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PORIIORD 

Ooourrenoe ot siaeable bauxitio iron dtpoaita within 30 ailtl ot Portland 
and within 10 ail•• ot the Coluabia River ahould prove to be ot oonaiderable 
iaportanoe to the Portland area and the State. Two produots • iron and aluaina • 

aay be produced rroa this ore, and a aarket exittl tor both pro4uot• in the 
lower Columbia River area. It is aeldoa that aineral deposita are 10 favorably 
situated as regard• aarketa. 

Although auoh testing work needs to be done in order to obtain tull knowl• 
edge both or the eztent and value or the deposits and the aoat eoonoaioal 
aethod ot treataont, it ahould bo pointed out that a large aaount or pioneer 
work on ore treatment has already been done in Norwa, and in the United States. 

This report was prepared and is being issued while investigation work b� 
the Dtpartaent 11 ttill being done. The reaton tor doing this 11 beoause or 
the urgent need tor letting up pottvwar industrial proJeota. It 11 felt that 
developaont ot and produotion troa th••• ores aicht well be auoh a proJect, 
and that this report aay point the w-r. 

Althewch the report is derinitely preliainary, autt1oient taota have been 
obtained to show the potential iaportanoe ot the dsposita, and the Departaent 
wishes to aake theae taota laaediately available. Even though turtber exploration 
aay ohange soae oonolutiona, it 11 believed that any suoh chances will be alona 
the llnea ot enlarging and de!!n!ng o�e retervea rather than detraoting troa their 
laportanoe. for ezaaple, atter the aanusoript was t1r3t prepared, aoae bauzite 
ainerala were discovered in places ln the horizon iaaediately below the hard or8. 
!his diaoovery, the eoonoalo iaportanoe ot whioh 11 not yet known, neoesaltated 
soae additions to the report. 

Suppleaental statements or news relea••• will be issued when the� are 
warranted by additional tact• obtained in the invettigation work. 

r. 1. Libbey, Director 
Auguat 4, 1'44. 
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ABSTRACT 

Bauxitic iron ore is found in scattered deposita in northern Washington County, 
Oregon, over an area comprising roughly tour townships. Although these deposita are 
separated by only a rew miles fro• the limonite deposits or Columbia County, thelr 

oom pos it 1�n is distinctly different in that the Washington County ores oontain about 

25 pe��ent iron, generally over 30 percent alumina, and about 0.15 percent phosphorus, 
compared to about 50 peroent, 4 percent, and 0.70 peraent respectively tor Columbia 

County ores. 

The ores are generally oHlitio or pisolitic and m agnetic, and ooour in tlat�ly1ng 
beds 6 to 15 feet or •ore thick under a silt overburden. Topography determines the 

outline of the deposits, and their locations are oonfined to the •ore or less flat� 
topped hills and spurs. The ore is or lator!tio origin and was apparently formed by 
the woathering or Columbia River basalts aft�r their final outpouring in the Uiooene 

and prior to the folding and a��ompanylng uplift of tho region which is believed to 
be Pliocene. 

ThA main exploratory work was done in the Hendrickson localit,. wher e over' 2tooo,ooo 
long tons of o�e {r.atural) ls indieated . Various other deposits were sampled, but insuf· 
fici cnt work was done by which tonnage estimates on them may be based. 

Doth iron and alumina could be produced from this ore to supply a local market. 
The Pederson process has been used to treat similar m aterial in Norwa,. to produce both 

these products oommeroially. 

INTRODUCTION 

High�aluminn 1ron or>e ox· te!"!I'U81nous bauxite has in the past. been roported to occur 
in northern Washington County� O�egon. ln April !944, the Department started an 1nvostl• 

gatlon !n order to obtain d9!1n�t� information eon��rn1ng the extent and value of these 

deposite. At the Hendrickson lo�ality more than 100 acres has b ��n mapped on a scale of 
200 feet to ths inch with a lO�toot oontom• !ntot<ve.l. In �Jampllng, 4' o.ugor ho les, toa 
taling ,22 feet, hav� been dr!lled and more than ,a sampleK havs been ana lyzed. 

A large part of the land investigated ls privately owned and some of it is u nde!l' uv.l• 
tivation, Thero is some Oregon and California Ro.llroad re veRted lands in the area, but th� 

extent and location or Government land has not baan determined. A conside�able portion !s 
out•o ve� land; some of this contains second growth timber and & heavy brush cover. 

Immediately north ot the area diacu1sed in this report, limonite deposits occur north� 
west of the town of Scappoose ln Columbia County. Th e Scappoose ores so far developed, 

howevur1 are different ln ce�tain character!stiaa from those in Washington County. The 

Oregon Bureau or �!nes and Geology published a report on the Limonite !ron Oree or.2�J2i� 
Cou nty, Oregon in 1,231 and recently th� UoSuBuroau �r. Uines published I� Minerals a�·t 186, 
Scappoose Uine, Colullbia County, Oregon , desct'1bing results of u:plorat1on wo�!c don.<� !n 1,42. 

For purpos6 of comparison, typical analyses or the ore {dry basis) at the two ar6aS 
are g�ven below ; 

Iron 

Alumina 
Silioa 
Titania 
Ph osphorus 

(Pe) 
(Al2 03) 
{51 02) 
( Ti 02) 
(P) 

Washington Count�. 

24o 6 1' 
32.8 

9o5 
3·5 
0.150 

Scappoose� 
49o0 � 

4.3 
5oJ 
o.4 

o.n 
Only part of the Wash1neton County area has been examined by the writers. Somo 

reoonnaissanco work is stil l being done by the Department {July 1944) but a large amount 

of explo ration and sampling would be necessary in order to delimit and determine the 
val ue ot all the known ooourrenoea. 
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LOCATION 

The looation ot the area ia ahown on the index aap ot northweatern Oreaon, oppoa1te 
page 1; that ot the deposit•, on the oounty index map, opposite pace 3• Theae dapoalta 
ooour in an area roughly 25 to 35 allea northwest of Portland in !. 1 N., a. 2 1. and in 
!pa. 2 and 3 N., Rl. 2 and 3 I. �roa Portland, the area 8&7 ba reaohed either froa the 
�orth via Skyline Blvd. {or u.s. JO) and Dixie Wtn. Road; or froa North Plains on the 
aouth via Dixie Wtn. Road or Pumpkin Ridge Road. Bran�h roada lead to var1oua parte of 
the area. The western part is aoat eaaily reaohed troa the aouth by the Puapkin Rldce 
Road; the eastern part by the Dixie Utn. Road. 

TOPOGRAPHY 

A gently sloping upland surface, having an elevation of aore than 1600 feet, drop• 
graduall7 aouthward in a dlltanoe of 7 all•• to an elevation of about �00 feet where it 
approaohea the Tualatin Plain. !he oreat ot the surtaoe toraa the drainaae divide be· 
tween northern Waahln.ton Count7 and aouthern Colu•bia County. !hi• surtaoe is diaaeoted 
over auoh or the area b7 aan7 cu1ohea and oanyons whoee ateep alepea are oharaoteriatio 
of youthful topoaraph71 the aulohea aeparatinc the aore or leaa tlat•topped hills and 
apurlo !he area south ot the divide ls drained by KoKay Creek and the East Pork ot Dairy 
Creek, whloh have talrly steep aradlent� ln thei� upper reaohea. 

