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following footnote acknowledgment is made: "Reprinted from Bureau of
Mines Report of Investigations 4081."

2/ Mining engineer, Bureau of Mines, Mining Branch, Albany Division,
Albany, Oreg.
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R.I. 4081
INTRODUCTION

In the course of Bureau of Mines investigations of iron ores near
Scappoose, Columbia County, Oreg. during 1942, occurrences of laterite were
noted in road cuts and outcrops at many localities in the county. In 194k,
the State of Oregon Department of Geology and Mineral Industries completed a
preliminary examination of alumina-iron-bearing laterite occurrences in
Washington County north of Hillsboro, Oreg.y Their report suggested that the
lateritic material might be amenable to treatment by the Pederson process for
the commercial production of iron and alumina. In order to determine the ex-
tent and character of some of the reported lateritic occurrences, the Bureau
conducted preliminary explorations in Columbia County near St. Helens, Oreg.,
from January through June 1945, Almost simultaneously the Alcoa Mining Co.
began to explore nearby areas. Thelr work was continued and expanded after the
Bureau's work had been discontinued. This report presents the data obtalned
from the exploratory work of the Bureau of Mines.

ACKNOWLEIGMENTS

In its program of exploration of mineral deposits, the Bureau of Mines
has as its primary obJective the more effective utilization of our mineral re-
sources to the end that they make the greatest possible contribution to national
security and economy. It 1s the policy of the Bureau to publish the facts de-
veloped by each exploratory project as soon as practicable after its conclusion.
The Mining Branch, Lowell B. Moon, chief, conducts preliminary examinations,
performs the actual exploratory work, and prepares the final report. The Met-
allurgical Branch,0. C. Ralston, chief, analyzes samples and performs benefi-
cilation tests.

Samples were assayed at the Reno, Nev., laboratories of the Bureau of
Mines under the supervision of A. C. Rice, acting supervising engineer, and
at the Albany, Oreg., laboratories under the supervision of Dr. B. A. Rogers,
chief, Albany Division, Metallurgical Branch.

The State of Oregon Department of Geology and Mineral Industries aided
materially by providing the results of their examination of the Washington
County areas.

Topographic maps of areas examined by the Bureau of Mines were prepared by
the United States Geological Survey in cooperation with the Bureau.

The project, first in charge of J. R. Reynolds, then W. R. Reynolds, was
campleted by the author. All were under the supervision of H. G. Iverson,
district engineer of the Oregon District Office of the Bureau of Mines.

LOCATION AND ACCESSIBILITY

Laterite deposits explored by the Bureau of Mines (fig. 1), with the ex-
ception of the Rainier occurrence (fig. 8), are in an area of approximately 15

i/ Libbey, F. W., Lowry, W. D., Mason, R. S., High Alumina Iron Ores in
Washington County, Oreg.: G.M.I. Short Paper No. 12, State of Oregon
Department of Geology and Mineral Industries, Portland, Oreg.
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R.I. 4081

square miles in T, 4 S,, Rs. 1 and 2 W., and Ts. 3 and 5 S., R. 2 W., W. M,
This area 13 3 to 9 miles from St. Helens, Oreg. St. Helens 1s on Highway 30,
thirty miles north of Portland, Oreg.; it 1s served by a branch line of the
Spokane-Portland and Seattle Railroad. St. Helens (population k&,000-5,000)

is also on an estuary of the Columbia River where dock facilities are available,

In most cases the deposits are adjacent to the .numerous secondary county
roads that serve the area immediately west of St. Helens (fig. 1).

HISTORY

Several old prospect adits in the Yankton area indicate some prior explo-
ration of the alumina-iron-bearing laterites. It is belleved, however, that
these adlts were driven at about the same time the Sceppoose iron ores were
discovered (about 1880-1890), and that iron ore alone was being sought, Except
for the prospect adits mentioned, there 1s no evidence that interest in these
deposits existed prior to the current investigations.

PHYSICAL FEATURES AND CLIMATE

. The Columbia County laterite deposits are in an area whose surface 1s dis-
sected by many gulches and canyons with steep slopes characteristic of youthful
topography. Altitudes range from 100 to 1,500 feet.

The climate is mild. Heavy rainfall prevails during the fall, winter, and
spring months, Summers are usually dry and hot. Snowfall is uncommon in this
area.

The region was at one time covered by heavy stands of timber, which have
now been almost entirely logged off. The logged areas are covered by thick
undergrowth and a few stands of second growth timber. Many small areas have
been cleared, however, and are at present under cultivation.

LABOR SUPPLY AND LIVING CONDITIONS

In normal times the nearby Portland area provides an abundant supply of
skilled and unskilled labor at wages comparable to wages in other Northern
States. During the war and the immediate postwar period, the labor supply was
inadequate and the wages high. In 1945, wage rates in the area were, generally,
about as follows:

Class of labor Rate per hour
Unskilled ....cec00es0.. $0.90 to $1.00
Semiskilled ............ 1.00 to 1.30

Skilled ......c000000... 1,30 to 1.75

Accommodations for workmen may be had at St. Helens or at the numerous
small towns or settlements in the vicinity. During and since the war, all
housing in the Portland area, as in other parts of the country, has been
overcrowded.

1585 -3 -



R.I. ko081
PROPERTY AND OWNERSHIP

- All of the land on which hand drilling was done 1s privately owned. In-
dividual tracts of land are gemerally from 20 to 80 acres in area. Most of the
areas underlain by the laterite are used for grazing purposes only; they are
not under cultivation. Ownership of each of the tracts of land explored by the
Bureau of Mines 1s given in the following table.

Deposit Ownership Location
Alder Creek area Christ and Albert Dietz Zl/a, Nwl/4, NW1/k, sec. 16, T.
! Na Ro 2 W.
Yankton area George Marshall NEL/h, NW1/k, sec. 6, T. k N.,
R. 1 W.
W. J. Howard s1/2, swi/k, NWi/h, sec. 6, T.
: L N. R. 1 W, .
John Gamon s1/2, NE1/4 sec. 1, T. 4 N., R.
2 W.
Cater Road deposit E. N. Stone Area north of Cater Rd. NWl/k,
sec. 11, T. 4 N., R. 2 W.
Lambert Farm prospect Edward Lembert - Area south of Stone Rd. SE1/k4
: sec. 11, T. 4 N. R. 2 W.
R. W. Devin Swl/4, NE1/4 and NE1/4 SE1/4 of

sec. 11, T. 4 N., R. 2 W,
Kramer Farm prospect A. C. and Vera Kramer  SWl/4, SWi/hk, sec. 1, T. 4 N.,

.2 W,
Anderson Road prospect James Bennet wl/2, Wwl/2, Swi/k, sec. 35, T.
5N.,-R. 2 W,
Rainier prospect Helen L. Holgate El/2, NW1/4, sec. 18, T. 7 N.,
R. 2 w.

DESCRIPTION OF THE IIEPOSITS

General Geology

Lateritic deposits similar to those explored by the Bureau of Mines have
been found at a number of places in northwesternm Oregon between Salem and the
Columbia River. They have also been found in southwestern Washington near
Kelso, north of the Columbia River, Large deposits of high alumina-iron-bearing
laterites, however, have been recognized only in Columbia and Washington Coun-
ties, Oreg. The area explored by the Bureau of Mines 1s in the eastern foot-
hills of the Coast Range. Within this aree the laterites are in a broad, upward
fold of tertiary rocks. The rocks are principally sandstones and shales over-

- lain by an undetermined thickness of basaltic lavas of Miocene age. The upper
lava flows have been broken down by weathering to laterites, which, in this
case, are ferruginous clays containing a considerable percentege of aluminum
hydrates. Continued weathering has removed silica from the upper parts ‘of the
ferruginous clays, The clays with low silica content and the underlying high
silica clays were then extensively dissected by erosion, and the entire area
was covered by a gray or tan to red micaceous silt., The silt 1s believed to
be of lacustrine origin; it has been proved by drilling to be at least 60 feet
deep 1n some places. In other places the silt has been estimated, by geologlc
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R.I. L4081

inference, to be 100 to 200 feet deep. Recent erosion has removed parts of the
8ilt deposits and some of the higher laterites.

