 - 28 . 8  percent . . 

Samp le  No . 2 1 . (20- to 2 1 -foot depth in  bauxit i c c l ay zone beneath 
fef!'ug i nous bauxi te , Hol e  No . 2) essent ia l l y  contQins ha l l oysi te , some g ibbs i te ,  
t i tCln iferous magnet i te ( 8  to 1 0  pe rcent) , and sma l l Clmounts o f  l imon i te ,  goeth i te ,  
i lmen i te (2 to 5 percent) , and l et�coxene ( 1 percent) . 

Chemi ca l  ana lysis :  Al �3 - 36 . 87 percent, S i02 - 23 .68 percent, Ti02 -
3 . 70 percent, Fe203 - 1 7 . 2  percent . 

Sample No . 25 . ( 1 2- to 1 4-foot depth in  c l ay zone beneath ferrug i nous 
bauxi te, Ho l e  No . 1 4) essent ia l l y  contains ha l loysi te wi th some associated 
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i lmen i te ( 7  to 1 0  percent) , l imon i te ,  goeth i te ,  and sma l l amounts o f  magnet ite 
( i nc l ud ing a m i nor amount  of t i tan i ferous magnetite) , and l eucoxene ( 1  to 2 percent) . 
A l so present is a m i nor  amount of g i bbs i te and a trace of fel dspar . 

Chem i ca l  anal ysis: AI 203 - 23 . 92 percent, S i02 - 22 . 00 percen t, T i02 -
6 . 20 percent, Fe203 - 32 . 0  percent .  

Samp le  No . 28 . ( 1 8- to 20-foot depth i n  c l ay zone beneath ferrug i nous 
bauxi te ,  Ho l e  No . 1 4) essen t ia l l y  contai ns hCl l loysi te ,  some i l men i te (7 to 1 0  per­
cent) , l imon i te ,  goeth i te ,  and smal l amounts of magnet i te ( inc l udi ng some 
t i tan i ferous magnetite) , and l eucoxene ( 1  to 2 percent) . A l so present i s  a m i nor 
amount of g i bbs i te and traces of ca l c i te ,  fel dspar , and ferromagnesi an m inera l s .  

Chem ica l  ana lys is :  A I 203 - 24 .09 percent, S i02 - 22 . 14 percent, T i02 -
7 . 46 percen t,  Fe2o3 - 29 . 0  percen t .  

The presence o f  g i bbs i te i n  the bauxi te zone and ha l loysi te i n  the under l y i ng c l ayey 
materia l  together  with the usua l i ron oxides conforms wi th the expected m i nera log ica l  
composi tion of l ater it i c c l ays . The most i n terest i ng fact concern ing these samp les i s  the 
h igh content of i lmen i te ,  ti tQn i ferous magneti te and magnet i te ,  and the a lmost tota l 
absence of any secondary ti tan i um m inera l s  such QS anatase or brooki te usual l y  found i n  
l ateri tes o f  th is type (Eyl es, 1 952) . The t i tan ium minerCl logy o f  the bauxi te i n  the Sa l em 
H i l l s  is d i scussed i n  greater deta i l  i n  the append ix of th i s  report . 

W i th the poss ib le  exception of some bauxi te foynd in  Ho l es 22, 23 , and 26, a l l  of 
the bauxi t ic  mater ia l  i n  the Sal em area I s  the so-ca l l ed " earthy" variety ( L i bbey ,  Lowry, 
and Mason ,  1 945) . A piso l i t i c�8 1 i t i c  hor i zon over ly ing the earthy zone i n  the Co l umbia­
Wash i ngton counties ferrug i nous bauxi te deposi ts was not encountered wi th certa inty in 



22 Ferrug inous Bauxite - Sa lem H i l l s  

any o f  the holes dri l l ed i n  the Sa lem H i l l s .  However, Hol e  23, wh i ch penetrated the th i ckest 
section of bauxi t ic l ater i te (32 feet p l us) appeared to have a 3- to 4-foot zone {at a depth of 
2 to 6 feet) of a lmost pure g i bbsi te ,  whi ch in  turn was underl a in  by a 2- to 4-foot zone {at a 
depth of 8 to 1 2  feet) of dark, redd ish-brown, earthy l ater i te that conta ined numerous dark­
red, shot l i ke pe l l ets . A few p iso l i t ic  nodu l es ,  a l l  wi th i n  T. 8 S . , R .  3 W . ,  were found i n  
the so i l  at four scattered l ocal i t ies a s  fo l lows: NW! NW! sec . 35 ,  e levation 725 feet; 
SW! NW! sec . 27, e l evation .725 feet; al ong ridge in SEt sec . 1 6  and SW! sec . 15 ,  e l eva­
tion 600 feet; NE! NE! sec . 25 on top of Prospect H ill , e levation 1 1 2 1  feet . These occur­
rences indi cate that a p i so l i t i c  hor i zon in  the l ateri te zone was once present  over a fa i r ly  
l arge area . 

The g i bbs i te nodu l es wide l y  di spersed throughout th� so i l  hori zon (P l ate 6 on opposi te 
page) and in the upper part of the l ater i te .section in the Sb lem H i l l s are of two genera l  
types based on  d i fference i o  texture . These are :  1 • dense porce l aneous (P l ate 7 on  op­
posi te page) , the more common , and 2 .  porous granu l ar (P l ate 8 on oppos i te page) . The 
porce l aneous variety is in various shades of wh ite, g ray, green ,  p ink,  l igh t  ye l lowish-brown, 
or deep purp le  and has a character ist ic waxy surface texture s im i l ar in  appearance to desert 
varn i sh . They are fa i r ly  hard and have a dense to vuggy texture . The porous granu l ar type 
is med ium to dark reddish brown and contains numerous residual grai ns of magneti te that are 
v is ib le  under the hand l ens . Both var ieties range in s i ze from about ha l f  an inch to more 
than 30 inches (P I  ate 9 on oppos i te page) . The I igh ter co lored porcel .aneous var iety usua l l y  
has somewhat h igher a l um i na and l ower i ron .than the brown ish granu l ar type . The fo l lowing 
chem ica l  anal yses of the two types , represented by three samp les each, i l l ustrate th is di f-
���: 

. 

Dense Porce l aneous 

Al 2o3 S i02 Fe2o3 

59 . 45 %  3 . 94% 4 . 29 %  
57 . 9 1  4 . 02 6 . 03 
59 . 55 3 . 24 3 . 72 

Average 58 . 97,% 3 . 79 %  4 . 68 %  

Porous G ranul ar 

Al 2o3 S i02 Fe203 

53 . 35 %  1 . 55 % 1 4 . 1 5 %  
50 . 64 2 . 23 1 9 AO 
50 . 23 4 . 82 1 5 . 77 

Average 5 1 . 41 % 2 . 87% 1 6 . 44% 



0 

Plate 6 - View of gibbsite nodules on 
surface near Hole 1 ,  Salem H i l l s .  

S c a l e  m i n c h e s  

2 

Plate 8 - Section of porous granular variety 
of gibbsite nodule from the Salem H i l l s .  
Color varies from yellowish brown to reddish 
brown . Minute black specks are grains of 
magnetite and ilmenite (?) . 

Plate 7 - Section of typical porcelaneous 
variety of gibbsite nodule from the Salem 
H i l l s .  Shaded portions are yellowish brown 
to pinkish . Lighter colored areas are cream 
to I ight gray. Actual size. 

Plate 9 - Large gibbsite nodules at inter­
section of Reese H i l l  Road and Rainbow 
Drive near Hole 23. 
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lowry ( 1 945) stud i ed th i n  sections of both the dense porce l aneous and porous granul ar 
var iet ies under the m icroscope and reported: 

Dense Porce l aneous 

"A th i n  section of a pink, more dense nodu l e  from loca l i ty 88 is  made 
up of a cha l cedon i c l ike aggregate of g i bbs i te with numerous residua l gra ins 
of magneti te some of wh ich  reta in  part or a l l  of the i r  crysta l outl i nes . On ly  
in  one p l ace does the section show a suggest ion of  the orig ina l  texture . 
Probabl y  much of the i ron in  the nodu l e  is i n  the form of res idual magnet i te 
gra i ns ,  most of wh ich  are l ess than 0 .  2 mm in  di ameter 1 the maximum s i ze .  
G ibbs i te forms ve in l ets cutt ing through the aggregates and a l so fi l l s or l ines 
some of the cav i ties . Very sma l l gra ins wh ich may be res idua l apat i te are 
a l so present . "  (P l ate 1 0  on oppos i te page . )  

Porous G ranu l ar 

"A  g i bbs i t i c  nodu le  from local i ty 8 1  shows wh i te l ath-shaped crystal s  
and residual grai ns of magnet ite . Exam ination o f  th is  specimen in  th i n  sec­
tion under the m i croscope revea l s  that much of the orig ina l  texture of the 
parent basa l t i s  preserved . • • • The or ig ina l  basa l t  had an interserta l 
texture and wc1s made up of ske l eton crysta l s  of magneti te and l aths of p l ag­
iocl ase i n  a part ia l l y  crystal l i zed g l assy groundmass . The orig ina l  l aths of 
p l ag iocl ase were � 1 mm long and are now fi l l ed wi th aggregates of g i bbs i te . 
Many of the ske l eton crysta l s  of magnet i te are cut through be vei n l ets of 
g i bbs i te . G i bbs i te forms other vei n l ets wh ich  cut the orig ina l  texture and 
a l so l ines some of the cavi t ies . As pore space makes up less than 25 percent 
of the section , the preservation of the orig i na l  texture i s  not a l one the resu l t  
o f  a l teration i n  p l ace but i s  i n  part due to rep l acement by i ntroduced g i bbsi te . "  
(P l ates 1 1  and 1 2  on oppos i te page) . 

A th i n  zone of a lmost pure g i bbs i te approximatel y  3 to 4 feet th i ck occurs just  beneath 
the s i l ty c l ay overburden in the northern portion of the bauxite area . The maximum th i ckness 
of th i s  zone was encountered in Ho le  23 as previous ly  mentioned, and th inner zones are a l so 
present in  Ho l es 22 and 26 . Under the hand l ens the g i bbs i t i c  mater ia l  i n  these ho les appeared 
to be of the dense porce l aneous var iety . 

So far as i s  known, there is on ly one other l ocal i ty in  the Sal em H i l l s area where h igh­
grade g i bbs i te i s  found i n  p l ace . Th is  l oca l i ty is on top of a sma l l con ica l  h i l l i n  SE! NW! 
sec . 6, T .  9 S . ,  R .  2 W . , e l evation 500 feet (S tayton quadrang l e) . The g i bbs i te appears 
to be ent i re l y  the dense porce l aneous var iety, and is probab ly severa l feet th i ck .  Th i s  sma l l 
knob l ies on the east edge of the Sa lem H i l l s and i s  surrounded on three sides by h igher h i l l s ,  
a l l of  wh i ch are capped by weathered basa l t .  The nearest section of  baux i te to th i s  con ica l  
h i l l i s  that i n  Ho le  1 3 approximate l y  1 m i l e  to the southeast (e l evation 625 feet) . Ho l e  4, 
approx imate l y  H m i l es due east (e l evation 828 feet) , conta ins some baux i t i c  c l ay . 