GENERAL GEOLOGY 

In 1,41 aa a proJeot of the Departaent•a state ceolocieal survey, lilkinaonl aapped 
the St. Helena quadrancle in Coluabia Count7 whioh lies laaedlately north of the area 
desoribed in thla report. Many ot hie deaoriptions and oonoluaiona, particularly those 
oonoernlng c•oloaio hlatory, are applioable to northern laah1ngton County. &xtraots 
troa lilkinaon•• report are aa follows: 

"Geologia History: 

"!he geolocio h1atory ot th1a rec1on be1an wlth the depos1t1on ot ae4iaenta 
1n an Olicooene aea. The ahore11ne, or tidal•flat area, wa1 1n part within the 
quadrangle , sinoe leaves are found 1n several plaoea 1ntera1ngled with aarine 
toealls • •  •" 

1111kineon, 1. D., Geology of the St. Helena Quadrangle {1,41), State Departaent ot 
Geolo17 and Klneral Induatrlea, in aanuaor1pt. 



"• • •  At the end of the Ollgooene there was a general uplift, whloh reeulted 
�n the ahoreline being aoved to the west. The new aurfaoe was subJected to 
oontinual erosion until middle Wiooene tiae • • •  The aurtaoe at the end ot 
this period was possibly one of early or middle maturity. 

"During Uiooene time a aeries of baaaltio lavas flowed out over thla 
surta�e filling aany of the valleys and ultimately foralng a flat unifora 
plain, axoept possibly for oooasional areas of the original hilltop• or ridgee 
of Oligootnt sediments whioh etood above this new aurtaoe as ateptoea. The 
inundation by the Miooene baealta ooourred at varying tiat interv�a sinoe 
aoae flows have soil well developed upon eurfaoes, whioh were burled by later 
flows. The final aurtaoe was almost a plain, having only 1rregular1t1te inola 
d�nt to the mode of origin or remnant• or the old surface. Upon this surtaot 
a new drainage pattern developed, which 1e txpresetd in the present topography. 

11So111otlae during the period between late l.!iooene and the preaent, the 
entire reg1on was aubJeoted to olimatio oondit1ona which reeulted in deep 
weathering and whioh produoed a heavy soil mantle of a later1t1o type." 

The formations mentioned by Wilkinson2 ln the preoeding paragraph• art also present in 
ifashlngton County. Disregarding a aUt oovering, the Columbia River basalts torm most of 
the surfaoe of the a�ea oonoerned in thle report. The sedimentary rooks, wh1oh unconformably 
underlie the Columbia River baealta, wart assigned to the Oligocene by lilklneon. They are 
exposed at only a tew known localities in this part or 1aahingtQn County. Similar aedi• 
menta are believed to be exposed in one ot the outs on the Dixie Mtn. Road between the 
Shady Brook Sohool and lallaoe Sohool1 and are round in num�roua outs on the road leading 
from Rooky Point on u.s. 30 to Skyline Blvdo No attempt was made to aap their attitude but 
oasual observations showed them to be aore folded than the overlying basalts. Ollgooene 
sediments are not known to ooour along UuS. 30 south or Rooky Point, whore Columbia River 
basalt1o flows are exposed dipping several degrees to the east. Thus the Oligocene sedi• 
aentR round along the Rooky Point Road seem to ooour in a window out near the oreat or an 
anticlinal told ln stratigraphically younger baealta. fht axis ot the told trande roughly 
northwest and appear& to lie near tho divide separating. the drainage ot northern Washington 
County and southern Colu•�ia County. A� ment1oned by Treasher3 the oourae or the lillaaette 
River appears to have been determined aora by the attitude of the Coluabia River basalts 
than by faulting. T�easher� •apped the $truoturt of the Miooene laval ot the Portland Hilla, 
whlch l!e east ot Wash!ngton County, as a northerly$trending antioline. 

Basalts &1allar in oharaoter and age to the Columbia River lavas of both the Portland 
area and St. Helena quadrangle art exposed in the valley ot UoKay Creek west of the Hendrick­
eon depoait.whert this aeries or basalts, in plaoea veaioula�a&aauoh as �00 teet th1ok. 
The strike ot. these tlowa is about N. 65° I. and the dip, several degrees to the south. Tbe 
�uoh eteeper southwest wall of the valley ot KoK� Creek is believed to be further evidenoe 
bearing out the southwest dlp ot the lavaeo As will be pointed out later, the attitude ot 
these basalts is very similar to that ot the Uendriokson deposit. 

Although the structure ot the flows underlying the deposita treated in thls report 
baa been determined at a li•ited number ot localities only, the basalts are thought to 
fora the southwest li•b ot an anticline whoae axle trende roughly northwest, and who&e 
northeast liab has helped to determine the western side or the fillaaette-Columbia River 
valley. The orest or the antioline nearly ooinoidea with the drainage divide in northern 
Washingto� County. !he basalts of the southwest limb ot thie antiolina, on which the 
ore depo&ita are loo�ted1 d�p several degrees to the south, and apparently extend south• 
ward under the till ot the tualatin River Valley to reappear in the Chthalea hille. 

- - - - - - - - - - - - - - ·- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

2 lilkinson, w. D., op. oit. 
3Treasher, R. c., Geolog1o History or the Portland !rea,GUI Short Paper, No.7, State 

Department ot Geology and Mineral Industries, 1'4 2 .  
4Treasher, R .  c., Geologlo Ma p  o t  the Portland Area, State Department o t  Geology and 

�inoral Industries, 1'42. 
-4-



These hills appear �o be lars•l7 basal�•, supposedly ot the aaae age, whose dip, where 
aealured, 11 several deer••• to the north. They are also thought to ooour north ot the 
Chehalea hille in Coeper Mountain and Bull Mountain, where they appear to fora a north• 
west�trendinc antioline whioh disappears to the northwes� under the valley till. Dorine 
lavaa5 ot late Pliooene or earl7 Pleiatooene age were poured out in the area northeast 
ot Bull Mtn., as in the vioinit7 ot tigard, tilling struotural as well as erosional de• 
pression•. 

!he Kiooene basalts in this part ot Washlnston Count7 thus seea to have been folded 
into rather broad antioline• and basins. The Tualatin River Valley appear• to be a good 
exaaple of auoh a basin. Althouch Wilkinson tails to aention any aaJor foldinc ot the 
Coluabia River la.a1 in the St. Helens quadrangle in Coluab1a County, he does not state 
that it did not ooour and it aeeas likel7 that that area ·� have been atteoted b7 the 
aaae toldiftl. In the Sto Helena quadransl• the ditterenoe in elevation ot the Coluabia 
River basalts il aore than 1600 teet, and Wilkinson states that their aaxiaua thlokness 
11 about 700 teet. The hichest elevation• ot theae lavas are in the southern part of the 
St. Helens quadranale Just north ot the area treated in tbia report; the lowest elevations 
are �everal ailea to the northeaat alone the Coluabia River. As Wilkinson pointed out 
that the final surfaoe of these lavas was nearly a plain, this ditferenoe in elevation 
a!sbt be due entirely to displaoeaent• along northwest-strlklos·faulta aapped b7 bia; 
bowever, present elevations of these basalts aight also be attributed largel7 to broad 
s•ntle toldins. Weaver6 ltated that the basalts in Columbia Count7 rest with aarked 
unoontorait7 on the underl7in1 aarine Oligooene shales and sandstones, and that the 
basal�• have been aubJeote4 to ainor folding whioh has given thea a general easterl7 or 
northeaater17 dip. HI atated also that they pass beneath the valley or the Coluabia 
River and reappear on the northern side in the State ot Washinston, toraing the aaJor 
Coluabia R1ver 17noline. 

