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FPOREWORD

OQoourrenoe of sizeable bauxitio iron deposits within 30 miles of Portland
and within 10 miles of the Columbia River should prove to be of oonsiderable
importanoce to the Portland area and the State. Two produots - iron and alumina -
say be produced from this ore, and a market exists for both produots in the
lower Columbia River area., It 1s seldom that mineral deposits are so favorably
situated as regards markets,

Although muoh testing work needs to be done in order to obtain full knowle
edge both of the extent and value of the deposits and the most eoonomioal
method of treatment, 1t should be pointed out that a large amount of pioneer
work on ore treatment has already been done in Norway and in the United States,

This report was prepared and is being issued while investigation work by
the Department is still being done. The reason for doing this is beoause of
the urgent need for setting up post-war industrial projeots, It is felt that
development of and produotion from theee ores might well be suoh a project,
and that this report may point the way.

Altheugh the report is definitely preliminary, suffioient faots have been
obtained to show the potential importance of the dsposits, and the Department
wishes to make these faots immediately available. Even though further exploration
Bay ohange so®e oonolusions, 1t is believed that any such changes will be along
the lines of enlarging and defining ore reserves rather than detraoting from their
{mportanoce, For example, after the manusoript was first prepared, some bauxite
minerals were discovered in places in the horizon immediately below the hard ors,
This disoovery, the eoonomio importance of whioh 18 not yet known, neocessitated
some additions to the report,

Supplemental statements or news releases will be issued vhen they are
warranted by additional facts obtained in the investigation work.

P. W. Libbey, Director
August 4, 194k,
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ABSTRACT

Bauxitisa iron ore is found in scattered deposits in northern Washington County,
Oregon, over an area comprising roughly four townships. Although these deposits are
separated by only a few miles from the limonite deposits of Columbia County, their
oomposition 18 distinectly different in that the Washington County ores oontain about
25 pexrvent iron, generally over 30 peroent alumina, and about 0.15 percent phosphorus,
compared to about 50 peroent, 4 percent, and 0.70 persent respectively for Columbila
County ores.

The ores are generally odlitio or pisolitic and magnetic, and ooccur in flat-lying
beds 6 to 15 feet or more thick under a silt overburden. Topography determines the
outline of the deposits, and their locations are oonfined to the more or less flat-
topped hills and spurs. The ore 18 of lateritis origin and was apparently formed by
the weathering of Columbia River basalts aftar their final outpouring in the Uioocene
and prior %0 the folding and anreompanying uplift of the region which is believed to
be Plioecene,

The main expleratory work was done in the Hendrickson locality where over 2,000,000
long tons of ors (ratural) ¢s indisated. Various other deposits were sampled, but insuf-
ficient work was done by which tonnage estimates on them may be based.

Both iron and alumina could be produced from this ore to supply a local market.
The Pederson process has been used to treat similar material in Norway to produce both
these products oommeresially.

INTRODUCTION

High-alumine iron ore oz ferwruginous bauxite has in the past been rsoported to oscecur
in northern Washington County. Oregon. IXn April 12944, the Department started an investis
gation in order to obtaln dafinits information concirning the extent and value of these
deposits., At the Hendrickson leeality more than 100 scres has besn mapped on a scale of
200 feet to the inch with a 10=foot contour intervel. In sampling, Y9 auger holes, to-
taling 922 feet, have besn drilled and more than 90 samplex have been analyzad.

A large part of the land investigated 4& privately owned and some of it 1s undey suvl~
tivation. Therc 1s some Oregon and California Railroad révested lands in the area, but the
extent and location of Government land has not baan determined. A oconsiderable portion is
out-over land; some of this contains second growth timber and a heavy brush cover.

Immediately north of the area disoussed in this report, limonite deposits occur northe-
weat of the town of Scappoose in Columbia County. The Scappoose ores so far developed,
however, are different in certain characteristies from those in Washington Gounty. The
Oregon Bureau of Hines and Geology published a rspor® on the Limonite Iren Ores cof Golumbia
County, Oregon in 1923, and recently ths U.S.Bureau ¢f lines published War Minerals ngg?%blﬁﬁj

Scappoose Mine, Columbia County, Oregon, describing results of exploration wowk dona in 1942,

For purposs of comparison, typical analyses of the ore (dry basis) of the two areas
are given below;

Washington County §2§EEEE§SLA££§
Iron (?B) 2"‘06 % 49,0 %
Alunina (A1203) 32.8 4,3
Silica (ss0,) 9.5 5.3
Titanla (T10z) 3.5 0.l
Phosphorus (P) 0,150 0.73

Only part of the Washington County area has been examined by the writers. Some
reconnatssanco work 18 8till being done by the Department (July 1944) but a large amount
of exploration and sampling would be necessary in order to delimit and determine the
value of all the known cccurrences,

.
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LOCATION

The looation of the area is shown on the index map of northwestern Oregon, opposite
page 1; that of the deposits, on the oounty index map, opposite page 3, These deposits
ooour in an area roughly 25 to 35 miles northwest of Portland in 7. 1 No, R¢ 2 W, and in
Tps. 2 and 3 N., Rs. 2 and 3 Wo Prom Portland, the area may be reaohed either from the
north via Skyline Blvd. (or U.S, 30) and Dixie Mtn. Road; or from North Plains on the
south via Dixie Mtn, Road or Pumpkin Ridge Road. Bransh roads lead to various parte of
the area. The western part is most easily reaohed from the south by the Pumpkin Ridge
Road; the eastern part by the Dixie Mtn, Road.

