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PLATE I

Fig. 1. Two views of a concretion common in ferruginous bauxite deposits. A. surface; Fig. 2. Hard porous nodule characteristic of nodular
B. cross-section showing a typical oélitic texture with oélites within o6lites, type ferruginous bauxite showing a colloform
Natural size. texture and white patches of bauxite. Natural

size.

) Fig. 4. Section of high-grade bauxite nodule from the Salem Hills. Shaded
Fig. 3. Porous nodule having textural features common to both odlitic and nodular parts are deep pink; light parts are pink to pinkish-white. Two-
types of ferruginous bauxite. Natural size, thirds natural size.

SPECIMENS OF OREGON BAUXITE



FOREWORD

Since issuing a preliminary report on the ferruginous bauxite
deposits of Washington County, Oregon, in August 1944, the Depart-
ment has done additional field work in the study of these deposits
as time and personnel permitted. Areas containing the deposits have
been extended into other counties, as desoribed in the accompanying
report. All pertinent information so far obtained by the Department,
including that contained in the preliminary report, has bcen assembled
in the present volume, It 13 realized that this 18 not a complete re-
port on the deposits, It is more of the nature of a progress report.
Much more work, some of 1t beyond the facilities of the Department,
must be done in order to give authoritative answers to questions of
diastribution, extent, origin, composition, and especially commercial
application. The bulletin i1s issued in the hope that the information
now available will assist in encouraging commercial development of
the deposits, and that substantial postwar employment may result
from such development. One large expericnced company is already
actively engaged in an exploration projeoct on the Washington County
deposits.

Esonomical treatment of this ore is the dominant problem.
Compared to bauxite suitable for treatment in a Bayer plant, the
bulk of the material described in this report is low=grade in
alumina, However, the relatively high iron present is potentially
of commercial value, and as 1t must be separated from the alumina
in any event, 1t should be considered an asset rather than a lia-
bility. Weighed against the treatment problem, the deposits have
the characteristios of favorable location, large reserves, and low
exploration and mining costs, Thus the over-all pioture 1s en-
oouraging., Whether or not the high-grade bauxite in the Salem area
ocours in quantity sufficient to influence this picture 1s not known
at present.

One point in conneotion with the economiocs of the deposits is
worth emphasis; even if the material 18 not immediately utilized as
a source of alumina, the great extent of the deposits provides an
invaluable domestioc reserve of alumina which might be vital at some
future time,

Fe W, Libbey
Director

June 15, 1945
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FERRUGINOUS BAUXITE DEPOSITS IN NORTHWESTERN OREGON

Abstract

Extensive doposits of ferruginous bauxite occur in several counties of northwestern
Oregon, principally in Washington, Columbia, and Marion Counties. These deposits were
formed by laterization of Miocene basalts following their extrusion and before deposition
of s1lts in the Pliooene (7). Probably the laterization oocurred before gentle folding
and uplift of the region took place sometime in the Pliooene, Conditions preceding and
succeeding laterization, especially in the areas both north and south of Salem are not
clear, but relief may have been greater in the post laterization period in the Salem area
than in Washington and Columbia Counties,

Topography governs outline and areal extent of these nearly flat-lying deposits,
Generally they occupy summits of flat hills and the gentle higher slopes, Erosion has
dissected and removed a large'purt of the flows originally laterized.

Thickness of deposits is from 6 to 20 or more feet, Silt overburden is variable
in thiokne{s but will range from a foot to 40 or more feet, Average depth of silt over-
burden 4s moderate and the ratio of overburden to ore 1s probably less than 2 to 1.

Texture of the deposits in Washington and Columbia Counties 1s usually o8litie,
especially near the top of the ore section. Lower sections range from earthy to nodular
with some nodules containing crystalline bauxite and minor limonite., Nodiles made up
essentially of whitish bauxite occur as flodt, and they are widely distributed in the
Salem Hills south of Salem.

Exploration by the Department in Washington County alone has indicated more than.

5 million long tons of ferruginous bauxite in two looalities, An arithmetiocal average
of samplos obtained by auger=hole drilling of deposits in these localities :43 34.68
percent alumina, 23.12 percent iron, 9.48 percent silioca, 4,85 percent titania, and
«176 percent phosphorus,

The arithmetical average of the torfuginous bauxite channel-sampled in Columbia
County is 38,63 percent alumina, 20,70 percent iron, 9,36 percent silica, and 5,83
poercent titania.

In the Salem area the deposits in place appear to be thinner than those farther
north; also they appoar to lack the 0611tlio seotions found in Washington and Columbia
Counties,

High-grade bauxite float is widely distributed in the Salem area, and analyses show
50 60 percent alumina, 2 - 14 percent iron, 2 -~ 6 peroent silica, and 1 - 4 peroent
titania, Nodules of this float up to a foot or more in diameter are common, No estimate

of quantity may now be made,



2 Ferruginous Bauxite Deposits in Northwestern Oregon

Although a treatment process to produce alumina competitive with imported high-grade
bauxite must be developed before these deposits may be considered commercial, such a pro-
oess to produce both alumina and iron appears to be feasible, and these deposits, so
favorably situated in relation to aluminum reduction plants on the Lower Columbia River,

may become an important source of alumina for these plants,

Introduction

In August 1944, G.M.I., Short Paper No. 12, High Alumina Iron Ores in Washington
County, Oregon, was published, This was a preliminary report, issued while field work
was still in progress, Since then reoonﬁaissanoe work has been done in tracing deposits
of ferruginous bauxite over a wide area in Columbia County, as we%l as in enlarging the
areas underlain by deposits in Washington County. In order to assemble all available
information in one volume, the essential parts of G.M.I., Short Paper No. 12 are included
in the present bulletin, in addition to the record of results obtalned since the pre-
liminary report was issued. After part of the bulletin was in manuscript form, .reconnals-
sance work by the Department in Marion and Polk Counties showed occurrences of ferruginous
bauxite in localities both north and south of Salem. Possibly more important was the dis-
covery of highograde bauxite float distributed rather widely in the Eola Hills north of
Salem and especially im the Salem Hills south of Salem. Because the high-grade material
appears to ococur in quantity that might have commercial importance, results‘of preliminary
studies of these deposits are included in this report. Further study is planned.

The principal exploration work reported in G,M,I, Short Paéer No. 12 was done'on
the Hendrickson farm, and the description of the work 18 repeated in this report under
Locality 5. |

Favorable topography indicating the possibility of fairly large tonnage in the area
designated as the Hutchison~Nixon project (named 'after the owners of land at the south-
east and northwest ends of the area) was the reason for exploration work described under
Locality 8. Some ore was found in test holes in these properties as described in the
preliminary report; '

Work on other deposits described in this bulletin was of reconnalssance nature only.,
At places where sections of deposits were exposed in cuts, channel samples wers taken,
Evidenoe of many deposits was obtained from grab samples of float material, Occurrence
of some deposits was inferred from deseriptions of iron deposits obtained from sources
named in footnotes. Many of these inferred occurrences have not been verified because

of lack of time and personnel.
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Laterization whi@h produced the deposits was confined to Miocene basalts, and any
area made up of these lavas may possibly contain bauxitio deposits. Therefore such ores
may be expected to ocour in places farther west in Columbia County, and in outlying
districts in the Salem area. An investigation (wagner, 1945)*of Columbia River basaltic
terrane in Eastern Oregon failed to reveal similar deposits there, but this first work
does not rule out possible occurrences in areas covered by younger formations,

The name "ferruginous bauxite" has been given to this material for lack of a more
definitive terms It i3 not an iron ore, and "laterite™, although defining the origin,
doas not have mineralogical significance. Bauxite minerals are common and chemical
analysis shows that average content of the hygroua aluminum oxldep 1s somewhat in excess
of the hydrous iron oxides. "Bauxit1§ oclay", as a name, 18 not applicable to the deposits
as a whole, .

Deposits similar in composition and genesis to those in northwestern Oregon are
found in New South Wales and Victoria, Australia; in County Antrim, northeastern Ireland;
in Indie; and in the Vogelsberg Mountains, Germany. Concerning deposits in New South
Wales resulting from laterization of basalt; Rumbold {1945) states that available analyses
show ranges as follows: alumina, 31.43 to 61.46 percent; ferric oxide, 1.99 to 42,21 per-
oent; silica, 0016 to 29.8 percent; titania, 0,55 to 5.5 porcent; "water", 6.85 to 32,68
peroent, ,

The term "ore" 1s used in this repqrt for oconvenience., It 18 realized that according
to a strict definition the material is not ore until it is shown tha¥ it may be treated at
a profit.

More than 450 samples obtained in this investigation have been analyzed in the
Department's chemical laboratory. The laboratory procedures are included in an appendix
as a matter of record, With the exception of the titanium determination which is an
original method worked out by L. L. Hoagland, Department chemist, these procedures
follow usual standard practice., Speotrographioc and petrographic studies of some samples
have also been made,

Early in 1945, Alcoa Mining Company began exploration of the deposits in Washington
County.

The U,S, Bureau of Mines and the U.S. Geological Survey are engaged (June 1945) in

a cooperative investigation of deposits in Columbia County.

* Ses bibliography in back.
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Location

The index map on page 5 shows the location of the general areas with which this report
18 concerned. The localities which are potentially most important are contained in an
area of approximately 150 square miles in Washington and Columbia Counties extending
from about 25 miles to more than 50 miles northwest of Portland, and in approximately
15 square miles of area in the Eola Hills, Polk County, and in. the Salem Hills, Marion
County, a few miles north and south respectively of Salem.

Nashington County deposits may be reached from Portland by the way of Skyline Blvd.
to the Dixie Mt, Road and by the way of Pumpkin Ridge Road north of North Plains. The
Columbia County deposits are accessible from Portland by the way of U.S. Highway 30 and
braneh roads.

Deposits in the Salem area are easily reached by the way of U,S, Highway 99E and

branch roads,
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6 Ferruginous Bauxite Deposits in Northwestern Oregon

Relief and Drainage

The deposits in Washington, Multnomah, and Columbia Counties 1lie within the east-
ward extension of the Coast Range of mountains in northwestern Oregon, The elevation
of the areas where the deposits have been found ranges from several hundred feet to
nearly 2000 feet, The region as a whole 18 considerably dissected but numerous exten-
sive flat areas and smooth slopes persist, The deposits occur in these relatively
undissected areas,

The Chehalem Mountains on the south, the Tualatin River Valley, and the Portland
hills farther north are prominent physiographic features, The northern part of the
region 11es within Columbia County and is split into two drainages by a north-trending
divide which is in most places less than 1500 feet in elevation. Its eastern part,
which includes most of the deposits in the area, 1s drained by tributaries of the
Columbia River, The smaller western part 18 drained largely by the Nehalem and Clats-
kanie Rivers and their tributaries., A roughly east-trending divide in northern Washing-
ton County and southern Columbia County rises in places above 2000 feet and forms the
boundary between the northern and southern parts of the region, The southern part is
drained largely by the Tualatin River and its smaller tributaries such as McKay Creek
and Dairy Creek., The Tualatin River flows eastward into the Willamette River which in
turn flows northward into the Columbia River. The region is roughly bounded on the
east by the Willamette and Columbia Rivers,

Although the Tualatin River tonds to meander on its valley fill, some of its tribu-
taries, such as McKay Creek, have fairly steep gradients in their upper reaches, and
their valleys have steep slopes characteristie of youthful topography.

The known deposits in the Salem area are restricted to the Eola Hills and the Salem
Hills which are drained by the Nillamette River and its tributaries, These hills 1lie
within the Willamette Valley physiographiec unit between the Coast and Cascade Ranges.,
Both the Eola Hills and the Salem Hills rise above 1000 feet in elevation and the reolief

along their steep western sides 1s more than 800 feet.
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Geology of Deposits
in
Washington, Multnomah, and Columbia Counties

Stratigraphy
Since publication of the first report (Libbey, Lowry, and Mason, 194li) desecribing

the ferruginous bauxite deposits in Washington County, some additional stratigraphio
information has been obtained which clarifies rather than alters the geologic pioture
of the area.

The Department's recognition of the bauxitic character of certain of the deposits
in Columbia County, previously described as being limonitic, makes the geology of the
St. Helens quadrangle especially pertinent. Wilkinson's mapping (1941) in the St, Helcns
quadrangle where’a number of these deposits ooour, showed that Miocene basaltioc lavas
more than 500 feet thick in places, unconformably overlie Oligocene marine ;edimenta,
which are predominantly tuffaceous sandstones, Additional mapping in the northern part
orlthe quadrangle by W, D. Lowry and E. M, Baldwin of the Department indicates that lower
Oligocene sandstone, belonging to the Gries Ranch stage, unconformably overlies a thiok
series of basic lavas and breccias assigned by them an upper Eocene age.

As far as 13 known, all the ferruginous bauxite deposits are associated with the
Miocene basalts. The deposits are lateritic in origin and occur at the top of the basaltic
section, They are not to be confused with the Soappoose-typo limonites which are bog de-
posits within the basaltic series. The ferruginous bauxite deposits oocour on flat-topped hills or
ridges or on gentle slopes whereas the Scappoose limonite deposits do not have direoct
relation to the topography and may crop out on steep dissected slopes,

The Columbia River basalts together with the marine sediments that unconformably
underlie the basalts are also present in Washington and Multnomah Counties as well as in
Colunmbia County, Disregarding a widespread silt covering, these basalts make up the
greater part of the surface in the Washington County area where deposits of ferruginous
bauxite ocour, The basalts are exposed in places in the Chehalem Mts,, Bull Mt. and
Cooper Mt., at Jackson Falls quarry, and in MeKay Creek as well as at numerous other
places, .In the youthful valley of MoKay Creek a 400-foot section of these basalts is
exposed,

The basalts which stratigraphically underlie the Hendriokson deposit and are exposed
along McKay Creek are dark gray in color and fine-grained., Thin sections show that they
are hemiorystalline. The phenoorysts are plagioclase, augite, and magnetite, The ground-
mass is either a gray or brown glass whioch forms some 20 to 25 percent of the rocks, The

texture of two of the rooks sectioned is intersertal with the spaces between the divergent
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plagioolase laths occupied by augite, magnetite, and glass, The plagioolase is labrador-
ite 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 about 25 percent of the seotions, The magnetite grains
range in size from minute speokl to more than 0,6 mm and have anhedral, subhedral, or
irregular skeleton orystal outlines and constitute several percent. The groundmass is
elther a gray or brown glass, in some places partially devitrified, and in the three
rocks sxamined, averages about 20 to 35 peroent of the whole, Significant features of
these Miocene basalts, as well as those in the Salem area, are their high percentage of
plagioclase and their relatively large content of volcanic glass.

A woathered 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 texture of the basalts favor
their rather rapid and continuous alteration.

Wilkinson (1941) gives_petrographio desoriptions of similar basalts from the St. Helens
quadrangle and Darton (1909) #ives additional petrographic information on Columbia River
basalts.

Speetrographie analysis nf a sample of Columbia River basalt from the Jackson Falls

quarry in the Hillsboro quadrangle gave the following results:

Percentage Elements*
Greater than 10% silicon, aluminum, magnesium, calcium
1 = 10% iron, sodium, titanium
0.1 = 1% manganese, strontium
0.1 = 0.,01% chromium, vanadium, barium
0,001 = 0,01% cobalt ‘
Below 0,001% zirconium, copper, nickel, molybdenum

* A small percentage of sulfur was shown to be present by a qualitative method.

The marine sandstones are exposed in relatively few places in eastern Washington
County and in the Portland hills area in Multnomah County. In most places they seem to
ooccupy windows in the overlying basalts, Sandstones occur along the Dixie Mt, Road bec
tween Shady Brook School and ¥Wallace School in sec. 18 and reportedly in the SiWj sec. 5,
Te 2 No, Rc 2 We, and also in numerous cuts along the Rocky Point Road which leads east
from Skyline Blvd. to U.S. Highway 30, Fossils collected from the tuffaceous aandntoﬁel
along the Rocky Point Road have been i1dentified by H, E, Vokes (Warren, 1945) of the U.S.

1
Geologlical Survey. According to Walter Warren , this fauna has closest affinity with the

D e e e em e e e e w e e mm wm we e e

Personal communisation.
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Sooke formation, but inasmuch as Astoria forms are also present, Vokes and Warren think
that the Rooky Point beds may be of intermediate age, possibly Vaqueros, Thus these beds
are of upper Oligocene or somewhat younger age.

. The sandstones on the Rooky Point Road disconformably and probably unconformably under-
11e Miocene basalts, These sediments seem to ococupy a window near the axis of an anticlinal
fold in Miocene basalts, The anticline strikes roughly northwest and conforms to the trend
of the Portland hills, whose anticlinal structure was pointed out by Treasher (1942).