!he age ot the roldine wbioh produced the rsgional structures oould not be deteralned 
troa observation• w!tbln the Washington �ounty �ea. However, the folding is believed to 
have ooour�ed ln Pl1ooene tiae and is thought to b� direotly related to, or a part ot, the 
�etoraa�ion whlob prodQOid tbe latest aajor folding ot the Qoaet Rangeo 

Silt, butt to �rowa to red in oolor and in pla�es a• auoh as 4o teet tbiok, overlie• 
ao•t of the Bendrioklon and Relson deposits. It also ooours west ot KoKay Creek suob as 
that near the Butohinaoh depoa�t. Where expo1ed in outs, it is aas11ve and unconsolidated. 
The ,rain size ot the ooaponent alneral• ranges froa 0.3 aa to that of olay whioh oonsti• 
tutea about 10 peroent or the silt. Hearl7 all ot the ail� is ainu• 50-aeah, and the alnus 
200•aesh fraotion eonatitutee about 70 peroent or the sand trao�ion. Besides olay and aoae 
voloanio class, tbe silt inolude• suoh ainerals as plagloclaae, aioroo�ine, quartt, biotite, 
auaoovlte, b7persthene, and aacnetite. Siailar silt• are toun� in aany road out• alone 
Skyline Blvd. wbere tbe7 have been aapped as Powell silt loaa7. The aaasive anoonsolidated 
nature, alneralocio ooapo•ltioa, tinen••• of grain size, light oolor, etratigraphlo position 
and topocraphlo �1etrlbution If the silt etrongly suggest lt was •1nd•laid, 

Treaaher8 atat•• that a tlne-crained silt oover whioh ia u•ually brown or tan ooours 
in the Portland area, and il aade up largel7 or quartz sralns. The struoture ot the silt 
ia described &I aaaalve with loesaial oharaoteriltloa. He tutther ltatea that it ia &I 
auob ae 100 teet tbiok an� oooure at elevation• rangins froa 25 to 1200 teet, stratlgraphi• 
oally overl7lng ever7thina exoept reoent alluviua. He etate� that it ••• probably �e· 
posite� in late Pleistooene or earl7 Reoent tlae. 

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

5rreaaher1 R. c., Qeologio Map ot the Portland Area, State Departaent ot Geolo&r and 
Mineral lnduatriea, 1'ij2. 

6weaver, Chari•• 1., Tertiary Stratigraph7 ot Western Wasbincton and Northwe•tern Oreson, 
Univ. ot Washo Pub., vol. 4, June 1'37• 

7auzek1 c. f., et al, S�l Surve7 of Kultnoaah County, Oregon, u.s. Dtpto or Acrio., 
Bur. ot Soils, 1'22. 

8Treasher1 a. c., op. oit. 
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The tact that erosion has tailed to remove large aasses or the silt in the Washington 
County area suggests its comparatively recent geologic age, and thus the sllt probably was 
deposited after the area had been considerably dissected. Auger 4�illing showe that the 
Hendrickson and Nelson deposits are not connected. Erosion prior to the deposition of the 
silt ia believed to have cut through the ore sheet, terming a saddle between Wallace School 
and the Grange Hall1 to the south. The present topography there aa well as elsewhere in the 
area is for tba greater part the result or erosion ot the silt oover whloh aaaka the true 
character of the pre-silt topcgrapb7. In several places the present drainage appears to 
ooinoide with that established prior to the deposition or the silt. This suggests that the 
pre-silt topography, though modified, aay oorraepond in part with that ot the preeent day. 

Reoent terrace deposit• ooour along the upper valleyl ot UoK&� Cree� and the East Pork 
ot Dairy Creek. 

GEOLOGY OF THE DEPOSITS 

Shape and attitude: 

High-alumina iron ore outcrops in a few plaoea where the silt oover ls thin or lacking 
near the tops or the hills. Pieces ct the iron ore tloat have been found in aany places 
throughout the area on the surface, and eabedded in soil. !he ore occurs in tlat-lyina and 
more or less isolated beds apparently governed in their looation by topography. 

The topsoil in aost plaoes contains nuaerous pellets which •&7 be either weathered 
oilites, weathered basalt fragments, or ceaented soil. Above the ore, the silt variea in 
color troa deep red to dark reddish-brown. 

A typical section of the iron foraation would be: 2 teet of reddish-brown clay (under 
10 feet or aore of silt overburden), 8 or aore teet ot o�litio1 pisolitic, or pebbly, usually 
hard, high-alumina iron ore, underlain by aottled or vari-colored olay•like aaterial. 

In places this olay•like aater1al has been round to be bauxitio. At the out near 
Hole No. 7 on the Hendriokson Car& the botto .. ost aaterial is a aixture oontain1ng gibbsite, 
limonitq, and magnetite. In H�le 32 at the Hutohinaon looallt7 the horiaon un4erlyina the 
o311ti� ore �onta1ns cl1a�h1t� - an amorphous bauxite. 

As 1t ooours at thij Hendrickson locality, the high-alumina iron ore it a blanket troa 
5 to more than 17 teet thick� aany aores in areal extent. The bo�toa or the ore bed, as 
indioated by test holes, is quite saooth and regular. ?he thioknesa of the bed aa well as 
the overburden, appears to be related to the present drainage which at least in part oorre­
aponds to that prior to deposition or the a1lt. 

All the holes drilled through the hard ore eheet at the Hendrickson site, with one 
exoeption, were bottomed in a olay•llke aaterial. The one exception {Hole 18) ahowed the 
underlying material to be auch altered basalt. !he attitude ot the Hendriokscn deposit was 
determined troa the elevations ot th• bottoa oontaot or the hard ore. !he strike is approxi­
mately N. 75• w. and the dip 1• - 2• to the south. This attitude ia ver1 aiallar to that 
ot the basaltic flows in the valley ot MoKay Creek. A suttioient nuaber or holes to de­
termine the attitude ot the other ore deposita were not drilled. Like the Hendrickson de­
posit, they are thought to correspond to the regional struoture. fhe thiokneae or the 
material underlying the hard ore is unknown. The rook underlying the olat•like aaterial 
is probably flow baaalt although no contact haa been found. �well-developed terraoe, 
probably produced by the erosion ot the less reeiatant olaT·like etratua underlying the 
hard ore and oovered with "sl)ot•• soi11 lies dlreotly southweat ot and at a aoaewhat lower 
ele�tion than the Hendrickson depoait. this terrace eztenda a abort distance aouthwest­
ward where it terainates at the edce ot the youthful valley ot McXay Cresk. Near the top 
ot the eastern valley wall and Just under the soil whioh oovers the terraoe1 nuaerous large, 
dark gray, aassive basaltlo boulders are exposed which give way below to a thiok series or 
basal t1o tlowa. 