TOPOGRAPHY

A gently sloping upland surface, having an elevation of more than 1600 feet, drops
gradually southward in a distance of 7 miles to an elevation of about 40O feet where 1t
approaches the Tualatin Plain. The orest of the surfaoce forms the drainage divide be-
tveen northern Washington County and southern Columbia County., This surfaoce 1s disseoted
over muoh of the area by many gulohes and ocanyons whose steep slepes are oharaoteristio
of youthful topography, the gulohes separating the more or less flat-topped hills and
spurs, The area south of the divide is drained by MoKay Creek and the East Pork of Dairy
Creek, wvhioh have fairly steep gradients in theil= uppsr reaches,

GENERAL GEOLOGY

In 1941 as a projeot of the Departmentis state geologieal survey, lilkinlonl mapped
the St, Helens quadrangle in Columsbia County whioh 1ies immediately north of the area
desoribed in this report, Many of hie desoriptions and oonolusions, particularly those
oconoerning geologio history, are appliocable to northern Washington County. Extraots
from Wilkinson's report are as follows:

"Geologia History:

"The geologio history of this region began with the deposition of sediments
in an Oligooene sea. The shoreline, or tidaleflat area, was in part within the
quadrangle , sinoe leaves are found in several places intermingled with marine
foesils. , "

l'ilkinoon, ¥. D., Geology of the St. Helens Quadrangle (134l), State Department of
Geology and Mineral Industries, in manusoript.



", o« oAt the end of the Oligooene there was a general uplift, whioh reeulted
in the shoreline being moved to the west. The new surfaoe was subjeoted to
oontinual erosion until middle Miocoene time « « «The surfaoe at the end of
this period was possibly one of early or middle maturity.

"During Miooene time a series of basaltio lavas flowed out over this
surface filling many of the wvalleys and ultimately forming a flat uniform
plain, exoept possibly for oooasional areas of the original hilltops or ridges
of Oligooene sediments whioh stood above this new surfaoe as steptoes., The
inundation by the Micoene baealts ooourred at varying time intervals sinoe
some flows have 80il well developed upon eurfaoes, whioh were buried by later
flows, The final surfaoe was almost a plain, having only irregularities inoi-
dent to the mode of origin or remnants of the old surface. Upon this surfaoce
a new drainage pattern developed, which ie expreseed in the present topography.

WSometime during the period between late Liooene and the present, the
entire region was subjeoted to olimatio oonditions which resulted in deep
weathering and whioh produoed a heavy soil mantle of a lateritio type."

The formations mentioned by Wilkinson? in the preoeding paragraphs are also present in
Jashington County, Disregarding a silt oovering, the Columbia River basalts form most of
the surfaoe of the area oonoerned in thie report. The sedimentary rooks, whioh unconformably
underlie the Columbia River basalts, were assigned to the Oligocene by Wilkineon, They are
oxposed at only a few known localities in this part of Washington County. Similar sedis
ments are believed to be exposed in one of the outs on the Dixie Mtn. Road between the
Shady Brook Sohool and Wallaoe Sohool, and are found in numerous outs on the road leading
from Rooky Point on U.S. 30 to Skyline Blvd: No attempt was made to map their attitude but
oasual observations showed them to be more folded than the overlying basalts. Oligooene
sediments are not known to ooour along U.S. 30 south of Rocky Point, whore Columbia River
basaltio flows are exposed dipping several degrees to the east., Thus the Oligocene sedi-
ments found along the Rooky Point Road seem to ooour in a window out near the orest of an
anticlinal fold in stratigraphically younger baealts; The axis of the fold trends roughly
northwest and appears to lie near the divide separating the drainage of northern Washington
County and southern Columbia County. A# mentioned by Treasher3 the oourse of the Willamette
River appears to have been determined morse by the attitude of the Columbia River basalts
than by faulting. Treashert mapped the struoture of the Miooene lavas of the Portland Hills,
which 1ie east of Washington County, as a northerly-trending antioline.

Basalts similar in oharaoter and age to the Columbia River lavas of both the Portland
area and St. Helens quadrangle are exposed in the valley of MoKay Creek west of the Hendrick-
son deposit.where this series of basalts, in plaoces vesioular, is asmuoh abp 400 feet thiok,

The strike of these flows 18 about N. €5° ¥. and the dip, several degrees to the south. The
auoh eteeper southwest wall of the valley of LoKay Creek 18 believed to be further evidenoce
bearing out the southwest dip of the lavas: A8 will be pointed out later, the attitude of
these basalts 18 very similar to that of the liendriokson deposit,

Although the struocture of the flows underlying the deposits treated in this report
has been determined at a limited number of localities only, the basalts are thought to
form the southwest limb of an antiocline whose axle trends roughly northwest, and whose
northeast limb has helped to determine the western side of the Willamette~Columbia River
valley., The orest of the antioline nearly ooinoides with the drainage divide in northern
Washington County. The basalts of the southwest limb of this antioline, on which the
ore deposits are looated, dip several degrees to the south, and apparently extend south-
ward under the fil1l of the Tualatin River Valley to reappear in the Chehalem hills,

2¥11kinson, W. D., op. oit,

BTrealhor, R. C., Geologlo History of the Portland Area,GMI Short Paper, No.7, State
Department of Geology and Mineral Industries, 1942,

Treasher, R. C., Geologio Map of the Portland Area, State Department of Geology and

Mineral Industries, 1942,
Ye



These hills appear to be largely basalts, supposedly of the same age, whose dip, where
measured, is several degrees to the north. They are also thought to ooour north of the
Chehalea hille in Coeper Mountain and Bull lountain, where they appear to form a north-
west-trending antioline whioh disappears to the northwest under the valley fill, Boring
lavas® of late Pliocoene or early Pleistooene age were poured out in the area northeast
of Bull Mtn., as in the vioinity of Tigard, filling struotural as well as erosional de~
pressions,

The Uuiooene basalts in this part of Washington County thus seem to have been folded
into rather broad antiolines and basins, The Tualatin River Valley appears to be a good
example of suoh a basin. A4lthough Wilkinson fails to mention any major folding of the
Columbia River lavas in the St, Helens quadrangle in Columbia County, he does not state
that 1t did not ooour and it seems likely that that area may have been affeoted by the
same folding. In the St. Helens quadrangle the difference in elevation of the Columbia
River basalts 1s more than 1600 feet, and Wilkinson states that their maximum thiokness
is about 700 feet, The highest elevations of these lavas are in the southern part of the
St., Helens quadrangle Just north of the area treated in this report; the lowvest elevations
are several miles to the northeast along the Columbia River, As Wilkinson pointed out
that the final surfaoe of these lavas was nearly a plain, this difference in elevation
maight be due entirely to displacements aleng northwest-striking faults mapped by hiams;
however, present elevations of these basalts might also be attributed largely to broad
gentle folding. louvors stated that the basalts in Coluambia County rest with marked
unoonformity on the underlying marine Oligocene shales and sandstones, and that the
basalts have been subjeoted to minor folding whioh has given them a general easterly or
northeasterly dip. He stated also that they pass beneath the wvalley of the Columbia
River and reappear on the northern side in the State of Washington, forming the major
Columbia River synoline.