The Troutdale formation, which Treasher mapped in the Portland area, overlies the
Miocene basalts. Chaney (1944) has recently assigned the Troutdale a lower Pliocene age
on the basis of fossil leaves, Treasher states that the Troutdale is made up mainly of
somewhat consolidated river gravels, sands, and associated silts., He notes that the
Troutdale formation and the underlying Columbia River basalts are essentially parallel.

An erosional uncontormity, which also may be angular, separates them.

On the basis of the evidence avallable regarding the age of the Columbia River
basalts in Oregon, these lavas can be restricted to the time interval between the folding
of the upper 0Oligocene or somewhat younger marine sandstones and the deposition of the
Troutdale sands, gravels, and silts assigned by Chaney to the lower Pliocene, Weaver (1937)
states that lavas similar to Columbia River basalts on the Washington side of the Columbia
River contain intercalated marine sandstone witﬁ'fossils of the Astoria formation of middle
Miooene age. ‘

Treasher states that Boring lavas overlie unconformably the Troutdale sands and gravels.
In places the volcanic oone sources of these lavas may still be resognized. Treasher assigns
these lavas a late Plioocene or early Pleistocene age and states that they are related to the
Casocan formation (Hodge? 1938) of similar age. Boring lavas coccur in several places in the
Portland hills, and cover an extensive area in the Garden Home and Multnomah districts.
Boring lavas near Tigard appear to fill structural as well as erosional depressions in the
Miocene lavas and they were probably derived from the cone soufqe known as Mt, Sylvania,

A fine silt overlies the Boring lavas in places but it 18 not known certainly whether
or not this silt is of the same age as that which disconformably overlies the ferruginous
bauxite in Washington, HMultnomah, and Columbia Counties. This latter silt where exposed in
cuts is massive, fine-grained, usually brown in color, and has a loesslike appearance. The
color ranges from buff to reddish brown and is often mottled with gray.

Diller (1896) first mentioned the occurrence of a loesslike silt in the Portland hills.
Later Darton (1909) gave additional information showing that it o;cupied much of the Portland
hills area, He described it as loess and stated that in places it 18 more than a hundred
feet thick. He noted that the silt in the point of the highland Just south of the mouth

of Balch Canyon overlies 40 feet or more of gravel which in turn lies on basalt. The gravel
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probably belongs to the froutdnle formation. Darton (1909) stated that the silt else-
vhere 1lies in the irregular, and in places decomposed, surface of the basalt.

The 811t that overlies the Hendrickson deposit (Locality 5) in Washington County 1s
known to b# as much as 40 feet thick in some places, and may be much thicker in a fow
other places., The grain size of a sample taken near the surface at the Hendrickson le-
cality ranges from 0.3 mm to that of clay which constitutes about 10 percent of the silt,
Nearly all the silt fraction is minus 50 mesh and nearly 70 percent is minus 200 mesh,
Besides clay and volcanic glass, the silt ocontains such minerals as plagioclase, micro-
cline, quartz, muscovite, blotite, hypersthene, and magnetite.

The silt 13 exposed in many roadcuts along Skyline Blvd. on top of the Portland hills,
Ferruginous bauxite is exposed beneath the silt in at least one of these cuts, This silt
has been mapped in the soil survey of Multnomah County as Powell silt loam (Ruzek, 1922),
It 18 characterized in many places by small pellets, many of which are less than half an
inch in diameter. W®here they are numerous, they form what 1s known as a "shot" soil. The
"shots" are usually silt particles cemented together with iron oxide.

The massive, unconsolidated character, mineralogic composition, fineness of grain
size, light color, and topographic distribution of the silt suggest it was wind-laid.
Treasher tentatively assigned a similar si1lt in the Portland area a late Pleistoscenc or
early Recent age, However, the silt near Sylvan in the Portland hills is sufficlently
weathered to be used in making brick and tile, and possibly the extent of the weathering
indicates a somewhat older age. One well-rounded quartzite pebble and one basaltis pebble
were found on the surface of the pit face at the Columbia Brick Works at Sylvan and
according to the operator, such pebbles occur in place in the silt. A well-rounded
quartzite pebble was found on the surface at the Anderson place (Locality 14). The
presence of these pebbles seemingly in place in the 8ilt indicates that part and possibly
all of 1t may have been laid down in water and subsequently sub jected to folding. Probably
the same silt as that at the Sylvan oclay pit overlies Boring-type lava farther west.

Similar silt 18 common in Columbia County and disconformably overlies the ferruginous
bauxite in the Yankton area where Lowry and Ba.ldwin1 have tentatively referred it to the
Troutdale formation.

River terrace and delta sands, gravels and alluvium of QJu&ternary age are younger

than the silt.

Structure of the Miocene basalts

The topographic distribution of the deposits appears to be directly related to the
structure of the Miocene basalts. Reliable dips and strikes in the basalts are diffi-

cult to obtain and in most places where they are best shown, only the general direction

1
Unpublished report.
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of dip may be taken., Along U,S. Highway 99, south of Rex and north of Newberg, an ash
bed between lava flows dips several degrees northward, Other northward dips in the
basalts can be obtained elsewhere in the Chehalen uts,

Diller (1896) noted that the limonite bed at the old Oswego Iron and Steel Co, deposit
on the north side of Oswego Lake l1es between sheets of basalt that dip northwest 20-30°,
The basalts in the Jaokson Falls quarry in the Hillsboro quadrangle appear to dip several
degrees to the southwest or west-southwest,

In tho upper valley of McKay Creek west of the Hendrickson deposit (Locality 5), the
basalts strike about N. 65° W. and dip several degrees to the south. Farther east on
U.S. Highway 30, 2 miles south of Linnton, the basaltic }avas dip about 10° to the east.
According to Williams and Parks (1923) the structure of the limonite deposits near Scappoose
closely conforms to that of the enclosing basalts and the deposit at the Colport=Charcoal
Iron property, about 2 miles northwest of Scappoose, dips about 3° to the northeast.

Although relatively few dips in the Miocene basalts have been obtained, these dips
correspond with the general regional slopes, and it appears that large topographic features
in Miocene basaltic terranes are controlled by the structure of the basalts, The attitudes
of two of the ferruginous bauxite deposits have been determined by drill holes, and both
correspond with the regional slope., The oievntions of the ferruginous bauxite deposits
may prove to be fairly accurate indicators of the regional structure, especially where

.a number ocour in one area, However, more complete knowledge of the basaltic surface
on which the ferruginous bauxite formed 1s required before full reliance may be placed
on them as indicators,

According to Wilkinson (1941) the surface of the St. Helens area at the close of the
outpourings of Miocene lavas was a plain, except possibly for some steptoes of older roocks.
The surface of that plain may have been similar to some of the younger lava plains in
south-central Oregon where extonsive flat areas are interrupted only by higher source
buttes or feeder cones, Wilkinson states that during the time interval between the late
liiocene and the present, the entire region was subjected to climatic oconditions which re-
sulted in deep weathering that produced a heavy soil mantle of a lateritic type.

The topographic distribution of the ferruginous bauxite deposits is known to range
from about 300 to more than 1600 feet in elevation., There i1s evidence which suggests that
they may be more than 1200 feet below sea level at Hillsboro, The log of the Ray Maling
welll at Hillsboro shows that 20 feet of "igneous roock" overlies "alternating gray basalt
and clay" 1500 feet below the collar of the well, Mr. A. M. Jannsen, who drilled the well,
states that a red roock 18 often referred to by his drillers as "lava" or™ gneous rock'",

The 20 feet of "igneous rock" may be lateritic as it occurs at the top of a section, more

than 100 feet thick, of basaltic lavas that are bslieved to be of Miocene age.

Geol, Soc, Oregon Country, Geological News-Letter: wvol, 3, no. 12, Portland, Oregon,

1937,
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The Miocene basaltslin the Washington County~Columbia County area have been folded
into rather broad synclines, or basins, and anticlines or domes, Faulting has displaced
the basalts in places but its extent is not known. The avallable evidence suggests the
following regional structures in the Miocene basalts, but later work may make modifica-
tions or revisions necessary.

The basalts in the Tualatin River Valley area appear to form a northwest-trending
elongate basin or synocline filled with younger sediments, The Chehalem Mts. form the
southern limb of the structur; and thoir much more gentle northeastward slope reflects
the attitude of the component basalts, Cooper Mt, and Bull Mt, are just north of the
Tualatin River and are made up of these lavas which appear to form a local northwest-
trending anticline within the larger structure.

On the basis of stratigraphic and physiographic relationships, a northwest-trending
fault 1s postulated along the proposed course of the Wolf Creek Highway in the Gales Creek
area, Its trace would run through Manning and about one mile north of Banks. The south-
west side appears to have moved up in relation to the northeast side, Judging from the
form of other topographic features, other faults are probably present and further compli-
cate the structure of the Tualatin River Valley.

The basalts which form the northeast limb of the structure rise toward tho crest of
the Portland hills in Multnomah County where they reverse their dip to form the Portland
hills anticline (Treasher, 1942), The anticline trends roughly northwest, and farther
north its orest nearly coincides with the drainage divide in northern Washington County.
Farther west this structure seems to swing toward the west so that in the vicinity of the
Hutchison deposit (Locality 8) 1t trends nearly wesi.

In southern Columbia County the structure of the basalts 18 even less well known
than farther south in Washington County. The known dips in the basalts northwest of
Socappoose are to the northeast and judging from the regional slopes, the basalts appear
to form the southwest 1limb of a southeast-=trending and plunging syncline whose axis
runs through the Yankton area, From there, the basalts rise to the northeast.

The age of the folding which produced the regional structures in the Miocene basalts
in the areas concerned is diffiocult to determine, From most of the evidence now available,
it appears to have occurred in the Pliocene before the outpourings of the Boring and High

Cascade lavas which are assigned a late Pliocene to Pleistocene age.

Laterization of the basalt

The time of formation of the laterite 18 not known., It was formed after the basalts
of the area were extruded in Miocene time and before the deposition of the overlying silt,
whose age 18 still uncertain., The laterization probably took place before the basalts were

folded; the rate of formation of laterite would have had to exceed the rate of its removal
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by erosion, As it is'nov>genera11y agreed that the formation of lateritic aluminum hy-
droxides is caused by the long continued action of ground waters under special conditions
of moisture and heat (Lindgren, 1933), 4t seems logical to assume that erosion was rela-
tively inactive during the accumulation of the Washington County-Columbia County deposits.
The association of the Miocene basalts with the marine Astoria formation farther to the
northwest indicates that the region formerly had a much lower average relief, Additional
evidence 18 indicated in the pillow structure of probable Miocene basalt located about one
mile west of Rainier,

Possibly laterization was taking place while the Scappoose-type bog-iron ores were
being deposited after the first extrusions of Miocene basalts, Also these bogs may have
-been formed in part by the disruption of drainage as a result of the extrusion of lavas
on a surface whose relief may have been as much as 500 or 600 feet, Judging from the
available evidence, erosion of parts of the bog deposits and deposition of fine silts in
channels within and on top of these deposits preceded outpourings of additional basaltic
lavas, Some of the limonite deposits, according to Hotzl, are 500 feet above the oontact
of the basalt with the underlying Oligocene sediments, and in one place the overburden is
said to consist of as much as 160 feet of clay and soft, weathered basalt. Elsewhere the
overburden is much less, The known laterites ooour at the top of the basaltic section,
and, because reliable evidence is lacking, an,accurate statement regarding the horizon inter-
val between them and underlying bog-type limonites may not be made, The information avail-
able suggests that they may be separated in places by as much as 200 feet., Elsewhere, as
at Locality 8, }he interval is much less - about 25 feet. Possible explanations for this
variation in the interval between the bog deposits and the laterites are:

l, More than one period of laterization.

2. Difference in the thickness of the lavas poured out on the
bog-iron deposits,

3. More than one period of bog-iron formation.

4, Pormation of the bog-iron deposits at different elevations.

5. Differential erosion of overlying lavas prior to laterization,

As yet no conclusive evidence has been found that indicates more than one period of
laterization,

The lavas which poured out after the deposition of the bog-iron ores probably did not
flow out on a level surface, and in any event, they could not be expected to form a uniform
cover, In places they probably failed to cover part of the earlier basaltic terrane and in
such spots laterization may have acted over a somewhat longer period of time.

Klthough the bog-iron deposits may have formed at different periods, no evidence 1is

available as proof of such an assumption,
Hotz, P.E., Iron ore deposits near Scappoose, Columbia County, Oregon: Manusoript report,
in files of U.S. Geol, Survey.,
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Prainage was undoﬁbtedly well established prior to the first extrusion of Miocene lavas
and was probably disrupted by these outpourings; thus bog deposits might be expocted to form
at different elevations.

As latorization of the type and extent found in northwestern Oregon would require a
long time, geologically speaking, 1t follows that erosion was not active during this time,
The piling up of several hundred feet of lava might be expected to result in gradients suffi-
cient to oause active erosion unless the land sank, or (conceivably) the sea rose, and it
may be that subsidence of the land attended the great outpouring of these lavas., Thus after
the last flows, the land surfaco may have been an extensive low-lying plain which al lowed
the laterite to form at a greater rate than it could be removed by erosion., The rapid de-
velopment of a dense vegetation on such a plain would aid the process.

Laterization may have been active in forming the ferruginous bauxites in Washington,
tultnomah, and Columbia Counties from the time of the outpouring of Hioéene lavas to the
time of their folding, and mah have produced a relatively continuous blanket over terranes
made up of these lavas. The folding of the Miocene basalts 1s believed to have occurred
during the Pliocene, and erosion accompanying and following it was dissecting the deposits
until a thiock silt was laid down, possibly in later Pliocene or early Pleistocene time,

The silt which disconformably and probably unconformably overlies the ferruginous bauxite
in the Yankton area (Locality 23) has been tentatively referred to the Troutdale formation
by Lowry and Baldwino. Erosion, probably accompanying subsequent or continued warping and

uplift, has sinoce removed part of this silt cover and the underlying laterite,

Shape and attitude of deposits

Topography determines the outline of the deposits, which are confined to the generally
flat-topped hills and ridges, and gentle slopes. In Washington County the deposits drilled
by the Department are overlain by a silt overburden ranging in thickness from a few inches
to more than 40 feet, The upper surface of the deposits does not parallel exactly the
present topography. The auger drilling of two of the deposits indicates that the present
surface, exclusive of the stream valley areas, 18 not as deeply dissected as that of the
pre-silt topography, Erosion was more effeotive in dissecting the old basalt surface, as
the porous character of the silt of the present surface decreased runoff. Also deposition
of the silt tended to lessen inequalities of the old surface, However the present topography
of areas underlain by ore appears to be somewhat more irregular than the surface of the ore.
Except in the main stream valleys the dissection since the deposition of the silt has not
been sufficient to expose the older surface, but the present drainage appears to coincide in
some places with that established prior to the deposition of the silt.

The deposits have a sheetlike form and the ones so far drilled range in thickness from

a few feet to more than 20 feet. The oross sections of the Hutchison-Nixon body (Locality 8)
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acoompany thg d}soustion of that occurrence in the section desoribing the individual
deposits. The bottom of that deposit is fairly smooth and regular., The drilling of
the Hendriokson body (Looality 5) indicated that the lower surface of the hard ore is
fairly even, but drilling of more closely spaced holes at both places may show that
the bottoms of the,deposits are less regular than supposed, as the cut-off of tho ore
18 not well defined in most places,

The sheetlike form of the deposits apparently 1s the result of the generally uni-.
form laterization of a single basalt flow or several flows, The attitude of the deposits
is therefore believed to correspond with that of the flows from which the deposits were
derived., The strike of the Hendrickson ore body as determined from the elevations of
the bottom contact of the hard ore is approximately N. 75° W. and the dip, 1° = 2° to
the south., This attitude is very similar to that of the basaltic lavas exposed in the
valley of MoKay Creek not far to the west. The strike of the Hutchison-Nixon deposit,
a little farthor west, as determined by auger drilling, is about N, 85° W, with a dip
of 1° - 3° to the south, It 1s difficult to determine the dip accurately because of
the elongate nature of the deposit in a westerly direction. The more westerly strike
of the Hutohison-Nixon body seems related to a similar ohange in the strike of the
basalts in that area as Judged from the regional structure, As previously noted, the
topographic distribution of the deposits is apparently determined by the structure of

the Miooene basalts from which the deposits inherit their attitude,

Character of the ore

Color of the ferruginous bauxite in Washington and Columbia Counties ranges from
11ght brown through Qarioul shades or red to dark or ohocolate brown, A single deposit
may contain several textural varieties of ore. The varieties include a hard ollitie or
pisolitie type, a softer ecarthy variety with hard porous nodules or angular fragments,
and a hard perous granular type. The ollitic or pisolitic type has been referred to in
some reports as a "shot", "cemented shot", or concretionary variety. The somewhat
softer porous, nodelar typé was referred-to in G.M.I, Short Paper No., 12 as a pebbly,
somewhat nodular and porous variety.