The Deposits -

The low-gilica laterite deposits investigated by the Bureau of Mines are
300 to 900 feet above sea level. The material, however, 1s known to occur at
altitudes up to 1,300 feet. In plan, the deposits generally correspond roughly
with the summits of topographic ridges, The deposits drilled by the Bureau of
Mines are 2 to 27 feet in thickness; the average thickness is 15 feet. The
overburden (chiefly silt) is 1.5 to 60 feet in thickness; at the Alder Creek
deposit, the average thickness of overburden is 1k feet. A statement of the
average thickness of overburden at deposits other than at Alder Creek 1s not
possible because of the relatively small amount of drilling completed. . The
measured or inferred areas of the deposits investigated range from 7 to 1T acres.

The Ore

Several textural varieties of laterite are present in Washington and
Columbia Counties. The most common are the oolitic and pisolitic varieties;
these contain the highest percentage of iron and alumina. Pebbly, nodular,
and porous varieties of laterite also are common.

The pisolites (and oolites) are generally nearly spherical; they range
from 1/16 inch to 3/8 inch in dlameter. The matrix is usually softer and
lighter in color than the pisolites and has an earthy appearance. Both the
pisolites and matrix are mixtures of hydrous iron and aluminum oxides, with
impurities.

In the more recent development by Alcoa Mining Co. it has been found that
when a full section of low-silica laterite occurs the pisolitic material 1s
likely to be at or near the top of the beds. Below this is banded material
underlain successively by nodular and porous varieties and by a red, fine-
grained material. The red fine-grained material often glistens in the sun in
a manner similar to iron when dry. The glistening is thought to be caused by
glbbsite crystals.

Although most of the low-silica laterite is high in iron, occasional beds
of low silica-low iron bauxitic material have been found. The quantity that
had been found prior to July 1946 was small, however.

Megascopic examination of the laterite proved to be unreliable in deter-
mining the relative amounts of alumine, iron, silica, and titanla present.
Great variations in grade, as determined by chemical enalysis, were found in
laterites of similar color, texture, and general appearance. Consequently, 1n
logging drill holes no distinction was made between low-silica and high-silica
laterites., During the recent work of Alcoa Mining Co, in Washington County,
its engineers learned to differentiate visually between low-silica and high-
silica lateritic material. They are therefore now able to zone their drilling,
Before this technique was established, many hundreds of samples high in silica
were analyzed.
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R.I. 4081
WORK BY THE BUREAU OF MINES

During the first six months of 1945, the Bureau of Mines drilled 99 hand-
auger holes in seven laterite .deposits. The comblined length of all holes was
3,545.5 feet. Two short adits were driven, and 20 channel samples were cut
from the walls. Ten channel samples also were taken from laterites exposed
in road cuts. Complete logs of all holes drilled, with analyses of the sam-
ple intervals, are given in the appendix to this report. Descriptions of
the seven laterite deposits are given below.

DESCRIPTION OF INVESTIGATIONS

Alder Creek Area

The Alder Creek deposit (fig. 2) is approximately 1/2 mile north of
Spitzenberg in the NW1l/k of sec. 16, T. 4 N., R. 2 W, Altitude at the deposit
ranges fram 700 to 900 feet. The silt overburden ranges from 2 to 40 feet in
thickness and averages about 13 feet. The low-silica laterite ranges from 2 *%n
32.5 feet in thickness and averages about 14 feet. The greatest thickness of
laterite, with the least amount of overburden, was found at and near the top
of the hill, where the laterite lens conforms roughly with the present surface
topography. Forty-four holes with a combined length of 1,323.5 feet were .
drilled by hand auger 1n the Alder Creek deposit. These holes were spaced 100
to 200 feet apart and ranged from 8.0 to 52.5 feet in depth.

The locations of the holes drilled in the Alder Creek deposit are shown
on figure 2. The logs with the analyses of samples from the 4l4 holes are
shown in the appendix. )

Yankton Area

The Yankton area (fig. 3) is approximately 3 miles west of St. Helems in
sec, 6, T. 4 N., R, 1 W., and sec. 1, T. 4 N., R. 2 W. It extends along a
westerly trending ridge at an altitude of about 300 feet. Pisolitic low-silica
laterite crops out at the east end of the ridge on the Marshall farm. Similar
material was found in an outcrop and in two short adits, known as the Gamon
adits, near the western end of the ridge and in one drill hole about 1,500 feet
east of the adlits. The ore is not continuous throughout the area. Its easterly
and westerly extensions have been limited by erosion.

Thirty-two holes comprising 1,331,5 feet of hand-auger drilling were
drilled in the Yankton area. Of these, elght were found to contain low-silica
lateritic material. The holes ranged from 24.0 to 61.5 feet in depth., Six
holes drilled on the Marshall farm and holes 22 and 30 (fig. 3) drilled near
the Gamon adits contained laterite similar in character to the material that
crops out on the Marshall farm, The average thickness of the low-gilica lat-
erite on the Marshall farm, as determined by the drilling, is approximately
14 feet. The thickness of the ore in the vicinity of the Gamon adits is about
10 feet.

Eleven channel samples were taken in adit 1, and 9 channel samples were
taken in adit 2 on the Gamon farm. The samples averaged 5 feet in length.
They were taken at approximately 10-foot intervals along both adits (fig. 3).
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R.I. k081

An 18-foot section of laterite was sampled at the portal of adit 1 by combining
channel samples with a 2.7-foot section in an auger hole.

Analyses of the laterite in the Yankton area on the Marshall farm, the
Gamon farm, and the Kramer farm are given in the appendix,

Cater Road Deposit

The Cater Road deposit (fig. 4) is about 1 mile north of the Lambert Farm
prospect in the E1/2 of sec. 10, T. 4 N., R. 2 W., at an altitude of about 425
feet. '

Six hand-auger holes were drilled in the Cater Road area to determine the.
extent and character of the lateritic material exposed in a road cut adjacent
to the property. The total drilled was 236.5 feet. Most of the material cut
in the holes was high in silica. Low-silica material was cut in hole 4 only.
Low-gilica material may be present elsewhere in this area, but this could not
be confirmed because of inebility to drill through the deep overburden.

Ten channel samples were taken from a road cut below hole 4, Analyses of
the laterite in the channel samples from the Cater Road deposit are shown in
the appendix, .

Lambert Farm Depbsit

The Lambert Farm prospect (fig. 5) 1s 5 miles southwest of St. Helens in
the SE1/4 of sec. 11, T. 3 N., R. 2 W. at an altitude of about 470 feet.

Ten hand-auger holes with a combined length of 375 feet were drilled on
the Lambert Farm prospect. Some laterite was found near the surface, but it
was thin, as was the silt overburden. The absence of any thick sections of
oither laterite or silt suggests that the deposit may have been removed almosat
campletely by erosion. No low-silica laterite was cut by the drill holes.

A typical analysis of laterite from the Lambert Farm deposit is 27.1 percent
A1203, 16.0 percent Fe, 30.2 percent S10,, and 3.0 percent TiO,.

Kramer Farm Prospect

The Kramer Farm prospect (fig. 6) is 3 miles west of St. Helens in the
Swi/k of sec. 1, T. 4 N,, R. 2 W., at an altitude of 420 feet. No laterite was
found on the Kramer prospect. Two holes with a combined length of 84 feet were
drilled; the deepest was 47.5 feet. The silt overburden was too thick to be
drilled through by means of the hand tools available.