Another interest i ng aspect of th i s  con ica l  knob depos i t  is the banded character of some 
of the g i bbs i te (P l ate 1 3 on oppos i te page) . The rock appears to be concretionary in or ig in  
and is typ ica l l y  composed of  a l ternati ng l ayers of l ight brown to p ink i sh g i bbs i te 2 to  4 mm 



Plate 1 1  - Photomicrograph of porous granular 
variety of gibbsite nodule from the Salem H i l l s .  
The original texture of parent basal t  has been 
preserved, the plagioclase being replaced by 
gibbsite . Plain light. Approx. x 55. 

Plate 10 - Photomicrograph, porcelaneous variety 
of gi bbsite nodule from the Salem H i l l s .  None of 
the original texture has been preserved . Plain 
I ight. Approx. x 80. Courtesy of V .  T .  Allen . 

Plate 1 2 - Photomicrograph of Salem Hil ls  lava. 
Note the textural similarity to the photomicro­
graph of porous granular gibbsite nodule shown 
in Plate 1 1 .  Plain light. Approx. x 85. 
Courtesy of M .  J . Mundorff. 

Plate 13 - Section of banded variety of gibbsite 
nodule from conical hi II in SEa sec. 6, T .  9 S . ,  
R .  2 W .  
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th ick separated by darker brown bands 1 to 2 mm th i ck .  The darker layers may owe their 
colorat ion to a somewhat h igher iron content . The exact orig in  of the bandi ng is unknown , 
but the writers believe that it may poss i bly be due to cyclic changes in the cl i mate during 
formation that regularly caused more ferrugi nous materi al to be deposited . 

On a tonnage basis,  the deposit in the con ical h i ll is of minor i mportance , but its 
presence may be an indicat ion of other zones of h igh-grade bauxi te that are not exposed 
at the surface . 

Followi ng is a log of Holes 1 7  and 22 together w ith analyses of samples to show char­
acteristics of typical laterite sect ions . Hole 1 7  shows a sect ion of the bauxite and underlying 
clay zone . Hole 22 encountered one of the th i ckest sect ions of ore in the Salem Hills area . 

Sample 
width 

0 ' - 2 '  

2 '  - 4' 30 . 52 %  

4 '  - 6 '  32 . 64 

6' - 8 '  33 . 72 

8 '  - 1 0 ' 36 . 45 

1 0 ' - 12 '  34 . 64 

1 2 ' - 1 4' 29 . 1 1  

Table 3 .  

Hole 1 7  

N o t  s a m p l e d  

1 6 . 96 %  26 . 9 %  

8 . 44 33 . 0  

4. 42 35 . 2  

5 . 40 3 1 . 8  

1 3 . 44 32 . 4  

1 5 . 02 32. 9 

5 . 64 %  

6 . 93 

7 . 39 

7 . 44 

6 . 80 

6 . 39 

L . O . I .  Descri ption 

Soil hor i zon contains 
many nodules of gi bb­
s ite . 

1 9 . 98 %  Yellow-brown, earthy, 
gr itty , firm, dry , num­
erous frogs . g i bbsite,  
porce I an eo us . 

1 8 . 99 Yellow-brown , earthy 1 

gritty, f i rm ,  dry . 

19 . 27 Yellow-brown to I ight 
red, earthy,  gritty, 
f irm, dry . 

1 8 . 9 1 Yellow-brown to light 
red, earthy, gritty, 
f irm, dry . 

1 2 . 72 Tan to I ight red, earthy, 
sl ightly clayey, gritty, 
firm, damp . 

1 6 . 58 Tan to light red, white, 
yellow, red, b l ack spots, 
earthy,  clayey, gritty, 
firm, damp . 
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Table  3 {cont . )  
Sample 
width AI203 S i02 Fe203 Ti02 L . O . I .  Description 

1 4' - 16'  33 .44% 2 1 . 92 % 28 . 3 %  5 . 82% ' 1 0 .52 %  Tan to b lue-bl ack, yel -
low, b l ack, b l ue spots, 
c'l ayey, s l ight ly gri tty, 
l ess firm , damp .  

16 '  - 1 8' 34 . 60 27. 96 23 . 8  5 . 00  8 . 64 Brown to b l ue-bl ack , 
ye l l ow, b l ack, bl ue 
spots , c l ayey 1 sl ight ly 
gr itty, damp . 

18 ' - 20 ' 28 . 16  28 . 04 25 .4  5 . 33 1 3 . 07 Brown to b lue-bl ack, 
ye l low, bl ack, bl ue 
spots , c l ayey, sl ightl y 
gritty , damp . 

Hol e  22 

o• - 2' N o t  s a m p l e d So i l  hor izon - g i bb-
s i te .  nodu les sparse 

2 ' - 4' 36 . 24 1 3 . 39 1 6 . 3  3 . 38 30 . 69 Brown ish red, hard, 
earthy, gri tty 1 dry, 
numerous frogs . g i bb-
s i te ,  porce l aneous . 

4 '  - 6 '  52 . 32 8 . 32 1 3 . 0  3 . 06  23 . 30 Same as above on ly  
harder and more frogs . 
g i bbs i te ,  porce laneous, 
gr i tty, dry . 

6' - 8 '  29 . 68 1 0 . 96 35 . 9  9 . 90 1 3 . 56 G rayish brown to reddish 
brown,  fewer frogs . g i b-
s i te', porce l aneous, · 

earthy 1 gri tty 1 dry . 

8' - 1 0 ' 45 . 72 3 .42 26 .8  7 . 83 1 6 . 23 Tan colored, more g i b-
s i te frogs . ,  granu lar ,  
gr i tty, dry .� 

1 0' - 1 2' 36 . 80 2 . 1 8  3 1 .0  7 .40 22 . 62 Same, but l ess gri tty 1 

damp . 

1 2' - 1 4' 35 . 80 5 . 38 36 . 3 6 . 80 I 1 5 . 72 ,  Redd ish brown , gri tty, 
earthy 1 damp, sl ightl y 
c l ayey . 
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Tabl e  3 (con t . )  

Sampl e  
width Al 2o3 S i02 Fe203 T i02 L . O . I .  Descri ption 

1 4' - 1 6' 33 . 92 %  7 . 00 %  37 . 2 %  6 . 85 %  1 5 . 03 % Redd ish brown , gr i tty , 
earthy, damp, s l ight ly 
c l ayey . 

1 6 '  - 1 8 ' 28 . 94 4 . 70 37 . 1 7 . 70 22 . 80 Same as above . 

1 8 '  - 20' 35 . 60 4 . 96 36 . 7  5 . 95 1 6 . 79  Same as above • 

20 ' - 22 ' 35 . 1 6 2 . 98 37 . 8  7 . 84 1 6 . 22 Same as above . 

22'  - 24' 33 . 32 2 . 72 35 . 5  6 . 56 2 1 . 90 Same as above • 

24' - 25 ' 32 . 1 6  2 .40 41 . 4  7 . 20 1 6 . 84 Tcm '  colored, l ess 
g r i tty , more c l ayey, 
qu i te damp . 

The reason for the rather marked vari ation in  s i l i ca content from one 2-foot i n terval 
to the next i n  some of the ho l es i s  not compl ete l y  understood (see F igure 3 on opposi te page) . 
Th i s  prob lem was a l so encounte red in  the Col umbia-Wash ington counties depos i ts and was 
d i scussed i n some deta i l by L i bbey, Lowry, and Mason ( 1 945) and A l l en ( 1948) . The con­
sensus was that the variations may be caused by one or more of the fo l l ow ing: ( 1) D ifffer­
entiation of some of the basal t i c  l ava flows caus ing notabl e var i ations in the orig ina l  s i l i ca 
of certa in  hori zons; (2) mechan ica l  rearrangement of detri tal fragments; (3) a l terat ion of 
the g l assy groundmass and ves i c l es provided zones of increased permeabi l i ty and suscept ibi l i ty 
to a l teration; and (4) the var iab le  effect of ground-water l eve l and i ts seasona l fl uctuations . 

Other occurrences of bauxi te in the Sal em area 

Some f ie l d  reconnaiss-ance was carr ied on in  the areas ad jacent to the Sa lem H i l l s  i n  
the search for other bauxi te depos i ts . The l i ke l iest area appeared to be i n  the Eo l a  H i l l s 
( P l ate 1 ,  i n  pocket) because they are a northward extension of the Sal em H i l l s .  However , 
topograph i c  h ighs are capped by fa i r ly  l arge b locks of fresh and weathered basa l t and any 
l ateri te hori zons that may once have existed are now probab ly  stripped . The l ower e l evations 
of the Eo l a  H i l l s ,  compr i s ing a l arge part of the northern th i rd of the Sa l em quadrang l e ,  con­
tai ns some g i bbs i te float on the surface and scattered through the so i l  hor i zon (L i bbey, Lowry, 
and Mason,  1 945) . The g ibbs i te nodu l es ,  un l ike those found i n  the ad jacent Sal em H i l l s  are 
typ i ca l l y  the porous granu l ar variety . I nspection of some fresh l y  dug ce l l ars in the Chapman 
H i l l  area (sec . 1 7, T .  7 S . ,  R .  3 W. )  shows that the float i n  the so i l  l ies d i rect ly on p i nk ish 
weathered basa l t  wi th l i tt le  or no interven ing l ater i t i c  hor izon . Because of negative ev idence 
in  basement excavat ions and road cuts ,  as wel l  as at Local i ty 77 ( L ibbey,  Lowry, and Mason,  
1 945), no test ho l es were dri l l ed . However, th i s  does not compl e.te l y  ru l e  out the poss i bi l i ty 
of bauxi te depos i ts i n  the area . The low, fl at r idges i n  the ·southeastern portion of the Eo l a  
H i  l i s may be worth further i nvest igat ion . 
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The west-d ipping l avas of the Wal do H i l l s  i n  the adjacent Stayton quadrang le  form the 
east l imb of the 11W i l l amette Sync l ine11 (Thayer , 1 939) , wh i ch has i ts west l imb  the l avas of 
the Sa l em H i l l s .  G ibbsi te nodu l es have been noted in  the so i l a long the ridge area i n  sees . 9, 
1 0, and 15, T. 8 S . ,  R .  2 W . ,  but nearby road cuts on State H i ghway 222 show the under­
ly ing rock to be sphero idal l y  weathered basa l t .  As g i bbs i te nodu l es i n  so i l  have not been a 
sure i ndi cation of an under ly ing bauxi te hor izon i n  northwestern Oregon , there is as yet no 
pos i t ive ev idence of baux i te depos i ts i n  the Wa ldo H i l l s .  