The age of the folding whioh produced the rsgional structures could not be determined
from observations within the Washington County area. However, the folding is believed to
have oocourred in Pliocene time and is thought te bz direotly related to, or a part of, the
deformation wvhich produced the latest major folding of the CGoast Range,

Silt, buff to brown to red in color and in plases as much as 40 feet thiok, overlies
most of the Hendriokson and Nelson deposits, It alass ooours west of MoKay Creek suoh as
that near the Hutohinsoa deposit:. Where exposed in outs, it is massive and unconsolidated.
The grain size of the ocomponent minerals ranges from 0,3 mm to that of elay whioh oconstie
tutes about 10 peroent of the silt. Nearly all of the silt is minus 50-mesh, and the minus
200-mesh fraotion sonstitutes about 70 peroent of the sand fraotion. Besides olay and some
voloanio glass, the silt inoludes suoh minerals as plagioslase, miorooline, quartz, biotite,
musoovite, hypersthene, and magnetite. Similar silts are found in many road outs aleng
Skyline Blvd., where they have been mapped as Powell silt 10;-7. The massive unoonsolidated
nature, mineralogie oomposition; fineness of grain size, light oolor, stratigraphio position
and topographie distribution of the silt strongly suggest it was wind-laid.

Troauhora states that a fine-grained silt ocover whioh is usually brown or tan ooours
in the Portland area, and is made up largely of quartz grains. The struoture of the silt
is desoribed as massive with loessial ocharaoteristios. He further states that it 1is as
auch ae 100 feet thiok and ooours at elevations ranging from 25 to 1200 feet, stratigraphi-
oally overlying everything exocept reoent alluvium. He stated that it was probably de-~
posited in late Pleistooene or early Reoent time.

51roanhor, Re Co, Geologio Map of the Portland Area, State Department of Geology and
Mineral Industries, 1942,
siocvor, Charles Z,, Tertiary Stratigraphy of Western Washington and Northwestern Oregon,
Univ. of Wash. Pub., vol. &, June 1937.
7Ruzok, C. Ve, ot al, Soil Survey of Multnomah County, Oregon, U.Sc Dept. of Agrio.,
Bur. of Soils, 1922,
Bfroclhor, Re C., op. oit,
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The fact that erosion has falled to remove large masses of the silt in the Washington
County area suggests its comparatively recent geologic age, and thus the silt probably was
deposited after the area had been considerably dissected, Auger drilling shows that the
Hendriockson and Nelson deposits are not connected. Erosion prior to the deposition of the
8ilt 1s believed to have cut through the ore sheet, forming a saddle between Wallace School
and the Grange Hall, to the south, The present topography there as well as elsewhere in the
area is for the greater part the result of erosion of the silt oover whioh mmsks the true
character of the pre-silt topcgraphy. In several places the present drainage appears to
ooinoide with that established prior to the deposition of the silt., This suggests that the
pre-silt topography, though modified, may oorrespond in part with that of the present day.

Reoent terrace deposits ooour along the upper valleys of MoKay Creek and the East Fork
of Dairy Creek.

GEOLOGY OF THE DEPOSITS

Shape and attitude:

High-alumina iron ore outorops in a few places where the silt cover is thin or lacking
near the tops of the hills, Pieces of the iron ore float have been found in many places
throughout the area on the surface, and embedded in soil, The ore ocours in flat-lying and
more or less isolated beds apparently governed in their loeation by topography.

The topsoil in most places contains numerous pellets which may be either weathered
oll11tes, weathered basalt fragments, or cemented soil, Above the ore, the silt varies in
color from deep red to dark reddish-brown.

A typical saction of the iron formation would be: 2 feet of reddish<brown clay {(under
10 feet or more of silt overburden), 8 or more feet of o6litio, pisolitic, or pebbly, usually
hard, high-alumina iron ore, underlain by mottled or vari-colored clay-like material,

In places this clay-1like material has been found to be bauxitio. At the out near
Hole No., 7 on the Hendriokson farm the bottommost material is a mixture sontaining gibbsite,
limonite, and magnetite. In Hole 32 at the Hutohinson looality the horiszon underlying the
0811t4is ore nontatns cilashite - an amorphous bauxite.

As 1t ooours at ths Hendrickson locality, the high-alumina iron ore is a blanket from
5 to more than 17 feet thiok, many aores in areal extent, The bottom of the ore bed, as
indioated by test holes, 1s quite smooth and regular. The thiokness of the bed as well as
the overburden, appears to be related to the present drainage which at least in part oorre-
sponds to that prior to depesition of the silt,

All the holes drilled through the hard ore sheet at the Hendrickson site, with one
exception, were bottomed in a olay-like material, The one exception {(Hole 18) showed the
underlying material to be much altered basalt, The attitude of the Hendrickson deposit was
determined from the elevations of the bottom oontaot of the hard ore, The strike is approxi-
mately N. 75’ W, and the dip 1° = 2° to the south. This attitude is very similar to that
of the basaltic flows in the valley of MoKay Creek, A sufficient number of holes to de-
termine the attitude of the other ore deposits were not drilled. Like the Hendriockson de-
posit, they are thought to correspond to the regional struoture, The thiokness of the
material underlying the hard ore is unknown, The rook underlying the olay-like material
is probably flow basalt although no contact has been found, 4 well-developed terrace,
probably produced by the erosion of the less reeistant olay-like stratum underlying the
hard ore and oovered with '"shot" soil, lies direotly southwest of and at a somewhat lower
elevation than the Hendrickson deposit. This terrace extsnds a short distanoce southwest-
ward where 1t terminates at the edge of the youthful valley of MoKay Creek., Near the top
of the eastern valley wall and Just under the soil whioh oovers the terraoce, numerous large,
dark gray, massive basaltio boulders are exposed which give way below to a thiok series of
basaltio flows,

ol



Character of the ore:

Of several textural varieties present, the 0olitio or pisolitio type is most oommon
and probably most important., A pebbly, somewhat nodular and porous variety is oommon in
some plaoces,

The of1ites and pisolites are variable in size and may be nearly round, ovoid, or
quite irregular in shape. They range from less than 1/16 inoh in diameter to nearly 3/4
finch, The fresh or unweathered fracture surfaoces of most 00lites have a dark gray to
nearly black color and a submetallio luster, weathering ooneentrioally to a brownish color,
Hardness 1s somewhat variable but for most oolites is probably 5 to 5.5, The streak is
reddish-brown,

The matrix is usually softer and lighter in color than the ozlitOl. It has an
earthy limonitio appearance. Some speoimens oontaln numerous small ocavities sometimes
oontaining earthy material,

Thin seotions of the o81litio ore from the Hendrickson deposit show that both the
0811tes and matrix may be oolloform., Some of the larger 061ites enolose a number of
smaller ones, Residual grains of magnetite, and possibly some of ilmenite, as muoh as
0,55 mm in size are contained in the 00lites as well as in the colloform matrix and are
irregular in outline for the most part. They are possibly an important minor constituent.
#ith the exception of silica, which in some thin seotions fills small oracks in the o811ites
and matrix and thus may be secondary, all the material is isotropio. 4 thin seotion of the
porous pebbly type of ore shows it to be made up of collofors, limonite~like material oon-
taining numerous residual magnetids grains, Analyses, however, show its similarity of oom-
position to the typically o0litio material.

Spectrographic analysis of the 00lites obtained from a sample at the Hendrickson
looality reveals that they contain more than 10 peroent of both iron and aluminus with
the percentage of iron muoh the greater, approximately 4 peroent silioca, and about 3 percent
titanium. Analysis of the matrix shows the same elements to be present, and although the
aluminua and iron are both more than 10 percent, the peroentage of aluminuam is slightly
greater than the iron. The ooncretions as well as the matrix oontain water of hydration,

The 0811tis texture of the ore, the ocolloform nature together with the hydrous isotropic
character and mixed and variable oomposition of both the 00lites and satrix, as well as ths
inclusions of residual minerals strongly indicate a colloidal origin, These charaoteristios
suggest that both 08lites and matrix are mixtures of hydrous iron and aluminus oxides with
some impurities.

The o¥lites possess various degrees of magnetism; most of them are strongly magnetio.
The matrix.is generally much less magnetic than the olites and in one instanoe nearly half
of a sample, finely orushed, from the Hendriokson deposit consisted of pieces of matrix
either very weakly magnetio or non-magnetio,

On the Hutchinson place southwest of MoKay Creek a bed of massive dark-brown limonite
more than 2 feet thiok orops out near the bottom of a gully. This limonite is weakly Bag-
netio, has no ogllto-, and 18 typical of the limonite ribs of the Soappoose area, A sample
returned 51,34 percent iron, 5,64 peroent alumina, and 4,53 perc nt silica. The outorop is
apparently stratigraphiocally below a bed of oglitio, high aluamina ore.

Origin of the ore:
Concerning the origin of the Soappoose iron ores in Columbia County, lilkinlon’ states:

"o o oIn the field, the iron ocoours in ribs from a few inohes to several feet
in thickness, These ribs vary in struoture., They are oharacterized by small
oonoretions of varying diameter. In these masses the pisolites have formed a
oompaot hard layer which is oomposed of high grade iron ore, In other places
the pisolitio structure is not present but a porous honeyoomb struoture of oom-
paot limonite ooours. The open spaces contain ocherous limonite., At the Apple

9’ulkinwn, W. Do, op. oit, -7-



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

"Throughout most of the area where deep weathering has taken place, the
surface is covered with small pellets ranging in size up to half an inoh in
diameter, These are frequently limonite oonoretions. In the saddle, the
entire road out 1s oomposed of these concretions embedded in slay of high
iron content. Similar oonoretions are oommon to all of the soils covering
basaltic areas. In fact these pellets were so oommon to the soil mantle
that in mapping the soils, the term 'shot soil' was used by Harper and
TorgersonlO,

"fwo possibilities suggest themselves regarding the origin of the iron
ore bodies: (1) that the basalts were extruded and that the iron was leached
from these basalts, transported and deposited in bogs, and (2) that the ba-
salts were extruded, weathered, and leached and the iron astually deposited
within the underlying lavas and near the oontaot of the lavas and sediments.”

The origin of the Washington County ores is different from that of the Soappoose
limonite ores in Columbia County to the north. The Soappoose ores contain more phos-
phorus and muoh less alumina and somevhat less titania. The association of sedimentary
material and petrified wood with some of them and their stratigraphio position are evi-
denoe that they were formed in a different environment and prior to the Washington County
ores, Possible further evidense of the greater age of the limonites is shown at the
Hutehinson place where maszsive limonite, typioal of the Soappoose ores, lies strati-
graphically below a bed of the 0011tio ore. The o08litic structure of the Washington
County ore together with ths mixed composition and oolloform texture of the 00lites a3
well as the matrix, suggest their colloidal nature and e lateritis origin,

As Mlocene basalts are oommon in Washington County and as the ore i3 a mixture of
hydrous iron and aluminum oxides with low phosphorus and some titania, it seems fairly
certain that the ores were formed by the laterization of basalts.

The basalts which stratigraphically underlie the Hendrickson deposit and whioh ars
exposed by MeKay Creek are dark gray in color and fine-gralned. Thin seotions show that
they are hemisrystalline. Ths phenoocrysts are plagioolase, augite, and magnetite. The
groundmass 18 either a gray or brown glass whioh forms some 20 to 25 percent of the rooks.
The texture of two of the rooks seotioned tends to be intersertal with the spaoces between
the divergent plagioolass laths oocupied by augite, magnetite, and glass.