Anderson Road Prospect

The Anderson Road prospect (fig. 7) 1s on a southwestward trending ridge
covered by reddish-brown, silty soll containing abundant pisolites. The pros-
pect is about 1 mile north of Yankton in the Wl/2 of sec. 35, T. 5 N., R. 2 W.,
at an altitude of about 450 feet.

Two drill holes with a cambined length of 75 feet revealed only traces of

lateritic wash. The holes were bottomed in tertiary sediments, A layer of
lateritic material was encountered in the drill holes, but analyses showed
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R.I. 4081

1t to contaln considerable silica, 20 to 25 percent alumina, and 6 to 2k
percent iron.

Rainier Deposit

The Rainier prospect (fig. 8) 1s about 2 miles west of the town of Rainier
on the U. S. Highway 30 in sec. 18, T. 7 N., R. 2 W., at an altitude of about
680 feet. The road cuts along the highway reveal lateritic material lying un-
conformably on basalt., The general appearance and character of the laterite
indicates that 1t has probably been transported from its original source. by
water and deposited as a sediment.

Three ha.nd-a.uger holes with a combined length of 120 feet were drilled at
the Rainler prospect to check the extension of laterite exposed in the road
cut adjacent to Highway 30. Drilling indicated that the deposit 1s small and
does not extend far beyond the road cut, Two channel samples along the road
cut assayed as follows; : .

Length, Analyses, percent
Sample foot Alo04 Fe S102 | TiO0,
' l @oeevcssocoe l" ’ 3h.h 19a’+ 12.0 308
2 teeesncnann 12 30.2 | 15.4 | 23.3 3.8
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FOREWORD

Ooocurrence of sizeable bauxitio iron deposits within 30 miles of Portland
and within 10 miles of the Columbia River should prove to be of considerable
importance to the Portland area and the State. Two products = iron and alumina -
may be produced from this ore, and a market exists for both products in the
lower Columbia River area. It is seldom that mineral deposits are so favorably
situated as regards markets,

Although much 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 economical
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 because of
the urgent need for setting up post-war industrial projects, It is felt that
development of and production from these ores might well be sush a projest,
and that this report may point the way.

Althowgh the report is definitely preliminary, sufficient facts have been
obtained to show the potential importance of the deposits, and the Department
wishes to make these facts immediately available. Even though further exploration
may ohange some conclusions, it is believed that any such changes will be along
the lines of enlarging and defining ore reserves rather than detrasting from their
importance, For example, after the manuscript was first prepared, some bauxite
minerals were discovered in places in the horizon immediately below the hard ore,
This discovery, the economic importance of which 18 not yet known, necessitated
some additions to the report,

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

P. W, Libbey, Director
August L, 1944,



CONTENTS

Foreword

Abstract . & + 4 s ¢ o 6 4 s s s e e e e e ..
Introduction + « ¢« ¢ ¢ ¢ ¢ o o o ¢ o ¢+ o o &
Acknowledgements . . . ¢ ¢ ¢ ¢ ¢ 2 ¢ o o ¢ o o
Looation o « ¢ o o ¢ ¢ ¢ 0 0 0 ¢ 0o 0 0 0 0 0.
TOPOGraphY ¢ o o o o o o o o ¢ 4 8 ¢ o o o o «
General Geology . + ¢« o ¢ ¢ ¢ + o o & o & & &

St, Helens Area . . « &« ¢ + ¢ o ¢ o s »
Washington County Area . « ¢ ¢ ¢ « ¢ ¢ o

Geology of the Deposits . o ¢« ¢ ¢ o ¢ ¢ # ¢+ »

Shape and Attitude of the Deposits . . .
Character of the Ore  « « s s s s & »
Origin of the Ore . o ¢ o« o ¢ ¢ o » o »

Individual Properties . . . « ¢ ¢« o s s o o =

Hendrickson Deposit . . « « « & & o o+ &
Hendriockson Extension . « + o o ¢ o + o
NHelson Deposit . . . o « o ¢« o s s o » »
Loﬁlllty No. 4 P T T )
Hutchinson Place + « o« ¢ ¢ ¢ ¢ o ¢ ¢ ¢
Schaidt Farm . « « ¢« o« o o o s ¢ o o & »
Cathey Parm .« + « ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ o o »

Miscellaneous Prnplrtill I I R I R I A

Booker . . ¢ ¢ 4 o 4 4 ¢ o 0 e 0 0 0 o o
Ratlroad Cut « « ¢ ¢ o o ¢ o ¢ ¢ ¢ ¢ o o
Lazy WRanoh o ¢« ¢ ¢ ¢ ¢ ¢ o ¢ ¢ o ¢ ¢ o
SEIth & 4 4 ¢ ¢ ¢ ¢ 0 ¢ 06 0 6 06 86 0 0 o
Parmele . . ¢ ¢ ¢ ¢ ¢ 6 ¢ ¢ ¢ 6 ¢ 6 ¢ o

JAGODB o « 4 ¢ s o ¢ 0 6 s e s 0 0 0 e

Economios and Ore Treatment . . « ¢ « ¢ & o

Appendix o o v ¢ ¢ s ¢ 0 0 0 0 0 0 0 0 s

Index Map of Northwestern Oregon « ¢« o+ ¢ o +
Index Map of Northern Washington County . . .
Map of Hendrickson Locality . « ¢ ¢« ¢ o ¢ ¢ &«
Sketoh Map of Nelson Parm . . . . + « & « « »
Sketoh Map of Looality No. 8 . « & 4 o ¢ o « &
Sketeh Map of Hutehinson Parm . . . « + « +
Sketch Map of Schmidt Farm « « « o ¢ ¢ ¢ o o
Sketoh Map of Cathey Farm . ¢ ¢ ¢ ¢ o ¢ o o o
Flow Sheet of Pedersen Process . « « « + » « »

SEERERERES

.
.
.
.
©
WO o Fw W W W W

N
.
.
.
-
o

- - - - - . .
- - - - - - »
- L] - - - - -
- - - - - L] L ]
- L L ] - - - L]
e e e e s
NN T W W W

-
-
.
.
.

%

" s 8 @& = @
- - - - - -
- - - - - [
L] - - - L L]
L] - - - - -
mEEES S

. -
- -
. .
. -
. .
L) »
w [

.l..lx

000003

I 1
P 1§ |
L] L] L] * & 15
e e o o o 17
e e e 19
. [ ] . (] L] 21
e o o 0 o 23



R —

123°

STATE oF OREGON
DEPARTMENT of GEOLOGY & MINERAL INDUSTRIES

SCALE — 1:1.000,000
Scale of Miles
s 10 i8 20

T.HELENS

A

1 4

Y

R
C-apel.ookaut"f_

out s
< ij'\\"ils el 152
X €] $P“

aoleer 1

Ballstojt
Perrydale
=

Index Map of Northwestern Oregon

Showing Location of High-Alumina Iron Ore Deposits
Rorthern Washington County



ABSTRACT

Bauxitis iron ore is found in scattered deposits in northern Washington County,
Oregon, over an area comprising roughly four townships, Although these deposits are
ssparated by only a few miles from the limonite deposits of Columbia County, their
composition is distinetly different in that the Washington County ores contain about
25 pexrsent iron, generally over 30 percent alumina, and about 0.15 percent phosphorus,
compared to about 50 percent, 4 percent, and 0,70 percent respectively for Columbia
County ores,

The ores are generally o8litic or pisolitic and magnetio, and ocour 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 confined to the more or less flat-
topped hills and spurs. The ore 1s of lateritis origin and was apparently formed by
the weathering of Columbia River basalts aftar their final outpouring in the Miocene
and prlor to the folding and ansompanying uplift of the region which is believed to
be Pliocene.