E conom ics 

G enera l 

Al um inum ranks today among the primary nonferrous meta l s  produced i n  the Uni ted 
States . W i th i n  the past 20 years the uses of  a l um inum have mu l t ip l ied and the tremendous 
expansion of primary a l um inum capaci ty in th i s  country brought about by Wor l d  War I I  and 
the Korean War, i l l ustrates the great strateg i c  need for th i s  l ight  metal. The increased 
demand of the a i rcraft industry and the r is ing use of a l um inum for such nonm i l i tary purposes 
as fabr i cation of ra i l road cars, automobi l es ,  and in the construct ion i ndustry assure th i s  
metal an  un l im i ted market future . 

-

A l though a l um inum is the th i rd most abundant e l ement in the earth ' s  crust, fo l lowing 
oxygen and s i l i con , i t  is common ly  combined wi th them i n  nature to form a .fi rm l y  kn i t  
s i l icate . Compared w i th bauxi te , wh i ch  i s  essent ia l l y  a compound made up of  a l um inum 
oxides and water,  the s i l i cates are much more expensive to treat for production of a l um inum 
oxide . Therefore at present bauxite is the on l y  ore used for l arge-sca l e  a l um inum production . 

Of  the total bauxi te m i ned i n  the Un i ted States, 85 to 90 percen t i s  used for the pro­
duction of a l um i na (al um inum oxide) of wh i ch more than 90 percent i s  eventua l l y r�duced 
to metal l ic a l um inum . The remainder of the bauxi te is used for arti f ic ia l  abras ives, chem i ca l s ,  
refractories, cements, and in  the steel  and petro l eum industri es . According to Kurtz and 
B l ue ( 1 955) , most of the nonmetal l urg i ca l  uses of bauxi te are expanding; however, the 
scarc i ty of h igh-qual i ty domest ic  ore threatens to retard the future growth of these app l i cations . 

Un i ted States production of bauxi te began in Georg i a  in  1 882 . Soon after th i s  the 
re l at ive l y  l arge deposi ts in  Arkansas began to be mined , and s ince 1 9 1 4  more than 85 perce�t 
of the domest ic  production of bauxi te has come from Arkansas . I n  the ear l y  twent ies , the 
Un i ted States was a net exporter of bauxi te ,  but beg inn ing in the l atter  part of that decade, 
a l um inum ore from the l arge deposi ts i n  Sur inam (Dutch G u iana) began to be imported i nto 
th i s  country in ever- increas ing amounts . S ince 1 947 the Un i ted States has consistent ly  im­
ported more bauxi te than i t  has  produced domesti cal l y  and the  d iscrepancy between domest ic  
production and fore ign imports i s  i ncreasing (see F igure 4 on opposi te page) . Tabl e  4 (on 
oppos i te page) indi cates the degree to wh ich the Un i ted States has re l ied on foreign sources 
of bauxi te s i nce 1 940 (Kurtz and B l ue ,  1 955) . Accord ing to the U . S .  Bureau of Mines, i f  
the fore ign imports were cu t  off owi ng to a wartime emergency, much , i f  not at  a l l ,  of the 
h igher grade domesti c a lum inum ore woul d  be exhausted with i n  5 years and lower grade 
deposi ts in th i s  country wou l d  have to be uti l i zed to meet the demand . The danger of re l yi ng 
on fore ign sources of baux ite (as wel l  as other strateg i c  ores) was brough t  home to the Uni ted 
States ear l y  in World War I I  when German submarines sank a l arge proportion of boats loaded 
wi th Surinam baux i te .  
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Table  4 .  

United States Sel f-Sufficiency i n  Bauxi te for Sel ected Years 

( Thousand Long Tons) 

Imports (crude and dried, 
long tons as imported) 

South 
Jamaica America Tota l 

--- 6 1 6  630 

- -- 1 , 548 1 , 548 

--- 85 1 852 

- -- 2, 1 1 3 2,688 

265 3, 2 1 4  3 ,498 

1 , 1 76 3, 202 4, 389 

U .  S. p r o d u c t i o n  
I m p o r t s  
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Fore ign production may present ser ious probl ems to Uni ted States • producers i n  some 
countries . There is l i tt l e doubt that fore ign l ands wi l l  be increas ing l y  re l uctant to have 
the i r  m inera l  raw materi a l s  exported because of a growi ng worl d-wide appreci ation of the i r  
essent ia l  and nonrenewable nature . Encouragement i s  usua l l y  g iven to establ ish a p l ant  
and go into production , but, once establ ished , the operation i s  then subject to po l i t i ca l  
forces, and these usua l ly mean h igher taxes, h igher wages , and genera l l y  h igher operating 
costs . A l so in a war emergency such fore ign production i s  especia l l y  vu lnerab le  to sabotage 
and l abor unrest . 

Al um inum production 

Al um inum meta l  i s  produced i n  two steps requ i r ing two d i st i nct operations . F i rst, 
bauxi te ore wh i ch in  nature i s  an impure hydrated oxide of a l um inum is treated by the 
Bayer process to produce pure a l um inum oxide or a l um ina as i t  i s  ca l l ed ,  The second step 
i s  the reduction of the a l um inum oxide to a l um inum meta l . Al um ina is  fed to a cryo l i te 
(Na3AIF{,) bath in " pots" where i t  is reduced to a l um inum meta l  by e l ectro l ys i s  us ing carbon 
e l ectrodes . The a l um inum metal is f i rst tapped in to mo l ds to form " p igs" and these may be 
refi ned to form " ingots . "  As a consequence a l um inum reduction p l ants are located near 
cheap and re l i ab le sources of e lectr ic  power, and avai l abi l i ty of hydroe lectri c  power was 
the prime consideration in se l ect ing the Co l umbia  River area for Northwest a l um i num p l an ts .  

Al l Bayer p l ants ore i n  the Midd l e  West or South . Thus a l um ina used i n  Northwest 
reduction p l ants must be sh i pped across the country . As a l um i na contai ns approximate ly  
50  percent a l um inum ,  twice a s  much a l um ina by weight must be transported a s  can be 
reduced to meta l . 

The importance of the a l um i num i ndustry to the economy of the Northwest and to 
nationa l defense cannot be overestimated . Beg i nn i ng with the s ing l e  p l ant bu i l t  by Al coa 
i n  1 940, the industry now (January 1 956) has seven pl ants .turning out primary meta l  wi th 
a tota l p l ant capaci ty of about 62 1, 000 tons . In addi tion , two of the p l ants have !I!Xtensive 
fabricati ng faci l i t ies . The Northwest p l ant capaci ty has outstripped hydroe l ectri c deve lop­
ments on the Col umbia  R iver system so that in  p l ann i ng for increased domest ic  production 
of meta l in recent years ,  other cheap power areas, notab ly Texas, have ga ined new p l ants 
at the expense of the Northwest . 

· 

Tota l  production of primary a l um i num in  the Un i ted States dur i ng 1 955 amounted to 
1 , 565, 000 short tons accord ing to the U. S .  Bureau of Mines . Th i s  a 7-percent increase 
over 1 954 . Net imports(L ipkowitz, 1 956) were 1 97, 000 short tons mak ing tota l a l um inum 
supp ly  of 1 , 763, 000 short tons . Apparent domesti c  cons�ption was approx imate l y  1 , 700, 000 
short tons . Domest i c  production of bauxi te was 1 , 8 1 8, 000 long tons (2,036, 1 60 short tons) 
96 percent of wh ich came from Arkansas . Imports for the year were 5 , 228, 000 l ong tons 
{5, 855, 000 short tons) of which 2, 528, 000 long tons came from Jamaica and 2, 463, 000 l ong 
tons came from Surinam . 

Tab l e  5 on opposi te page l ists the Northwest a l um inum p l ants and g ives some of 
the i r  character isti cs . 



N ome of 
Company 

Al coa 

A lcoa 

Reynol ds 
Meta l s  Co . 

Reynolds 
Meta l s  Co . 

Kaiser 
Al uminum & ·  

Chemi<:a l  Corp . 

Kaiser 
Al um inum & 
Chem ical  Corp . 

Anaconda 
A l umini.IRl Co . 
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Table 5 .  

Characteristi cs of Northwest Al uminum P lants 

Loca tion 

Vancouver, 
Wash ington 

Wenatchee -

Rock I s l and 

Longv iew, 
Wash ington 

Troutdal e ,  
O regon 

Spokane 
(Mead and 

Trentwood) · 

Tacoma, 
Wash ington 

Col umbia  Fal l s ,  
Montana 

Year 
Reduction 

P l ant 
Bui l t . 

1 940 

Primary 
Meta l  

Annual 
Capaci ty . 

Tons 

97., 500 

1 952 108, 500 

1 941 54, 000 

1 942 86, 500 

1 942 1 76, 000 

1 942 ' 38, 500 

1955 60, 000 

Remarks 

Extrusions - rod, bar, wi re . 

Designed and bu i l t  by Al co.a 
for g-overnment as a war 
measure al)d subsequent ly  
sol d  to Reyno l ds . 

Ro.l l ing mill for sheet, pl ate , 
str ip and screen products de­
signed and bu i l t  by Al coa 
for the government in Wor ld  
War II and subseq1Jent ly 
purchased by Ka iser . 

Bui l t  by government i n  Wor ld  
.War I I , operoted by O l in I n­
dustries and c:ifter the war 
sold to Kaiser . 

Power from Hungry Horse Dam . 

Total p lant capaci ty, 62 ) .., 000 ton$ annuc;�lly . 
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Oregon-Wash ington bauxi te 

The a l um i num i ndustry in the Northwest is growing in to an integrated system . More 
than 2 65, 000 tons of the pr imary a l um inum turned out is fabri cated loca l l y .  The m i ss ing 
l i nk  at the bottom of the system i s  l ack of a l um ina manufactur ing fac i l i t i es . Al coa has ex­
p lored substan t ia l  reserves of ferrug i nous bauxi te in Col umb ia  and Wash ington counties of 
northwestern Oregon and in  Cowl i tz County of southwestern Wash ington . S im i l ar materia l , 
as descri bed i n  th i s  bu l l et i n ,  has been investigated i n  Marion County ,  Oregon,  by other . 
groups . 

Even though th i s  h igh- iron bauxi te is l ower grade i n  a l um ina than that  treated in  
Bayer p l ants e l sewhere , the proxim i ty of  the depos i ts to establ i shed reduction p l ants, wh i ch 

I 
wou l d  mean a l arge sav ing in tronsportation costs on a l um iha, p l aces the lower grade mater ia l  
i n  a more favorable l ight . Also the i ron and poss ib ly  t i tan i um in the ore are potenti a l  by­
products . 

Extensive meta l l urg i cal test i ng has been done on Oregon bauxi te by A lcoa, and 
reported ly  the ore is amenable to treatment by the Bayer  process or a mod ified Bayer process . 
At one t ime i t  was stated i n  the press that the company wou l d  use the Pedersen process to 
treat Oregon ore . I n  th i s  proe�us , wh i ch hal> been used i n  Norway, the ore is sme l ted wi th 
carbon and l imestone to produc� p ig � i ron or a ferroa l l oy and ca lc i um�a l um inate s l ag w� i ch 
cou l d  be further treated to produce a l um ina . I t  was l ater stated that the Bayer process 
rather than the Pedersen was preferred . 