Composition of the several varieties of ore 1s not greatly different, but the hard
porous granular ores which have been encountered largely as float at some localities,
contain an appreciably higher percentage of alumina and less iron.

The of1ites and pisolites in the concretionary ores are variable in size and may be
nearly round, evoid, or quite irregular in shape. Figure 1B of plate 1 shows an o811¢1¢
texture, Most of the ozlltea and pisolites range in size from less than one sixteenth
inoh in diameter te about three fourths inch although some conocretions at certain ef the

localities are several inohes in largest dilohsion, and several as much as 5 inches in
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diameter have been found, but the larger concretions generally have a "wormy" texture and
a higher percentage of iron. Some of the larger o8lites and pisolites enclose a number

of smaller ones,
The fresh or unweathered fracture surfaces of most oglites have a dark gray to nearly
black color and submetallic luster, weathering concentrically to ; brownish color. Hard-
ness is somewhat variable but for most 0Glites is probably § to 5.5, Streak is reddish-
brown, The matrix has an earthy limonitic appearance and is usually softer and lighter in
color than the concretions.
The 06lites and pisolites posses various degrees of magnetism; most of them are
readily attracted by a magnet. The matrix of these types is much less magnetic, and in
one instance nearly half of a sample, finely ocrushed, from the Hendrickson deposit (Locality §5),
~consisted of pleces of matrix either very weakly magnellc or nonmagnetic., Residual grains
of magnetite and possibly some of ilmenite as much as 0.55 mm in diameter are contained in
the o¥1ites as well as in the matrix, and are irregular in outline for the most part. The
greater magnetism of certain 00lites 18 belleved to be due to the presence of magnetic
secondary iron oxide,
Examination of thin sections of the 00litic ore from the Hendrickson deposit shows
that many of the oglites have a colloform structure ard are isotropic. The interoglitio
masses in some sections have an oglitio texture and are anisotropic. They contain residual
grains of magnetite. These masses are probably largely gibbsite with some admixed iron oxide.
Although much of the material making up the ogliteu in a sample from Locality 12 is
opaque, the index of refraction of the 1sotropic matrix ranges from 1.59 to 1.63. It is
probably cliachite. A number of features of interest are shown in a thin section of 00litie
ferruginous bauxite from. this locality. The makeup of the oglites may be quite different
as shown in Plate II, figure 1, opposite page 16. Some have a dark gray opaque ocore sure
rounded by a rim of reddish~brown translucent material with residual grains of magnetite.
The opaque material in these oolites, which are the most magnetic, is largely a magnetic
secondary iron oxide. It has a metallic to submetallio luster and a colloform or 0011tle
texture., The translucent rim, which may be very thin, is slightly birefringent and its in-
dex of refraction indicates it is a mixture of gibbsite and an iron oxide. The rim material
of one oolite with an opaque core has a well-defined conoentric structure, Other 0G0lites
in the thln‘seotion lack the opaque magnetic secondary iron oxide but have a colloform or
061itic texture with residual grains of magnetite 2 0.1 mm in length, .Theso 00lites may have
a peripheral zone characterized by a concentrie\grovth structure as shown in Plate II,
figure 1. Some contain either crack or cavity fillings of gibbsite and this feature 18 also
shown in the figure noted above, One 00l1te has a colloform texture with only a few residual
grains of magnetite and another 1is nado'up almost entirely of gibbsite. One of the larger

oglites.includes three pleces of altered basalt whose texture has been preserved. The
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Fig. 1. Photomicrograph of odélitic ferruginous bauxite
from Washington County showing differences in the
makeup of certain oflites. The matrix is largely gibb-
sitic material. The white streaks within the odlite to
the left of center are gibbsite. Reflected and plain
light. Approx. X 15

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

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

Fig. 4. Photomicrograph of Miocene basalt from Jack-
son Falls quarry. Washington County. The basalt is
made up of labradorite laths. augite, magnetite and
glass. and has an intersertal texture similar to those
shown in Figures 2_and 3. Plain light. Approx. X 45.

PLATE II
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plagloclase laths of the original basalt have been replaced by gibbsite and the residual
grains of magnetite retain their original arrangement.

Gibbsite also occurs as a cavity lining in some of the interoolitic areas. These
areas are made up largely of gibbsitic material similar in appearance to that of the non-
opaque 00lites but part 1s made up of gibbsitic material with a concentric structure and
little residual magnetite. Some of the interoclitic areas also contain reddish-brown
aggregates of radially arranged fibers with a botryoidallike structure. The fibrous aggre-
gates are probably largely goethite. They appear to constitute the initial fillings be-
tween some of the oglites. Magnetic secondary iron oxide similar to that in the opaque
cores of some oglites forms a network in some of these aggregates, and gibbsite occurs
as & filling within some of them.

Petrographic examination ff material from the hard pisolitic horizon at Locality 23
shows that the hard magnetic 6oncretions are predominantly a mixture of magnetite, limonite
(including goethite), and brown isotropic material with an index of about 1.71 to 1.72,

As no well-defined isotropic, iron-aluminum mineral has a similar index, the material 1s
thought to be an intimate mixture of hydrous ferriec and aluminum oxides, Possibly it is
cliachite mixed with an iron sesquioxide, such as the material referred to as hematogelite.
The concretions nlgo contgin a minor amount of gibbsite as well.as a minor amount of un-
identified material which }s probably partially corroded magnetite, The matrix of the
concretionary ore is more uniform in composition and 1s only very slightly magnetic., It

12 made up largely of the 1sotropiec iron-aluminum material described above as occurring in
the concretions, Limonite 18 a much less important constituent, and probably other minerals
are presént in smali amounts.

Spectrographic analysia of the 00lites obtained from a sample at the Hendrickson
deposit (Locality 5) shows that they contain more than 10 percent both of iron and of
aluminum with the percentage of iron much the greater, approximately 4 percent silica,
and about 3 percent titanium. Analysis of the matrix shows the presence of the same
elements, and although the aluminum and iron are both more than 10 percent, the percent-
age of aluminum is greatér than the iron, The concretions as well as the matrix contain
water of hydration. ’

In thejnodular type of ore from Locality 9 the nodules are quite hard but when broken
show patches made up of lighter brown or buff, sometimes gray or nearly white, porous earthy
material that is made up mainly of cliachite (?) and gibbsite. The frontispiece, Plate I,
‘ figure 2, shows one of the nodules from this locality. The index of the cliachite (?) 1s
about 1.62 to 1.63 which‘ls a little higher than the range usually given for it. Only a
few of the nodules oont;§nls§attered, hard, dark-colored oblites, However, examination of

a thin section of one nodule shows that 1t contains both 00litic and colloform structures

with residual grains of magnetite,
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A thin section of a porous, limonitelike specimen from Locality 5 has a colloform
structure, It i1s made up of anisotropic material with an 0011tic texture and contains
numerous residual grains of magnetite, Chemical analysis shows its similarity in ocom-
position to the typically oolitic specimens and it is probably a mixture of iron oxide
and gibbsitio material.

The composition of the olitic and pisolitioc variety of ore 1s fairly well repre-
sented by 9 feet of 0811tic material in hole U4 at Locality 8. Here the ore is similar
to that of the somewhat softer, porous nodular type, but i1s not as high in alumina as
that of the porous granular type found as float at loocalities 16 and 30. Analyses fairly

representative of these two differcnt textural types are shown below:

0811t10 type (Loocality 8, hole U4) Porous, granular type (Locality 16)

A1,04 36.47 % 56.31 %
Fe 21,65 13.54
10, 7.99 530
T40, 3.23 2.73
Ign. loss 23,05 24,86

Examination of a thin seoction of the porous granular type of ore from Locality 30
shows that much of the original texture of the basalt from which it was derived has been
preserved, Photomicrographs of this section and one of fresh Miocene basalt from Jackson
Falls quarry, Washington County, are shown in Plate I1I, figures 2 and 4 respectively,
opposite page 16. The numerous residual skeleton orystals of magnetite in the porous
granular ore retain their original arrangement. The original laths of plagioclase as well
as the other constituents have been largely replaced by aggregates of gibbsite, Reddish-
brown birefringent iron oxide, probably goethite, i1s a lesser constituent., Chemical
analysis of ore from this locality shows that 1t contains 46,84 percent alumina, 9.81 per-
cent iron, and 7.26 percent silica.

Pleces of gibbsite and high-alumina limonite are found as float at several of the
localities, and chunks of gibbsitioc material, in place, have been found at localities 23
and 24, Analyses of some of the gibbsitic pleces show that they contain more than 60 pere
ocent alumina. '

A oross section or profile of the laterite, representative of the deposits examined,
may not be giéen from the amount of exploration work so far completed, Where the profile
could be determined from exposures and drill logs, the upper ore horizon in most places has
a quite well-defined oolitie or pisolitio texture. At places as at localities 5, 8, and 21,
the o00litic part of the ore is more than 13 feet thick.

In several places where the profile 1s known the concretionary variety is directly
underlain by laterized basalt. At Locality 23 the material beneath the 00litie horizon

resembles badly weathered basalt, and there is 1little doubt that it was derived from basalt.
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Although the silica content of the weathered basaltic material tends to increase with
depth at Locality 23, and the part sampled is of lower grade than the overlying piso-
litic horizon, the laterized basalt includes pieces of gibbsitio material containing
more than 60 percent alumina.

Elsewhere the material underlying the hard 0011t1c and pisolitic horizon has a simi-
lar chemical composition but it may have a somewhat lower silica content and a higher
percentage of alumina., The material of this horizon is usually a brown, rather soft and
earthy material with much harder, irregularly shaped, nodules,

One hole drilled at the Hutchison-Nixon deposit (Locality B8) penetrated 20 feet of
ore which contains 38.46 percent alumina, 21.00 percent iron, and 6.82 percent silica.

The hole bottomed in ore. The upper 061itic horizon is about 10 feet thick and the lower
predominantly non-oglitic horizon 1s at least 10 feet thick., The silica content of 25 feet
of material 8 feet below the top of the ore was 11.48 percent which is 4 percent more than
the samples above and below.

In the cut made at the Hendrickson deposit (Locality 5), more than 9 feet of non-
00litic material has a silica content less than 6 percent and an alumina content of about
38 percent. This material 1s earthy in texture with numerous hard, irregularly shaped
nodules of which some are light-colored and gibbsitiec. Probably most of this material
underlies about 15 feet of ore encountered in hole i, nearby, which bottomed in ore.

At least 5 feet of the upper 10 feet of ore in hole 7 is 06litic. The total thickness of
ore in this viecinity is probably more than 20 feet. The material in the bottom of the cut
contains 17 percent silica and it becomes more siliceous with depth.

The reason for the difference in texture of the ore is as yet unknown. As may be
seen from the descriptions of the ore at the various localities, the 00litie or pisolitic
type 18 common, and further work may show that many of the deposits have similar profiles,
The difference in texture of the ore within a deposit may be marked; the profiles of the
several deposits whose profiles are known may be quite similar. The difference in tex-
ture of the ore within a single deposit might be partially explained by the effect of
laterization on different flows, Although a slight difference in the texture and composi-
tion within a single basalt flow and among separate flows might result in a variation in
the texture of the ore, this difference 18 not thought to be the true explanation. The
difference in texture of the ore is characteristio of deposits that are widely separated,
and such textural and compositional differences in the flows would have had to be present
in all of them; Such factors as groundwater level and i1ts seasonal fluctuations may be the
most important in effecting the textural differences. The inclusions of oglites within
pisolites, and they in turn within larger concretions, show that the ores accumulated over

a long period of time. The oglitic or pisolitic section probably represents a zone of
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ooncentration in part b& concretion, whereas the underlying section may represcnt a zone
of concentration iargely by leaching.

Concentration by both of these processes appears to have taken place in several of
the deposits. At Locality 23, the combined alumina and silica content of the pisolitic
horizon is about 40 percent (33.20% A1,04 and 6.36% S10,) whereas that of the underlying
weathered basalt 1s about 53 percent (38.484 Al1203 and 14,344 S102). The iron content
of the pisolitic horizon i1s 27.83 percent whereas that of part of the underlying horizoen
1s only 19.07 percent. Both horizons have a similar ignition loss.

Thus while leaching of silica from a lower horizon was taking place, iron probably
was being added to the overlying horizon., The retention of the original intersertal tex-
ture in the porous granular type of ore by replacement of the original constituents with
gibbeite indicates that aluminum hydroxide was added to the lower zone from above.

Spectrographic analyses of ralrly.reprelentative samples of ore from localities

5, 8, and 21 are listed below:

Percentage Elements*

2
Locality 52/ Locality 8-/ Locality 212/

Greater than 10% aluminum ~ aluminuam aluminum
iron iron ) iron
1 - 10% titanium ~ titanium titanium
silioon silioon silicon
0.1 - 1% magnesium
0.01 - 0,1% manganese manganese manganese
zirconium zirconium zirconium
vanadiunm vanadium vanadium
magnesium chromium
barium arsenioc
0,001 - 0.01% chromium chromium magnesium
barium
strontium
Less than 0.001% molybdenum molybdenum molybdenum
barium
boron

/
* Small percentages of phosphorus and sulfur were shown to be present by other

qualitative methods.

Y 43-1nch channel from the lower part of the Hendrickson cut.
3/ Composite sample representing 20 feet of ore from hole 50.
3/ A 2.4-foot sample of the hard pisolitic horizon.

Character of the ore at each locality is given later under Description of Deposits,
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Origin of the ore

As stated previously the ferruginous bauxite deposits are of lateritic origin, and
were formed by the laterization of COlumblatkiver basalts of Miocene age, The origin of
these ores 1is different from that of the Scappoose limonite deposits in Columbia County
which were formed in bogs., The Scappoose-type limonites oontaiﬁ much less alumina, more
phosphorus and somewhat less titania. The association of sedimentary material and petri-
fied wood with some of the limonite deposits and their stratigraphic position within the
basaltio section indicate that they were formed in a different environment and prior to
the ferruginous bauxite. Although limonitic material occurs in some of the ferruginous
bauxite deposits, the samples analyzed show that it contains a much higher percentage of
alumina than the Scappoose type.

Muoh additional evidence besides the confinement of the ferruginous bauxite deposits
to the top of the section of kioocene basaltic terrane indicates that they were derived from
the basalt by laterization. Road cut exposures and drill logs show that there is a grada-
tion from bauxitic material to altered basalt. The road cut at Locality 32 shows the ori-
ginal ve?icloa in the basalt and a spheroidal weathering pattern; that at Locality 4 shows
a suggestion of such a pattern. Residual magnetite grains are present in the deposits and
some of the grains still retain part of their original orystal outlines. The oolitie or
pisolitic and nodular texture of the ores in Washington and Columbia Counties together with
the mixed composition and colloform structure of both the oolites and matrix, suggest their
colloiddl nature and their derivation from basalt. One specimen of oBlitic ferruginous
bauxite contains inclusions of altered basalt which retain much of their original texture,
The porous granular ferruginous bauxite retains much of the original texture of the basalt
inoluding the original arrangement of the residual grains of magnetite.