The main exploratory work was done in the Hendrickson locality where over 2,000,000
long tons of ors (ratural) 4s indicated. Various other deposits were sampled, but insuf-
ficlent 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 commersially.

INTRODUCTION

High=alumina iron ore ox ferwruginous bauxite has in the past been roported to oscur
in northern Washington County, Oregon. In April 19LL4, the Department started an investi=
gation in order to obtain dafinits information conecirning the axtent and walue of these
deposits. At the Hendrickson lenality more than 100 acres has been mapped en a scale of
200 feet to the insh with a 10=foot contour Sinterval., In sampling, 49 asuger holes, to-
taling 922 feest, have been drilled and more than 90 samples have been analyzed.

A largs part of the land inwestigated ig privately owned and some of it is under cule
tivation. There is some Oregon and California Rallroad revested lands in the area, but the
extent and location of Government land has not bzan determined. A considerable portion is
sut-over land; some of this containe second growth timber and a heawy brush cover,

Immediately north of the arsa discussed in this report, limonite deposits ocsur northe-
west of the town of Scappoose in Columbia County. The Scappoose ores so far developed,
however, are different in certain characteristics from those in Washington County. The
Oregon Bureau of Wines and Geology published a roport on the Limonite Iren Orse cf Columbia
County, Oregon in 1923, and recently thes U.S.Bureau c¢f Mines published War Minerals ﬁggg;t 186,

Scappoose Mina, Columbia County, Oregon, describing results of exploration wowk done in 1942,

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

Washington County Scapponse Ares
Iron (Fe) 24,6 % 49,0 4%
Alumina (A1304) 2.8 4.3
Silica (5105) 9.5 5.3
Titania (T105) 3.5 0.4
Phosphorus (P) 04150 0:.73

Only part of the Washington County area has been examined by the writers. Some
reconnaissance work is still being done by the Department (July 1944) but a largs amount
of exploration and sampling would be necessary in order to delimit and determine the
value of all the known occurrences,

1=
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LOCATION

The location of the area is shown on the index map of northwestern Oregon, opposite
page 1; that of the deposits, on the county index map, opposite page 3., These deposits
occur in an area roughly 25 to 35 miles northwest of Portland in T. 1 Noy Re 2 W, and in
Tps. 2 and 3 No, Rs. 2 and 3 W. From Portland, the area may be reached either from the
north via Skyline Blvd. (or U.S. 30) and Dixie Mtn. Road; or from North Plains on the
south via Dixie Mén, Road or Pumpkin Ridge Road. Bransh roads lead to varlous parts of
the area. The western part is most easily reached from the south by the Pumpkin Ridge
Road; the eastern part by the Dixie Mtn. Road.

TOPOCRAPHY

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 400 feet where it
approaches the Tualatin Plain. The crest of the surface forms the drainage divide be-
tween northern Washington County and southern Columbia County. This surface is dissected
over much of the area by many gulohes and canyons whoze steep slopes are characteristic
of youthful topography, the gulches separating the more or less flat-topped hills and
spurs, The area south of the divide is drained by MeKay Creek and the East Fork ef Dairy
Creek, which have fairly steep gradient= in their upper reaches,

GENERAL GEOLOGY

In 1341 as a project of the Departmentis state geologieal survey, Wilkinson? mapped
the St, Helens guadrangle in Columbia County which lies immediately north of the area
desoribed in this report. Many of his descriptions and conclusions, particularly those
concerning geologie history, are applicable to northern Washington County. Extrasts
from Wilkinson's report are as follows:

"Geologis History:

"The geologioc history of this region began with the deposition of sediments
in an Oligocene sea. The shoreline, or tidal-flat area, was in part within the
quadrangle , sinece leaves are found in several places intermingled with marine
fossils., . "

e e mE sm e e e e e e e e e e e e G G e s e e M M M M N N e M D e e e D G e e e

lillkinson, W. D., Geology of the St. Helens Quadrangle (1941), State Department of
Geology and Mineral Industries, in manuscript.



¥, o oAt the end of the Oligocene there was a general uplift, which resulted
in the shoreline being moved to the west. The new surface was subjected to
continual erosion until middle Miocene time . . .The surface at the end of
this period was possibly one of early or middle maturity.

"Juring Mioocene time a series of basaltie lavas flowed out over this
surface filling many of the valleys and ultimately forming a flat uniform
plain, except possibly for occasional areas of the original hilltops or ridges
of Oligocene sediments which stood above this new surface as steptoes., The
inundation by the Miocene basalts occurred at varying time intervals s=ince
some flows have s0il well developed upon surfaces, which were buried by later
flows., The final surface was almost a plain, having only irregularities inci-
dent to the mode of origin or remnants of the old surfece., Upon this surface
a new drainage pattern developed, which is expressed in the present topography.

WSometime during the period between late Miocene and the present, the
entire region was subjeoted to climatic conditions which resulted in deep
weathering and which produced a heavy soil mantle of a lateritic type."

The formations mentioned by Wilkinson? in the preceding paragraphs are also present in
Washington County. Disregarding a silt covering, the Columbia River basalts form most of
the surface of the area concerned in this report. The sedimentary rocks, which unconformably
underlie the Columbia River basalts, were assigned to the Oligocene by Wilkinson. They are
exposed at only a few known localities in this part of Washington County. Similar sedi-
ments are believed to be exposed in one of the cuts on the Dixie Mtn. Road between the
Shady Brook School and Wallace School, and are found in numerous cuts on the road leading
from Rocky Point on U.Sc 30 to Skyline Blvd, No attempt was made to map their attitude but
casusl observations showed them to be more folded than the overlying basalts. Oligocene
sediments are not known to occur along U.S. 30 south of Rocky Point, where Columbia River
basaltic flows are exposed dipping several degrees to the east, Thus the Oligocene sedi-
ments found along the Rocky Point Road seem to ocour in a window cut near the crest of an
anticlinal fold in stratigraphically younger basalts, The axis of the fold trends roughly
northwest and appears %o lie near the divide separating the drainage of northern Washington
County and southern Golumbia County. A= mentioned by Treasher3 the course of the Willamette
River appears to have been determined more by the attitude of the Columbia River basalts
than by faulting. Treashert mapped the structure of the Miooene lavas of the Portland Hilis,
which lie east of Washington County, as a northerly-trending anticline,

Basalts similar in character and age to the Columbia River lavas of both the Portland
area and St. Helens quadrangle are exposed in the valley of McKay Creek west of the Hendrick=-
son deposit.where this series of basalts, in places vesicular, isasmuch as 400 feet thick.

The strike of these flows is about N. 65° ¥. and the dip, several degrees to the south. The
much steeper southwest wall of the valley of LoKay Creek is believed to be further evidence
bearing out the southwest dip of the lavas, 4s will be pointed out later, the attitude of
these basalts i1s very similar to that of the Hendriokson deposit,

Although the structure 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 anticline whose axis trends roughly northwest, and whose
northeast limb has helped to determine the western side of the Willamette-Columbia River
valley. The crest of the anticline nearly coincides with the drainage divide in northern
Washington County. The basalts of the southwest limb of this antioline, on which the
ore deposits are located, dip several degrees to the south, and apparently extend south-
ward under the fill of the Tualatin River Valley to reappear in the Chehalem hills,.

2¥ilkinson, W, D., op. oit.