Character or the ore: 

or several textural varietiea preaent, the o�litio or pieolitio type ia aoat ooaaon 
and probably aoat iaportant. A pebbly, aoaewhat nodular and poroua variety ia oo .. on in 
soae plaoelo 

The o81itea and p1aolitea are variable in ai&e and 8&7 be nearly round, ovoid, or 
quite irreaular in shape. !hey ranse rroa leaa than 1/16 lnoh in diaaeter to nearly 3/4 
lnch. The treah or unweathered fracture aurraoea ot aoat o�litea have a dark sr'1 to 
nearly black color and a aubaetallio luater, weatherins ooneentrloally to a browniah color. 
Hardneas ia aomewhat variable but tor aoat o8litea ia probably 5 to 5•5• The atreak ia 
reddiah-brown. 

" 
The aatrix ia uaually softer and lishter in color than the oolitea. It haa an 

earthy liaonitio appearance. Soae speoiaena oonta1n nuaeroua aaall oavitiea aoaetiaea 
oontainins earthy material. 

Thin aeotiona of the o81itio ore troa the Hendrickson deposit ahow that both the 
o31itea and aatrix aay be oollotora. Soae ot the larger o3litea enoloae a nuaber or 
aaaller on••• Residual grains ot aasnetite, and poaalbly aoae or ilaenite, aa auoh aa 
Oo55 •• in si&e are contained in the o�11tea al well as in the oollotora aatr1x and are 
irregular in outline for the most part. They are poasibly an iaportant a1nor constituent. 
11th the exception ot silica, which in aome thin seot1ona fill• aaall oracka in the o31itea 
and matrix and thus may be secondary, all the material ia iaotropio. � thin aeotlon or the 
poroua pebbly type or ore showa it to be aade up or oollotora, liaonite•llke .. terial oon• 
taining numerous residual magnetite galns. Analysea, however, ahow ita siailarity ot ooa­
position to the typically o�litio aaterial. 

Spectrographic analysis or the o�lites obtained troa a aaaple at the Htndrickaon 
looal�ty reveals that they contain aore than 10 peroent ot both iron and aluainua with 
the percentage or iron muoh the greater, approxiaately 4 peroent ailioa, and about 3 percent 
titaniua. Analysis ot the aatr1x shows the saae eleaents to be present, and although the 
aluainua and iron are both aore than 10 percent, the peroentase of alualnua is slightly 
sreater than the iron. !he ooncretiona aa well as the aatrix oontaln water or hydration. 

The o8litio texture or the ore, the oollotora nature tosether with the h7drous isotropic 
character and a1xed and Tariable ooapoait1on or both the o31itea and aatr1x, aa well aa ths 
inclusions ot reaidual mineral• strongly indicate a collo14al oriain. fheae charaoteriatics 
sug&eat that both o�lites and aatrix are aixturea or hydrou• iron and aluainua oxides with 
soae iapuritiea. 

The o811tea posseas varioua desrees ot aasnet1saJ aost or thea are atronsly aasnetio. 
The matrix.ls generally auoh lesa aasnetlc than the oUlitea and in one instanoe nearly halt 
ot a saaple, finely crushed, troa the Hendriokaon deposit consiated or pieoes or aatr1x 
either very weakly aagnetio or non•magnetio. 

On the Hutchinson place southweat ot MoKay Creek a bed ot aaaaive dark-brown liaonite 
aore than 2 feet thiok oropa out near the bottoa ot a gully. Thia liaonlte 1• weakly aas-

" 
netio, hal no oolltea, and is typical of the llaonite rlba ot the Soappooae area. A taaple 
returned 51.34 percent iron, 5.64 peroent aluaina, and 4.53 perc�nt ailloa. The outcrop is 
apparently etratlgraphloally below a bed ot o�lit1o1 hi1h aluaina ore. 

Origin or the oret 

Concerning the orlain ot the Soappooae iron orea in Columbia County, Wilkinaon' atateas 

"• • .In the field, the iron ooours in riba rroa a tew inohea to aeveral teet 
in thickness. These riba T&ry in atruoture. They are oharacteri&ed by saall 
concretions of varying diaaeter. In theae aassea the piaolltea have toraed a 
ooapaot hard layer which ia ooaposed of high grade iron ore. In other places 
the plaolitio structure ia not present but a poroue honeyooab atruoture ot ooa-
paot limonite oooura. The open space• contain ocherous limonite. At the Apple 

,---------------------------------------------lilkinaon, 1. D., op. clt. 
•7• 



Valley looality and the Anderson property farther north, the iron ribs are 
massive, compact, high•grade iron ore. Only a few pita were open enough to 
allow examination. 

"Throughout most of the area where deep weathering has taken place, the 
surface is covered with saall pellets ranging in aize up to halt an inoh in 
diameter. These are frequently liaonite oonoretions. In the saddle, the 
entire road out is ooaposed of these concretions embedded in clay ot high 
iron content. Similar oonoretiona are oommon to all or the soils covering 
basaltic areas. 
that in aa.ppins 
TorgersonlO. 

In tact these pellets were ao oommon to the soil •antle 
the soils, the term •shot soil• was uaed by Harper and 

"Two possibilities suggest themselves regarding the oric1n of the iron 
ore bodies: (1) that the baaalts were extruded and that the iron waa leached 
troa these basalts, transported and deposited in bogs, and (2) that the ba· 
salts were extruded, weathered, and leached and the iron aetually deposited 
within the underlying lavas and near the oontaot of the lavaa and aediaents." 

The origin ot the Washington County ores is different troa that or the Soappooae 
limonite orea in Columbia County to the north. The Soappooae ores contain aore phos­
phorua and muoh lesa aluaina and soaewhat less titania. The association ot aediaentary 
aaterial and petrified wood with soae ot thea and their stratlgraphlo poaition are evi• 
denoe that they were formed in a ditteront environment and prior to the laahington County 
ores. Possible further evidenoe of the creater age ot the llaonitea is shown at the 
Hutchinson plaoe where massive liaonite, typioal ot the Soappooae orea, liea stratig 
graphically below a bed ot the oSlitio ore. The oSliti� structure ot the laahlngton 
County ore together with tha mixed coapoaition and oollotora texture of the oSlites aa 
well as tha mat�1x, suggest their colloidal nature and a laterit!o origin. 

As �iocene basalts are oomaon ln lashington County and as the ore ia a aixture ot 
hydrous iron and aluminum oxides with low phosphorus and some titania1 it seeas fairly 
certain that tho ores were formed by the lateri�ation or basalts. 

The basalts which stratigraphically underlie the Hendrickson deposit and whioh ara 
exposed by UcKay Creek are dark gray in color and fine-grained. Thin aeotionR show that 
they are hemiorystalline. The phenocrysts are plagioolase, augite, and magnetite. The 
groundmass is either n gr&T or brown glass whioh toras some 20 to 25 percent ct the rooka. 
The texture ot two or the rooka aeotioned tends to be intersertal with the 1paoe1 between 
the divergent plagioola�e latha oocupied by augite, magnetite, and glass. 