Schtrographio analyses of the ferruginous bauxite from.three different deposits show
that 1t osntainn all the metallic elements present in a specimen from the Miocene basalt
series, One of the ferruginous bauxite samples analyzed showed between 0.1 and 0.01 beroent
arsenic and 0.01 to 0,001 percent boron, Presence of these elements not found in the speci-
men of basalt analyzed can not now be explained., Nevertheless the presence of 12 elements
in the ore which are also present in the basalt similar to those from which the ore was
supposedly derived, is undoubtedly more than coincidence,

In summary it seems fairly well established that laterization was accomplished by the
leaching aotion of ground waters which removed silica and other non-aluminous constituents,
Much of the silicon and magnesium, and all the calcium and sodium present in the Miocene
basalts were thus removed. The laterization in Washington, Multnomah, and Columbia Counties
appears to have taken place following the extrusion of the Miocene lavas and prior to their
folding which is assigned to the Pliocene. At that time the surface of the basalts probably

had a much lower average elevation than now, Additional information on the laterization of

the baszalt is given on page 12,
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22 Ferruginous Bauxite pepqaitsbgg,uortpwestorn Oregon
Key to Deposits Shown on Locality Maps
(Seoc pages 24-27) )
Locanlity Type of » ‘ . Ign.
Ro.  Map Name Sample* ° Al 03  Fe 5102 I10;  loss
1 A Locality 1 (2) 28,48  13.54 16.80 I
2 A Rallroad Cut Not analyzed
3 B Lazy "W Ranch - Not analyzed
4 B Loealit& y Not analyzed
5 B Hendrickson & Extension (2) 31.85 25,95 8.95 4,5 18.0 (av.)
6 B Nelson (2) 32,52 21,66 12,97 .- ve=s  (av.)
7 A Pearl Smith : Not analyzed’
8 A Hutehison-Nixon (2) 34,33 24,46 8.64 cnee e
9 B Parmele (2) 32.62 24,22 8.52 coe- PP
10 B Jacobs Not analyzed
11 B Cathey (2) 22,33 15.93 4%0.35 ceee cee-
12 B Leitzel (2) 42,08 19,32 8.30 ———- o=
13 B Berger (3) 3%.08 30.141 5.12 4,12 16.57
14 B Mrs, A, & Edw. Anderson (3) 56,36 8.95 3,90 2.89 27.95
_ (3) Yy,24 22,26 5,84 2.25 23.37
15 A C., E, Ferguson (3) 22.80 32.08 2.07 5.67 .aea
16 A Bald Mt. (3) 56,31 13.54 5.30 2.73 24,86
17 A Locality 17 (3) 40,28 22,06 6.42 4,49 18,22
18 A H. Davies (3) 31,44 29,31 4,25 4.81 18.17
19 A H. Davios (3) 30,48 29.07 3.39 4,65 18.51
20 A Locallty 20 " Not sampled
21 B Gus Nelson Not sampled
22 C E. M. Lambert - (3) 3995 15.04  16.76 oo -e--
23 C Yankton Railroad éut (1) 35.50 26,52 6.66 5.72 16.79
24 C John Gaman (3) 41,11 21,17 7.48 6.11 18,50
25 C John Marshall (3) 22.84 ' 37.59  U,00 4,16 17.97
26 C  Locallty 26 ' Not analyzed
27 € John Gentry ' (3) 30,52 29,59 8.08 5.76 16,03
28 C  Dark Creek Road (1) 35,56 24,22 6,60 4.50 18,71
29 c Happy Hollow School Not sampled
30 D Locality 30 (3) 46,84 9.81 7.26 -eee cen-
31 D Fern Hill School (3) 54,72 8.97  6.70 3.53  29.16
32 D U.S. Highway 30, Rainier (1) 36,12 16,51 21,66 3.37 17.50
33 D Locality 33 Not analyzed )
3 B Locality 3% Not analyzed
35 C  Locality 35 (3) 22,35 U43.65 1.77 2,98 11.85



Key to Deposits 213
Locallity Type of Ign.
No.  Map Name Somple  Al03  Fe 5102 102  loss
- 36 C Colport Development Co. Not sampled .
- 37 c Locality 37 Not sampled
38 C Oester Road (1) 38.80 23.46 6.29 1.49 20,65
39 C Locality 39 (3) 44,47  18.36 5.09 2.08 22,69
Lo C - Looality 40 (3) 35032 17.9% 11,21 2,68 21,01
41 C Locallty Ul ) Not analyzed
42 C Locality 42 (3) 33.50 31.66° 2,32 2.58 17.73
43 C Locallity U3 Not sampled
by C Looality 44 (1) 36.42 23,83 10.87 1.98 19.18
4s C Locality Us Not sampled
46 C Locality 46 Not sample d
47 C Locality 47y Not sampled
48 C Locality 48 Not sampled
ho C Locality 49 Not sampled
~ 50 c Bunker Hill Not sampled
51 c Serafin Not sampled
52 c Locality 52 Not sampled
53 c Trenholm Not sampled
54 C Locality su Not sampled
55 c Locality 5§ Not sampled
56 C " Locality 56 Not sampled
— 57 c Ironcrest Limonite Not sampled
— 58 C Ironorest Not sampled
— 59 c Ladysmith Notlsampled
60 c 0. E. DeVaul Not sampled
61 C Spitzenberg - Not analyzed
62 C  Locality 62 (1) L4.52 12,53 14,30 cmee S
63 C Langlie Place Not sampled
— 64 C Locality 64 Not analyzed
65 C Locality 65 (3) 52,73 6.37 10.99 2,06 26.61
—~ 66 C Oregon Charcoal Iron Co. Not sampled
67 C Locality 67 Not sampled
— 68 C  Maple Hill / Not sampled
69 B  Skyline Blvd. Not analyzed
70 B Moreland Road Not sampled
71 *  Chehalem Mts. (3) 32.80 20.65 13.31 4,27 -
72 *  Chehalem Mts, (3) 40.35 21.34 3.08 4,46 -e--

*
In Tualatin quadrangle and not shown on any locality map. See index map page S.
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Description of Deposits
in
Washington, Multnomah, and Columbia Counties

Locality 1, Gales Creek quadrangle

This deposit is 4,6 miles north of the Pleasant View School on the Pumpkin Ridge
Road at an elevation of about 1600 feet. A drill hole penetrated 9 feet of reddish-

brown material having the following analysis:

Al,04 28.48 %
Fe 13.54
$10, 16.80

Nodular type ore was found on the surface near the road.

Locality 2, Railroad Cut, Gales Creek quadrangle

This locality, 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 cut, about
15 feet deep, shows a 3-foot layer of reddish-brown claylike material containing pleces
of typical oJlitic oreo as much as 4 inches in diameter. No analysis of the material has

been made.

Locality 3, Lazy "W" Ranch, Hill®boro gquadrangle

Several feet of ferruginous bauxite containing gibbsite nodules is exposed in the
road cut Just north of the house in the SEf sec. 30, T. 3 N., R, 2 W., at an elevation
of about 1575 feet. 0011tic ferruginous bauxite ococurs as float in the saddle west of
the house, No analysis of material from elther place has been made.

The weathered basalt associaoted with the ferruginous bauxite exposed in the cut

appears to have a spheroidal weathering pattern.

Locality 4, Hillsboro quadrangle

This locality 1s about hall a mile west of the house at Locality 3. 0011t1c ferru-
ginous bauxite and associated limonitic concretions as much as 6 inches in diameter, have
been taken from prospect holes in the NE} SAL sec, 30, T« 3 No, R, 2 W,, near the head of
a small ereek which flows southeast. The ore is at an elevation.of about 1550 feet which
is a 1ittlo below the top of the hill., No analysis of the ore has been made, The limon=~
itic conoretions, although they resemble the Scappoose limonite, are very similar to those
which occur at Locality 23, south of Yankton in Columbia County, in that both have a "wormy"
texture. Those from the {ankton area contain as much as 20 percent A1203 and 34,68 percent

iron,
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Locality 5, Hendrickson and Hendrickson extension, Hillsboro quadrangle

The Hendrickson farm on Dixio Mt. Road 18 in the N} dsec. 6, T, 2 N,, R, 2 W,, at an
olevatioA of about 1300 feet. It was eelected for the first exploration project because
of its aocessibilgty and also becausc exposures of the ore formation along an old logging
railroad grade indicated a possible large 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)

\

sample (A) In railroad out (1500 N - 4000 E). A 4-ft. channel sample of nodular
type ferruginous bauxite.

Alumina (A1304) 34.60 %
Iron (Fe) 28.26
Silica (s10,) 6.22
Phosphorus (p) 0.170

Sample (B) In rallroad cut (1900 N - 5100 E). Top foot of the 00litic ore bed

sampled,
Alumina (A1203) 24,59 %
Iron (Fe) %0.92
Silica (s10,) 3.58
Phosphorus (p) 0.092
Titania (T102) 4,02

Sample (C) Same location as (B), A 4<ft. channel sample of red silty clay overlying (B).

Alumina (A1,04) 23,11 %
Iron (Fe§ ) 14,13
Silica (s10,) 38,27
Phosphorus (r) 0.098
Titania (T10,) 3.22

A plane-table survey of the Hendrickson locality was made in 1944 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 cuts are shown on the map opposite page 31.

It 18 believed that some of the holes in ore showed relatively high silica results
because too much of the overlying reddish clayey silt was included in the samples,

The material near the bottom of the cut, which is about 35 feet S, 65° E, of hole 7,
contains gibbsite in addition to limonite and a minor amount of magnetite, The silica
content of this earthy material is somewhat lower than that of the average ore, Analyses
of samples from this cut were not included in the calculations of average grade of the
deposit, The cut was made to determine the characteristics of a section of the ore, and
was sampled to obtain the volume-weight factor for tonnage caloulations. Analyses and

deseription of the material in the cut follows:
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Sample No. Thickness AI,OB Fe 510, Ign. loss Moisture Description
0' - 3¢ (Not sampled) Red olayey silt.
p-2473 3t - 9t 36,48 23,25 5.70 19.8 17.5 Hard reddish~

brown ore.

p-2474 91 - 12v7n 42,92 15.81 5,74 - 21,2 Dark reddish-
brown ore with
gray gibbsitic
nodules and
white specks,

An arithmetical average analysis of samples of ore from holes drilled on the

Hendrickson place 1s:

Alumina ‘(A1203) 31.85 %
Iron’ (Fe) 25.95
Silieca (s102) 8.95
Phosphorus (p) . 0.1ll40
Titania (110,) b.s
Ign. loss 18.0
Moisture 19.0

The area underlain by ore on the Hendrickson farm is approximately 64 acres, The

volume-weight factor for ore in place has been determined as 17 cu. ft. per long ton,.

Using this factor, 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, 1s
approximately 11 feet; therefore, 1,760,000 long tons of ore (natural basis) is indicated
for the Hendrickson property alone, The earthy material underlying the ﬁnrd 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 material 1s bauxitio, and it is probable that further
drilling will prove a greater thickness of ore than used in the calculations.

Five of the holes were drilled Jjust south of the Hendrickson farm on the Schoenberg
property which adjoins 1t. Results of this drilling indicate that the same ore body under-
lies a portion of the Sohoenberg- farm, although the areal extent is small because of the

nature of the terrain.

Hendrickson extension

This locality owned by the Geo., B, Zimmerman Estate lies on land immediately northwest
of the Hendrickson deposit and is separated from 1t by a narrow saddle,

A drill hole penetrated 13 feet of 0811tic oro which gave the following values:

/uzo3 36.60 %
Fe 23.149
si0, 6.94

Any estimate of the extent of this ore body is difficult due to insufficient exploration,

However, a flat-topped area possibly 50 acres or more in extent may be underlain by oro. -
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Locality 6, Nelson deposit, Hillsboro quadrangle

A quarter of a mile northeast of the Hendriockson locality at a somewhat greater eleva-
tion (about 1400 feet), six auger holes were put down on the Nelson farm in the S¥} sec. 32,
Te 3 Ney Re 2 We The ore deposits on these two farms, although not connected, could easily
be served by one mining operation,

Average analysis of ore from 3 drill holes 1s as follows:'

A1203 32,52 %
Fe 21066
510, 12,97

Reserves, based on a 10-foot average thickness of ore for tﬁe area lying between the
holes in ore are estimated to be 175,000 long tons. By deepening 3 other holes which failed
to encounter ore, an 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 cut several feet of 00litic ore at a
depth of about 25 feet. No accurate measurement could be made due to inaccessibility of
the well. A petrographic examination of a sample of claylike material from the well dump
showed the material to be largely a mixture of gibbsite and limonite., Spectrographic
analysis showed the material was mainly aluminum and iron with nbéut 5 percent each of
silica and titaﬂiu.

The silt overlying the ore body is the same as that on the adjoining Hendrickson farm.
The horizon of the ore in the drill holes on the Nelson rarmiis 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 uﬁdoubtedly connected 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 point in the saddle was in silt
which was deposited after erosion had removed the ore. Another hole drilled 120 feet south

of a point midway between holes 24 and 25 was likewise barren of ore.

Locality 7, Pearl Smith, Gales Creek quadrangle

This occurrence is on the Pumpkin Ridge Road 0.45 mile north of the Pleasant View
School, at an elevation of 1175 feet. 08litic type float 1s found both north of the
Smith house and in a draw a short distance to the southwest, 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 distano;
north of the Smith house, 081itic type ore was found on the dump and may be seen also on

the walls of the well shaft.

Locality 8, Hutchison-Nixon project, Gales Creek quadrangle

As stated in the Introduction, an area containing the Hutchison and Nixon properties
was selected for further exploration by auger hole drilling. These properties were briefly

described in G.M.I. Short Paper No. 12.
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The area is 14 miles north of Hillsboro and 8 miles north of North Plains by the way
of Pumpkin Ridge Road. Elevation of the area ranges from 1100 to 1300 feet. Legal dew~:
soription 1s secs, 1 and 2, To 2 N., Re 3 W,, and secs, 34, 35, and 36, Tc 3 No, Ro 3 W,
Branch rﬁads, as shown on the localities map, connect the Pumpkin Ridge Road with the area.
The Hendrickson deposit lies to the east across McKay Creek.

Preliminary work on the pro Jject included plane-table mapping of more than 325 acres
on a scale of 200 feet to the inch, with a 10-foot contour interval (see map in pocket).
An additional surrounding area, as shown on the map, was sketched in to show drainage.

Drilling of the deposit was done by hand with 2-inch and 3-inch "Iwan'" soil augersl.
Some hard ribs in the ore were encountered which required the use of a chopping bit.

More than 230 samples were taken from 23 drill holes totalling 692 feet., As the ore in
‘the auger sample was difficult to distinguish from iron-stained silt which overlies the
ore, and from altered basalt into which the ore grades, samples were over 2-foot intervals,
but where there was doubt as to the character of material penetrated, samples were taken
at-l-foot intervals,

In several holes concentrations of magnetic 0011tes were encountered in the silt
overburden several feet above the ore zone and also above the basalt where the ore was
missing. This oYlitic material closely resembled the underlying ore and could be re-
garded as ore except for the high silica content. Petrographic examination of the mag-
netic 00lites shows that they contain included grains of quartz and feldspar ? 0.08 mm
in diameter, These grains are similar to those in the non-00l1tisc part of the silt and
their presence suggests the development in the silt of magnetisc oglites of secondary iron
oxide.

Cross sections through the deposit showing the relationship between the overlying
silt, the ore body, and the underlying basalt are shown in figures 1, 2, and 3 on pages
37, 38, and 39. Although the drill holes are spaced too far apart to determine accurately
the outline of the ore body and the thickness of the silt mantle, it is belleved that the
relationships shown are essentially correct.

The ore body 1s similar in thickness, attitude, and composition to that at the
Hendrickson farm (Locality 5) which lies 1& miles to the east. The ore 1s oolitic and
pisolitio for the most part, with the lower portion of the bed somewhat less gritty and
of a porous-granular texture. The narrowness of the ridge prevented a desirable location
for all the drill holes, and thus it was difficult to determine the attitude of the
sheetlike ore body, which strikes about N, 85° ¥, and dips approximately 1° - 3° to

the south,

1
"Auger Hole Prospeoting", THE ORE,-BIN, December 19ulj,
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section of ore follows:

Desoription and analyses of the material in hole 50 whioch encountered the thickest

Sample width A1903
o' - 20!
200 = 24 22,76
24 - 27 27,28
271 - 32 36.20

30" = 32! 42,72
321 = 36¢ 39.20
361 - 3616 41,00
3616" - 39! 38,40
39" - L1 37.88
h1r - Y2 34,68
h2v - 430 36,92
har - Yy 3L, 36
Whe o Yoo .72
450 - bgr 39,76
b9r - s0¢ 34,96

(Bottomed in ore)

Welghted
Average

38.46

Fe

Not analyzed

6.10

10043

18.0k4
19.38
23,70
20,87
18.06
21,61
22,49
23,04

21.25
22,26

19.01

22,48

21,00

Hole 50
Si0, Ti0, Ign. loss
57094 em- 10.26
44,30 2,84 13.47
15.94 ———- 20,91
5ot --e-
5.76 s 23,92
6,14 .eee 23,44
11,48 5031° 21,52
7050 5455 21.5Y4%
8.70 4,18 19,04
3. 64 eee 23,65
4,00 ———e 24,11
7.70 D 20,04
5076 --e- 24,60
8.56 - 21,96
6.82 — cane

Description

Buff and red silty clay with few
magnetic oglites, some yellow spots,

Brick-red clay, few 00lites.
Brick-red clay, few o811tes.

Hard, brick-red clay, magnetic
0811tes and pisolites.

Top of ore. Hard, brickered,
o8litio, spotted.

Hard, brick-red and varicolored,
gritty, oolitic.

Firm, red-brown, slightly oglitic;
thin layer of olive drab, gritty,
oglitlu.

Hard, brown, gritty, slightly oolitie.

Firm, brick-red, sandy textured with
00lites.