The plagioclase is labradorite in the form of laths, averaging 0.4 to 0.5 mm
in length and as auoh as 1,5 am long. They show albite twinning and e nuamber of thems
are fraoctured. Labradorite constitutes about 50 to 55 percent of the rooks. Augite,
in many instances in the form of fraotured anhedral aggregates, makes up some 25 per~
oent of the sestions. Most of the magnetite grains have either anhedral or very irregu-
lar outlines and constitute a few percent. The groundmass 1s either a gray or brown glass,
in some places partially devitrified, and in the three rooks examined averages about
20 to 35 perocent.

A weathered portion of one thin section shows that the glassy matrizx alters much
more readily than the plagioclase and augite, The magnetite was apparently unaltered.
The differential alteration of the glassy groundmass, the fraotured nature of nearly all
the augite and some of the labradorite, and the intersertal-like texture of the basalts
favor their rather rapid and oontinuous alteration.

Although the underlying basalts did not give rise to the ore, it is very likely that
similar but younger representatives of the same series were the parent rooks.
loﬂurpar and Torgerson, Soil Survey of Columbia County, Oregon, U,S, Dept of Agric.
in sooperation with Oregon Agrioultural Exp. Sta., 1929.
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At the Hutochinson Locality the earthy material immediately beneath the hard o81l1itio
ore contains less silioa than in the ore above, This earthy material also oontains
bauxite minerals, espeoially oliaohite as mentioned previously. Speotrographic analyses
show that the silica oontent of the horizon under the hard ore inoreases markedly with
depth, indicating admixture of olay. Desoription of the seotion drilled and sampled 1is
given in the part which discusses individual deposits,

As noted at the Hutohinson and some other looalities, the material beneath the
hard ore oontains bauxite minerals in some places at leaat, At still other places in
the area basaltic-11ke pebbles are present, These pebbles are dark gray in oolor and
some have a vesiocular texture. However, examination shows they are nearly oompletely
altorod, It i1s believed that the ferruginous bauxite grades downward into a clayey
horizon which gives way in depth to altered basaltic parent rook.,

The exaot time of origin of the deposits is not known. However, they were formed
after the basalts of the area were extruded in Miooeno timo and before the deposition
of the overlying silt whioh has been assigned by Trouhorl1 to the late Ploistooene or
early Reoent. The laterization responsible for the formation of the ores probably
ocourred before the basalts were folded and somevhat elevated; the rate of formation of
laterite would have had to exoeed the rate of its removal by erosion, As it is novw
generally agreed that the formation of lateritic aluminum hydroxides is saused simply
by the long oontinued astion of ordinary ground waters under speoial conditions of
moisture and heatlz, it appears that erosion was relatively inaotive during the formation
of the ¥ashington County ores., The assooiation of Miooene basalts with the marine Astoria
formation to the west of the area suggests that the lavas were poured out when Washington
County had a lower average rolief than now, Laterization may have been aotive in forming
the deposits from the time of the final outpouring of the Miooene lavas to the time of
their folding, and may have produoed & relatively continuous blanket of laterite over the
area, The folding is believed to have oocurred in the Pliocene, Treasher states that the
Mioocene basalts and the overlying gravels of the Troutdale formation, wvhioh he gave a
middle Pliooene age, are essentially parallel in the Portland area, As Troutdale gravels
were mapped at elevations as muoh as 1200 feet and are distributed over a wide area,
Treasher concluded that they were deposited as a piedmont fan and were deformed at the same
time as the Miooene basalts, Boring lavas of late Pliooene or early Pleistooene age are
undeformed and ocour southeast of the area apparently oocupying struotural as well as
erosional deprsssions in the Columbia River basalts,

Erosion following the folding and aocompanying uplift had somevhat dissected the
Vashington County ore deposits when a thiok blanket of silt was lald down, probably by
wind aotion, over much of the area in possibly late Pleistooene or early Reoent time,
Erosion has sinoe removed part of this oover,

llTroashor, R, C., op. oit. (Geologio Map),
lzLindgron, Waldemar, Mineral Deposits, p. 375, MoGraw-Hill, 1933.



'\

A
(&

/'r]

| /T N
iy HALL

=g
——T [z

\___;_’_

TN \

\ B
20, ~—t=T1]|
H

KEON

AN

N YN
*&1“-}‘- ] 1

-

a

z .....~ g 14/ R4 \. -

: Mﬁ%fm i) o el A 4
RS AR e
= AN B NI

= R 4 =] N
] 2 A S
..lrr.lm ....w..‘. p%\ [ ._\D\l,. V N\

NERTIN

BN

\ Fﬂ. el _Dmn“ |
\
N T ¢
../r f...M
— AN -
P~
= AN— ! /%
74 = 7
" s

NN

.....

Nﬁmm

G ZENNNSIERAN N

\

SNANN
\
BN

\
AL

N

Industries

of Geology & Mineral

Department

AN =aes AN

i
y

]

M ENIINN NN
d

TS

OOOOO

1N

(57 | NN
.C.\rm | \ Q I ,A‘,.,.:H
Z/ANNCE =
AN\ N SuN

1200 N




INDIVIDUAL PROPERTIES

Three of the seven looalities disoussed in the following seotion of the report -
the Hendriokson, Hendriokson Zxtension, and the Nelson - oontain the bulk of the indi-

oated ore reserves in the area so far explored.

At the other properties mentioned,

oonsiderable exploration work is neocessary before tonnage estimates may be made.

Hendriokson Deposit:

The Hendriokson farm on Dixie Mtn., Road (see index map opposite page 3) was seleoted

beocause of its acoessibility and also bes
logging railroad grade indioated a possibls, tonnage.

osures ef the ore formation along an old
Preliminary sampling of the exposures

whioh represented only the top of the ore bed gave the following results:

(Analyses by Lerch Bros,, Hibbing, Minnesota)

(A) Railroad out NW of the Iron (Pe) 28,26 %
Hendriokson house (1500 K - Aluaina (A29049)  34.60
4000 E). A U-ft. ohannel Silioa (s10,) 6,22
sanple of pebbly type Phosphorue (P) 0.170
ferruginous bauxite. Titania (110,) mee-
(B) Railroad out N, of the Iron (7o) 40.92 <«
Hendriokson house (1900 N - Alusina (11203) 24,59
5100 E). Top foot of the Silioa (s102) 3.58
o811tio ore bed sampled. Phosphorus (P) 0,092
Titania (1102) 4,02
(C) Same looation as (B). A k-ft, Iron (Pe) 14,13 <«
channel sample of red silty Alumsina (1120 )  23.4
olay overlying (B). Silioa (3102? 38,27
Phosphorus (P) 0,098
Titania (1102) 3,22

A plane~table survey ef the Hendriokson Loocality was made and 29 holes were drilled
using hand augers and ohopping bits for the purpose of sampling the deposit. The topography
and the looation ef drill holes and out is shown on the map opposite page 1ll.