The plagioclase is labradorite in the Cora of latha, averagin1 o.4 to 0.5 •• 
in lencth and as auoh as 1.5 ma longo !hey show albite twinninc and a nuaber ot thea 
are fractured. Labradorite conatitutes about 50 to 55 percent ot the rooka. Augite, 
in •any instanoes in the Corm ot fractured anhedral aggregatea, •akea up aoae 25 per• 
cent ot the se�tionao Yoat of the aacnetite graina have either anhedral or ver7 irregu­
lar outlines and constitute a tew percent. The groundaaas is either a ar&T or brown glass, 
in some places partially devitritied, and in the three rooks exaalned avera1•• about 
20 to 35 percent, 

A weathered portion of one thin section shows that the gla117 aatrix altera auch 
•ore readily than the plagioclase and augite. !he •agnetite was apparently unaltered. 
The differential alteration ot the clasay groun�aass, the traotured nature of nearly all 
the augite and soae ot the labradorite, and the interaertal•like texture ot the baaalta 
favor their rather rapid and oontinuoua alteration. 

Although the underlying basalts did not give rise to the ore, it is very likely that 
Riailar but younger representatives ot the same series were the parent rooks. 

-8-



At the Hutchinson Locality the earthy material i .. ed1ately beneath the hard o3litio 
ore contain• less allioa than in the ore above. This earthy •aterlal also oontains 
bauxite minerala, eapeoially oliaohlte aa mentioned previously. Speotrographio analyaes 
show that the silica oontent ot the horl&on under the bard ore lnoreaaea •arkedly with 
depth, indicating admixture ot olay. Description ot the section drilled and aaapled 11 

given in the part which discuaaea individual depoaits. 

AI noted at the Hutobinson and some other looalitiea, the aaterlal beneath the 
hard ore oontain• bauxite •lnerala in soae plaoes at least. At atlll other plaoea ln 
the area basaltlo•like pebble• are present. These pebblea are dark gray in oolor and 
some have a vesicular texture. However, examination shows they are nearly ooapletely 
altorod. It is believed that the ferruglnoua bauxite grades downward into a olayey 
horizon whioh givea way ln depth to altered baaaltio parent rook. 

The exaot time ot origin ot the depoalta is not known. However, they were toraed 
after the basalts ot the area were extruded in Wiooeno t1ao a�d before the deposition 
or the overlying silt whioh has been assigned by Treasher11 to the late Plolatooene or 
early Reoent. The laterization responaible tor the formation ot the ores probably 
ooourred before the baealts were folded and somewhat elevated; the rate or formation ot 
laterite would have had to exoeed the rate of ita removal by erosion. Aa it i1 now 
generally agreed that the formation of lateritic aluminu• hydroxide• il oaused simply 
by the long oontlnued aotion ot ordinary ground waters under speoial conditions of 
moisture and heatl2, it appears that erosion was relatively inaotive during the !ormation 
ot the Washington County orea. The aosooiation ot �iooene basalt• with the •arine Aatoria 
formation to the west ot the area suggests that the lavaa were poured out when 1ashington 
County had a lower average roller than now. Laterization may have been aotive in foralng 
the deposits from the time or the final outpouring of the �iooene laval to the ti•e or 
their folding, and aay have produoed n relatively continuous blanket ot laterite over the 
&rea, The folding ia believed to have oocurred in the Pliocene. Treasher states that the 
�iooene basalts and the overlying gravels ot the !routdale formation, whioh be gaTe a 
middle Pliooene age, are essentially parallel in the Portland area. AI Troutdale gravels 
were mapped at eleTations aa auoh aa 1200 teet and are distributed over a wide area, 
Treasher concluded that they were deposited al a piedmont tan and were detoraed at the saae 
ti•e as the Wiooene ba1alta. Boring laval or late Pliooene or early Pleistocene age are 
undeformed and ocour southeaat ct the area apparently oocupying atruotural as well aa 
erosional deprssslona in the Colu•b1a RiTer basalts, 

Erosion followlne the folding and aocoapanying uplift had so•ewbat dlaaeoted the 
Wa�hington County ore deposit• when a thiok blanket ot silt was laid down, probably by 
wind notion, over auoh of the area in possibly late Pleistooene or early Reoent tiae. 
Ero61on has ainoe removed part or this oover, 

11Treasher, R. c., op. oit. (Geologio Uap). 
12L1ndgren, Waldemar, �ineral Deposits, p. 375, UoGraw•Hill, l'J) • 
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INDIVIDUAL PROPERTIES 

Three of the aeTen looal1t1ea dlaouaaed 1n the tollowlnc aeotlon of the report -
the Hendrlokaon, Bendriokaon &atenaion, and the Belaon • oontaln the bulk of the indi· 
oated ore reaerTel in the area 10 tar explored. At the other propertlea aent1oned1 
oonaiderable exploration work 11 neoeaaar7 before tonna1e eat1aatea •&7 be aade. 

Hendr1okaon Dapoalts 

!be Hendrlokaon tar• on Dizie Mtn. Road (aee index •ap oppoalte pa1e 3) waa aeleottd 
beoauat of lta aooeaalblllt7 and alao bto!P!���oaurea et the ore toraatlon alone an old 
locclnl railroad 1radt lnd1oated a poaa1bl�1tonnale• Prel1•1nar7 aaaplinc of the expoaurea 
whioh repreaented only the top of the ore bed caTe the tollowlnc reault11 

(A) Railroad out BW ot the 
Hendrlokaon houae (1500 R -
�000 &}. A �-tt. ohanntl 
aaaple of pebbly t7pe 
terrucinoua bauxite. 

(B) Railroad out N. ot the 
Bendl"lokaon bouae (1,00 B • 
5100 E). fop toot ot the 
o�11t1o ore bed aaapled. 

(c) Sa•• looatlon aa (B). 4 4-tt. 
channel aaaplt ot red allty 
olay OTti"171DI (l}o 

Iron 
Aluaina 
SU1oa 
Phoaphorue 
!itanla 

Iron 
Alualna 
S111oa 
Phoaphorua 
fltanla 

II" on 
.Uualna 
S1U.oa 
Phoaphorua 
Utan1a 

(Fe) 
(.UJO)) 
(S102) 
(P) 
(T102) 

(Pe) 
(Al203) 
(S102) 
(P) 
(!102) 

(Pt) 
(Al20?) 
(S102 
(P} 
(!102) 

28.26 � 
)4.60 

6.22 
0.170 

40.,2 � 
24.5' 

)o58 
o.o,2 
4.02 

14.1) � 
2).41 
,38.27 

o.o,8 
).22 

A plane•table IUrTey et the Hendr1okaon Looality waa aadt and 2' hole• were drilled 
UI1DC hand auc•r• and ohoppln, blta r ... the purpo•• ot •a•pllnl the depoalt. The topo ... aphy 
and the looatlon et dl"111 bolea and out 11 ahown on the aap oppoalte pace 11. 