3Treasher, R. C., Geologioc History of the Portland Area,GMI Short Paper, No.7, State
Department of Geology and Mineral Industries, 1942,

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

Mineral Industries, 1942,
Y=



These hills appear to be largely basalts, supposedly of the same age, whose dip, where
measured, 1s several degrees to the north. They are also thought to ocour north of the
Chehalem hills in Coe¢per Mountain and Bull Mountain, where they appear to form a north-
west-trending antiecline whioh disappears to the northwest under the walley fill, Boring
lavas? of late Pliocenes or early Pleistoscene age were poured out in the area northeast
of Bull Mtn., as in the visinity of Tigard, filling structural as well as erosional de-
pressions,

The Miocene basalts in this part of Washington County thus seem to have been folded
into rather broad antioclines and basins, The Tualatin River Valley appears to be a good
example of sush a basin. Although 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 it did not ocoour 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 is more than 1600 feet, and Wilkinson states that their maximum thickness
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 lowest elevations
are several miles to the northeast along the Columbia River. As Wilkinson pointed out
that the final surface of these lavas was nearly a plain, this difference in elevation
might be due entirely to displacements along northwest-striking faults mapped by him;
however, present elevations of these basalts might also be attributed largely to broad
gentle folding, lo;voré stated that the basalts in Columbia County rest with marked
unconformity on the underlying marine Oligocene shales and sandstones, and that the
basalts have been subjected to minor folding which has given them a general easterly or
northeasterly dip. He stated also that they pass beneath the valley of the Columbia
River and reappear on the northern side in the State of Washington, forming the major
Columbia River syncline.

The age of the folding which prodused the rsgional strustures could not be determined
from observations within the ®Washington County area. However, the folding 1is believed to
have occurred in Pliocene time and is thought to b2 direstly related %o, or a part of, the
deformation which produced the latest major folding of the Coast Range,

Silt, buff to brown to red in color and in plases as much as 40 feet thisk, overlies
most of the Hendriokson and Nelson deposits. It also occurs west of McKay Creek such as
that near the Hutohinson deposit. Where exposed in cuts, it is massive and unconsolidated.
The grain size of the component minerals ranges from 0.3 mm to that of elay which consti-
tutes about 10 percent of the silt. Nearly all ef the silt is minus 50-mesh, and the minus
200-mesh fraction constitutes about 70 percent of the sand fraction. Besides clay and some
volecanie glass, the silt includes such minerals as plagioslase, mierocline, quartz, biotite,
muscovite, hypersthene, and magnetite. Similar silts are found in many road ocuts along
Skyline Blvd. where they have been mapped as Powell silt leam’/, The massive unconsolidated
nature, mineralogio oomposition; fineness of grain size, light color, stratigraphio position
and topographies distribution of the silt strongly suggest i1t was wind-lald.

Treashora states that a fine-grained silt sover whish is usually brown or tan ocsccurs
in the Portland area, and is made up largely of quartz grains., The structure of the silt
is desoribed as massive with loessial characteristics., He further states that it is as
much as 100 feet thick and ocours at elevations ranging from 25 to 1200 feet, stratigraphi-
cally overlying everything except recent alluvium, He stated that 1t was probably de~
posited in late Pleistocene or early Recent time.

O S S R L R S e e e R R e S T e S e S MR SR TN S I S S RSN G SR M W G S e W e A N S W W WS we

srrocthcr, R, C,, Geologio Map of the Portland Area, State Department of Geology and
Mineral Industries, 1942,
Sltavar, Charles E,, Tertiary Stratigraphy of Western Washington and Northwestern Oregon,
Univ. of Wash. Pub,, vol. 4, June 1937.
7ﬂuzek, C. V., ot al, Soil Survey of Multnomah County, Oregon, U.S. Dept. of Agriec.,
Bur., of Soils, 1922,
afronshar, Re C., op. cit.
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The fact that erosion has falled to remove large masses of the silt in the Washingten
County area suggests its comparatively recent geologic age, and thus the silt probably was
deposited after the area had been considerably disseoted, Auger drilling shows that the
Hendrickson and Nelson deposits are not connected. Erosion prior to the deposition of the
811t is 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 cover which masks the true
character of the pre-silt topography. In several places the present drainage appears to
coincide with that established prior to the deposition of the silt, This suggests that the
pre~silt topography, though modified, may correspond in part with that of the present day.

Recent terrace deposits occur 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 outecrops 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 isclated beds apparently governed in their locatien by topography.

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

4 typlcal section 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 nglitio, pisolitic, or pebbly, usually
hard, high-alumina iron ore, underlain by mottled or vari-ocolored slay-like material.

In places this clay-like material has been found to be bauxitis. At the out near
Hole No., 7 on the Hendriokson farm the bottommost material is a mixture containing gibbsite,
limonits, and magnetite. In Hole 32 at the Hutohinson locality the horizon underlying the
0811t1a ore sontains ciiashits = an amorphous bauxite,

As 1t occurs at ths Hendriokson locality, the high-alumina iron ore is a blanket from
5 to more than 17 feet thick. many ascres in areal extent, The bottom of the ore bed, as
indicated by test holes, 1s quite smooth and regular, The thickness of the bed as well as
the overburden, appears to be related to the present drailnage which at least in part corre-
sponds to that prior to depesition of the silt.

All the holes drilled through the hard ore sheet at the Hendriockson site, with one
exception, were bottomed in a clay-like material. The one exception (Hole 18) showed the
underlying material to be much altered basalt. The attitude of the Hendricksen deposit was
determined from the elevations of the bottom contact of the hard ore., The strike 1s approxi-
mately N. 75° W. and the dip 1° - 2° to the seuth. This attitude 1s very similar to that
of the basaltic flows in the valley of MocKay Creek, A sufficient number of holes to de=
termine the attitude of the other ore deposits were not drilled, Like the Hendrickson de-
posit, they are thought to correspond to the regional struoture, The thickness of the
material underlying the hard ore is unknown, The rock underlying the clay-like material
is probably flow basalt although no contact has been found., A well=developed terrace,
probably produced by the erosion of the less resistant clay-like stratum underlying the
hard ore and covered with "shot" s0il, lies directly southweast of and at a somewhat lower
elevation than the Hendrickson deposit. This terrace extends a short distance southwest-
ward where it terminates at the edge of the youthful valley of MoKay Creek, Near the top
of the eastern valley wall and just under the soll whioh covers the terrace, numerous large,
dark gray, massive basaltic boulders are exposed which give way below to a thick series of
basaltic flows,

=be



Character of the ore:

0f several textural varieties present, the oolitic or pisolitic type is most common
and probably most important, A pebbly, somewhat nodular and porous variety is common in

some places,

The ob1ites and pisolites are variable in size and may be nearly round, ovoid, or
quite irregular in shape. They range from less than 1/16 inch in diameter to nearly 3/U
inoh, The fresh or unweathered fracture surfaces of most o0lites have a dark gray to
nearly black color and a submetallic luster, weathering soncentrically to a brownish color.
Hardness is somewhat variable but for most odlites is probably 5 to 5.5, The streak is
reddish-brown,

The matrix is usually softer and lighter in color than the ozlitos. It has an
earthy limonitic appearance. Some specimens contaln numerous small cavities sometimes

contalning earthy material,

Thin sections of the o8litioc ore from the Hendrickson deposit show that both the
001ites and matrix may be colloform, Some of the larger 00lites enclose a number of
smaller ones. Residual grains of magnetite, and possibly some of ilmenite, as much 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 oblites
and matrix and thus may be secondary, all the material is isotropic., A thin section of the
porous pebbly type of ore shows it to be made up of colloform, limonite-like material con-
taining numerous residual magnetite gmins. Analyses, however, show its similarity of com-
position to the typically o0litie material.