It is believed that some ef the holes in ore showed relatively high silioa results
beoause too muoh of the overlying reddish-stained olayey silt was inoluded in the samples,

The material near the bottom of the out near Hole 7 oentains gibbsite in addition to
limonite and a sinor amount of magnetite, The silioca oontent of this earthy material is
somevhat lower than that of the average ore, Analyses of samples from this out were not
inoluded in the ealoulations, The out near Hole 7 was made to determine the oharaoteris-
tios of a seotion of the ore and was sampled to obtain the volume-weight faotor for tonnage
oaloulations, Analyses and desoription of the material in the out follows:

Sample No. Fs.  Alpgy 107 Motswure  IEMAoR  Saml Dessription
[ )]
(Not Sampled) or =« 3 Red olay
P-2473 23.25 36,48 5.70 17.5 19.68 31 . 9 Hard reddish brown ore,
P-2474 15,81 42,92 5.4 21,2 91 <« 12990 Dark reddish brown ore

with gray nodules and
white specks.

-1 1-
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An arithmetiocal average analysis of samples of ore from holes so far drilled on the
Hendriokson place is:

Iron (Pe) 25.95 %
Alunmina (A1,03)  31.85
Silica (s102) 8.95
Phosphorue  (P) 0.140
Titania (710,) 4.5
Moisture 19.0
Ignition Loss 18.0

The area underlain by ore on the Hendriockson faram is approximately 64 acres. The
volume-~weight faotor for the ore has been determined as 17 ocu. ft. per long ton in place.
Using this faotor, the Hendriockson faram would contain in round figures 2500 tons per aore-
foot. The average arithmetical thiokness of the ore sampled, using ll holes in ore, is
approximately 11 feet; therefore, 1,760,000 long tons of ore 18 indicatsd for the
Hendriokson property alone, The earthy material underlying the hard ore was thought to
be largely oclay at the time most of the sampling was done, Sinoe then it has been found
that in places this material is bauxitio, and 1t is possible that further drilling will
prove a greater thiokness of ore than that used in the calculations,

Any discussion of the eoonomios of this deposit should take into consideration the
two adjacent bodies located on the Nelson farm to the northeast and the so-ocalled
Hendriokson Extension to the northwest, both of whioh are described in the following
paragraphs. These three areas contain the bulk of the indicated ore reserves disoussed
in this report,

Five of the holes were also drilled Just south of the Hendriockson farm on the
Schoenberg property whioh adjoins i1t, Results of this drilling indicate that the same
ore body underlies a portion of the Schoenberg farm, although the areal extent is small
because of the nature of the terrain.

Hendrickson Extension:

This locality 1ies to the northwest of the Hendriokson deposit and i1s separated
from 1t by a narrow saddle.

0811t1o type ore 1s exposed at Hole 26. Analysis of 13 feet of ore from this hole
gave the following values;

Iron (Pe) 23,49 4«
Alumina (A1203) 36,60
Silica (s107) 694

Any estimate of the extent of this ore body is difficult due to insufficient ex-
ploration. However, a flat-topped area possibly 50 aores or more in extent may be
underlain by ore.

Nelson Deposit:

A quarter of a mile northeast of the Hendriokson locality at a somewhat greater
elevation six auger holes were put down on the Nelson farm, The iron formations at
these two farms, although not oonnected, could easily be served by one mining operation.
A sketeh showing the topography and looations of the holes is opposite page 13.

Average analysis of ore from Holes 22, 23, and 24 13 as follows:

Iron (Pe) 21,66 %
Alumina (A1203) 32,52
Silica (s10) 12,97

=13
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Reserves, based on a 10=foot average thickness of ore for the area lying between
Holes 22, 23, and 24 are estimated to be 175,000 long tons., By deepening Holes 25,
35, and 36 additional tonnage might be proved, Increase in areal extent might also be
shown by additional drilling. A well at the Dudley house southwest of the Nelson farm
and 200 feet southeast of the Wallace School , out several feet of o0litio ore at a
depth of about 25 feet, No acourate measurements sould be made due to inaccessibility
of the well., A petrographic examination of a sample of clay-like material from the
well dump showed the material to be largely a mixzture of gibbsite and limonite, Spes-
trographic analysis showed the material was mainly alumina and iron with about 5 pere
cent eash of silica and titania,

The silt overlying the ore body 18 the same as that on the adjoining Hendrickson
farm, The horizon of the ore in the drill holes on the Nelson farm i8 nearly the
same as would be obtained by projecting the 1° - 2° dip of the hard ore northeastward
from the Hendrickson ore body, Although these two ore bodies were undoubtedly cone
nected originally, they are now separated by the saddle which crosses the road between
Wallaoe School and the Grange Hall., A hole drilled just east of the road at the lowest
point in the saddle struck silt which vas deposited after erosion had removed the ore,
Another hole drilled 120 feet south of a point midway between Holes 24 and 25 was like-
wise barren,

Locality No. U4:

This deposit is shown on the index map, opposite page 3, It is located in SE}
866, 34, To 3 No, R 3 Wo on a logging road, a quarter of a mile east of the Pumpkin
Ridge Road: General topographio features of the area together with the loocation of
Hole 30 and an open sut are shown on the sketch map opposits page 15, Hole 30 pene-
trated 11 feet of ore., The lower 7 feet assayed as follows:

Iron (Fe) 22,70 %
Alumina (5120 ) 33065
Silica (sxozg 8.41

& 20-foot out 6 feet deep, located 50 feet southeast of Hole 30, exposes about
L& feet of psbbly type ore.