Firm,‘brick-red, sandy, slightly
0011tic,

Firm, 1ight brick-red, sandy,
non-oolitic.

Hard, bricke-red, gritty, non-oolitie.

Hard, brickered, gritty, non-oolitic
with white spots.

Firm, varicolored, gritty, lumpy,
spotted.

Firm, varicolored, olive-drab, spotted.

20 feet of ore (30' = 50')

A bed of massive, dark-brown limonite more than 2 feet.thick orops out near the bottom

of the gully directly below hole 32. The 1imonite is weakly magnetic, has no oglites, and

i1s typical of the limonite ribs of the Scappoose area.

5.64 percent alumina, and 4,53 percent silica,

A sample returned 51.34 percent iron,

The outcrop 18 apparently stratigraphically

below a bed of oHlitic, high-alumina ore., An indication of the depth to which the basalt

underlying the ore zone has been altered is revealed by the outcrop of hard, unaltered basalt

in the side of the gully 200 feet vertically below the bottom of the ore in hole 62,
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Profiles of all the holes which encountered ore, and the average weighted analysis
of the ore ar? given in figures 4, 5, 6, and 7, on pages 40, 41, 42, and 43. A summary
of the holes in ore, giving acreage and acre-feet for each hole, together with average
analysis of the ore and depth of overburden is given on page 36.

The Hutchison-Nixon deposit is about 8 miles from the nearest railhead at North Plains
on the United Railway (S.P.& S.) line. The nearest probable plant site on decp water would
be on the Columbia River north of Portland, approximately 40 miles from the deposit over ex-

isting roads. .

Reserves:

Calculation of ore rescerves was governed by the following factors:

(1) oOnly material containing approximatelyvlo percent or less Si07 was considered to
be ore, although some material which contained somewhat more than 10 percent was included
in the estimates, The over-all weighted average analysis of the ore indicated, using the
vertical bisector method, 1s 34,33 porcent Al303, 24,46 percent Fe, and 8.64 percent 510;.
Moisture determinations were not made for all the ore samples as some holes were drilled
below the water table, Molsture content of the ore tested ranged from 15 to 34 percent.
Loss on ignition for most of the ore sampled averaged about 20 percent.

(2) Because the ore body crops out at only a few widely separated places, its exact
boundaries could not be determined directly. The mantle of silt which covers the area like
a blanket of snow is thin on thc steeper slopes and as much as 40 feet thick on some flat
ridge tops.

(3) Holes 30 and 50 were bottomed in ore and only the thicknesses of ore actually
drilled were used in the calculations, A small %igland" of ore across the gully to the
north of hole 32 has been included in the totals-even though it was not drilled. Topog-
raphy and float found in the immediate vicinity indicate the presence of the ore.

(4) For the purpose of determining the approximate boundaries of the ore sheet, it
was assumed that the si;t was of uniform thickness in a given local area. The procedure
used in determining the ore margins consisted of first determining where the median line
of the ore would have cropped out if there had bee; no silt overburden. Next, this bound-
ary was moved back a distance equal to the product of the thickness of the silt multiplied
by the sotangent of the angle of the hill slope. This new boundary was used in determining
the areal extent of the ore body, which is estimated to be 111 acres, The thickness of ore
used in calculating tonnage ranges from 9.5 to more than 20 feet, with a weighted average
of 13 feet. As the ore should average 2500 long tons per acre foot in place, a total re-
serve of 3,600,000 long tons in place is indicated. This figure does not include all of
the potential ore in the adjacent area as the orc body i1s known to extend northwest from

nole 30 for an unknown distance, There 18 an excellent possibility that the ore may be
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present on the ridge across the oreek to the north of holes 60, 61, 62, and 30, but this
area was not sampled or investigated for want of time, The thiokness of overburden ranges

from 2 to 30 feet and averages 18 feet, The stripping ratio of overburden to ore 1s 1.4 to 1.

Tonnage Calculations
Hutchison-Nixon Pro jeot

Feet df Acre ' Analysis . Overburden
Hole Acreav ore feet 5122 Fe 510, Depth Acre ft.
30 6.38 7% 44,66 33.65 22,70 8.41 é 38.3
32 3.31 14 45,33 33.54 24,84 7.62 10 33.0
Ly 1.98 12 23.76 35.58 21.87 8.89 22 43,5
48 2.70 16 43,20 38.79 22,41 6.80 29 78.2
50 3.84 20% 76.80 38.46 21.00 6.82 30 115.0
51 1.70 12 20.40 34,34 25,01 8.75 29 4g9.3
53 6.21 12 86.52 35.81 23.16 9.97 24 149.0
55 10.63 12 127.56 35.24 26.33 7.22 8 8s5.2
56 12,63 14 176.82 36.83 24,84 5.97 15 189.0
57 13.18 10 131.80 32.72 22.54 13,94 28 396.0
58 23.14 13 300,82 33.73 24,05 8.67 - 13 562,0
59 11.66 9.5 110.77 33.09 25,60 8.95 10.5 122,0
61 10.77 16 172.32 31.40 24,49 8.88 11 118.2
62 3.64 10 36.40 30.77 27.67 9.38 16 58.2
Totals 111,77 1397.16 2009.00
Welghted average 12,50 34.33 24,46 8.64 18.0

*
Hole bottomed in ore.
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HOLE PROFILES, HUTCHISON-NIXON DEPOSIT

.Drill Hole Ko. _30 Drill Hole No. 32 - Drill Hole No. _44 Drill Hole No. _48

oy

ofile of Hol Profile of Hole Brofile of Hole Profile of Hole
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(Bottom Elev.
1072.00 ft.) Ig. Loss 22.34 Ig. Loss 22.62
T40, 3.46 Ti0 455
W 2
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FIGURE 4
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Drill Hole No. _5%0

{2

e Hol
(Collar Elev.

1131.53 ft.)
Fe 21.00%
Si0, 6.82
loiﬂtc —
Ig. Loss —
(Bottom Elev.

1081.53 ft.)

HOLE PROFILES, HUTCHISON-NIXON DEPOSIT

Drill Hole No. _S1

Profile of Hole

RE

(Collar Elev.
1120.50 ft.)

Pe 25.01%
41504 3434
810, 8.75
Moist. _—
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Ti0, -—_

(Bottom Elev,
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Drill Hole No. _53

file of Hole

L}

FIGURE §
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Pe 23.16%
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810, 9.37
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(Bottom Elev.
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20

Drill Hole No. _55

Profile of Hole

(Collar Elev,
1135.09 ft.)

Fe 26.33%
Al;04 35.24
10, 7.22
Moist. _
Ig. Losa —
TiO, —

(Bottom Elev.
1110.09 ft.)
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Drill Hole No. _56

Profile of Hole

[ T—

31

(Collar Elev.
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41,04 36.83
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Moist. _
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(Bottom Elev.
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HOLE PROFILES, HUT

Drill Hole No. _57
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Profile of Hole

—

3

S

42
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(Bottom Elev.
1143.84 ft.)
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Drill Hole No. _58

‘Profile of Hole
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Drill Hole No. _59
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Drill Hole No. _&)
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HOLE PROFILES, HUTCHISON-NIXON DEPOSIT

Drill Hole No. _62

Profile of Hole
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F
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2
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1253.0 ft.)

FIGURE 7
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Holes 31, 34, 45, 46, 47, 49, 52, 54, 60
failed to encounter ore. Some of these
probably were drilled in areas of pre-
8ilt erosion of the ore, others proved
to have been started stratigraphically
below the ore horizon.
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Locality 9, Parmele, Hillsboro quadrangle

Hard nodular type ore ococurs in the S} sec. 5, T. 2 N., R, 2 W,, 0,27 mile east of
Dixie Mt. Road. The ore is exposed in a roadout 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:

A1,04 32,62 %
Fe 24, 22
si09 8.52

The silica content of the lower 6 feet of ore is somewhat less than that given.
Petrographic analysis shows that the white particles in the firm red claylike material

of this lower portion are made up of gibbsite with some limonite.

Locality 10, Jacobs, Hillsboro quadrangle

This locality 1s near the middle of the township line between secs. 25 and 30,
Te 2 No, R8¢ 3 and 2 W. respectively, and is 0.2 mile east of the Pumpkin Ridge Road
and 4,45 miles south of the Pleasant View School. Pleces of oolitlc ore and gibbsitie
material are scattered over part of the W.0. Jacobs farm. The ore occurs at an eleva-
tion of about 525 feet and it maoy be rather extensive in this general vioinity. No

chemical analyses have been made.

Locality 11, Cathey, Hillsboro quadrangle

Half a mile north of the Leitzel farm (Locality 12) and at a higher elevation three
auger holes were put down along the county road in the NEL sec. 34, T. 2 N., R, 2 W,
o
Two of the holes encountered irony material and the average of the analyses of samples

taken from them 18 given below:

Al,04 22,33 %
Fe 15.93
S109 40,35

N

The silica content of fhe material drilled is much too high for it to be classed as ore.

Loocality 12, Leitzel, Hillsboro quadrangle

This locality in the southern part of the nre# in the NNi sec. 3, T. 1 N., R, 2 W, at
an elevation of about 350 feet was described in G.M,I. Short Paper No. 12 as the Schmidt
farm. wnership changed hands and the three holes drilled by the department and one outorop
are located on land owned by John N. Leitzel. 0011t10 ferruginous bauxite is exposed in a
out on the north side of the county road on the Wm. Bishop place, north of the Leitzel farm.

A preliminary sample of the outcrop on the Leitzel place returned:

A1,04 45.87 %
Fe 18.51
si0, 8.16

P 0.150
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Three auger holes were put down on this farm. Analytical results of samples from

holes 1 and 2 give the following average analysis:

Al,04 42,08 %
Fe 19.32
510, 8.30

A description of a thin section of the ore from this locality 1s given under the
character of the ore on page 16, The topography of this area is such that a considerable
acreage mighf be underlain by ore. " Additional holes to determine the extent of the ore
body are needed before any tonnage estimates may be made, and to give information con-

cerning average thickness of overburden.

Locality 13, G. F. Berger, Hillsboro quadrangle

Float of o81itic ferruginous bauxite and limonitic material occurs on the slopes of
a small hill north of the farmhouse in the NWf sec. 2, T. 1 N., R, 2 W., at an elevation
of about 450 feet., Near the house at a lower elevation, two shallow shafts were sunk
several years ago and penetrated a bed of limonite, pileces of which are piled on the dumps.

Results of a sample of 0olitic ferruginous bauxite submitted by G.F. Berger follow:

A1,04 34,08 %
Fe 30041
st0, 5:12
T10, 4,12

Ign. loss 16,57

[

Locality 14, Mrs. A, and Edw. Anderson, Hillsboro quadrangle

This ocourfence is near the top of the hill in the NiW} sec. 27, T. 2 N,, R. 2 W.,
about one third mile east of the Logle Trail. The ore occurs at an elevation of about
800 feet and 1s exposed along the north side of the road near the house, and is scattered
over the plowed field just north of the road and west of the house, The material 1s re-
ported to have been encountered at a shallow depth in the old well near the barn., Gibb-
sitio, limonite, o81itie, and earthy varieties of ferruginous bauxite are present, Analysis
of a sample of the gibbsitic pieces, P-3364, is given in the following table. Petrographic
examination of this sample shows that it is made up largely of gibbsite. Analyses of a
limonitie piece, P-3363, of an oBlitic type, P-3365, and of a somewhat pisolitic earthy

type, P-3366, are also given.

\

Sample No. Al,04 Fe 510, 140, Ignition loss
P-3363 10,48 50.56 4.56 1.76 12,14
P-3364 56.136 8.95 3.90 2,89 27.95
P-3365 LYy, 24 22,26 5.84 2,25 23,37

P-3366 47,36 12,19 4,70 3.69 26.81
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Locality 15, C.E, Ferguéon, Gales Creek quadrangle

Only a few small pieces of pisolitic irony material were found at this locality on
the northeast slope of the ridge in the NW} NE} sec. 24, T, 3 N., R, 3 W,, at an eleva-

tion of about 1700 feet. The reported results of a chamical analysis of the material

follow:
Al704 22,80 %
Fop04 b4, ol
Fe0 1,60
510, 2.0%
T10, 5.67

Locality 16, Bald Mt., Gales Creek quadrangle

Pleces of bauxite float were found in a cultivated field on the southwost slope of
Bald Mt. at an elevation of about 1300 feet., Bald Mt. can be reached from the Wolf Creek
Highway by several roads. It 1s about Hé miles due north of Banks. The float has a
porous granular texture. It is not only porous but retains much of the original texture
of the basaltic rock from which 1t was derived. Results of the analysis of two pleces

of the float follow:

Al504 56.31 %
Fe 13.54
510, 5.30
Ti0, 2.73

Ign. loss 24.86

Unaltered basalt occurs near the edge of the northwest corner of the field.

Locality 17, Gales Creek quadrangle

Ferruginous bauxite occurs on the top of the spur above and about one quarter of a
mile east of the road leading northward from near Davies on the Wolf Creek Highway toward
Bald Mt. The locality is about 1% miles north-northeast of Davies and at an elevation of
about 650 feet. Numerous pieces of float were found scattered over the slopes around the
farmhouse, which is situated on top of the spur, and apparently ore occurs in place near
the northeast corner of the house, Several textural varieties are present., Results of

the analysis of one of the non-irony types follows::

A1;04 40,28 ¢
Fe 22.06
510, 6.42
Ti02 .49

Ign. loss 18.22

Locality 18, H. Davies, Gales Creek quadrangle

This locality is in the SE& sec. 19, T 2 Ny R, 3 W., about 3 miles due north of
filkesboro. The ore occurs at the edge of the timber on the north side of the ridge at

an elevation of about 825 feet.
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Results of the Analysls of a composite sample made up of two oglitlc pleces and one

nodular type plece are given below:

uzo3 31.4Y4 %
Pe 29.31
510, 4. 25
T10, 4.81

Ign, loss 18.17

Locality 19, H. Davies, Gales Creek quadrangle

Numerous small pieces of float ocecur in the field just east of the house in the
NE} sec, 19, T, 2 N., R. 3 W,, at an clevation of about 600 feet. A few gibbsitic pleces
were among them. Results of the analysis of a composite sample made up of 0011tic and

nodular type pieces follow:

A1,04 30.48 %
Fe . 29,07
T102 4,65

Ign. loss 18.51

Locality 20, Gales Creeck quadrangle

Pleces of ferruginous bauxite are reported to occur on top of a long, north=trending

ridge at an elevation of 1550 feet, about Sﬁ miles nearly due north of Banks,

Locality 21, Hillsboro quadrangle
Mr. Gus Nelson reports that ferruginous bauxite occurs on his farm on the top of a

ridge in the SE} sec, 25, T. 3 N., R, 3 W., at an elevation of about 1400 feet.

Locality 22, E,M, Lambert, St. Helens quadrangle

This locality 1s in probably the NE} sec. 1, T. 4 N., R. 2 Wo, at an approximate
elevation of 500 feet. It i3 on the Stone Road about half a mile southeast of 1ts inter-
section with the Spitzenborg-Yankton road. The road here follows an elongate ridge trend-
ing and sloping slightly to the southeast. Reddish pisolitic material 1s found at the
bend in the road and, according to Lambert, was encountered in the télophono-polo hole on
the southwest side of the road, The results of the analysis.of a plece from the roadside

18 given below:

Aly04 39.95 %
Fe 1500"'

Locality 23, ubqndonedbrailroad cut near Yankton, St. Helens quadrangle

This deposit was first mentioned in the report by Williams and Parks (1923). They
noted the occurrence of limonitic "shot" ore in an old railroad cut south of Cox Creek

about one quarter of a mile south of Yankton (actually about half a mile south-southeast).
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The deposit 1s in the SI* seo, 1, T. 4 N., R, 2 W,, and can be reached best by walking the

old grade from where it intersects the Kappler Road at its intersection with the road lead-

ing about three quarters of a mile due north to Yankton. The o0ld railroad grade runs gen-

orally northeast about 2200 feet t& the sut wvhere the ore is exposed over a distance of

200 feet., The grade then continues eastward nearly half a mile and turns southeast to fin-

ally interseoct the Kappler Road again about 1 mile east of its other interseotion, The

grade ilisituntod part way down the north, or Cox Creek side,of a rather flat ridge which

is separated from 1ts eastern extension towvard localities 24 and 25 by a well-defined saddle.
'15. elevation of the ocut as judged from the topographioc map is about 275 feet, As

this cut is the best exposure of ferruginous bauxite known, a sketosh is given below, The

present grade is the result ef excavation preparatory to building a road along the foramer

railroad grads,
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The laterite is overlain disconformably by a massive mottled silt whioh contains grains
of hornblende, magnetite, biofito, musoovite, and apatite, as well as other minerals, Channel
and grab samples of the horizons and ore types beneath the silt have been taken and their
analyses are given in the table on page 49, Three samples from a 12,9-foot vertical channel
were taken 140 feet from the east end of the cut, The uppermost horizon sampled is a soft,
reddish-brown, slightly pisolitio, bauxitio oclay. Sample P-3395 is a 6,2=foot vertioal channel
sample of this horizon. This grades below into a 2.4-foot thickness of soft, mottled brown
and gray, more pisolitie latorial, represented by sample P-3394, Petrographioc examination of
material from this horizon shows that it ocontains gibbsite, quartz, apatite, muscovite, zir-
oon, tourmaline, as well as other minerals. The pisolites of this horizon are magnetis, and
petrographic examination shows that they contain rounded and subangular grains of quartz
about 0,1 * mm in diameter. As shown in the above sketoh, this bauxitic elay appears to be
oconformable with the underlying ferruginous bauxite and was dopclit;d prior to the deposition

of the relatively unweathered massive silt whioh disoconformably overlies 1¢t,
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It can not be stated certainly whether the bauxitic clay was formed in place from
8ilt that was deposited on top of basalt prior to laterization or whether it was derived
from laterite elsewhere and deposited on top of previously formed ferruginous bauxite now
found underlying it. The presence of a rounded pebble or concretion of ferruginous baux-
ite near the contact with the underlying laterite suggests deposition of the bauxitiec
clay following laterization of the basalt., The inclusion of quartz grains within the
o8l11tes in the bauxitic elay horizon indicates that the pglites were not derived from
basalt, Asithe quartz grains in the o6lites are like those in the matrix, 1t is thought
that the oBlites were formed after {he'silt was deposited on top of the basalt prior to
laterization of both horizons, It 1s also possible that the 00lites were developed after
deposition of a bauxitic clay on top of previously formed ferruginous bauxite.