It 11 bellewed that aoae et the hole• ln ore ahowed l"elatlwely hlch allioa reaulta 
beoauae too auob ot the oyer17ina rtddlab•atalntd o1-r•7 •llt wa• lnoludtd ln the aaapl••· 

!he aattrial near the botto• of the out neal" Hole 7 oentalna ctbbalte ln addition to 
llaonlte and a alnor aaount ot aacnetlte. the •ilioa oontent of th1a earthy aattrlal ia 
aoaewhat lower than that ot the awerac• ore, Anal1••• ot •a•pl•• troa thl• out were not 
lnoluded in the taloulatlona. the out near Holt 7 waa aadt to deteraint the oharaoteria­
tlol ot a aeotlon ot the ore and waa aaapled to obtain the woluae-welcht taotol" fol" tonnace 
oaloulat1ona. Analyaea and deaorlptlon ot the aater1al ln the out tollowa& 

Suph ••• !!• !!2�, Sl02 lllolature I1nltlon Saaph Dnorlptlon 
� � 

(Mot Suphd) 0' - ,. Red olar 

P•247) 23.25 ,36.48 5·70 17·5 1,.8 ,, - , . Hal"d reddilh brown 

P-2474 15.81 42.,2 5o74 21.2 , . - 12'7" Dark l"eddhh bi"OWD 

ore. 

ore 
with I�"AY nodule• and 
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An arithmetical average analysis or saaples ot ore trom holes so tar drilled on the 
Hendrickson place is: 

Iron (Pe} 25.,5 � 
Alumina (Al203) )1.85 
Silica (Si02) 8.,5 
Phospho rue (P) 0.140 
Titania (T102) 4.5 
Moisture 1,.0 
Ignition Lou 18.0 

The area underlain by ore on the Hendrickson tara ls approxlaately 64 acre•. The 
volume-weight taotor for the ore hal been detera1ned a1 17 ou. ft. per long ton in plaoe. 
Using this taotor, the Hendrickaon tara would contain in round t1gures 2500 tons per acre­
toot. The average arithmetical thlokneaa ot the ore sampled, using 11 hole• in ore, la 
approximately 11 teet; therefore, 1,760,000 long tons or crt ia indioatad tor the 
Hendrickson property alone. The earth7 material underlying the hard ore wa1 thought to 
be largely clay at the tiae aost of the 1aaplina wa1 done. Sinoe then it has been found 
that ln places thls material ia bauzltio, and it il possible that further drilling will 
prove a greater thiokness ot ore than that used in the calculation•. 

Any discua1ion ot the eoonoaios ot thil deposit should take into conlidtration the 
two adJacent bodiel located on the Nelson tara to the northeaat and the ao-oalltd 
Hendrickson Extension to the northwest, both ot which are described in the following 
paragrapha. These three areal contain the bulk or the indicated ore reserves disousstd 
in this report. 

Pive or the holes wert also drilled Just south ot the Hendrickson tarm on the 
Schoenberg property which adJo!ns it. Results of this dril�ing indicate that the same 
ore body underlie• a portion ot the Schoenberg tara, although the areal extent ia small 
because ot the nature ot the terrain. 

Hendrickson Extension: 

!his locality lies to the northwest ot the Hendrickson deposit and la separated 
troa lt by a narrow saddle. 

Oglitio type ore is exposed at Hole 26. Analysis ot 13 teet or ore troa this hole 
gave the following values: 

Iron 
Aluaina 
Silica 

(Pe) 
(.\120)) 
( Si02) 

Any estimate ot the extent ot this ore body ia difficult due to insuttio1tnt ex­
ploration. However, a tlat•topped area possibl7 50 aorea or acre in extent aay bt 
underlain by ore. 

Nelson Deposit: 

A quarter of a aile northeast ot the Hendrickson locality at a somewhat greater 
elevation six auger hole• were put down on the Ntlaon tara. the iron toraations at 
these two tar•s1 although not oonnected1 could easily be served by on• aining operationo 
� lketeh skow1nc the toposraphy and looation• ot the holes il opposite pace 13. 

Average analysis or ore rroa Holes 22, 23, and 24 1s a• tollo••s 

Iron 
Alualna 
Silica 

(Pe) 
(Al203) 
(Si02) 
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Reserves, based on a lOcfoot average thickness of ore for the area lying between 
Holes 22, 231 and 24 are estimated to be 1751000 long tons. By deepeninc Holes 25 , 
35, and 36 additional tonnage might be proved. Increase in areal extent aight also be 
shown by additional drilling. � well at the Dudley house southwest ot the Nelson tara 
and 200 feet southeast ot tho Wallace School, out several teet ot oSlitio ore at a 
depth or about 25 teet. No accurate measurements could be aadt due to inaccessibility 
or the welle A petrographic examination ot a sample ot claycllke aaterial troa the 
well dump showed the material to be largely a mixture or gibbsite and limonite. Spec• 
trographic analysis showed the material was mainly alumina and iron with about 5 perw 
cent each or silica and titaniao 

The silt overlying the ore body is the saae as that on the adJoining Hendrickson 
fare. The horizon or the ore in the drill holes on the Nelson farm is nearly tbo 
same as would be obtained by proJecting the 1• - 2° dip or the hard ore northeastward 
troa the Hendrickson ore body. Although these two ore bodies wert undoubtedly con­
nected originally, they are now separated by the saddle which crosses the road between 
lfallaoe School and the Grange Hall. A hole drilled Just east or the road at the lowest 
point in the saddle struck silt which was depoaited after erosion had reaoved the ore. 
Another hole drilled 120 teet south ot a point midway between Holes 24 and 25 waa like• 
wise barren. 

L.�ality No�,!: 

this deposit is shown on tho index aap, opposite page 3• It is located in Sli 
sec. 34, To 3 N., R. 3 w. on a logging road, a quarter of a aile east or the Pumpkin 
Ridge Road, General topographlo features or the area together with tho looation ot 
Hole 30 and an open nut are shown on the sketch map opposite page 15. Hole 30 pene­
trated 11 feet or ore. Tho lower 7 teet assayed as follows� 

Iron 
Alu11ina 
Silica 

A 20�toot out 6 teet deep, located 50 teet southeast or Hole 30, exposes about 
4* teet or pebbly type oreo 

Without additional holea to deli•it the ore body accurately, no tonnage estiaatea 
may be made. The topography ot the area to the south and east indicates that the ore 
has been eroded away. Howeyer1 exposure of the same type ot ore in a road eut en 
Pumpkin Ridge Road about a quarter ot a •ile to tho northwest augsesta the aztension 
of the ore body to the northweat troa the open out and Hole 30. 