· 

L i bbey , Lowry , and Mason ( 1 945, p .  86) made an estimate to compare cost of pro­
ducing a l um ina at establ i shed Bayer p l ants wi th a hypothet ica l  p l ant us i ng Oregon ore . 
The estimate us i ng certa in  assumptions showed the cost of produc ing a l um i na at a lower . .  
Co l umbia River p l ant wou l d  compare favorabl y with the cost at p l ants wh i ch then were 
sh i pp ing a l um ina to the Northwest . A l though under 1 955 cond i t ions some f igures wou ld  
need to be changed , i t  appears that because o f  increased fre ight  rates and a h igher. probab le  
pri ce for by-product  i ron or ferrot i tan i um ,  a s im i l ar compar i son now wou l d  be more1 favor­
able to O regon ore and a Bayer p l an t  i n  the Northwest . Dur i ng the 10 years s i nce the 
report was written ,  the production of pr imary meta l in the Nor thwest has about doub led 
and the amount of a l um i no now requ i red is more than a m i l l ion tons annua l l y . 

Sa l em bauxi te poss ib i l i t ies 

· Tab l e  6 {on opposi te page) g ives the resu l ts of dri l l -ho l e  sampl ing in the Sa l em H i l l s  
a nd  shows that character i s t ics o.f the Sa lem H i l l s baux i te are ana l ogous to those in  Washington 
and Co l umb ia  coun ties in qual i ty and th i ckness of ore . Overburden in  the So l em H i l l s ,  how­
ever, i s  considerab ly l ess . The o8 1 i t ic  section common in  Wash i ngton and Co l umbia coun ties 
appears to be l ack i ng in  the Salem H i l l s and,  has been ment ioned , g i bbs i t i c  nodules ore 
common in the So l em H i l l s  whereas they are sparse ly  di str i buted in the l ater i te areas farther 
north . 

An ind ication of tonnoge poss i bi l i t ies may be obta ined by us ing the tota l of potenti a l  
ore areas (about 1 200 acres) a s  shown on the l ocal i ty map (P l ate 1 , i n  pocket) , and obta i n i ng 
vo l ume by comb in ing th i s  acreage wi th the average th ickness (see ' Tab le  6) . The vo l ume-



Depth 
Hole Feet 

I 20 

2 o40 

3 1 0  

4 20 

5 1 1 . 7 

6 1 4  

7 20 

8 1 0  

9 3 

1 0  1 2  

I I  2 1  

1 2  20 

1 3  20 

1 4  20 

1 5  85 

1 6  24 

1 7  20 

1 8  20 

1 9  2 0  

20 20 . 5  

2 1  20 

22 25 

23 32 

24 25 

25 35 

26 20 

27 20 

Weighted Average 

Over-
burden 
Feet 

2 

2 

---

---

2 

---

2 

2 

---

---

2 

---

8 

2 

2 

2 

2 

4 

8 

8 

4 

4 

4 

1 2 . 5  

1 2 . 5  

6 I 
I 

2 i 
4.4 

T a b l e  6 - A v e r a g e  A n a l y s e s  o f  D r i l l  H o l e  S a m p l e s  i n  O r e  S e c t i o n  o f  S a l e m H i l l s A r e a  - .  -· . 

Ore Ore 
Interval *  Thickness Al�3 Si02* 

Feet Feet Percent Percent 

2 - 20 1 8  35 . 5 1  8 . 75 

2 - 1 4 . 5  1 2 . 5  38 . 83 6 . 92 

none --- --- ---

none --- --- ---

2 - 1 0 8 35 . 74 9 . 37 

none --- --- ---

2 - 1 8  1 6  34 . 09 8 . 1 3  

2 - 8  6 3 1 . 0 1  1 0 . 63 

none --- --- ---

none --- --- ---

2 - 2 1 1 9  36 . 47 5 . 28 

none --- --- ---

8 - 20 1 2  35 . 87 6 . 23 

2 - 8  6 32 . 3 1  6 . 48 

2 - 24 22 37 . 85 4 . 28 

2 - 22 20 37 . 37 4. 1 4  

2 - 1 2  1 0  33 . 59 7 . 92 

4 - 1 8  1 4  32 . 84 5 . 85 

8 - 1 4  .. 6 33 . 85 7 . 5 1  

8 - 2 1 1 3 .  3 1 . 20 7 . 46 

4 - 1 8  1 4  38 . 02 1 1 . 60 

4 - 25 2 1  36 . 84 5 . 1 2 

4 - 32 28 35 . 90 6 . 03 

1 2 . 5-25 1 2 . 5  29 . 62 1 1 . 04 

1 2 . 5-25 1 2 . 5  32. 1 0  8 . 1 4 

6 - 20 1 4 . 0  34 . 96 4 . 1 4  

2 - 20 1 8 . 0  :ll . 25 5 . 46 

1 4 . 4  35 . 0  6 . 7  

- · -

Fe�3 
Percent 

30 . 9  

29 . 1  

---

---

29 . 2  

-- -

3 1 . 2  

32 . 7  

---

---

32 . 3  

---

29 . 3  

36 . 9  

30 . 9  

32 . 4  

33 . 1  

32 . 7  

32 . 0  

33 . 2  

22 . 3  

32 . 8  

33 . 8  

32 . 2  

30 . 0  

30 . 8  

33 . 3  

3 1 . 5  

Ti02 
Percent 

6 . 20 

3 . 1 7  

- --

---

6 . 2 1  

-- -

6 . 76 

6 . 9 1  

---

---

6 . 1 3  

---

6 . 99 

6 . 00 

6 . 94 

7 . 1 4  

7 . 00  

6 . 58 

6 . 00 

6 . 80 

5 . 34 

6 . 84 

7 . 20 

6 . 63 

6 . 65 

6 . 85 

6 . 69 

6 . 5  

Loss on 
Ign i tion 
Percent Remarks 

1 8 . 64 At bottom Si02 = 7 . 66% 

1 9 . 50 At 2 1 '  Si02 = 23 . 68%; at 1 4 . 5 '  Si02 = 4 . 9%  

--- Average Si02 = 2 1 . 3 1% 

--- Average Si02 = 1 7 . 1 4%  

1 9 . 48 At bottom Si02 = 20 . 08%; at 10 '  Si02 = 1 4 . 22% 

--- Average Si02 = 25 . 4 1 %  

1 9 . 82 At bottom Si02 = 1 7  . 04%; at 1 8 '  Si02 = 5 . 8%  

1 8 . 75 At bottom Si02 = 20 . 8%; at 8' Si02 = 1 0 . 5% 

--- In weathered basal t  below overburden 

--- Average SiQ_z = 23 . 94% 

1 9 . 82 At bottom Si02 = 7. 48% 

--- Average Si02 = 26 . 02% 

2 1 . 6 1  A t  bottom Si02 = 5 .  96% 

1 8 . 3 1  A t  bottom Si02 = 22 . 28%; a t  8 '  Si02 = 1 0 . 50% 

20 . 02 
At 24' Si02 = 9 . 02% 
At 85' Al 2 03 = 28 . 9%; Si02 = 25 . 8% ;  Fe203 = 25 . 1%; Ti0 2 = 3 . 3%  

1 8 . 95 At bottom Si02 = 1 3 . 74%; at 22' Si02 = 1 0 . -40%  

1 7 . 62 At bottom Si0 2 = 28 . 04%; at 1 2' Si02 = 1 3 . 44% 

22 . 03 At bottom Si02 = 20 . 32%; at 1 8 '  Si02 = 1 1 . 28% 

20 . 64 At bottom Si02 = 21 . . 06%; at 1 4' SiO? = 7 . 68% 

2 1 . 34 At bottom Si02 = 8 . 68% 

22 . 74 At bottom Si02 = 1 2 . 24%; at 1 8' Si02 = 9 . 1 6%  

1 8 . -40 At bottom Si02 = 2 . -40%  

1 6 . 80 At bottom Si02 = 5 . 86% 

20 . 08 At bottom Si02 = 1 2 . 82%; 1 2 . 5 ' - 1 7 . 5 '  S i02 = 8 .58% 

22 . 94 At bottom Si02 = 1 6 . 9%; 25 ' Si02 = 7 . 92% 

25 . 60 At bottom Si02 = 2 . 44% .  Water encountered at 9';  increased to 
bottom; prevented further drilling . 

23 . 28 At bottom Si02 = 1 0 . 0%  

20 . 2  
'Since there i s  no sharp demarcation between the bauxite and the underlying clay zone, the writers have arbitrari l y  determined the ore thickness by 
using a cutoff point of 1 0  percent s i l i ca except in Holes 8 (cutoff of 1 0 . 63 percent) , 2 1  (cutoff of 1 1 . 60 percen�, and 24 (cutoff of 1 1 . 04 percent) . 
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we ight  factor was determ i ned for ore i n  p l ace i n  Wash ington County to be 17 cubic feet per 
l ong ton ( L i bbey, Lowry, and Mason,  1945, p .  31) and th is  factor cou l d  be used as a fa i r  
approximation for Sal em H i l l s  ore .  Exact f igures wou l d  not be  dependabl e  by  th i s  method 
in the absence of a much l arger amount of exp loration work . 

The Department d id  not have the fac i l i t ies to determ i ne the quant i ty of h igh-grade 
g i bbs i te nodu l es present in the soi l hor izon and thus obta in  an idea of the i r  quant i tat ive 
importance . It seems l ike l y ,  however,  that  these nodu l es cou l d  be recovered by hand 
sort i ng and coarse screen i ng ,  poss ib ly  combined wi th wash ing,  and wou l d  then consti tute 
a source of " sweetening materia l "  for upgradi ng the bauxi te be l ow . Test ing work to de­
term i ne the quanti ty of g i bbsi te presen t  i n  th� so i l  and the best method for i ts recovery 
wou l d  be necessary before the importance of the nodu les q>u l d  be eva l uated . 

I 
The baux i t i c  l a teri te section. cou l d  be m ined cheap l y  wi th earth-mov ing equ ipment . 

Probably no explosives wou l d  be requ i red .  As mentioned above , the sma l l proportion of 
overburden wou ld  probab l y  need some speci a l  attent ion in order to recover g i bbs i te . I t  
seems I i ke l y  that these nodu l es wou ld  more than pay for hand l ing the overburden . 