Without additional holes to delimit the ore body accurately, no tonnage estimates
may be made, The topography of the area to the south and east indicates that the ore
has been eroded away. However, exposure eof the same type of ore in a road ocut en
Pumpkin Ridge Road about a quarter of a mile to the northwest suggests the sxtension
of the ore body to the northwest from the open out and Hole 30,

Hutchinson place:

This locality, designated Ne, 8 on the index map, 18 2} miles by road southeast ef
Locality No. 4, at an elevation of about 1100 feet, Topography and the locations ef
the limonite cutocrop and Holes 31 and 32 are shown on the sketch map eppesite page 17.
Hole 31 encountered hard limonite and the hole was abandoned, Hole 32 was drilled through
14 feet of ore having a weighted average analysis as follows:

Iron (Fe) 24,84 4%
Alumina (A1203) 33- 5’4
Silioa (8102) 7»62

The ore body has been removed by erosion on the south and east but may extend for
some distance to the northwest in the direstion of Locality No. 4. Analysis and desorip-
tion of the section drilled follows;

-15-
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Sample No. Te Al,03 540, Moisture Sample Width Desoription

(Not Sampled) o' « Y Top solil.
" " Yo - 8 Red olay.
p-2ls55 22,83 33.12  12.96 8+ - 10' 0011tio iron (hard).
P-2U56 32,68  25.72 8.62 10 - 12 " "
P-2U57 25.91 32,88 5.28 12¢ - 13 Yellow clay-like material

with white speoks.

P-2538 21.80 34,08 4,78 20,2 134 - 146" Dark red-brown olay-like
material - few 00lites.

P-2539 24,16 37.24 5.00 21.22 14169 < 1616" Yellow brown olay-1ike
material with white frag-
ments and cooasional oflites.

P-2540 22.80 42,12 5434 20.8 166" < 176"  Very few, if any, o8lites.

p-2541 22,36 42,00 4,00 20,8 17¢ém - 196" Brown and yellow-brown
pebbly, olay-like material.

pP-2542 23.48 30,08 5.62 21.8 196" - 20! No change.

P-2543 25.26 26,12 12,44 30.6 20’ = 220 Mottled, varicolored and

olay~liko, white streaks.
P-254Y 23,03 27,64 18,64 34,04 221 - 24t Little apparent ohange.

The material below the hard ore at a depth of 12 - 13 feet was desoribed in the field
as a yellow olay with white speoks ef decomposed feldspar. Chemioal analyses showed that
the material ocontained relatively high iron and alumina and low silioca. Petrographio
analysis ef the white speoks showed that they were probably oliaohite with some gibbsite,
Speotrographic analysia ocenfirmed their bauxitio oharaoter, as they oontained more than
10 peroent alusinus, less than 5 pereent silioca, less than 1 perocent iron, and less than
1 peroent titanium. Chemiocal analysis of the same pioked material returned 1.28 perocent
silioa.

Sohmidt Pars:

In the southern part ef the area in sec. 3, T 1 Noy, Rs 2 W,, at an elevatien of about
350 feet, an outerop of 0611tio material ocoours south of the Helvetia Read en the Sohmidt
fars approxisately three-quarters ef a mile nerth of Helvetia. & preliminary sample ef the
outorep gave the follewing analysis:

Iren (FPe) 18.51 &%
Alusina (a1203) 45,87
Silioca (s105) 8016
Phespherus (P) 0.150

Three auger holes were put down at this farms as shown on the sketoh opposite page 19,
Analytioal results ef sesaplea from Heles 1 and 2 give the following average analysis:

Iren (Pe) 19,32 4%
Aluaina (A1504) 42,08
Silioca (s102) 8.30

The topography of this area is suoh that a ocensiderable aoreage might be underlain by
ero, Additional heles te determine the extent of the ere body are needed before any tennage
estimates may be made, and to give infermation oenoerning average thioknesa ef overburden.

=17«
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Cathey Parm:

Half a mile north of the Sohmidt farm on the oounty road in seo. 34, T. 2 N., R. 2 W.,
three auger holes were drilled as shown on the sketoh map, eppesite page 21,

Average analyses of samples taken from Holes 4 and 6 gave the follewing results:

Iron (Pe) 15,93 %
Alusina (A1203) 22,33
Silioa (s10,) bo.35

Hole 5 failed to reaoh the ore,

From the analysis it $s apparent that the silioa content ef this depesit is muoh toe
high for the material to be olassed as ore.

MISCELLANEOUS PROPERTIES

The follewing properties were examined for surfaoce indiocations, and two ef theam were
tested by single drill holes., Although ore depesits in these properties appear te be seme-
what rastrioted in size, further expleratien work may shew that some ef them ocontain ere
in eoconomio amounts,

Beoker Localit 1)

This deposit is 4,6 miles north of the Pleasant View Sohool on the Pumpkin Ridge Road
at an elevation of about 1625 feet. Owing to the unoertainty of the looation of various
branoh roads as shown on maps of the area, the loocations of Deposits 1 and 2 were not
exaotly determined, Looality 1 may actually be as far south as Looality 2, and Looality 2
may be in seo. 26. Hole 33 drilled through 9 feet of reddish brown material having the
following analysis:

Iron (Fo) 13.54 %
Alumina (A150,) 28.48
Silica (5102; 16.80

Pebbly type ore was found on the surfaoce near the road.

Railroad Cut Locality (2):

This looality, 4.0 miles north ef Ploasant View School by the way of the Pumpkin Ridge
Road, 1s at an elevation of 1550 feet, The bottem of an old railroad out, about 15 feet
deep shows a 3-foot layer of reddish brown olay-like material oontaining pleces ef typioal
o¥11tio ore as much as 4 inohes in diameter. No analysis of the material has been made,

Lazy W Ranoh (3):

0811t10 type ore ooours ae float in the saddle west of the houee in the S!* seo0. 30,
T. 3 Ne, Re 2 ¥,, at an elevation of about 1540 feet, Large ohunks of limonite, very
similar to the Soappoose ores, have been found in prospeot holes nearly half a mile west
of the house at an elevation of 1530 feet and near the head of the dralnage of a oreek
whioh flows southwest,

Smith Locality [Z):

This ooourrence is on the Pumpkin Ridge Road 0.45 mile north of the Pleasant View
Sohool, at an elevation of 1175 feet. 0811tio type float 1s found both north of the Saith
house and in a draw a short distanoe to the southwest. A well has been dug baok of the
house at the old Epler plaoce on the other side of the road from, and a short distanoe
north of, the Smith house, 0311tio type ore was found on the dump and may be seen also
on the walls of the well shaft.