The magnetic property of the 081ites 18 very likely due to a secondary iron oxide,
probably derived from the underlying basalt as the 0811tes become less abundant upward.
Although the bauxitic oclay appears to be conformable on the ferruginous bauxite, the
evidence is insufficient to establish the relationship.

Markedly different from this horizon 1s the undariying hard reddish-brown pisolitic
zone. Sample P-3393 is a 4,3-foot channel sample of this horizon which continues down-

ward. Analyses of this and other samples are given in the table below:

Thickness Ignition
Sample No. represented 51223 Fe 5102 Ti02 P loss
P-3395 6.2 ft. 39,22 12,50 23.36 3.32 0.189 18.10 Lerch Bros,
P<3394 2.4 ft, 33.70 24,85 14,04 4,86 0.232 14,58 Lerch Bros,
P-3393 4,3 rt. 33.06 29.72 6.20 5,48 0.212 15,25 Lerch Bros.
P-3275 grab sample 41,28 10,18 22,52 4,81 see-- 20.19
P-3274 3,0 ft. 34,49 14.51 26,65 4.73 0.212 15.93 Lerch Bros.
37.30 15,00 22,04 4,94 ~c--- 17.62 Hoagland
P=3273 9.0 ft, 35.50 26,52 6.66 5,72 0,248 16.79 Lerch Bros,
33.20 27.83 6636 5035 wmvee 19.83 Hoagland
P<3272 large conoretion 20,00 34,68 8.38 3.20 ~e--- 15,62
P-3322 nodule 60,52 . 3.58 7.66 cmme  mmeas ~wee=
P=3321 2.0 ft, 28,12 25,62 16,14 --;- . 13.63
P=3320 1.5 ft. 38.48 19.07 14,34 ecee eeenn 18.46

Petrographic examination of material from this hard pisolitic horizon (sample P-3273)
shows that the hard magnetic concretions are predominantly a mixture of magnetite, limonite
(including goethite), and a brown isotropic material with an index of refraction of about
1.71 = 1.72. As no isotropic, iron-aluminum mineral has a similar 1ﬁdex, the material is
thought to be an intimate mixture of hydrous ferric and aluminum oxides, Possibly it is

oliachite mixed with an iron sesquioxide. The concretions also contaln a minor amount of
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gibbsite as well as a minor amount of an unidentified material. The matrix of this horizon
is more uniform in composition and is only very slightly magnetic. It is made up largely of
the isotropic iron-aluminum material described above as ocourring in the concretions. Limon-
ite is a much less important constituent and probably other minerals are present in small
amounts. Some of the concretions or pisolites from this horizon are as much as 5 inches in
diameter. They have a porous or "wormy" texture and unlike the main mass of this horizon,
are only very slightly magnetic. In the field they were desoribed as being limonite but
analysis of a portion of one of the larger ones, sample P-3272, shows 1t contains 20 percent
A1203. Its analysis is given in the table

Bencath the hard pisolitic zone near the east end of the cut is a brown, nonuoglitie,
earthy horizon of laterized basalt. About 6# feet of this material 1s exposed. The lower
3% feet was channel sampled. Sample P-3320 represents the lower 1} feet and P-3321, the
upper 2 feet. A plece of light gray compact material 3 inches long and about 1 inch thick,
sample P=3322, was found at the top of the section of sample P-3321. Petrographic examin-
ation shows that 1t is largely gibbsite, and chemical analysis gives 60.52 perocent A1203.

A 3-foot channel sample, P=3274, of the soft bauxitic clay overlying the pisolitic
ferruginous bauxite was taken earlier at the place indicated in figure 8 on page 48. It
includes all of the material represented by sample P-3394 and the lower part of that repre-
sonted by samplas P-3395. A grab sample, P-3275, of the bauxitic clay about 7 feet above the
hard plsolitic zone is equivalent to the upper part of channel sample P-3395. A chip sample,
P~3273, of the hard pisolitic material was taken somewhat farther east where the thickness
is about 9 fect. Sample P-3393 represents the upper part of this horizon. Analyses of these

samples are also given in the preceding table,

Locallity 24, John Gaman, St. Helens quadrangle

This deposit, formerly known as the Salzer locality,was first described by Williams
and Parks (1923:24), It i1s in the S} NE} sec. 1, T. 4 N., R. 2 W., about 2} miles west of
St. Helens and about 1 mile southeast of Yankton. Williams and Parks stated that a thin
ed of siliceous shot ore is exposed and that such dgqposits are closely associated with the
basalts and that the ore 18 to be regarded as decomposition products of these lavas. They
further stated that none of the '"shot" variety of iron ore, desoribed as limonite "shots"
held in a fairly hard matrix, thus far prospected has proved to be sufficiently high in iron
or large enough in quantity to be given consideration. They, like others, did not mention
the presence of a high peroentage of alumina in such Columbia County ores.

The ore is exposed in an adit and several old cuts situated part way down on the north
side of the hill southeast of Milton Creek, at an elevation probably between 275 and 300
feet, The portal of the adit, which is about 50 feet long, exposes about 10 feet of hard

00litic or pisolitic ore. A grab sample, P-3267, representing the upper 6 feet of 00litio
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ore exposed by the portal face and a harder, darker-solored, more "irony" sample, P-3268,
from a more compaot layer n;nr the top of the portal itself, were taken. The compact
"{rony™ layer 13 about ¥ to 6 inches thiok and appears to extend as an uneven horizon from
the portal more or less continuously to the faop of the adit. Analyses of these samples

are given below: ]
Thickness Ignition

Sample No, represented 53293 Fe 5102 T10, P loss

P-3266 6 1in. 21.60 36.02 4,28 3,68 ccaen 17.92 Hoagland

P-3267 6 frt. 41.11 21.17 7.48  6.11 0.316 18.50 Lerch Bros.
38.80 22,05 7.02  6.05 0.347 21.4%0 Hoagland

P-3268 6 in. 211, 66 39.25 .55  4.61 0.1kl 12.59 Lerch Bros.
23.12 4o0.20 h.64%  3.89 0.182 14.29  Hoagland

pP-3317 2,5 ft. 40.38 15.56 14,20 ---- e -=<--  Hoagland

P-3318 62,32 1.95 2.68  <--a aeaa. <----  Hoagland

P-3319 57.32 4,03 13.10 .- eee.- Vo eeeea Hoagland

The analysis of a sample, P-3266, of the "irony" layer from the face of the adit is
listed in the above table. A more earthy and somewhat softer, brown, nodular matsrial under-
lies this layer in the face of the cut. The analysis of a 2é-toot channel sample, P-3317,
of this lower horizon is given in the table above.

Pleces of light-colored or light buff carthy material as much as an inch in size
occur embedded in and just below the "irony" layer in the face. Petrographic examination
of this material, sample P-3318, shows that it contains much gibbsite. A light gray earthy
material, sample P-3319, occﬁrs at several places in the north wall of the adit. Petro-
graphic examination shows that it too contains much gibbsite. Chemical analyses of these
two samples are also listed in the table.

Pieces of 00litio float were picked up along the trail leading from the Gaman house
to the adit and cuts to the west., The ore is overlain by a thieck silt very similar in
appearance and composition to that found in Washington County lying above the ferruginous
bauxite deposits there. As exposed in outs along the Kappler Road, which runs along the
southorn side of the hill, the silt is seen to be light brown to brown, mottled with gray.
It is massive and loosely consolidated. It may be as much as 75 feet thick in places at
the Gaman locality. The ore is thought to belong to the same body as that at the Marshall
place, Locality 25, about half a mile to the east-southeast. This body may extend either

broken or unbroken to Locality 23, about a mile to the west,

Locality 25, John R, Marshall place, St. Helens quadrangle

This locality 1s in about the center SW} sec. 6, T. 4 N., R. 1 #., at an elevation of
about 325 feet. It is on the more gentle back or southeast slope of the hill on which the

Gaman deposit, Locality 2!, is situated. Numerous pleces of hard, dark reddish-brown, irony,
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081itic float were seen on the slope immediately east and below the house. More earthy
pleces weré found but 1t is thought that the harder types of ore weather less rapidly and
are thus more likely to ococur as float. Many pieces eof the hard irony type are to be seen
in the driveway fill and presumably came from the well near the house. The results eof the
analysis of sample P=3269 which consists ef several pieces of pisolitic fleat frem the

slepe east of the heuse are given below:

A1203 | 22,84 %
Fe 37.59
510, .00
T10, b.16

Ign. loss 17.97

Piéoes of o8litic material were found in the field west-seuthwest ef the Marshall
house., The everburden here may be thin. Several large glacial erratics may be seen in

this area. The U,S. Bureau of Mines 1s drilling this deposit.

Locality 26, Eber Brown, St. Helens quadrangle

Ferruginous bauxite 18 exposed along the north side of the Vernonia-St. Helens
Highway about 1& miles‘east of Yankton at an elevation between 325 and 350 feet, Some
of the material has a breccialike appesarance. Gibbsite 1s also present but no analyses
of either material have been made.

Numerous pieces of hard "irony'" type 08litic bauxite, similar to some of the float
at the Marshall place, Locality 25, and more earthy varieties occur on the north side of
the Vernonia-St. Helens Highway farther east, about 1 mile west of St. Helens, and a short
distance west of 1ts Junction with the road leading south to Houlton. The elevation, as
shown by the topographic map of the St. Helens quadrangle, 1s about 300 feet and the float
here does not appear to represent an eastward extansion of the deposits farther west,

Granitic boulders and other erratics are also prosént.

Locality 27, John Gentry, St. Helens quadrangle

This locality is in the SEi.soo. 26, T. 5 Noy R, 2 W,, about 1% miles north-northwest
of Yankton. GOrab samples were taken from two southeast-trending spurs of the ridge Just'
north of the Vernonia-St, Helens Highway. Sample P-3264 1s from the westernmost spur and
was taken near its top at an approximate elevation of 550 feet, It is & hard, rough tex-
tured irony material. The other sample, P-3265, was taken from the top of the spur about
one quarter of a mile to the east at an elevation of about 525 feet. The sample consisted
of several pieces of o8litic float gathered near the toe of the spur. Analyses of these

samples are given below:

Sample No. Al233 . Fe S$109 Ti0, Ignition loss
p-3264 29.84 29.87 5.48 4,72 21,72

P-3265 30.52 29,59 8.08 5.76 16.03
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Locality 28, Dark Creek Road-Smith Road intersection and vicinity, St. Helens quadrangle

This area 1s about 2& miles west of Columbia City and the general slevation is about
750 feet. Wilkinson's survey of the St. Helens quadrangle (1941) noted this locality.
A bi-foot vertical channel sample was taken from the west bank of the Dark Creek Road,
about 0.2 mile south of 1ts intersection with the Smith Road. The Marshall house 1s west
of the spot sampled. The upper 3 feet is red and o8litic and the lower lﬁ feet 18 nodular.

Results of the analyses of this sample follow:

Aly04 35.56 %
Fe 24,22
5102 6.60
T10, 4,50

Ign. loss 18,71

0. E. De Vaul reports that similar material was encountered in most wells in the
vicinity of this intersection. A bedded, relatively unweathered volcanic ash with some
muscovite underlies the Columbia River basalt in this area.

A specimen of massive limonite was collected by Wilkinson's survey party, and is

reported to occur on the east side of the road, a short distance south of the intersection.

Locality 29, Trenholm-Happy Hollow School area, St. Helens quadrangle

Ferruginous bauxite occurs in a roadcut on the Vernonia-St. Helens Highway more than

a mile by road west of the Happy Hollow School. No analysis is available,

Locality 30, Kalama quadrangle

This locality 1s near the center sec. 34, T. 7 No, Ro 2 W., at an elevation of about
1150 feet. It is near the high point of the road leading from the Neer City School to
Rainier and about 1.6 miles north of 1ts intersection with the only main road leading to
the west, a little more than a mile north of the Neer City School. Numerous pieces of
float, several inches in diameter, ocour below the road on the east side, A few pieces
were found along the road, All the pieces have a reddish-brown color and a porous granu-
lar texture., Results of the analysis of a sample made up of pieces from five chunks of

ore are given below:

Al1,04 46.84 #
Fe 9.81 '
510, 7.26

Locality 31, Fern Hill Sohool area, Kalama quadrangle

Numerous pieces of float occur on the bare, upper surface of the hill in the Sli
sec, 30, T 7 Ncy R 2 ¥,, at an elevation of about 900 feet. The hill is about three-
quarters of a mile nearly due north of the Fern Hill School and less than half a mile
east of the road leading north from that school to the Hudson School, 3 miles farther

north,
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Analyses of samples of white and buff colored gibbsitic material, P-3401, of a brown,
slightly oglitic, limonitic piece, P-3402, and a reddish-brown, porous, granular plece,

P-3408, are given in the following table:

Sample No. 5;223 Fe 540, 40, P Ignition loss
P-3401 55.84 3.59 11.68 3.53 0,089 30.91
P-3402 18,28 41.05 4ol 2,75 “e- 19.4%0
P-3408 ©osh.72 8.97 6.70 3.53 .ss 29.16

Petrographic examination of samples P-3401 and P-3408 shows that both contain much

gibbsite.

Locality 32, U:S, Highway 30, roadcuts wast of Rainler, Kalama quadrangle

Ferruginous bauxite is exposed in two adjacent roadcuts on U.S. Highway 30, about
2.3 miles west of the Longviow bridge junction. These cuts are in sec. 18, T. 7 N.,

R. 2 W., and are Just east of the Jjunction of the highway and a market road leading to
the southeast, at an elevation of about 665 feet. The ferruginous bauxite is here
overlain by a mottled silt.

Results of the analysis of a channel sample, P-3399, representing the upper section,
2.3 feet in thickness;, in the westernmost cut are given below. This section is made up
of soft oblitic material redvin color with some gray streaks. Some of the overlying silt
may have been included in this sample. It did not include any part of the hard 0011t10
boulders which form a discontinuous layer in this horizon., Results of the analysis of a
plece broken from one of these boulders, sample P=3361, are given in the following table,

The mlddle'sectioﬁ of the deposit in this cut, 8.7 feet in thickness, 18 represented
by sample P-3398 and consists mostly of hard, red 001itic material with some soft streaks,
The lower part of this horizon contains some small fossil wood fragments,

Below this hard middle horizon there 1s oglltio, claylike material which was sampled
in two sections, Sample P-3397 18 from the upper 1& feet which 1s red in color and ocon-
tains some yellowish fragments of fossil wood similar to those in the overlying zone. The
lowest secfion, 3 feet in thlcknes§, 18 represented by sample P-3396, This lowest horizon
1s buff-colored and o%litic, and contains some hard spots.