Spectrographic analysis of the 00lites obtained from a sample at the Hendrickson
locality reveals that they contain more than 10 percent of both iron end aluminum with
the percentage of iron muoch the greater, approximately 4 percent silica, and about 3 percent
titanium. Analysis of the matrix shows the same elements to be present, and although the
aluminum and iron are both more than 10 percent, the percentage of aluminum is slightly
greater than the iron. The concretions as well as the matrix contain water of hydration,

The 081itia texturs of the ore, the colloform nature together with the hydrous isotropiec
character and mixed and variable composition of both the 00lites and matrix, as well as the
inclusions of residual minerals strongly indicate a colloidal origin, Thess characteristies
suggest that both o8lites and matrix are mixtures of hydrous iron and aluminum oxides with
some impurities,

The o8lites possess various degrees of magnetism; most of them are strongly magnetioc,
The matrix. is generally much less magnetic than the ollites and in one instance nearly half
of a sample;, finely crushed;, from the Hendrickson depeslit consisted of pleces of matrix
either very weakly magnetic or non-magnetiec,

On the Hutohinsoen place southwest of MsKay Creek a bed of massive dark-brown limonite
more than 2 feet thick orops out near the bottom of a gully., This limonite is weakly mag-
netisc, has no ogliton, and 1s typical of the limonite ribs of the Scappoose area, A sample
returned 51,34 percent iron, 5,64 percent alumina, and 4.53 peroont silica, The outerop is
apparently stratigraphioally below a bed of oglitlo, high alumina ore.

Origin of the ore:
Concerning the origin of the Scappoose iron ores in Columbia County, lilkinson’ states:

", ¢ oIn the field, the iron occours in ribs from a few inches to several feet
in thickness, These ribs vary in structure, They are characterized by small
concretions of varying diameter. In these masses the pisolites have formed a
compact hard layer which is composed of high grade iron ore, In other places
the pisolitic structure is not present but a porous honeycomb structure of com-
pact limonite occurs, The open spaces contain ocherous limonite. At the Apple
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Valley locality and the Anderson property farther north, the iron ribs are
massive, compact, 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
surfase is covered with small pellets ranging in size up to half an ineh in
diameter, These are frequently limonite conoretions. In the saddle, the
entire road cut is composed of these concretions embedded in eclay of high
iron content, Similar conocretions are common to all of the s0ils covering
basaltic areas. In fact these pellets were so common to the soil mantle
that 1n mapping the soils, the term 'shot scil' was used by Harper and
Torgersonl®,

"Two 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 actually deposited
within the underlying lavas and near the contact of the lavas and sediments,”

The origin of the Washington County ores 1s different from that of the Scappoose
limonite ores in Columbia County to the north. The Secappoose ores contain more phos-
phorus and much less alumina and somewhat less titania. The association of sedimentary
material and petrified wood with some of them and their stratigraphis position are evi-
dence that they were formed in a different environment and prior to the Washington County
ores. Poseible further evidense of the greater age of the limonites is shown at the
Hutohinson place where massive limonite, typical of the Soapposse ores, lies strati-
graphisally below a bed of the oBlitic ore. The odlitic structure of the Washington
County ore together with the mixed composition and colloform texture of the 00lites a3
well as the matrix, suggest their colloidal naturs and a lateritis origin.

As Mlocene basalts are common in Washington County and as the ore is 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 which are
exposed by MoKay Creek are dark gray in color and fine-grained., Thin sections show that
they are hemiorystalline. The phencorysts are plagioclase, auglte, and magnetite. The
groundmass is either a gray or brown glass which forms some 20 to 25 percent of the rocks.
The texture of two of the rooks seotioned tends to be intersertal with the spaces between
the divergent plagioclase laths occupied by augite, magnetite, and glass.

The plagloclase is labradorite in the form of laths, averaging 0,4 to 0.5 mm
in length and as much as 1,5 mm long, They show albite twinning and a number of them
are fractured, Labradorite constitutes about 50 to 55 percent of the rocks, Augite,
in many instances in the form of fractured anhedral aggregates, makes up some 25 per=
cent of the sestions. Most of the magnetite grains have either anhedral or very irregu-
lar outlines and constitute a few persent. The groundmass is either a gray or brown glass,
in some places partially devitrified, and in the three rocks examined averages about
20 to 35 percent.

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

Although the underlying basalts did not give rise to the ore, it is very likely that
eimilar but younger representatives of the same series were the parent rocks,.
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loﬁsrpar and Torgerson, Soil Survey of Columbia County, Oregon, U,S5, Dept of Agric.
in cooperation with Oregon Agricultural Exp. Sta., 1929.
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At the Hutchinson Looality the earthy material immediately beneath the hard o8litic
ore contains less silica than in the ore sbove., This earthy material also contains
bauxite minerals, especially oliachite as mentioned previously, Spestrographie analyses
show that the silica content of the horizon under the hard ore inoreases markedly with
depth, indicating admixture of olay., Description of the section drilled and sampled is
given in the part which discusses individual deposits,

As noted at the Hutchinson and some other localities, the material beneath the
hard ore contains bauxite minerals in some places at least, At still other places in
the area basaltic=1like pebbles are present. These pebbles are dark gray in color and
some have a vesicular texture. However, examination shows they are nearly completely
altered., It is believed that the ferruginous bauxite grades downward into a clayey
horizon which gives way in depth to altered basaltie parent roek.

The exact time of origin of the deposits is not known., However, they were formed
after the basalts of the area were extruded in Miocene time and before the deposition
of the overlying silt which has been assigned by Treasher11 to the late Pleistocene or
early Recent. The laterization responsible for the formation of the ores probably
occurred before the basalts were folded and somewhat elevated; the rate of formation of
laterite would have had to exceed the rate of its removal by erosion, As it is now
generally agreed that the formation of lateritic aluminum hydroxides is saused simply
by the long continued astion of ordinary ground waters under special conditions of
moisture and heatlz, it appears that erosion was relatively inactive during the formation
of the Washington County ores, The association of Miocene basalts with the marine Astorla
formation to the west of the area suggests that the lavas were poured out when Washington
County had a lower average relief than now., Laterization may have been active in forming
the deposits from the time of the final outpouring of the Miocens lavas to the time of
their folding, and may have produced a relatively continuous blanket of laterite over the
area, The folding is believed to have ocecurred in the Plioccene. Treasher states that the
Miooene basalts and the overlying gravels of the Troutdale formation, which he gave a
middle Pliocene age, are essentially parallel in the Portland area, As Troutdale gravels
were mapped at elevations as much 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 Miocene basalts, Boring lavas of late Pliocene or early Pleistocene age are
undeformed and occur southeast of the area apparently ocoupying structural as well as
erosional depressions in the Columbia River basalts,

Erosion following the folding and accompanying uplift had somewhat disseected the
Washington County ore deposits when a thick blanket of silt was laid down, probably by
wind action, over much of the area in possibly late Pleistocene or early Recent time,
Erosion has since removed part of this cover.

11Treasher, Re C., op. oit, (Geologic Map).
12L1ndgren, Waldemar, Mineral Deposits, p, 375, McGraw-Hill, 1933.
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INDIVIDUAL PROPERTIES

Three of the seven localities discussed in the following section of the report =~
the Hendrickson, Hendrickson Extension, and the Nelson - contain the bulk of the indi-
cated ore reserves in the area so far explored. At the other properties mentioned,
considerable exploration work is necessary before tonnage estimates may be made.