Hutchinson plaoe: 

This locality, designated Ne. 8 on the index map, is 21 miles by road southeast et 
Locality No. 4, at an elevation ot about 1100 teet. Topography and the locationa et 
the liaonite eutcrop and Holes 31 and 32 are shown on the sketch map epptsite page 17. 
Hole 31 encountered hard li•onite and tho hole was abandoned. Hole 32 waa drilled through 
14 teet ot ore having a weighted average analysis aa tollowa: 

Iron 
Alumina 
SUioa 

The ore body haa been removed by erosion on the south and eaet but -.y extend tor 
so•e diatance to the northwest in the direction of Locality No. 4. Analysis and desor1pe 
tion of the section drilled tollowa: 
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Saa2h Ho. !! A!223 !!.22 
( Hot Suphd) 

" II 

P-2455 22.8) )).12 12.,6 

P•2456 )2.68 25o72 8.62 

P-2457 25.,1 )2.88 5·28 

P-25)8 21.80 )4.08 4o76 

P•253' 24.16 37-24 5·00 

P•2540 22.80 42.12 5· 34 

P•2 541 22.)6 42.00 4.oo 

P•2542 2).48 )0.08 5.62 

P•254) 25.26 26.12 12.44 

P•2544 23.03 27.64 16.64 

M oisture Sa •l!h lidth 

o•  4 •  

l p  8 •  

8 •  - 1 0 1  

1 0 1  - 1 2  t 

1 2 •  - 1 ) '  

20.2 1)' - 11 . .  6•• 

2 1 . 22 14•611 - 161 611 

20.6 16• 611 - 1 7 • 6•• 

20.8 17''" .. 1''6" 

21.6 1, •611 - 20 • 

,o.6 2 0 1  0 2 2 •  

)4.o4 2 2 '  - 24 • 

Duorhtlon 

Top soU. 

Red ol&7o 

o3litio iron (hard). 

" " 

Yellow olay-like aaterlal 
with white speoks. 

Dark red-brown olay•like 
material • few o3lites. 

Yellow brown olay•like 
aaterial with white trac­
aents and oooasional o81ites. 

Very few, it any ,  o811ies. 

Brown and yellow-brown 
pebbly , olay•llke aaterlal. 

Ho ohange . 

Mottled, variool ored and 
olay•l!ko, white streaks. 

Little apparent obance. 

!he aaterial below the bard ore at a depth of 12 - 1 )  teet was desoribed ln the field 
as a 7 ellow ol� witb wblte apeoks et deaoapesed feldspar. Chealoal ana1y••• ehow ed that 
the aaterial oontalned relatively hl1h lron and alualna and low allloa. Petro,raphlo 
analysle er the white epeoks showed that they were probably ollaohlte w ith eoae gibb site. 
Speotrocraphlo analyeia oentlraed their bauxltlo oharaoter, a• the7 oontalned aore than 
10 p eroent aluainua , 1 ••• than 5 pereent ellloa, 1 ••• than 1 peroent iron, and less than 
1 peroent titanlua. Cbeaioal anal71i1 or the •••• pioked aaterlal return ed 1.28 peroent 
a1l1oa. 

Sobaiclt Para s 

In the southern part er the area in seo. ), T. 1 H., a. 2 1. , at an elevatien o r  about 
'50 teet, an outerop o t  o:litio aaterial ooour• •outh or the Helvetia Read en the Sobaldt 
tara approxlaately three-quarter• et a aile ne rth ot Helvetia. A prelialnar7 •aaple et the 
outorep 1ave the tollewinl anal1e1e z 

Iren 
Aluaina 
Sllloa 
Phelpherus 

(Pe) 
( Al2 0)) 
(S102) 
(P)  

l 8 o 5l " 
45o87 

8ol6 
0.150 

Three au1er hol e• were put down at thil tara ae shown on the aketoh oppo1ite pace 1,. 
Ana1ytloal rl lult• et ... plea troa Helee 1 and 2 give the following average analy1l1 1 

Iren 
Alua1na 
Sllioa 

(le) 
(Al20)) 
( Si 02 ) 

The topograph7 of this area is suoh that a oenslderable aoreage aight be underlain b7 
ere. Additional helea t e  detera lne the extent or the ere bod¥ are needed before any tennace 
estiaatee a.,. be aade1 and to cive interaatlon oenoern1ng average thio kneaa e r  overburden. 
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Cathey Para: 

Halt a aile north or the Sohaldt tara on the oounty road ln seo. 34, T. 2 N. , R. 2 w. , 
three auger holes were drilled as shown on the lketoh aap, eppes1te page 21.  

Average analy111  o f  1amples taken troa Roles 4 and 6 gave the tollewlng results : 

Iron 
Alualna 
S111oa 

Hole 5 failed to reaoh the ore. 

(Pt) 
(Al2 03) 
(5102) 

15· '' � 
22.,,  
40.35 

Proa the analysl l  lt 11 apparent that the silloa content et thls depeslt 1• auoh toe 
hlgh tor the material to be olalltd as ore. 

UlSCCLLANEOUS PROPCRTifS 

The tollewlng propertiea were exaalned tor 1urtaoe indloatlon•, and two et thea were 
tested by slnsl• drill holes. Althouch ore depesita ln these properties appear te be ••••· 
what r•str1oted ln size, further expleratltn work aay 1hew that soae et thea oontaln ere 
ln eoonoalo amounts. 

Beoker Looallty (ll: 

This deposit i1 4.6  allts north of the Pleasant View Sohool on the Puapkin Ridge Road 
at an elevation of about 1625 teet. Owing to the unoertalnty of the looation of various 
branoh road• a1 lhown on maps of the area, the looations of Deposits 1 and 2 were not 
exaotly determined. Looality 1 may actually be aa tar Iouth aa Looallty 2r and Looallty 2 
may be  in aeo. 26.  Hole 3J drilled through , teet o!  reddish brown material having the 
following analysi s :  

Iron 
Aluaina 
Sllioa 

Pebbly type ore was round on the surtaoe near the road. 

Railroad Cut Locality (2): 

This looality, 4.o allea north et Ploasant View School by the way of the Pumpkin Ridge 
Road, is at an elevation or 1550 teet. The bottea of an old rai lroad out, about 15 teet 
deep shows a 3-toot layer of reddish brown olay-like aaterlal oontalnlns pleoea et typloal 
eilltlo ore aa auoh aa 4 lnohea in dlaaeter. No analysts or the material hal been aade. 

Lazy W Ranoh (3): 

oBlitio type ore oooura at  float 1n  the saddle west of the houee in  the SE! aeo. 30, 
T. 3 N. , R. 2 w. , at an elevation or about 1540 teet. Large ohunka or liaonlte, very 
alallar to the Soappooae ores, have been found in proapeot holes nearly halt a aile weet 
of the house at an el evation of 1530 teet and near the head of the dralnace of a oreek 
whloh tlowe •outhwest. 

Salth Looality (7} :  

Thll ooourrenoe i s  on the Puapkln Rids• Road 0.45 alle north o f  the Pleasant View 
Sohool, at an elevation or 1175 teet. o8lltlo type float 11 round both north of the Salth 
hou•• and ln a draw a short dl1tanoe to the southwest. A well has been due baok of the 
hou1e at the old £9ler plaoe on the other side or the road troa1 and a 1hort dlstanoe 
north ot1 the Saith house. o81ltlo type ore •a• to�nd on the du•p and aay be seen al•o 
on the walla or the well shaft. 
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Parae le Locality ( 9): 

Hard pebbly type ore oooura in si aeo. 5, T. 2 N. , R. 2 w . ,  0.27 mile east of Dixie 
Ktn. Road. The oro ls e xpoaed in a road out at the top ot the hill at an elevation ot 
about 1240 teet. H o l e  2'  penetrated 10 teet or ore having the following weighted average 

analyai a : 

Iron 
Aluaina 
Silioa 

The ailioa content of the lower 6 feet of ore is somewhat leas than that given. 