Analyses of samples taken in the west ocut, Locality 32, follow:

Thickness
Sample Ho., represented 41,04 Fe 8102 T10, Ignition loss
P-3399 2,3 ft. 26,00 10.87 24.90 2,75 11,50
P-3361 “"boulder" 39,32 18,79 15,00 3.69 17.26
P=3398 8.7 rt. 36.12 16.51 21.66 3.37 17.50
P-3397 1.5 ft. 32,12 13.00 31,70 2,96 13.80

P-3396 3.0 ft. 37.32 5.71 34,92 3.02  15.06
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Petrographie examination of material from the upper, hard oglitlo horizon, represented
by part of sample P-3398, shows that the oglites, which are magnetic, ocontaln quartz grains
2 0.1 mm in diameter. The matrix contains quartz, apatite, and tourmaline (?) as well as
other minerals.

Petrographic examination of the light-colored claylike horizon at the base of the ecut
shows that 1t contains such minerals as tourmaline, muscovite, biotite, and ilmenite,
Chemical analysis shows that the material contains more alumina than silica, which indi-
cates that 4t is probably bauxitic., It !s similar in appraranse to the silt which overlies
hard pisolitic ore at the Yankton railroad cut, Locality 23.

Although the ferruginous b#uxite in this cut resembles that elsewhers derived by
laterization of basalt, its silica content is higher, and the presence of detrital minerals
and wood fragments indicates its derivation from transported material. It 1s not known
whether laterization took place before or after deposition. The presence of quartz grains
in the oYlites which are similar to those in the matrix suggest that the 00lites were de-
veloped after depcsition. Laek}of stratification and the induration of the upper horizon
suggest laterlzation took place after deposition of the material,

Silty soll also overlies the deposit in the adjacent roadcut east and a few feet lower
in elevation. The upper section, 3 feet in thickness;, under the silt is represented by
sample P-3364. , This horlzon 1s composed of rather soft reddish-brown 0olltic material, and
appears to be part of a fill occupying a channel in laterite, Water-worn pebbles mark the
bottom of the well-defined cut and fill structure. A frasture in the laterized basalt on
the east side of the stEucturo appears to extend up into the channel filling which, however,
does not show the effects of deformation exhibited in the slickensided basalt just below
the bottom of the channel. A nearly vertical fault which strikss roughly northeast 18 shown
in the basalt Just south of the channel filling. The laterized basalt retains the original
vesicles and spheroidal weathering pattern. This lower horizon, 11 feet in thickness, was
sampled in‘t'o equal sections represented by P-3463 and P-3462, The upper section is gen-
erally brownish red with hard angular fragments gray in color and commonly half an inch or
more in size. This sample may have inoluded a little of the overlying channel filling.

The lower 5% feet 1s simllar to the material just above, but is more mottled and 1light

reddish and yellowish brown in color, Analyses of these samples follow:

Thickness
Sample No. represented 51293 Fe 810, T40, Ignition loss
p-3464 3.0 ft. 38.80 16.26 21.78 4.18 17.02
P-3463 5.5 fto 38.76 20,07 13,86 4,50 18.44
p-3462 5.5 f£t, 38.56 20,52 17.30 .18 17.0%7

P-3400 grab sample 43,96 13.01 14,46 3.21 21.70
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Al?o listed in the foregoing table are results of the analysis of a grab sample,
P=3h00, taken from this cut at an earlier date. It represents hard gibbsitic pieces
in the upper part of the lower horizon.

Although fracturing, slickensiding, and faulting of the basalt may have taken place
before channeling and filling, 4t 18 not known whether laterization of the basalt pre-
ceded channeling and filling. If the fréoturing and faulting shown mainly in the later-
1zed basalt accompanied deformation of the basalts elsewhere, laterization of the basalt
may have preceded channeling and thus the channel filling is largely transported bauxitic
material.

Aa the evidence appears to favor laterization of the transported material in the
upper cut after its deposition and that in the lower cut before deposition, additional

study of the cuts 18 necessary before conclusive statements may be made.

Localilty 33, Clatskanie gquadrangla

Several pleces of altered basalt, sample P-3488, were collected from the bank of the
road in front of a house in the NWi seo. 1, T. 6 No, Ro 3 W,, at an elevation of approxi-
mately 1000 feet. The locality i1s about 2 miles north-northeast of Apliary. Petrographic
examination shows that the pieces contaln much gibbsitic material. No chemical analyses

were made,

Locality 34, Hillsboro quadrangle

Numerous pieces of ferruginous bauxite as much as 6 inches in diameter were found on
the crest of the spur in the northeast ocorner seoc, 12, To 2 No, R, 3 W,, at an elevation
of about 1100 feet. Both nodular and porous granular types are present. }lo analyses were

made,

Looality 35, St. Helens quadrangle

Wilkinson (1941) noted the ocourrence of limonitioc and pisolitic material from the
southeast slope of a hill at an elevation of about 750 feet, 2 miles northwest of Scappoose.
Analysis of a pisolitic plece collected by his party and analyzed recently in the Department

laboratory gave the following result:

A1203 22,35 %
Fe u3065
510y 1.77
Ti07 2,98

Ign. loss 11.85

Locality 36, Colport Development Co,, St. Helens quadrangle

This area, about 2# miles northwest of Scappocse, contains both a limonite deposit and
a "shot" deposit which may prove to be ferruginous bauxite, These deposits were first men-

tioned in the report by Williams and Parks (1923). The limonite deposit was shown on their
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map in the SWy sec. 34, T. 4 N., R. 2 W., and was reported to underlie basalt and to be

of bog origin. Williams'and Parks noted the ocourrence of a few feet of residual reddish
nghot ore' in a prospect cut near the northeast corner of the Colport Development Company
property which included 50 acres in the swi sec. 34, T. 4 N., R. 2 R. "They recognized the
distinction between the limonitic aqd the-lateritic "shot ore" deposits and stated that

the latter did not contain sufficiently high iron to be given serious consideration. This
locality has not been checked, but the description of the "“shot ore" indicates that ferru-

glnous bauxite may be present in addition to limonite.

Locality 37, St. Helens quadrangle

This locality, 3} miles northwest of Scappoose, was noted by Wilkinson (1941), It is
designated as a pit in iron ore. The character of the ore 18 unknown, Possibly it 1is

bauxitiec.

Locality 38, Oester deposit, St. Helens quadrangle

This deposit is on the Wm. J, Oester place near the west end of the Oester Road,
about 3& miles north-northwest of Scappoose at an elevation of about 500 feet, It was
noted by Wilkinson (1941) and later by Hotzl who described the ore as a "cemented shot"
deposit exposed in an o0ld cut and adit. Hotz stated that it was reported that some of
this material was mined and crushed for paint pigment many years ago. Results of the
analysis of a 2-foot channel sample of the pit material below loose boulders of 0011t1e

ferruginous bauxite are given below:

A1,04 38.80 %
Fe 23.46
510, 6.29
Ti0, 1.49

Ign. loss  20.65

Locality 39, MoBride, St., Helens quadrangle

Results of the analysis of a 4-inch plece of brick-red, porous-granular bauxite float
found on the northeast slope of a ridge at an elevation of about 650 feet, about 1} miles

due south of the Deer Island post office, are given below:

A1,04 44,47 4
Fe 18,36
510, 5.09
T10p 2,08

Ign. loss 22,69

Locality 40, St. Helens quadrangle

Concretionary iron ore is indicated by Wilkinson (1941) as occurring near the summit

of the northwest side of a hill, 950 feet in elevation, about 1 mile southeast of Spitzenberg.

- e S e Mt mm e e e em w e me e - -

1
Hotz, P.E., opo oit., p. 13.
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Results of the analysis of a specimen of brick red, 0011tic ferruginous bauxite collected

by Wilkinson's party in 1941 and analyzed recently by the Department are given below:

A1203 35.32 %
Fe 17.94
510, 11,21
T10, 2,68

Ign, loss 21.01

Locality Y41, St. Helens quadrangle

Hotzl reports the ooc&rrenco of a small oval body of “cemented shot" ore on top of
a hill 825 feet in eclevation about 1} miles east of Spitzenberg in the NW} sec. 15, T. 4 N.,
R. 2 . He states that the exposed surface is 200 feet long and about 100 feet wide. He
also notes the presence of rounded quartzite and weathered basalf pebbles and suggests
that the ridge 18 part of a once more extensive terrace. Investigation by the Department
showed that numerous pieces of 00litic ferruginous bauxite as much as 6 inches in diameter

are present on the surface near the top of the hill, No analysis of the materiah was made.

Locality 42, St, Helena quadrangle

Pisolitic ore was noted by Wilkinson (1941) on the southwest end of a ridge 575 feet
high, about 2 miles east of Spitzenberg. Results of the analysis of a composite sample made
up of two pieces of 0011tic ferruginous bauxite collected by Wilkinson's party and analyzed

recently in the Department laboratory are given below:

A1203 33.50 %
Fe 31.66
10, 2,32
T10, 2,58

Ign. loss 17.73

Locality 43, St. Helens quadrangle

A deposit of ferruginous bauxite is reported to form the upper part of the elongate
hill which is about 850 feet in elevation and three quarters of a mile north of Spitzenberg.
The occurrence of hematite float in this locality was mentioned by Williams and Parks (1923).

The deposit has not been investigated by the Department.

Locality 44, st, Helens quadrangle

Numerous pieces of porous granular ferruginous bauxite occur near th? crest of the
Spitzenberg-Yankton road at 1ts junction with a market road leading southward. The
locality is about 1 mile east of Spitzenberg at an elevation of about 1000 feet, Analysis
of a 1-foot channel sample taken from the ditch on the northeast side of the interseotion

returned:

2 :
"Hotz, P.E., op. oit., p. 13.
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A1,04 36.42 ¢
Fe 23.83
510, 10.87
T102 1,98

ign. loss 19,18

Locality 45, St. Helens quadrangle

"Limonitic concretions" are reported by Wilkinson (1941) to occur near the head of
an east-flowing creek, a short distance northeast of Locality 44, Limonitlc concretions
from other localities have been assoclated with ferruginous bauxite deposits, This

occurrence has not been investigated by the Department.

Locality 46, St. Helens quadrangle

Undesoribed irony material 1s reported by Wilkinson (1941) to occur a very short distance
northeast of the Dowd School, which 18 about 2 miles west of Yankton, It is said to occur
at an elcvation of about 700 feet on the southwest side of a ridge, None of the material is

avallable for analysis, The occurrence has not been checked by the Department.,

Locality 47, St, Helens quadrangle

Wilkinson (1941) indicated the occurrence of pisolitioc iron ore on the east end of a
long east-trending and sloping ridge, about half a mile southwest of Yankton, No analysis

of the material 18 avallable and the locality has not been examined by the Department,

Locality 48, St. Helens quadrangle

Wilkinson (1941) noted that iron ore float ocours on a hill 525 feet high, about 2 miles

nearly due north of Yankton. No other information 1s available.

Locality 49, St: Helens quadrangle

The occurrence of pisolitic ore at this locality was reported by Wilkinson (194l).
The material occurs on a hill, 1550 feet in elevation, which 1s located about 2 miles

south-southwest of Trenholm. No further description was given.

Locality 50, Bunker Hill limonite dcposit, St. Helens guadrangle

This deposit of limonite was first described by Williams and Parks (1953) as the
Bunker Hill group. It was sald to be located in the southwest corner of sec, 31, Te 5 N,
Re 2 W,, at an elevation of about 1200 feet on the north side of the divide at the head
of one of the branches of the Clatskanie River, The ore was described as the soft crumbly
variety with some bands of hard ore, and was said to be obviously both overlain and under-
lain by basalt. An average analysis of the ore 18 given in the report on the Scappoose Mine,
by the U.S, Bureau of Mines (War Minerals Report 186, 1944). This locality is here men-
tioned as it seems to indicate that although limonite and ferruginous bauxite deposits may
ocour in nearby areas, the limonite was deposited before the extrusion of later lavas whose

upper portion weathered to form ferruginous bauxite., According to the description given,
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the limonite deposit mentioned is about 100 feet stratigraphically below the '"pisolitic or

cemented shot" type of "iron" deposit represented by Locality 51,

Locality 651, Serafin deposit, St. Helens quadrangle

"Cemented shot" ore is reported by Hotzl to occur at the Serafin deposit located in
sec. 19, To 5 N., R. 2 W., about 12 miles west of St. Helens, and he states that the de-
posit occurs along the St. Helens-Vernonia road at an elevation of 1300 feet, In seo. 19,
the road does Vnot reach an elevation of 1300 feet, according to the topographic map.
Possibly the ore extends northward along the crest of this ridge. Hotz described the de-
posit as a blanket of unknown size lying on the surface. A shallow pit 1s said to disclose

a thickness of at least 3 feet of ore. The occurrence has not been checked by the Department.

Locality 52, St. Helens quadrangle

Wilkinson (1941) indicated the occurrence of "iron' float on the north end of a long
ridge at an elevation of about 1025 feet, approximately three quarters of a mile north of

Trenholm. No investigation has been made by the Department.

Locality 53, Trenholm deposit, St. Helens quadrangle

This occurrence was described by Hotzl as the Trenholm deposit, He stated that the
ore occurs on a flat-topped hill at an approximate elevation of 1000 feet in desc, 20,
Te 5 Ney Re 2 W;, 1 mile north of Trenholm. The location of this occurrence as shown on
Locality Map C 18 probably in error and localities 52 and 53 may be the same, Pieces of
"cemented shot" ore as much as 3 feet in size are reportedly exposed in a shallow pit and
on the surface, Hotz also noted the presence of pieces of weathered basalt cut by narrow

veinlets of hard limonite. No analysis of the material is available,

Locality 54, St, Helens quadrangle

Pisolitio "iron" ore was reported by Wilkinson (1941) to occur near the top of a ridge,
about 1 mile north<northeast of the Happy Hollow School on the St. Helens-Vernonia Highway
between Trenholm and Yankton. The clevation of the ore 1s about 800 feet. No analysis of
the material is available but its topographic location and the texture of the ore suggest

that it 18 bauxitic.

Locallty 55, St. Helens quadrangle

Wilkinson (1941) noted thé occurrence of "iron ore" at an elevation of about 600 feet
in a draw north of the saddle in a roughly east-trending ridge, about 3 miles north of Yankton.
No additional information 18 available regarding the occurrence, and the depésit may prove to

be limonite,

1
Hotz, P.E., ops. cit., p. 13.
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Locality 56, St. Helens quadrangle

The location of this occurrence 18 not definitely known. Wilkinson (1941) indicated
thaf "iron float" occurs near the top of a northwest-trending ridge at an elevation of
about 825 feet, lﬁ miles southeast of Canaan School, and also on the southeast slope about
half a mile to the west at an elevation of approximately 700 feet. The character of the
material from these possibly separate localities 1s unknown., The one on top of the hill

may contain ferruginous bauxite,

Locality 57, Ironcrest limonite deposit, Vernonia quadrangle

This limonite deposit was described by Williams and Parks (1923) as the Ironorest
property, It consisted of a group of claims on the summit of the divide between the North
Fork and the South Fork of Scappoose Creek in the southern part of sec. 35, T. 4 N., R. 3 .,
at an elevation of 2000 feet. The deposit is reported to rest on a sticky gray elay con-
taining rounded pebbles and silicified wood, One fossil mollusk was reportedly found in
this clay., The limonite is overlain by weathered basalt.

This deposit i1s listed here as a mgtter of redord and to avoid confusion with a possible

occurrence of ferruginous bauxite nearby to the east, listed as Locality 58,

Locality 58, Ironcrest propsrty, Vernonia quadrangle

Williams and Parks (1923) reported that some 30 holes were drilled in an area of 1lU0
acres along the saddle in the northern part of the SE} sec, 35, T, 4 N., R. 3 W, This area
adjoins Locality 57 on the west, Most of the holes reportedly struck ore through a shallow
overburden of "weathered basalt" from 2 to 20 feet thick. The bed of ore was reported to
have an average thickness of 10 feet. No information concerning the character of the ore
was given. Analyses of the Ironcrest ore, as given by the U.,S, Bureau of Mines (War Minerals
Report 186, 1944) indicate that it is limonitiec. However, the report stated that deposits
of "shot ore" are present at the Ironcrest, Ladysmith, and Bunker Hill loealitigs. These
deposits are desoribed as probably having originated on the surface @s products of weathering
and leaching of basalt, No analysis of these '"shot ores" was given, Some may prove to be
bauxitiec in character. Ié may be that some of the area tested by the drill holes is under-

lain by ferruginous bauxite. This locality has not been investigated by the Department.