Proxim i ty of the baux i te area to Sa l em and the desirabi l i ty of some of the acreage 
for suburban l iv i ng inf l uence the val ue of the surface for rea l estate . Part of the area 
under l a i n  by bauxi te is occup ied by farms . Some of these farms appear to have a sha l l ow,  
rocky so i l  and  probab l y  wou l d  be  more profi tab le  for bauxi te m i n i ng than for crops i f  ore 
is present in econom ic  amounts . P l ans for any m in ing project in  the Sa l em H i l l s area 
shou l d  probab ly  i nc l ude rec l amation of the surface after m i n i ng . · The type of rec l amation 
wou l d  necessar i l y  vary wi th the amount and qua l i ty of so i l  removed as we l l  as depth and 
area l  extent of m ined-out p i ts .  Part ia l  reforestation might  be des ir�bl e .  · · 

Transportat ion 

The Sa l em H i l l s  depos i ts are c l ose to h ighway, ra i l ,  and water transportatior'l · Mai n  
h ighway arteries run south from Sa l em and secondary h ighways crisscross the depos i t  areas . 
The main I ine of the Southern Pac i fi c  Rai l way as we l l  as i ts branch I ines I i es j ust east of 
the deposi ts , and the Oregon E l ectr i c  Rai l way owned by the Spokane, Port l and,  and 
Seatt l e  Ra i l way System runs a long the east bank of the W i l l amette River j ust west of .  the 
Sa l em H i l l s .  Water transportation i s  avai l ab le  on the W i l l amette R iver for sha l low draft 
boats and barges . The d i stan ce by water from Sa l em to the locks at Oregon C i ty is 56 .3 
statute m i l es .  D istance from the l ocks to Ross I s l and Bridge , Port l and , i s  1 2 . 5  statute m i l es 
(see I ndex Map oppos i te page 3) . Depth of channe l between Sa l em and Oregon C i ty i s  
6 feet and  depth of t he  channel from the l ocks to Ross I s l and Br idge i s  8 feet . D imensions 
of the locks at Oregon C i ty are 37 feet wide maximum arid 1 75 feet avai l ab le  in l ength . 
The depth of water at the upper l ock is 6 feet at l ow water . 

Probab l y barge transportation between Sa lem and Portl and on a l arge quanti ty of 
product in regu l ar sh i pments wou l d  be re lat ive l y  cheap . Spec i a l  sha l l ow draft vesse l s  
wou l d  be requi red . A t  the present t ime petro l eum products ( i n  tank barges) , l ogs ( i n  rafts) 1 

and wood pu l p are the pr incipa l  r iver-borne products . 
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Appendix 

Exp loration techniques 

The equ i pment used for obta in i ng the samp les as tested by the Department in ear l i er 
pro jects (Mason , 1 944) combines portabi l i ty wi th ease of hand l ing and is espec ia l ly  con­
ven ient when working in areas not access ib l e by car or truck . 

The fi rst part of the dri l l i ng activ i ty consisted of putting down ho l es i n  those areas 
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of the Sa l em H i l l s  where a ferrug i nous bauxi te hori zon was known to ex ist in order to de­
term ine i ts approximate th i ckness . Hole 1 ,  for example ,  was located next tO the Rosedal e  
Fr iends Church because a di tch there exposed a t  l east 4 feet o f  bauxi t i c l ateri te i n  p l ace . 
Logs of the first ho l es ind icated a fai r ly  th i n  overburden and an under ly ing baux i t i c zone 
usua l l y  l ess than 20 feet th i ck . Most of the rest of the hol es were therefore dri l l ed to depths 
of 20 feet  or l ess except where thermal ana l yses or chem ical  assays showed the base of the 
baux i te section had not been penetrated . Hol es were deepened where a baux i te th i ckness 
g reater than 20 feet  was indi cated but usua l l y  no attempt was made to penetrate farther 
than 25 to 30 feet because of  the d i ffi cu l ty of hand augering at such depths . 

A l l of the ho l es ,  with the exception of those l ater put .down by power auger, were 
dri l l ed wi th a 3-inch " lwan " so i l  auger (see F igure 5, page 38) . The 3-inch dri l l  was 
threaded to standard 3/4- inch ga lvan i zed i ron p ipe . When the bauxite became too hard 
to penetrate wi th the so i l  auger, usua l l y  in the upper few feet of the l ateri te zone ,  the 
mater ia l  was loosened by repl ac ing the dri l l  w i th a 2-inch coa l -auger b i t . The coa l  auger 
is a regu l ar hand-twist dri l l  wi th a 3/4-inch p ipe coup l ing we l ded to the shank . Occasion­
a l l y ,  when the l ateri te became too hard even for the coa l  auger, a l ight  forged ch ise l  b i t  
was used as  a churn dri l l  �nd was genera l l y  abl e to break up fa i r ly  so l id materi a l . Regard­
l ess of how the mater ia l  was broken up, the so i l  auger was a lways the samp l ing too l . 

The dri l l  crew cons i sted of a dr i l l er and samp ler . As the ho l e  was deepened add i ­
tional l engths o f  p ipe were added to the dri l l  stem . I n  order to reduce the number o f  
coup l ings in  the dri l l  p ipe ,  6-foot l engths were substi tu ted for the 3-foot p ieces a s  the 
dri l l ing progressed . For depths of much greater than 25 or 30 fee t  a tr ipod approximate ly  
25  feet  h igh wi th a rope block bo l ted to the peak was usua l l y  mounted over the ho l e  to 
he l p  pu l l  out the dri l l  p ipe and to keep i t  from bendi ng over . 

As each auger pod became fi l l ed i t  was brought to the surface and the mater ia l  
deposi ted on a l arge canvas mat . Care was exerci sed when the pod was l ifted out of 
the ho l e  in  order to keep s ide-wa l l scrapi ng at a m i n imum . In genera l ,  the pod was 
f i l l ed and c l eaned five or s ix  times i n  maki ng 1 foot of ho l e  except in hard mater ia l . 
When the required 2-foot interval  of rock had been dri l led out and deposi ted on the mat, 
i t  was quartered twice to reduce the quant i ty,  and the materia l  that remained (approx­
imate ly  5 pounds) was packed in canvas bags for chem ica l  ana lys i s . A smal l samp le  of 
the bottom 2 feet was retai ned for thermal anal ys i s  i n  order to determ ine,  as soon as 
poss ib le ,  if the ho l e  had gone through the g i bbsi te zone . 



38 Ferruginous Bauxi te - Salem H i l l s 

Fir P o l e  

f 
2" Coupl1na 

... " '' ) 
F i g u r e 5 -, D i a g r a m  of A u g e r  D r i l l . 

1 2 3 

1 .  2 "  Co&l Aua•r 
2 .  3" Iw&n Aua•r 
3 ·  2!" Chopplna B l 't  

As dri l l i ng progressed and more chemical analyses were obtained, there was evidence 
that i n  a few of the ho les a low-si l i ca bauxi te hori zon l ay beneath �. section of h igher s i l i ca 
bauxiti c  c lay .  A truck mounted wi th a 6-inch power auger capable of dri l l ing to depths of 
75 to 1 00 feet was loaned by the Oregon State H ighway Department to determine by dri l l i ng 
the possi b le presence of any lower bauxi ti c hori zons . Hol es 24 and 25 were therefore dri l l ed 
to depths of 45 feet and 35 feet, respective l y .  Hole 24 encountered low-si l i ca bauxi ti c ma­
teria l  at 1 2 . 5  to 1 7 .5  feet wi th high-si l i ca bauxi ti c c lay both above and below i t .  Ho le  25 
showed a low-si l i ca baux i te zone from 1 2 . 5  feet to a depth of at l east 25 . 0  feet . A sampl e  
o f  the materi al a t  the bottom o f  the ho l e  (35 , 0  feet} taken from the bi t showed that i t  had 
penetrated moderately  h igh-si l i ca bauxit ic c lay (see " Remarks" in dri l l -ho l e  tabu l ation , 
Tab le 6, opposi te page 34} . 

Ho l e  1 5  was deepened to 85 feet wi th the power auger i n  an attempt to obta in  a com­
plete section of the bauxi ti c l ateri te and the intermediate c lay zone above the parent basa l t .  
Varicolored kao l i n i ti c  c lay of the intermedi ate zone was penetrated by the dri l l  approximate ly  
30 feet be low the surface . At a depth of  85 feet the materi a l  taken from the dri l l  bi t was 
essenti al l y  the same type of c lay { Table 6} and further dri l l i ng was bel i eved to be of no prac­
tical val ue . {Compare wi th c lay in  Ho l e  1 7, 1 8  to 20-foot interval ;  see Table  3 ,  page 27 . )  
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Dur ing the dri l l ing of these three holes (Nos . 1 5, 24, and 25) v i brat ion of 1the stee l 
aga inst the wal l  probab ly caused some of the s ide mater ia l  to work downward and become 
m ixed wi th that taken from the bottom of the ho l e .  Accuracy of the samp les bel ow 25 to 
30 feet was therefore questionab le  because of poss ib le  contam ina tion . No samp les be low 
a depth of 25 feet (except those taken off the dri l l  bi t at the bottom) were subm i tted for 
chemica l  ana lys is  for th is  reason . 

D i fferentia l  thermal  ana l ys i s  

A d i fferenti a l  therma l  anal ys i s  un i t  was bui l t  by the Department several years ago 
wh i le making a study of Oregon c l ays . The un i t  was part icu lar ly  usefu l during the dri l l ing 
phase of the Sa l em H i l l s  bauxi te pro ject,  because of the r� l at ive ease in determ i n ing by . 
th is  method whether or not a samp le  was bauxi t ic . 

The apparatus has a n i cke l mount ing block wh ich contai ns three ho l es,  1/4 inch by 
3/8 inch (see F igure 6 on page 40) . Chrome l -a l umel  thermocoupl es are cemented part way 
up i nto each ho l e . Ho l es A and B are packed with ca lc i ned a l um ina wh ich is therma ll y 
inert up to 1 000° C . ,  and Ho l e  C is packed with the test sampl e .  Furnace temperatures 
are recorded on a Brown portabl e potent iometer  connected to the thermocoup l e  in Ho le  A .  
The temperature d i fference between the thermocoup l e  in  the test samp le  and the inert 
substance is measured by a Leeds and. Northrup m irro r  ga l vanomete r .  E l ectr ic furnace 
heat i s  contro l l ed  by a 700-watt var iab l e vol tage transformer . The furnace-contro l  vari ac 
is per iodi ca l l y  advanced at a rate wh i ch produces a straight l ine increase in  temperature 
of approxima te l y  1 8° to 20° C .  per m inute . 

D i fferenti a l  the rma l  ana l ys i s  i nvo l ves the measurement of heat absorbed or g iven 
off by a substance upon heating . The materia l  is heated at a standard rate , usua l l y  to 
a maximum of 1 000° C . ,  and i ts temperature compared to that of an i nert materi a l  by use 
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of a d ifferent ia l  thermocoup l e . I t  is therefore poss ib le  to determ ine the temperature at 
wh ich thermal  reactions take p l ace in  a mater ia l , and a l so the intensi ty and generp l char­
acter of such reactions . Each of the cl ay and bauxi te m ine ra l s  shows a character ist ic 
endotherm ic  reaction (absorption of heat) due to dehydration and to loss of crysta l s tructure , 
and some may show exotherm ic  reactions {evo l ut ion of heat) due to the formation of new 
phases at e levated temperatures . I nformation obtai ned by d i fferent ia l  thermal  ana l ys is  
usua l l y  i s  presen ted by p l otting the samp le  temperature aga inst the d ifference in  temper­
ature between the samp le  and the inert mater ia l  (see F igure 6,  page 40) . 