Hendriokson Deposit:

The Hendrickson farm on Dixle Min., Road (see index map opposite page 3) was selected
because of its accessibility and also becapse exposures of the ore formation along an old
logging rallroad grade indicated a possible tonnage., Preliminary sampling of the exposures
which 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 (Fe) 28,26 %
Hendrickson house (1500 N - Alumina (A1405) 3,60
4000 E). A 4-ft, channel Silica (s10p) 6.22
sample of pebbly type Phosphorus (P) - 0.170
ferruginous bauxite, Titania (11045) wneea
(B) Railroad cut N. of the Iron (Pe) 4o.92 %
Hendrickson house (1900 N - Alumina (A104)  24.59
5100 E). Top foot of the Silica (st0z) 3.58
o01itic ore bed sampled, Phosphorus (P) 0,092
Titania (1407) 4,02
() Same location as (B). A h-rt, Iron (Pe) 14,13 4
channel sample of red silty Alumina (81,04) 23.41
elay overlying (B). Silica (Sloz? 38.27
Phosphorus (P) 0.098
Titania (1192} 3.22

A plane-table survey of the Hendriokson Locality was made and 29 holes were drilled
using hand augers and chopping bits for the purpose of sampling the deposit. The topography
and the location of drill holes and cut is shown on the map opposite page 1ll.

It 48 believed that some of the holes in ore showed relatively high silica results
becauss too much of the overlying reddish-stained clayey silt was included in the samples,

The material near the bottom of the cut near Hole 7 contains gibbsite in addition to
limonite and a minor amount of magnetite, The silica content of this earthy material is
somevhat lower than that of the average ore, Analyses of samples from this cut were not
inoluded in the ecalculations., The cut near Hole 7 was made to determine the characteris-
tio® of a seotion of the ore and was sampled ito obitain the volume-weight factor for tonnags
ocalculations, Analyses and description of the material in the sut follows:

Ssmple Wo. Fs.  Al;0y 5102 Notsture  IERULoR  Sample Desoription
3
(Kot Sampled) 0 - 3¢ Red olay
P-2473 23,25 36,48 5,70 17.5 19.8 31 - 9 Hard reddish brown ore,
p-2474 15.81 42,92 5,74 21,2 91 - 1219n Dark reddish brown ore

with gray nodules and
white specks.
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An arithmetical average analysis of samples of ore from holes so far drilled on the
Hendrickson place 1s:

Iron (Pe) 25,95 %
Alumina (A1,03)  31.85
Silica (s102) 8.95
Phosphorus  (P) 0.140
Titania (110,) 4.5
Moisture 19.0
Ignition Loss 18.0

The area underlain by ore on the Hendriockson farm is approximately 64 acres, The
volume-weight factor for the ore has been determined as 17 ou. ft, per long ton in placs.
Using this faotor, the Hendrickson farm would contain in round figures 2500 tons per acre=
foot. The average arithmetical thickness of the ore sampled, using 11 holes in ore, is
approximately 11 feet; therefore, 1,760,000 long tons of ore is indicated for the
Hendrickson property alone., The earthy material underlying the hard ore was thought to
be largely clay at the time most of the sampling was done., Since then it has been found
that in places this materlal is bauxitic, and it is possible that further drilling will
prove & greater thickness of ore than that used in the calsulations.

Any discussion of the economics of this deposit should take into consideration the
two adjacent bodies located on the Nelson farm to the northeast and the so-called
Hendrickson Extension to the northwest, both of which are desoribed in the following
paragraphs. These three areas contain the bulk of the indicated ore reserves discussed
in this report.

Five of the holes were also drilled Just south of the Hendrickson farm on the
Schoenberg property which adjoins it., 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 lies to the northwest of the Hendrickson deposit and is separated
from 1t by a narrow saddle.

081itic type ore is exposed at Hole 26. Analysis of 13 feet of ore from this hole
gave the following values:

Iron (Pe) 2349 %
Alumina (A103)  36.60
Silica (s10,) 6.94

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

Nelson Deposit:

A quarter of a mile northeast of the Hendrickson loocality at a somewhat greater
elevation six auger holes were put down on the Nelson farm. The iron formations at
these two farms, although not connected, could easily be served by one mining operation,
A sketoh showing the topography and locations of the holes is opposite page 113.

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

Iron (Fe) 21.66 %
Alumina (11303) 32,52
Silica (si0z) 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, ocut several feet of o0litic ore at a
depth of about 25 feet, No accurate measurements sould be made due to inaccessibility
of the well, A petrographie examination of a sample of c¢lay-1like material from the
well dump showed the material to be largely a mixture of gibbsite and limonite, Spec-
trographic analysis showed the material was mainly alumina and iron with about § per-
cent each of silica and titania,

The silt overlying the ore body i1s the same as that on the adjoining Hendrickson
farm. The horizon of the ore in the drill holes on the Nelson farm is 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 con=
neoted originally, they are now separated by the saddle which crosses the road between
Wallace School and the Grange Hall. A hole drilled just east of the road at the lowest
poelnt in the saddle struck silt which was deposited after erosion had removed the ore,
Another hole drilled 120 feet south of a point midway between Holes 2l and 25 was like-
wise barren.

Locality No. b:

This deposit is shown on the index map, opposite page 3. It is located in SE}
sec, 34, To 3 Noy, Re 3 Wo on a logging road, a quarter of a mile east of the Pumpkin
Ridge Road: General topographie features of the area together with the location of
Hole 30 and an open cut 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 (A1,04) 33,65
Silica (5102? 8.h1

& 20-foot out 6 feet deep, located 50 feet southeast of Hole 30, exposes about
44 feet of pabbly type ere.

Without additional holes to delimit the ore body ascurately, 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 of the same type of ore in a road ecut en
Pumpkin Ridge Road about a quarter of a mile te the northwest suggests the extension
of the ore body to the northwest from the open cut and Hele 30,

Hutehinson place:

This locality, designated No., 8 on the index map, 15 2} miles by road southeast of
Locality No. 4, at an elevation of about 1100 feet. Topography and the locations ef
the limonite euterop 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 (Pe) 24,84 4«
Alumina (A1504) 33.54
Silica {5102? 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 direction of Locality No. 4. Analysis and descrip-
tion of the section drilled follows:
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Sample No. Fe Aly04 S40, Moisture Sample Width Desoription

(Not Sampled) 0 = Y Top soil,
" " LR - 8 Red clay.
p-2ls55 22,83  33.12 12,96 8" = 10' 001itic iron (hard).
P-2456 32,68 25,72 8.62 10° - 127 " "
P-2457 25,91 32,88 5.28 1214 = 13t Yellow olay-like material

with white specks.

P-2538 21.80 34,08 4,78 20,2 13¢ = 146"  Dark red-brown clay-like
material = few o8lites.

P=2539 24,16 27.24 5.00 21,22 146" = 1616" Yellow brown clay=like
material with white frag-
ments and occasional o8lites,

P-2540 22.80 42,12 5.3% 20,8 1616" = 1716"  Very few, if any, o8lites.

P-2541 22,36 42,00 4,00 20,8 176" = 19'é" Brown and yellow=brown
pebbly, clay-like material.

P-2542 23.48 30,08 5.62 21.8 19'6" < 207 No change.

P-2543 25.26 26.12 12,44 30.6 20! = 2214 Mottled, varicolored and

olay-1ike, white streaks.
P-2544 23.03 27.64 18.64 34.04 221 - 2l Little apparent change.

The material below the hard ore at a depth of 12 - 13 feet was deseribed in the field
as a yellow olay with white specks of decomposed feldspar, Chemical analyses showed that
the material contained relatively high iron and alumina and low silica. Petrographie
analysis of the white specks showed that they were probably cliachite with some gibbsite,
Spectrographic analysis confirmed their bauxitic character, as they contained more than
10 percent aluminum, less than 5 percent silica, less than 1 percent iron, and less than
1 percent titanium. Chemical analysis of the same picked material returned 1.28 persent
silioca.