Petrographic analy1ia lhowa that the whit� particl el in the fira red clay•like aaterial 
ot this lower portion is gibbsite with so�e limonite. 

Jacobe Farm (10): 

This locality ia 0 . 2  aile east of the Pumpkin Ridge Road and 4.45 mi le s south ot 
the Plea1ant View Sohool, at an el evation of about 525 feet. P!eoea of typical o�litio 
ore ooour scattered over portion• or the w. o. Jaooba tara and the ore aay have con­
siderable areal extent in that general v1o1nity. 

ECONOMICS AND QRg TREATMENT 

The noar•aurtaoe po sition, blanke t  fo rm; and generally low atr�.pping ratio aake the 

depoa ita so tar examined susceptible of surface mining method�o On the R�ndriokson d8• 

posit thickne se ot overburden averagea about 21 feet whioh allows � stripping ratio of 

2 to 1. There is aoae evidence that the average th1okness of ore 1a greater th�n 11 teet, 
the figure uaed1 so that the atripping ratio aay be leas than that given. The silt 
overburden ahould be easily handled. The ore i t s e l f  i 1  triab l e ,  and aining and crushing 
to the size required tor smelting oould be done oheaplyo 

In order to b e  oommeroi al , this ore would need to be treated to recover both iron and 
alumina. A market Cor both ot these products exists in the Northweat with a c ons iderable 
part of the demand concentrated in the lower Co lumbia River area. 

The Uo s. Bureau ot Wlnea has been oarryinl out testing work in treatment of terru� 

ginou� and ailioeoua bauxites to recover iron ( either as pig iron o� ter�o·ailioon) and 

alualna, but no ooameroial operation tor the treatment ot th1� type of ore in this c ountry 

hal been reported. 

The Pedersen prooeaa haa been used in Norwa1 to treat material analogous to the 
Washington County ore. A ooa�ercial operation 1tarted in 1928. £s sentially the proo esa 
oonsi1ts of saelting iron o r e ,  oo�e, l i m e ,  and aluminous aaterial t o  produce p i a  iron and 
oaloiu• alu•inate sl ag. The alag il crushed and leached with hot aodiua o arbonate solution 
containing aoat sodlu• bydroxide o The resulting 1olutlon oonta!n8 the aluaina as aluainua 
hydrox1 de J oalolua carbonate and silica Pre le!t in the s!udge and may be tiltered ott o 

The solution i s  treated with carbon dlox�d� (C02) gas !n e�d�� tc prenipitate alu•inua 
hydroxide whioh ia filtered ott and calcined to ob�aln �hydr.ous alumina. The filtrate 
containing sodiua carbonate and sodium �droxlde la rec irculated tor turth$r slag treatment. 
A araphioal repreaentat1on ot the flow sheet ia outlined OP,posi te paae 23. 

The smelting operation is preferably carried out in the electri c furnace .  Power 
consumption 1s reported to be approxi�ately 3600 kwh per ton ot iron pro duc ed. 

In Norway it is reported that Prenoh fer.ruginous bauxite was smelted with Norwegian 
iron ore, and that silica in the raw materiala should be under 8 percent. � lowoaulphur 
high grade baaio iron is produced a1 well as calcined alumina. 

-21� 



Bauxite Iron ore Lime Coke 

� ! 
Electric furnace 

Calcium aluminate 
Pig iron slag 

Slag finely 
ground 

Leached with hot Na2C03 
solution with small f-4-

Na2C03 
solut ion 

amount ot NaOH with 
HaOH 

i 
• f 

Precipitate of Filtrate of sodium 
calcium carbonate aluminate - Add 
silica sludge carbon dioxide 

l 
Jluminum hydroxide 

� 
Filtered , washed 
and calc ined to 
alumina 

� :FROOJ:SS FOR :ffiODUCTION OF PIG IRON AND AWMINA 



F�oa the evidence now avai lable, it would appear that the Pederlen proce11 would be 
applicable to the treatment ot the Washington County deposita. Soaa aoditicationa or 
ad�ptationa aight be naoesaary; at leaat, thorough aetallurgioal testing lhauld be done, 
and pilot plant telting would be essential tor dealcn or a oo .. arcial plant. It i a  
••••ntial also to do aora intensive exploration o t  the o r a  deposita to detaaine quantity 
�.d quality o t  ora availableQ Obviously troa an oparatins standpoint one large depolit 
or a closely spaced group ot amaller deposita would be aore valuable than aany widal7 
scattered saall depoaitl. 

Pavorab1e taotora relating to investigation and production troa these dtpollta are : 
(1) their proxia1ty to the Portland area which atana tavorabla operating cond1t1on• as 
ragard1 tranlportatlon, labor, and suppll a • ;  ( 2 )  cheap electric power tor aaaltin15 (3) 
ravorabie naargby market tor the product• produced; (�) cheap exploration oo1t per unit 
ot or� developed; (5) cheap ainlng c o at ,  as 1urfaoa alnlng aathoda appear to be appll· 
oabla; (6) relatlval7 high gro11 value ot the ora because two coaaaroial produot1 would 
be producedo 

Bauxite -

Cliaohite • 

Collotora � 

Gibbsite -

Laterite -

Latarl zatian -

Liaonita • 

Magnetite -

O�llt11 • 

O�lltlo -

Pisolitic -

•••••••••••••••••••• 

APPENDIX 

An aaorphoua aineral or aixture of ainerala bavlna an appro¥1-
aata c oapo aition o r  A12 03• 2H20• Now it la acre genarall7 
applied ooaaaroially to alualnou• latarltlo rooks ln whloh 
alualnua hydroxides, aaorphous or oryatalllna, pradoalnate 
over ot� lateritic constituents. 

An aaorphoua h7drou1 alualnua oxide, Al203(H20)x• It ia the 
aaln oon1tituent or aoae bauxit••· 

!he rounded, aore or la11 lpbtrloal tara &IIUaad b7 aaarphou1 
or aataoolloldal aintrall or ainaral s•l• in open apao••• 

A hydrous aluainua oxide, Al2036 3HaO or Al(OH) 3• It ia the 
aaJor constituent ot 1oae bauxites and a alnor one in others. 

A res idual depe•it, often oonoretionary, toraed al a re•ult 
of the deooapositlon ot rooks by wea�arlng and around waters, 
and oonsiatlng e1sentiall7 at aluainua and rerrio hydroxides, 
wh1oh aay be ory•tall1ne or aaorphou1. 

The proo a 1 s  whioh teras laterite. 

Rounded, oonora,lonar7 gralna usuall7 considered to be aaaller 
than a pea. 

A '•xtural tara rer rooks oonelstlna ot ••all reund araln• er 
conorotloaa (o811te1 ) ,  releablins the roe ot a tiah, oeaented 
together. 

A texture ooarear than o311tlc1 the eonoration• belnc about the 
111a e t ,  or larser than, a pea • 

•••••••••• 
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