G i bbsi te ,  a l um inum trihydrate A I (OH)3, was the on ly  bauxi te m inera l i den t i fi ed 
on the bas i s  of d i fferent ia l  thermal  ana lysis . Th is was l ater confi rmed by X-ray and petro­
graph ic  study . G ibbsi te shows a characteristi cal l y  strong endotherm ic peak at 3 1 0° to . 
330° C . ,  the temperature at which i t  dehydrates (F igure 6, page 40) .  The c l ay m inera l s  
assoc iated wi th the hydrous a l um inum oxides in  bauxi tes genera l l y  are members o f  the 
kao l in  group . Kao l i n i te shows a moderate endotherm ic  reaction at  530° to 560° C .  caused 
by l oss of water and a sharp exotherm ic  peak at about 980° C . ,  probabl y due to the forma­
tion of ei ther or both of the compounds gamr:na Al 203 and mu l l i te 3AI 203 • 2Si02 (G rim , 
1 953) (F igure 6) . Ha l loysi te , a l so present in  the oauxi te ,  d i ffers i n  composi t ion from 
kao l i n i te in that i t  may con ta in  excess (absorbed) water . Ha l l oys i te therefore shows an 
endotherm ic effect between 1 00° and 200° C .  The d i fferent ia l  thermal  curves for ha l ley­
s i te above 200° C .  are essentia l l y  l i ke those for kao l i n i te .  The baux i te sampl es were 
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tested after air dry i ng on l y ,  so that the loss of mo isture at 1 00° C .  probably masked the low­
temperature reaction of the ha l loys i te (F igure 6,  on opposi te page) . 

L imon i te (goeth i te) is a l so known to be pres�nt in  the la ter i te section , but the char­
acteri s t ic  reaction curves for I imon i te were not recorded by the Department's un i t .  Two 
samp les of l imon i te from the bog i ron depos i ts i n  Co l umbia and Wash ington count ies, Oregon , 
were tested and showed on ly  moderate endotherm ic  peaks at 280° to 290° C .  These curves 
are very c lose to the dehydration peak for g i bbs i te ,  and the greater amount and i ntens i ty of 
reaction of the g i bbs i te in the bauxi te sampl es probab ly  masked the l imon i te reaction . X-ray 
and petrograph i c  analyses ind icate that perhaps as much as 1 0  to 1 5  percent of the Fe203 
in  the samp les may be attr ibutab le  to res idual  i lmen i te ,  t i tan i ferous magnet i te ,  and magnet ite, 
a l l of wh i ch are thermal l y  inert . Th is wou l d  m ean that the l imon i te-goeth i te content in  the 
Sa lem H i l l s baux i te probably does not exceed 20 to 25 percent and is too l ow to be recorded 
therma l l y except by more sensi tive instruments . 

Severa l workers (Norton , 1 940; Berke l hamer , 1 944; and Hendr i cks, et a l ,  1 946) have 
i nvestigated various methods for mak ing sem iquant i tat ive m inera l determ inations by d i ffer­
enti a l  therma l  ana l ys is . Resu l ts of the ir studi es showed that there is a d i rect rel ationsh ip 
between the amount and the amp l i tude of the peak for each of the const i tuent m i nera l s . 
I t  was further noted that a l though i ncreas ing the heating rate resu l ted i n  a consequent in­
crease in the amount of defl ection of the curve , the tota l area invo lve.d wou ld  vary by no 
more than 3 to 5 percent . Other factors that m ight affect the curve such as the method of 
packing the samp l e  in the ho l der or the sorting and parti c l e  s i ze of the mater ia l  were found 
to be important on l y  if extreme accuracy was invo l ved . The usucil procedure in mak ing the 
ana l yses i s  therefore based on measurement of the areas wi th in  the react ion curves represent­
ing the d i fferent m i ne ra l s  present  in the sam pl e . 

Sem iquant i tative work on Sal em H i l l s  bauxi te us i ng d i fferent ia l  thermal  ana l ys i s  
methods was done by the Department to gu ide exp loration . Th i s  was a great advantage 
in day-to-day p l ann ing because of the l arge amount of time requ ired to get resu l ts of 
chem ica l  analyses . An out l ine of the techn ique used is g i ven be l ow . 

The Department 's  thermal  anal ys i s  un i t  was ca l ibrated by runn ing a series of g i bbsi te­
kao l i n i te m ixtures of the fo l lowi ng pe rcentages ( see F igure 7, oppos i te page 43) :  

Kao l i n i te G i bbsi te 

1 5 %  85 % 
25 75 
35 65 
45 55 
65 35 
85 1 5  

The g ibbsi te used was from a Sa lem H i l l s nodu le  and had the fo l lowing compos i tion: 
Al 2o3, 60 percent; S i02, 3 percent; and Fe203, 8 percent . The kao l in i te was from a c l ay 
depos i t  near Dry Branch,  G eorg ia ,  (provided by the I l l i no i s  State G eolog i ca l  Survey) , and had 

. the fo l lowing compos i t ion: AI 203, 39 percent; S i02, 45 percent; and Fe203, 0 . 5  percent . 
Both the kao l i n i te and the g i bbs i te were ground to pass a 1 00-mesh screen . The areas under 
the g i bbs i te and kao l i n i te endotherm ic  peaks in  each standard m ixture were ca lcu lated and 
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p lotted (see F igure 7 on opposi te poge) . Simplest and most satisfactory method for determining 
the area of the peak was by counting the squares of the graph paper used in  p lott ing the curves . 
Samples of the Sal em H i l l s bauxi te Were next run and thei r  g i bbs i te-kaol in i te cOntent cal cu­
l ated . The amounts of a l um ina and s i l ica were then cal cu lated from the m ineralogi cal compo­
si tion by using the determ ined chem i ca l  anal yses of the g ibbs i te-kao l in i te m ixtures . For pur­
poses of comparison the fo l lowing tabl es show the resu lts obta ined from a few scinples that 
were tested by th is method . Tab le  7 g ives the minera logical  composi tion of these samples 
based on the ir  d ifferent ia l  thermal curves . Table  8 compares the composi tion of samples as 
ca lculated from d i fferentia l  thermal anal ysis  curves wi th that determined from chemica l  ana lysis . 

Tab le  7 .  

Weight, percent 
Sample No . G ibbsi te Kao l in i te 

1 5346 {Sa lem H i l l s) 37% 29 % 

1 5352 {Sa lem H i l l s) 42 20 

1 7226 {Sa lem H i l l s) 55 9 

1 5354 {Salem H i l l s) 33 25 

1 4846 (Mehama) 1 9  63 

1 4849 (Mehama) 62 1 9  

Tab l e  8 .  

Weight, percent 
Sample No . A l 20.3 Si02 

1 5346 Calcu l ated 33 . 5 %  1 4 . 2% 
Determ ined 33 . 4  1 5 . 3  

1 5352 Cal cu l ated 33 . 0  1 0 . 2  
Determined 37 . 0  9 . 4  

1 7226 Ca lcu l ated 36 . 5  5 . 8  
Determined 33 .3  7 . 5  

1 5354 Ca lcu l ated 29 . 6  1 2 . 3  
Determined . 33 . 2  1 3 . 5  

1 4846 Ca lcu l ated 36 . 0  29 . 0 
Determ ined 38 . 4  30 . 2  

14849 Cal cu l ated 44 . 6  1 0 . 4  
Determ ined 44 . 0  1 2 . 8  

Average devi ation 2 . 3  1 . 4 
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I n genera l , the s i l i ca and a l um ina content i n  most o f  the bauxi te samp les can be 
ca l cu l ated wi th an accuracy of about 1 0  to 1 5  percent of the amount present . The g reatest 
error was found to be in  the a l umina content and was probab ly  due l argel y  to the inh ib i t ing 
effect of l imon i te i n  the materia l  which was not taken in to account in the cal cu l ations . 
I t  was a l so found that the thermocoup l es tended to break clown or deteriorate wi th in  a 
re l ativel y short per iod ( 1 0  to 1 5  hours of actual runn i ng t ime) and woul d  produce errati c  
resu l ts �  These variab le  factors were genera l l y  not g reat enough to affect marked l y  the 
d i fferent ia l  curves , and the cal cu l ated resu l ts were usua l l y  we l l  with i n  ' the a l lowabl e marg in  
o f  e rror for th is type of  work provided the thermocoup l es were rep l aced periodi cal l y . 
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H igh i ron bauxi te ,  averag i ng approximate ly  6 percent T i02, has developed over Miocene 
basa l t i c  l avas in the W i l l amette Val l ey of Oregon . The problem presented was to determ ine 
the major t i tan ium-bearing m i nera l s  present, and hence to understand the i r  orig in .  

Samples subm i tted 

Twenty-one samp les of earthy bauxi t ic  materia l  taken from six dri l l  ho l es in the area 
were subm i tted, fo l lowing an i ntroductory ser ies of three sanpl es inc l udi ng a fresh and ci 
weathered basa l t .  Chem i ca l  anal yses for AI 2031 T i02, S i02, and Fe203, on spl i ts of 
these sanp les were a l so subm itted . Each sample  �as subm i tted as representative of  a two­
foot i nterval i n  the dri l l  ho l e . 

Prev ious work 

A considerabl e  amount of work has been done on the orig in  and occurrence of ti tan i um 
i n  l ater i t ic  so i l s  and bauxi tes . Th i s  has indi cated that the ti tan i um m inera logy varied from 
p lace to p l ace , as m ight be expected from the variation in orig ina l  mater ia l s  and i n  l ater i ­
ti zation condi t ions . The poss ib le  m i nera log i ca l  types are: 1 ,  res idual  m i nera l s  such as 
i lmen i te and rut i l e  from the parent rock; 2, newly formed secondary high t i tan i um m i nera l s  
such a s  sphene and anatase , a s  the f ine-gra ined aggregate loose l y  cal led " l eucoxene" ;  and 
3, d ispersed in col lo ida l  or ion i c  form throughout some norma l l y  nont i tan iferous secondary 
a l um inum or i ron m i neral i n  the bauxi te , such as g i bbs i te or goethite . 

Procedures used 

As a resu l t  of pre l im inary wo rk on the i n troductory series, severa l d i fferent methods 
of study were used . Stra ight petrograph i c  techn iques on powder mounts of the bauxi te and 
various concentrates were used; some magneti c  separations were performed; and a number 
of samples were separated in Thou let ' s  so l ution (dens i ty 3 . 2) ,  wi th centri fuge , to obtai n a 

high dens i ty concentrate . 