-19=-
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Parmele Locality (9):

Hard pebbly type ore ooours in S} seo. 5, T 2 N., R. 2 W., 0,27 mile east of Dixie
Mtn, Road, The ore is exposed in a road out at the top of the hill at an elevation of
about 1240 feet, Hole 29 penetrated 10 feet of ore having the following weighted average
analysis;

Iron (Pe) 24,22 %
Alumina (Al04) 3262
Silioa (5109 B.52

The silioa content of the lower 6 feet of ore is somewhat less than that given,
Petrographic analysis shows that the white partiocles in the firm red clay~like material
of this lower portion 18 gibbsite with some limonite.

Jacobe Parm (10):

This locality 1s 0.2 mile east of the Pumpkin Ridge Road and 4,45 miles south of
the Pleasant View Sohool, at an elevation of about 5265 feet. Pleoes of typloal oolities
ore ooour scattered over portions of the W. 0. Jacobs farm and the ore may have con-
siderable areal extent in that general vioinity.

ECONOMICS AND ORE TREATMENT

The near-~surfaoce position, blanket form, and generally low stripping ratio make the
deposits so far examined susceptibls of surface mining metheds, On the Hendriekson de-
posit thiockness of overburden averages about 21 feet whioh allows & stripping ratio of
2 to 1. There is some evidence that the average thickness of ore is greater than 11 feet,
the figure used, so that the stripping ratio may be less than that given, The silt
overburden should be easily handled. The ore itself is friable, and mining and orushing
to the size required for smelting oould be done oheaply,

In order to be oommercial, this ore would need to be treated to recover both iron and
alumina, A market for both of these products exists in the Northwest with a considerable
part of the demand concentrated in the lower Columbia River arsa,

The U. Se Bureau of Mines has been oarrying out testing work in treatment of ferru-«
ginous and siliceous bauxites to recover iron (either as pig iron or ferrs-silicon) and
alumina, but no oommeroial operation for the treatment of this type of ore in this country
has been reported,

The Pedersen proocess has been used in Norwvay to treat material analogous to the
Washington County ore., A oommeroial operation started in 1928, Essentially the process
oonsists of smelting iron ore, ecoke, lime, and aluminous material to produce pig iron and
caleium aluminate slag., The slag is ocrushed and leached with hot sodium sarbonate solution
oontaining some sodium hydroxide. The resulting solutior eontains the alumina as aluainua
hydroxides oaloium ocarbonate and silica sre left in the sludgs and may be filtered off,

The solution i3 treated with carbon dioxfide (G02) gss ir erdar te presipitats aluminuam
hydroxide whioh is filtered off and calecined to obtain snhydrous alumina. The filtrate
containing sodium carbonate and sodium bydroxide 18 recirculated for further slag treatment.
A graphioal representation of the flow sheet is outlined opposite page 23.

The smelting operation is preferably ocarried out in the electric furnace, Power
oconsumption is reported to be approximately 3600 kwh per ton of iron produced,

In Norway it is reported that Prenoh ferruginous bauxite was smelted with Norwegian
iron ore, and that silica in the raw materials should be under 8 perocent, A low-sulphur
high grade basio iron 18 produced as well as caloined alumina.
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From the evidence now available, it would appear that the Pedersen process would be
applicable to the treatment of the ¥ashington County deposits., Some modifications or
adaptations might be neocessary; at least, thorough metallurgioal testing should be done,
and pilot plant testing would be essential for design of a ocommercial plant. It is
essential also to do more intensive exploration of the ore deposits to detemine quantity
and quality of ore available. Obviously from an operating standpoint one large deposit
or a closely spaced group of szmaller deposits would be more valuable than many widely
scattered small deposits.

Pavorable faotors relating to investigation and production from these deposits are:
(1) their proximity to the Portland area which means favorable operating conditions as
regards transportation, labor, and supplies; (2) cheap electric power for smslting; (3)
favorable nearcby market for the products produced; (U) cheap exploration ocost per unit
of ora developed; (5) cheap mining cost, as surface mining methods appear to be appli-
cable; (6) relatively high gross value of the ore because two commeroial products would
be produced.
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APPENDIX

Bauxite -~ An amorphous mineral or mixture of minerals having an approxi-
mate composition of Alp05°2H20. Now 1t 1is more generally
applied ocommercially to aluminous lateritio roocks in which
aluminum hydroxides, amorphous or orystalline, predominate
over othar lateritic constituents.

Cliaohite ~ An amorphous hydrous aluminuam oxide, A1203(320)x. It 1s the
main oonstituent of some bauxites.

Colloform ~ The rounded, more or less spherical ferm assumed by amerphous
or metaocolloidal minerals or mineral gels in open spaoes,

Gibbsite - A hydrous aluminum oxide, £1203¢3H30 or AI(OH)B. It 1s the
major constituent of some bauxitss and a minor e¢us in others.

Laterite = A residual deposit, often conoretionary, formed as a result
of the deoomposition of rooks by weathering and ground waters,
and oonsisting essentially ef aluminum and ferrio hydroxides,
whioh may be orystalline or amorphous.

Laterizatien - The prooess whioh forms laterite.

Limonite = One of the hydrous iron exide series, 2?020303H20.

Magnetite - The magnetic exide of iron, Fe40y4 er Fe0*Fejy0g.

001lites = Rounded, oconcretionary grains usually considered to be smaller

than a pea.

0911ti0 -~ A textural term fer rooks oonsisting eof small reund gratns er
conoretions (OglitOl), reseabling the rce of a fish, oemented
together.

Pisolitic -~ A texture ocoarser than oglitlo, the conoretions being about the

size of, or larger than, a pea.
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