Schmidt Parm:

In the southern part ef the area in seo. 3, T 1 Noy, R 2 W,, at an elevation of about
350 feet, an outerop of 0811tic material ocours south of the Helvetia Read en the Sohmidt
farm approximately three-quarters of a mile nerth of Helvetia. 4 preliminary sample of the
outorop gave the following analysis:

Iron (Fe) 18.51 %
Alumina (41204) 45,87
Silica (s10;) 8.16
Phesphorus (P) 0.150

Three auger holes wers put down at this farm as shown on the sketoh opposite page 19.
Analytical resulis of samples from Holes 1 and 2 give the following average analysis:

Iren (Fe) 19.32 %
Alumina (11203) 42,08
Silica (si02) 8.30

The topography of this area is such that a censiderable acreage might be underlain by
ore. Additional heles to determine the extent of the ere body are needed before any tonnage
estimates may be made, and to give infermation cencerning average thickness ef overburden.
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Cathey FParm:

Half a mile north of the Schmidt farm on the county road in see. 34, T, 2 N., R, 2 W,,
three auger holes were drilled as shown on the sketch map, eppesite page 21,

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

Iron (Pe) 15,93 %
Alumina (A1204) 22,33
Silica (s10,) 40,35

Hole 5 failed to reach the ore.
From the analysis 1t 18 apparent that the silica centent of this depesit 18 much toe
high for the material to be classed as ore.

MISCELLANEOUS PROPERTIES

The follewing properties were examined for surface indications, and two ef them were
tested by single drill holes, Although ore depesits in these properties appear to be seme=
what restrioted in size, further exploration work may shew that some eof them contain eore
in economic amounts,

Backer Locality (1):

This deposit 1s 4,6 miles north of the Pleasant View School on the Pumpkin Ridge Road
at an elevation of about 1625 feet. Owing to the uncertainty of the location of various
braneh roads as shown on maps of the area, the locations of Deposits 1 and 2 were not
exactly determined, Locality 1 may actually be as far south as Locality 2, and Locality 2
may be in sec. 26. Hole 33 drilled through 9 fest of reddish brown material having the
following analysis:

Iron (Fe) 13.54 #
Alumina (A1504) 28.48
Silica (stozg 16.80

Pebbly type ore was found on the surface near the road,

Railroad Cut Locality (2):

This loeality, 4,0 miles north of Pleasant View School by the way of the Pumpkin Ridge
Road, 1s at an elevation of 1550 feet, The bottom of an old railroad out, about 15 feet
deep shows a 3-foot layer of reddish brown clay-like material containing pieces of typlcal
0811tie ore as much as 4 inches in diameter, No analysis of the material has been made.

Lazy W Ranch (3):

081itic type ore ocours as float in the saddle west of the house in the SE} sec. 30,
T« 3 Noy Rs 2 W,, at an elevation of about 1540 feet, Large chunks of limonite, very
similar to the Scappoose ores, have been found in prospest holes nearly half a mile west
of the house at an elevation of 1530 feet and near the head of the drainage of a creek
which flows southwest,

Smith Locality (7):

This occurrence is on the Pumpkin Ridge Road 0,45 mile north of the Pleasant View
School, at an elevation of 1175 feet. O08litic type fleat iz found both north of the Smith
house and in a draw a short distance to the scuthwest. A well has been dug back of the
house at the old Epler place on the other side of the road from, and a short distance
north of, the Smith house, 0B8litioc type ore was found on the dump and may be seen also
on the walls of the well shaft.
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Parmele Locality (9):

Hard pebbly type ore occurs in Sk sec. 5, T. 2 N., R. 2 W,, 0.27 mile east of Dixie
Mtn. Road. The ore is exposed in a road sut 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 (Fe) 24,22 %
Alumina (Alp04) 32 .62
Silieca (5102? 8.52

The silica ocontent of the lower 6 feet of ore is somewhat less than that given.
Petrographic analysis shows that the white particles in the firm red clay~like material
of this lower portion is gibbsite with some limonite.

Jacobs Farm (10):

This locality is 0,2 mile east of the Pumpkin Ridge Road and 4,45 miles south of
the Pleasant View School, at an elevation of about 525 feet. Piecas of typical oolitie
ore occur scattered over portions of the W. 0. Jasobs farm and the ore may have con-
siderable areal extent in that general vicinity.

ECONOMICS AND ORE TREATMENT

The near-surface position, blanket form, and generally low stripping ratio make the
deposits so far examined susceptible of surface mining methods. On ths Hendriekson de=
posit thickness of overburden averages about 21 feet whioch 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 crushing
to the size required for smelting could be done cheaply.

In order to be commerclal; 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 area,

The U, Ss Bureau of Mines hag been carrying out testing work in treatment of ferru-
ginous and siliseous bauxites to recover iron (either as pig iron ox ferre-silicon) and
alumina, but no commercial operation for the treatment of this typs of ore in this country
has been reported,

The Pedersen process has been used in Norway to treat material analogous to the
Washington County ore, A commercial operation started in 1928, Essentially the process
consists of smelting iron ore, coke, lime, and aluminous material to produce pig iron and
caleium aluminate slag. The slag is crushed and leached with hot sodium sarbonate solution
containing some sodium hydroxide. The resulting solution contains the alumina as aluminum
hydroxide; calcium carbonate and silieca sre left in the sludgs and may be filtered off.

The solution is treated with carbon dioxfide (C03) gas in erder to presipitate aluminum
hydroxide which is filtered off and calcined to obtain snhydrous alumina, The filtrate
containing sodium carbonate and sodium hydroxide is reciroculated for further slag treatment.
A graphical representation of the flow sheet is outlined opposite page 23,

The smelting operation is preferably carried out in the elestric furnace, Power
consumption is reported to be approximately 3600 kwh per ton of iron produced.

In Norway it is reported that French ferruginous bauxite was smelted with Norweglan
iron ore, and that silica in the raw materials should be under 8 percent, A low-sulphur
high grade basioc iron is produced as well as calcined 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 Washington County deposits., Some modifications or
adaptations might be necessary; at least, thorough metallurgical testing should be done,
and pilot plant testing would be essential for design of a commercial plant. It is
esgsential 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 smaller deposits would be more valuable than many widely
scattered small deposits,

Favorable factors 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 smelting; (3)
favorable near=by market for the products produced; (4) cheap exploration cost per unit
of ors developed; (5) cheap mining cost, as surface mining methods appear to be appli-
cable; (6) relatively high gross value of the ore becauss two commercial products would
be produced,

*% *xk %
APPENDIX
Bauxite -~ An amorphous mineral or mixture of minerals having an approxi-

mate composition of Alp04°2H20. Now it is more generally
applied commercially to aluminous lateritiec rocks in which
aluminum hydroxides, amorphous or crystalline, predominate
over other lateritio constituents,

Cliachite ~ An amorphous hydrous aluminum oxide, Al203(H20)y. It is the
main constituent of some bauxites.

Colloform ~ The rounded, more or less spherical form assumed by amorphous
or metacolloidal minerals or mineral gels in open spaces,

Gibbsite - A hydrous aluminum oxide, A1303¢3H30 or Al(OH)3. It is the
major constituent of some bauxitse and a minor ¢ueé in others,

Laterite = A residual deposit, often conoretionary, formed as a result
of the decomposition of rocks by weathering and ground waters,
and consisting essentially ef aluminum and ferric hydroxides,
which may be orystalline or amorphous,

Laterizatien =« The process which forms laterite.

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

Magnetite - The magnetic exide of iron, PoBOu or Fe0*Fey0q.

0011tes = Rounded, concretionary grains usually considered to be smaller

than a pea,

001itic - A textural term fer rocks consisting of small reund grains er
concretions (o081ites), resembling the roe of a fish, cemented
together,

Pisolitie -~ A texture coarser than o0litis, the conoretions being about the

size of, or larger than, a pea.
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