The bauxi te was presumed to conta i n  considerab le i l men i te ,  so a number of chem i ca l  
methods were a l so tr ied in  an attempt to concen trate i t ,  quant i tat ive ly ,  for further study . 
As the ma jor m inera l s  present i n  any h igh i ron bauxi te are· g i bbs i te (or other hydrated a l um inum 
oxide m inera l )  and " l imon i te "  (goeth i te ,  etc . ) �  a so l ution procedure was developed to obtai n 
the i l meni te ,  magnet i te ,  ruti l e ,  anatase , brookite ,  and sphene, i f  any were present, as a 
concentrated " inso l ub le  res idue . "  Hydroch lor ic ac id,  i n  a concentration and t ime adequate 
to d i sso l ve the bu l k  of the bauxi te , was considered too drast ic a procedure , i n  that part or 
a l l of the " i nso l ub les "  might di sso lve under such condi tions . Mi l der so lven ts were used to 
remove the bul k  of the bauxi te fi rst: concen trated NaO H  sol ut ion , hot, was used f irst to 
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d i sso l ve the major i ty o f  the a l um inum a s  sodi um a l um i nate, fo l l owed by concentrated hot 
oxa l i c  acid to di sso lve the bu l k  of the l imoni te as ferr ic oxa late,  then a qu i ck wash wi th 
co l d  d i l ute HC I , and l ast l y  a m i nute in concen trated co l d  HF. in p l at inum to remove any 
ge l ati nous s i l i ca; it is qu i te certa in  that very l i tt l e ,  i f  any, i l men i te wi l l  d i sso l ve under 
these cond i t ions . 

Some d i ffi cu l ty was encountered i n  separat ing l iqu id from so l id ,  quant i tative ly ,  be­
tween the various operat ions . A l l such separations were performed by decantation wi th 
suction , after cons iderab le  d i l ution . Co l umn hei ghts and sett l i ng times were such that a l l 
gra i ns of l ess than 0 . 050 mm d iameter were removed wi th the so l utions . Th i s  was an arb i­
trary va l ue ,  estQbl i shed for convenienc� and brevi ty of  operation . Most of the data obta ined 
were on these 1 1  inso l ub les . 1 1  In each case ten grams of the orig ina l  a i r  dried sampl e  was taken , 
after carefu l col'l ing and m ixing , The fina l  residues, wh i ch were main l y  b lack sands, were 
we ighed, examined m i croscop i cally ,  and thel'l analy:ted chem i ca l l y  and spectrograph i ca l l y  
for T i02 by L . L .  Hoog l and and T .  C .  Matth$ws,  respettivel y ,  both o f  the Oregon Deport­
ment of Geo logy and Minera l  Industr ies . The weight  of these samp les was not a lways as 
much as des i red for the T i02 onolys is ,  but was adequate for the purpose of th is  report . 

Resu l ts obta ined 

The petrograph i c  study of  the bauxi te i tse l f  did not revea l  any obvious t i tan ium 
m i nera l s  recogn i zabl e  i n  transm i tted l ight  (ruti l e ,  anatase, brookite ,  or sphene) . There 
were t iny gro ins ,  approximate l y  0 . 00 1  mm in d iameter, wh i ch m ight  have been one of . 
these m inera l s ,  but as th is  i s  at the l im i t  of reso l ution of the l ight  m i croscope, noth ing 
further cou l d  be done wi th the method . 

· 

The heavy l iqu i d  separations were a l so rather d i sappo in ting, as a resu l t  of the h igh 
percentage of goeth i te i n  the samples ,  wh i ch made up the bu l k  of the heavy fract ion and 
coated gro in s  of other m i nera l s  present .  

· 

The " i nso l ub le  res idues" obta ined were found to be opaque bl ock crysta l l i ne groi ns 
in  the s i ze range 0 . 05 to 0 . 085 mm . Magnet i c  tests ind i cated that there was a sma l l per­
centage of true magnet i te present, and a l arge percentage showed a s l ight amount of magnetism . 
Chem ica l  and X-ray d i ffraction tests proved concl usive ly  that the bu l k  of the mater ia l  was 
i lmen i te,  wi th some magnet i te . No other ti tan i um m inera l  was found in  any of the examina­
tions . For various techn i ca l  reaSons, the X-ray d i ffractions patterns obta ined d id  not perm i t 
a determ i nation of the amount of so l id so l ution of magneti te and i lmen i te in  th ese m i neral s . , 

The resul t$ of th i s  work w i l l be found i n  Tab le  9 on the opposi te page . I n  summary, 
the " i nso l ub l e  residue" varied from 2 to 1 7  percent, by weight ,  of the orig ina l  bauxi te ,  and 
conta i ned, in m9st cases , 40 to 45 percent T.i02, ind i cati ng it to be essent ia l l y  pure i lmen i te , 
wi th magnet i te os the ma in  d i l uent except in those cases where the Ti02 content was i n  the 
twenties ( 1 723 1 and 1 7236) , where undisso lved gel atinous s i l i ca made up the bu l k  of the 
res i due . The spectrograph i c  determ i na tions made on the residues (see Page 48) reveal  amoun ts 
of major, m inor, and trace e l em�nts that are i n  l i ne with th is  m inera logy and geochem i ca l  
env i ronment . On ly one e l ement, zi rcon ium ,  se�ms out o f  l ine;  in  that i t  has the uni form ly  
h i g h  concen tration range o f  (),. 1 to 0 . 0 1  percent .  As  one gro i n  of  suspected zi rcon was found 
in these res idue$, ond as the nature of the deposi t  I $  such as to make i nc l us ion of some detri ta l 



Aependix 

Tab le  9 .  

Summary af Analytical Resu l ts 

Sample We ight-percent Weight-percent 
Na . Ti02 res idue 

1 5796 9 . 32 1 1 . 65 . 

1 69 1 1 6 . 90 6 . 86 

1 69 1 2 * 6 .65 1 0 .0 1  

1 69 1 3  * 6 . 52 1 1 . 72 

1 7089 7 . 34 5 . 9 1  

1 7 1 36  · 7 . 48 1 0 .59 

1 71 37 7 . 04 8 . 26 

1 71 38 5 .65 7 . 38 

1 7 1 39 7 . 24 1 1 � 80 

171 40  7.44 1 1. 60 

1 714 1  7 . 44 2 . 86 

1 7225 6 . 55 7 . 78 

1 7226 6 . 1 5 6 . 26 

1 723 1 6 . 54 7 . 42 

1 7236 8 . 43 1 7 . 1 3  

1 7304 7 . 42 1 0 . 57 

1 7305 8 . 30 9 . 77 

1 7309 5 . 74 2 . 34 

1 7543 * 7 . 2  9 .40 

Residue 
percent  

Ti02 

47 .68 

48 . 90 

46 . 46 

45 .9 1 

47 . 58 

42 . 36 

46 . 9 1  

46'. 70 

41 .69 

45 . 36 

39 . 26 

46 . 35 

44 . 90 

29 . 38 

27 . 1 7 

42 . 1 4 

4 1 . 25 

46 . 96 

38 . 70 

47 

Weight-pe�:cent Ti02 in  
bauxi te attributable  
ta Ti02 in residue 

5 .55 

3 . 35 

4 .65 

5 . 38 

2 � 8 1  

4 . 49 

3 . 87 

3 .45 

4 . 92 

5 . 26 

1 . 1 2 

3 .6 1  

2 . 8 1  

2 . 1 8  

4 .65 

4 . 45 

4 . 03 

1 . 1 0 

3 . 64 

* T i02 11 cal cu lated11 from the anal ysis far the Fe203 val ue and the Fe203/ Ti02 ratio for 
other sampl es in  the hol e .  

Note: Samples 1 71 35, 1 7657, and 1 7308 were not analyzed as they d id not y ie ld  l arge 
enough residues . 
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zi rcons poss ib le ,  th is  i s  assumed to be the cciuse for the h igh  val ues . The col umns of Tab le  9 
(page 47) are se l f  exp l anatory . 

RepresEm�ative spectrograph ic  ana l ys i s  of t i tan i um concentrates from Sa l em H i l l s bauxi te: 

E lements present i n  concentrat ions over 1 0 % . 
Ti , Fe 

E lements present in concentrations 1 0 %  - 1 %  
AI  

E lements present i n  concentrations 1 % - 0.  1 % 
. .  S i ,  Mg, Na 

E l ements present i n  concentrations 0 . 1 %  - . 0 1 % 
. Ca ,  Mn, Zr, Va 

E lements present in concentrations . 0 1 % - ; 00 1 % 
Cr, Ba, Sr 

E lements present i n  concentrat ions be low . 00 1 % 

I nterpretation and conc l usions 

Cu, N i 
. 

The in terpretat ion of the resu l ts obta ined l ies i n  part i n  Tab le  9 (page 47) . From the 
preced i ng data and the tabl e ,  i t  i s  ev i dent that over ha l f  of the t i tan ium ,  on the average, i s  
present i n  these bauxi tes as res idual  i l men i te gra ins  larger than 0 . 050 mm (abo ut 300 mesh) . 
Certa i n ly some sma l l  portion of the i l men i te present d id  actua l l y  d i sso l ve under the cond i t ions 
of the l aboratory treatment,  and a l l  gra ins l ess than 0 . 050 mm i n d i ameter were l ost as a 
consequence of the procedure used . Conservat ive est imates would place the true amount of 
t i tani um presen t in  these bauxi tes as actual  res idual  i lmen i te at perhaps 75 percent . The 
remai n i ng 25 percent may be present i n  any of severa l forms, such as we ll..;di spersed very 
m i nute secondary t i tan i um oxides ( " l eucoxene")  or phosphates, which  would be lost i n  the 
process i ng used, or as an actua l part of the almost co llo i dal secondary hydroxide m inera ls .  

Obv ious ly  the concentra t ion of i lmeni te i n  the ori g i na l  basa l t ,  and presumably the 
gra i n  s i ze ,  as we l l  as any transportation of mater ia l s ,  would affect the amount of t i tani um 
i n  the fina l bauxi te . The resul ts were p lotted i n  a num ber of ways, but the res idual  nature 
of the bu l k  of the t i tan i um makes corre l ation of Ti0 2 with other parameters rather i ndi rect, 
except a good pos i t ive correl ation of the amount of res idue with the percen t Ti02 i n  the 
bauxi te . Such a corre l ation is,  of course, statist i cal l y  inev i tabl e ,  and an e:ven better corre- .  
l ot ion i s  obta ined between weight-percent inso l ub les and weight-percent Ti02 fn  bauxi te 
attr ibutab le  to the res idue (see figure 8 on opposi te page) . 

Any t i tan ium not present QS i l men i te (or t i tan i fe rous magr:�etite) i n  the origi nal basa l t , 
as for exampl e  that in  t i tanC!ug ite , and whatever ti'2n i um d id  d isso lve dur ing weathering of . 
the i l men i te ,  probably oxidi zed immedi ate l y  to Ti+ upon re l ease dur ing weather ing ,  regard­
l ess of i ts va lence state in the orig i na l  m i nera l . Of course the val ence state of the t i tan ium 
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i n  an  i nso lubl e  m i neral - i s  of no consequence i n  deal i ng w i th ioni c  potenti a l s and other aspects 
· of the so l ut ion chem i s try o f ti tani um dur i ng weather i ng ,  so al l the i nformat ion i n  the I i terature 
of later i zation per tai ni ng to such phases of geochemi stry is not appl i cable here , e xcep t perhaps 
i n  exp l a i ni ng the natvre of the rema i ni ng 25 percent unaccounted for .  The amount of th is  t i ­
tani um i n  forms other than i lmeni te was not adequate to be ident ified by the procedures used 
i n  the time avai lab le . 

S ummary 

The bulk of the ti tani um i n  these bauxi tes i s  present as groi ns of i lmeni te a nd ti tani ferous 
magne ti te ,  resi dua l  from the orig i na l  basalt . The rema i nder of the ti tani um was not i dent i fied . 
I t  i s  not poss i ble to de term i ne ,  e xcept by further study i n  the fi e l d ,  whether a ny of these 
i lmeni te grai ns m i gh t  poss ib l y be de tr i ta l  in any parti cu l ar sample . 

J ul y  30, 1 955 . 
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36 . ( 1 St va l . )  F i ve papers on foram i n i fera from the Terti ary of Western O rego n ,  1 947: 
J .  A .  Cushman , R .  E .  Stewart , and K .  C .  Stewart . . . . . . . . 

( 2d val . )  Two papers on foram i n i fera from the Terti ary of W .  O regon and W .  Wash i ngton , 1 949: 
Cushman,  Stewart,  and Stewart; and one paper on mol l usca and m i c rofa una of W i l dcat coast 
section , H um bo l dt County , Cal i forn i a ,  1 949: Stewart and Stewart 

37. G eo l ogy of the A l bany quadrang l e ,  O rego n ,  1 953: I ra S .  Al l i son . . . . , . , . . . . . 
38 . S i xth bienn i a l  report of the Department, 1 947-48 . . . . . . . . . . . . . . . . . . .  
39 . G eo l ogy and m i n e ra l i zation of the Morn i ng M i ne and ad jacent region,  G ran t County, O regon , 

1 948: Rhesa M .  A l len , Jr . ,  . .  , , , , , , . , , . . .  (wi thdrawn pendi ng rev i sion) 
40 . P re l i m i nary descri ption of  the geo l ogy of the Kerby quadrang l e ,  O regon , 1 949: Wel l s ,  Hotz, & Cater 
4 1 . G round-water studies i n  Umati l l a  and Morrow co unties, 1 949: Norman S .  Wagner 
42 . Seventh bienn i a l  report of the Department, 1 948-50 . . . . . . . .  , , . , , . .  , . , 
43 . E ighth bienn i a l  report of the Department, 1 950-52 . . . . . . . . , , . , , . . , . . 
44 . B i b l iography ( 2d supp . )  of the geo l ogy and m i neral  resources of O rego n ,  1 953: M .  L .  Steere 
45 . N i nth bi enn i a l  report of the Department,  1 952-54 . . .  , . . .  , . 
46 .  Ferrug i nous bauxi te depos i ts i n  the Sal em H i l l s , Marion County , Or�go n ,  1 956: 

R .  E .  Corcoran and F .  W .  L i bbey . . . .  , . . . . . .  . 

* P-;:i�e;s�bj;ct � �h;n�e� ple;s; i�clude -;:e;;; itta�c-;; ;ith �rde-;:-,
- - - - -

1 . 00 
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(out of p r i n t) 
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(out of pri nt) 
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1 . 00 
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P U BL I CATI O N S  ( cent . )  
G .  M . l .  SHORT PAPERS 

I .  Pre l imi nary report upon O regon sal ine  l akes, 1 939: 0 .  F .  'Stafford . . . . . . . . . . . . . . 

2 .  I ndustr i a l  a l um i n um - a brief survey , 1 940: Les l i e  L .  Mot z . . . . . . . . . . . . . . • . .  

3 .  Advance report on some qui cks i l ver prospects i n  Butte F a l l s  quadrang l e ,  O rego n ,  1 940: W .  D .  W i l ki nson 
4 . F l otation of O regon I imestone, 1 940: J .  B .  C l emmer and B .  H .  C l emmons 
5 .  Survey of nonmeta l l i c  produ ction of O regon for 1 940-4 1 :  C .  P .  H o l dredge (out of pri nt) 
6 .  Pum i ce and pum i c i te ,  1 94 1 :  J ames A .  Adams . . . . . . . . . (out of pri nt) 
7 .  G eo l og i c  h i story of the Port l and are a ,  1 942: Ray C .  Treasher . . . 0 . 25 
8 .  Strateg i c  and cr i t ica l  m i ne ra l s ,  a g u i de for O regon prospe ctors, 1 942: L .  W .  Staples (out of pri nt) 
9 � Some manganese deposi ts i n  the southern O regon coastal  reg ion,  1 942: R .  E .  Brown . (out of pri nt) 

1 0 .  I nvestigation of Tyrre l l  manganese and other nearby deposi ts ,  1 943: W .  D .  Lowry (out of pri nt) 
1 1 .  Mi neral  deposi ts i n  reg i on of I mnaha and Snake r i vers, O rego n ,  1 943: F .  W .  L i bbey (out of pri nt) 
1 2 .  Pre l im inary report on h i g h -a l um i n a  i ron ores i n  Wash i ng ton County, O regon , 1 944: L i bbey , Lowry, & Mason (out of pri nt) 
1 3 .  Antimony i n  O regon , 1 944: Norman S .  W agner . . . . . • . . . . . . • • . . . . . . 0 . 1 5 
1 4 .  Notes on bui l di n g -b l ock m ater i a l s  of eastern O rego n ,  1 946: Norman S .  Wagner . . • . . . . . 0 . 1 5  
1 5 .  Reconna i ssance geo l ogy o f  l imestone deposits i n  the W i l l ame tte Va l l ey ,  O rego n ,  1 946: J .  E .  A l l en . 0 . 1 5  
1 6 .  Per l i te deposi ts near the Deschutes R iver,  southern Wasco County, O regon,  1 946: J .  E .  A l l e n  . (out of pri nt) 
1 7 .  Sodi um salts of L ake County ,  Orego n ,  1 947: I ra S .  A l l i son and Ra l ph S .  Mason . . . . . . . . 0 . 1 5  
1 8 .  Rad i oactive m i nera l s  the p rospectors shou l d  know ( 2d rev . ) ,  1 955: Dav i d  J .  W h i te and Max Schafer . 0 . 30 
1 9 .  Br ick and ti l e  i ndustry i n  O regon , 1 949: J .  E .  Al l en and R .  S .  Mason 0 . 20 
20 . G l azes from O regon vo l can i c  g l ass , 1 950: Charl es W .  F .  Jaco bs . . . . . • . . 0 . 20 
2 1 . l ightweight  aggregate i ndustry i n  O regon, 1 95 1 :  Ral ph S .  Mason . . . . . . . . 0 . 25 
22 . Pre l im i nary report on tungsten in O rego n ,  1 95 1 :  H aro l d  D .  Wo l fe and David J .  W h i te 0 . 35 

G EOLOG I C  MAPS 
G e o l og i c  map of the W a l l owa Lake quadrang l e ,  1 938: W .  D .  Sm i th and othe rs . . . . . . . . . 
G e o l og i c  map of the cen tra l portion of the W a l l owa Mounta ins; O regon,  1 938: W . D  . Sm i th and others 
G eo l og i c  map of the Salem H i l l s and North Santi  am River  bas i n ,  O regon , 1 939: T .  P .  T hayer . 
G e o l og i c  m ap of the Medford quadrang l e ,  1 939: F .  G .  W e l l s  and others . . . . . . . . . 
G eo l og i c  m ap and geo l ogy of the Round Mounta in  quadrang l e ,  1 940: W .  D ,  W i l ki nson and others 
G eo log i c  map of the Butte Fa l l s quadrang l e ,  1 94 1 :  W .  D .  W i l k inson and others . . . 
G eo l og i c  map and geo l ogy of the G rants Pass quadrang l e ,  1 940: F .  G .  Wel l s  and others 
Pre l imi nary geo l ogi c map of the S um pter quadrang l e ,  1 94 1 :  J .  T .  Pardee and others 
G eo log i c  map of the Port l and area, 1 942: . Ray C .  Treasher . . . . . . . . . . . 

(out of pri nt) 
0 . 20 

(out of pri nt) 
0 . 40 

(out of pri n t) 
(out of pri n t) 
(out of pri nt) 

0 . 40 
0 . 25 

G eo log i c  map of the Coos Bay quadrang l e ,  1 944: J .  E .  Al l en and E .  M .  Ba l dwin ( so l d  w i th B u l l . 27) 
G eo l og i c  map of the St . H e l ens quadrang l e ,  1 945: W i l k i nson ,  Lowry , and B a l dwi n ( a l so in B u l l .  3 1 )  
G eo l o g i c  map o f  the Da l l as quadrang l e ,  O regon ,  1 947: E .  M .  Bal dwi n ( a l so i n  B u l l . 35) . . . . . 
G eo log i c  map of the Va l setz quadrang l e ,  O regon ,  1 947: E .  M .  Ba ldwin  ( a l so i n  B u l l .  35) • . . . 
Pre l i m i nary geo l og i c  map of the K erby quadrang l e ,  O regon , 1 948: W e l l s ,  Hotz, and Cater, ( a l so i n  B u l l . 40) 
G eo log i c  map of the A l bany quadrang l e ,  O rego n ,  1 953: I ra S .  A l l i son ( a l so in B u l l . 37) . .  

0 . 35 
0 . 25 
0 . 25 
0 . 80 
0 . 50 
1 . 00 G eo l og i c  map of the G a l i ce quadrang l e ,  O regon,  1 953: F .  G .  We l l s and G .  W .  W a l ker . . . . .  

MI SCELLANEOUS PAP ERS 
1 .  A description of some O regon ro cks and m i nera l s  ( prepared to accompany schoo l m i neral sets) 1 

( 3rd pr int i ng) , 1 956: Ho l l i s M .  Do l e  . . . . . • . . . .  

2 .  Key to O regon m i nera l deposi ts map (2d pri n t i ng) 1 1 955: Ralph S .  Mason 
3 .  F acts about fossi l s ,  1 953: ( Repri nts) . . . . . . . . . . 
4 .  R u l es and reg u l ations for the conservation of o i l  and natural gas, 1 954 
5 .  O regon 's go ld  p l acers, 1 954: (Repr i n ts) . . . . . . . 
6 .  O i l  and gas expl oration in O rego n ,  1 954: R .  E .  S tewart . • .  

MI SCELLANEOUS P U BL I CATI O N S  
T h e  O re .  -B in  - I ssued month l y  by the  staff as medi  urn for news about the  D epartment,  m i nes , and 

m i nera l s . (Avai l a b l e  back i ssues 5 cents each . )  Subscri pt ion pri ce per ye ar . 
O regon m i neral  depos i ts map (22 x 34 i n ches) 1 95 1  . . . . 
O regon qui cks i l ver loca l i t ies map ( 22 x 34 i nch es) 1 946 . • 

Landforms of O regon:  a physiograp h i c  sketch ( 1 7  x 22 i n ches) 1 941  
I ndex to  topograp h i c  mapping  i n  O rego n ,  1 956 
I ndex to publ ished geo l og i c  mapping in O regon , 1 956 . . . 

0 . 40 
0 . 1 5  
0 . 35 
0 . 50 
0 . 25 
1 . 00 

0 . 50 
0 . 30 
0 . 25 
0 . 25 
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