Loocallty 59, Ladysmith deposit, Vernonia quadrangle

Williams and Parks (1923) desoribed this locality and stated that the Ladysmith claims
were in the SW; sec., 24, T. 5 N., R, 3 W. The ococurrences of ore they noted were apparently
all limonitic and were overlain by basalt., However, as noted in the desoription of the
Ironerest loocality, "shot ore" is reported by the U.S, Bureau of Mines (War Minerals Report 186,
1944) to ocour at this locality. The smaller of two deposits mentioned by the Bureau's report
18 on a wide flat ridge 50 feet above the other which 1ies on the hillside. The report stated
that the ore consisted of limonitise coneroti&na ocemented with iron oxide, Possibly the ore of

the higher deposit 48 bauxitic.
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Locality 60, De Vaul place, St. Helens quadrangle

Mr. O. E, De Vaul reports that material identical with that shown at Locality 28,
0,2 mile to the south, was found in a well on his place., The De Vaul house is the second
oneeast of the intersection of the Dark Creek Road and the Smith Road on the north side
of the Smith Road. He also reports that similar material was encountered in the wells
on the Alfred Nightingale place on the southwest corner of the intersection, and on the

Charles Ridgeon place which i1s the house on top of the hill north of the intersection.

Locality 61, Spitzenberg area, St. Helens quadrangle

Several small pieces of oglitic'ferruginous bauxite were found about three quarters
of a mile nearly due east of Spitzenberg on the west side of the road 0.4 mile south of
its Junction with the main road leading from Spitzenberg to Yankton. The material was
not analyzed.

This locality is in an area mentioned by Williams and Parks (1923). The report
stated that much of the "shot" variety of iron ore crops out in the road about one mile

nearly east of Spitzenberg near the summit of the divide at an altitude of about 850 feet.

Locality 62, roadcut between Spitzenberg and Yankton, St. Helens quadrangle

An exposmre of ferruginous bauxite, 200 feet long, 1s shown in the cut bank on the
northwest side of the road leading from Spitzenberg to Yankton, probably in the NE& sec. 10,
T 4 N., R. 2 W, The roadecut is about 0:3 mile west from the Stone Road intersection, and
ie at an elevation of about 575 feet, Slightly fractured, weathered basalt 1s exposed on
the north side of the road 0.2 mile farther west at a similar elevation, and weathered,
woll-bedded tuffaceous sediments, which stratigraphically underlie the basalt, are exposed
in the roadout 0.4 mile farther west at an elevation of about 625 feet. The sediments dip
about 15° N, 65° E. and provide evidence that the ferruginous bauxite at this loocality 1is
dipping eastward, In this roadout the deposit, more than 13 feet in thickness, and over-
lain disconformably by silt, was sampled in 3 sections, Sample P-3324 represents the top
horizon, Bé feet in thickness. It consists of red, somewhat 0011tic hard material.

Sample P-3325 represents the middle horizon 55 feet in thickness, This section is soft
and earthy with scattered oglitel. Sample P-3326 represents the bottom horizon, 4 feet
in thickness, and is made up of brown o0litie material, harder than the top horizon, with
somre pisolites, This bottom horizon extends at least one foot deeper as shown in the

drainage ditch along the road. Analyses of these samples are given in the following table:

Sample No. Thickness 51223 » Fe 510,
P-3324 ’ 3% ft. Ly, 52 12,53 14,30
P=3325 5% ft. 45,48 12,97 9.28

" pe3326 4 rt. 29,52 © 30.54 5.10
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Similar o814itic material is sxposed along the same road 0.1 mile farther east but

analysis of a channel sample shows that it contains a high percentage of silica.

Looality 63, Langlie place, St. Helens quadrangle

Ferruginous bauxite i1s reported to ocour on a southeast-sloping ridge which is about

2 miles north-northwest of Scappoose, The report has not been verified by the Department,

Loocality 64, St. Helens quadrangle

Material desoribed as iron ore 1s shown by Wilkinson (1941) to occur on a spur at an
elevation of about 325 feet, lé miles northwest of Scappoose, A specimen of the ore col-
lected by his party i1s massive limonite., The ococurrence is noted here as a matter of

record.

Locallty 65, St, Helens quadrangle

"Iron ore" was reported by Wilkinson (1941) to ocour on the southwest slopes of the
hill 1 mile west of Yankton, at an approximate elevation of 400 feet. Loose fragments of
pisolitic and gibbsitic varieties of ferruginous bauxite together with badly weathered
basalt were collected along the upper road in this aroa;

Results of the analysis of the gibbsitioc pieces are given below:

A130, 52,73 %
Fe 6.37
510, 10.99
T10, 2,06

ign. loss 26,61

Locality 66, Oregon Charcoal Iron Co. limonite deposit, St. Helens gquadrangls

This ococurrence was noted by Williams and Parks (1923) and déscribed as the Oregon
Charcoal Iron Company property loocated lﬁ miles northwest of Scappoose. The ore is limon-
1tic and described as a bog deposit between flows of basalt. "It was drilled in 1942 by
the U.S. Bureau of Mines (War Minerals Report 186, 1944), and the deposit 18 mentioned

here as a matter of record.

.Locality 67, St, Helens quadrangle

Williams and Parks (1923:map) show this locality in the Nw} sec. 26, T. 5 N., R. 2 W,
They state that numerous pleces of "limonite float" as large as 'boulders" oococur on the
hill slope north of Milton Creek. Altered basalt dountry rock was also noted, This occur-
rence has not been checked, but as it 18 less than a mile north of Locality 27 where ferru-
ginous bauxite ococurs, the material may prove to be bauxitic. Williams and Parks also men-
tioned that similar float occurs at intervals to the northwest over a distance of 2 miles
along the Milton Creek slope of the divide, Abundant showings were noted as occurring within
the loop of Milton Creek and near the summit of the ridge probably in seec. 20, To 5 N., R. 2 ¥,

This last occurrence may be the same as that mentioned under localities 52 and 53.
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Locality 68, Maple Hill, St. llelens quadrangle

As shown by Williams and Parks (1923:map) this ooocurrenoe is in the SW} sec. 7, and
the northern part of sec., 18, T. 5§ N., R. 1 W., near the top of the north side of Maple
Hi1l at an approximate elevation of 500 feet. They report that a series of cuts and drill
holes failed to prove the presence of a commercial quantity of ore which they described as
a.bed of limonite. This ocourrence has not been checked; it probably is not bauxitic in

character,

Locality 69, Skyline Blvd., Hillsboro quadrangle

Numerous small pleces of ferruginous bauxite were found in the roadcut along Skyline
Blvd. near the south end of sec. 3, T« 2 N., R. 2 W,, at an elevation of about 1300 feet,
The area is overlain by silt. Ferruginous bauxite is also reported to ococur farther south

on Skyline Blvd. in sec. 14, T. 2 N., R, 2 W., near its junction with the Logle Trail.

Locality 70, Moreland Road, Hillsboro quadrangle

Ferruginous bauxite 1s roported to ocour near the junction of the Moreland Road with
the Mason Hill Road in the southwest corner of sec. 16, T. 2 N., R. 2 W,, at an elcvation
of about 925 feet,

Locality 71, Chehalem Mts., Tualatin quadrangle (not on locality map - see index map on p.5)

The material 1s exposed in a roadcut in the SE& sec. 30, T« 2 S., Ro 2 W., at an eleva-
tion of about 1000 feet. Results of the analysis of a 3-foot channel sample of yellow

earthy material with some hard lumps, are given below:

A1,04 32,80 %
Fe 20,65
510, 13.31
T10, 4,27

Locality 72, Chehalem Mts., Tualatin quadrangle (not on locality map - see index map on p.5)
Ferruginous bauxite 1s exposed in a roadout én the top of a northeasf-trending and
sloping spur in the SE% 8sec, 3“, T 2 S,y Re 2 W,, at an elevation of 950 feet. This is
the farthest south that ferruginous bauxite has been found by the Department in the Washing-
ton County area.
Results of the analysis of a composite sample made up of three pieces §f o6litic

ferruginous bauxite are given below, Gibbsitic and limonitic varieties were also found,

Fe 21,34

7102 4,46
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Other indications of ferruginous bauxite

Additional occurrences and indications of ferruginous bauxite deposifs not shown on
the locality maps are known,

In the Gales Creek quadrangle, ferruginous bauxite 18 exposed in a roadcut on the
Pumpkin Ridge Road about half way between localities 7 and 8 at an elevation of about
1250 feet. Loose pleoes of porous, granulap ferruginous bauxite ococur in the roadcuts
a short distance to the south.

In the Hillsboro quadrangle, loose piecss of ferruginous bauxite occur in the road-
ocut in the southeast corner of mec, 29, T. 3 N., R. 2 W., at an elevation of about 1450
feet,

In the St. Helens quadrangle, loose pieces of porous, granular ferruginous bauxite
oocur along the road about 2 miles north-northeast of Yankton and about half a mile south-
west of Locality 28.

At the road intersection a quarter of a mile south of Locality 50 a laterite section
several feet thick is exposed in the roadcut leading north, No information on total thick-
ness 18 available, Some small nodules of gibbsitic material are embedded in the upper part
of the section which consistsyof soft reddish- brown material. Numerous pieces of porous
granular float were found along the road which extends southwestward from this intersection.

The iron content of samples from four open cuts in a hill located about 1 mile north-
wost of Columbia City in the St. Helens quadrangle is reported to range from 29 to 36 per-
cent. These old cuts, described as the Giltner opbration, are reported to be on the east
slope of the hill about 40 feet below the top. The composition of the remaining portions
of the samples is not known, but the topographic position of the cuts and the percentage
of iron in the samples suggest that the material may be ferruginous bauxite.

In the southwest corner of the Kalama quadrangle, several pieces of bauxitic float.
were found on the upper surface of the ridge about 4 miles due south of Locality 30 at
an elevation of nearly 1200 feet,

A plece of pisolitic ferruginous bauxite was found by Mrs. H. Mildred Stockwell on
a gravel bar at the junction of the Clackamas and Willamette Rivers, Just north of Oregon
City. The source of the material 1s unkrown, but as it i1s rather friable, it may not have
traveled far if transported by natural processes, and it may have been derived from a nearby
deposit. No attempt to locate its source has yet been made. The results of the analysis

of the specimen are given below:

A1,0, bs.64
Pe 9.12
510, 12.84
T10, 2.4%0

Ign. loss 25,26
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Geology of Deposits
in the
Salem Area - Polk and Marion Counties

Introduction

Ferruginous bauxite and associated nodules of bauxite were found by the Department
in the Eola Hills and Salem Hills north and south respectively of the city of Salem,
Some further investigation of these two areas has been made since the discovery, and
reconnaissanoce work has been done in the area farther east in the vicinity of Stayton.
Many of the higher ridges and slopes in the Salem Hills contain much high-grade bauxite
float, but investigations to dnt? show it to be in place at only a few localities, A
considerable area, at least several hundred acres, may be underlain by ferruginous

bauxite, with bauxite float distributed over the surface, and contained in the overburden,

Stratigraphy \

As in Washington and Columbia Counties, the bauxite and ferruginous bauxite deposits
in the Salem area are associated with Miocene basalts, These basalts are called Stayton
lavas (Thayer, 1939) and tentatively are correlated with'the Columbia River basalts,
Thayer states:

"The Stayton lavas overlie the Illahe formation in the Salem Hills,
and have been traced eastward continuously to the crest of the Mehama
anticline., In the vicinity of Stayton they form dip slopes from which
the younger formations have been sfripped off., The lavas attain a maximum
thickness of about 40O feet in the Salem Hills and apparently increase in
thickness toward the northeast; east and southeast of Stayton they average
less than 200 feet. Thé lavas are mainly medium-gray to dark=gray basalts
in some of which olivine 1s visible; andesite flows occur south and east

of Stayton,

"The Stayton lavas lie unconformably on the Illahe and Mehama forma-~

tions, Dips in the lavas average 3°, whereas dips in the Illahe and

Mehama formations average 10 to 12°. The irregularity of the basal con-

tact of the lavas indicates that they were poured out on a rolling land-

scape that had rellef of 600 feet or more,"

The Stayton lavas are petrographiocally very similar to the Columbia River basalts
in Washington and Columbia Counties, and, as described by Mundorff (1939), are typically
. fine-grained, even-<textured to slightly porphyritio, dense rocks with a gray to nearly
+ black color, The average composition as determined petrographically by Mundorff from

15 representative specimens was given as 54 percent plagloclase, 19 percent augite, 21 per-
cent glass, 5 percent magnetite, and 1 percent miscellaneous minerals. Mundorff stated
that the bulk of the plagloclase is basic andesine (Abss - Anus). 0¢Neill (1939) re-
ported that most of the plagioclase in the Stayton lavas in the Stayton quadrangle is

labpadorite°
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The Illahe formation 1s made up of tuffaceous marine sandstones which Thayer tenta-

tively correlated with the Eugene or Pittsburg Bluff formations of Oligocene age., In

the Molalla area northeast of Salem the Stayton lavas unconformably.overlie marine sedi-
ments containing fossils assigned by Durham (1942) to the lower Miocene,

According to Thayer the Stayton lavas east of the Salem quadrangle are conformably
overlain by the Fern Ridge tuffs of Miocene age., O'Neilll later pointed out that the tuffs
1lie on an erosion surface of the Stayton lavas, and he tentatively referred them to the
Pliocene,

The High Cascade lavas ococur farther east, and they have boeﬁ referred by Thayer

to the Pliocene and Pleistocene.,

Structure of the Miocene lavas

The topographic distribution of the ferruginous bauxite deposits in the Salem area,
fike those in the Washington County-Columbia County area, appears to be related to the
structure of Miocene lavas. For the most part, the deposits ocour on flat-topped hills
and ridges,

Dips of 3° in the Stayton lavas in the Salem area were noted by Thayer (1939). -
He states: '

"The Salem Hills are essentially a slightly warped laés-oappod mass
whose eastward dip 1s best shown west of Marion. The Salem, Eola, and
Anity Hills are all part of a single eastward dipping homoclinal block
which 18 transeeted by the Nillamette River west of Salem., Erosion of
the soft Illahe beds exposed below the western edge of the Stayton lavas
has given the hills their asymmetrical, ocuestalike form, Along the foot-
hills of the Cascades proper, north of Thcmas Creek, the lavas slope gently
northwestward toward the Willamette Valley."

Additional information on the attitude of the Stayton lava is given by Allison and
Mundorffl.

"The apparent strike of the lavas of the Salem and Eola Hills changes
from about N, 45eW.1n the south to about N, 15° W. toward the north, and
the dip of the mass appears to be about 2° toward the east or northeast. . .
1t is noteworthy that certain of the eastward slopes on the Eola Hills (and
less clearly on the Salem Hills) are essentially dip slopes of the com-
ponent lavas,™

Laterization of the basalt

Insufficient work has been done by the Department in the Salem area to date the period
of laterization there with certainty, but the evidensce indicates laterization took place
before the deposition of the Fern Ridge tuffs,

As no bauxitic material was found in several places where the scontact between the Fern
Ridge tuffs and the Stayton lavas was examined, it appears that Af laterization did precede

deposition of the tuffs, either the laterite did not form in plaoes or was removed before

Allison, Ira S,, and Mundorff, Maurice J., Preliminary geologic map of the Salem quadrangle,
Oregon: In manuscript,
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then 1t would be unlikeiy that any laterite would be found beneath the Fgrn Ridge tuffs.
0'Neill (1939) states that the F;rn Ridge tuffs in the Stayton quadrangle are made
up of poorly sorted and poorly bedded, stream-laid deposits of tuff and so;o pebble con-
glomerate which unconformably overlie the Stayton lavas and in places the Illahe forma-
tion. According to Thayer (1939) the lower part of the Fern Ridge formation is made up
mainly of tuffs, sandstones and fine pebble beds, and the upper part comprises ocoarse
andesitio conglomerate with bouldars as much as 18 inches in diameter. This information
indicates that erosion was active while the Fern Ridge tuffs were being deposited.

If the Fern Ridge tuffs were conformable on the Stayton lavas, as suggested by
Thuye;, there would be no reason to believe that the lavas in the Salem Hills, where
bauxite is present, were not originally buried by the tuffs. Nondeposition there would
be hard to explain, a8 the Fern Ridge tuffs farther east are estimated by Thayer to be
as much as 1500 feet thick in places. If the lavas in the Salem Hills had been buried
by other than a thin veneer of Fern Ridge tuffs, the laterization would have had to pre-
cede deposition of the tuffs, as erosion of such a cover to permit laterization of the
underlying basalts would have removed the laterite as fast as it was formed.

0‘Neill reports that the Fern Ridge tuffs are unconformable on the Stayton lavas,
Thus if laterization had followed deposition of the tuffs, 1t is conceivable that the ‘
lavas in the Salem Hills and Eola Hills were not covered by the tuffs and that laterite
oould have formed there and not farther east where the lavas were covered. I[owever, there
are two possible objections to this thesis, Pirst, the attitude of most of the laterite
appears to conform to that of the lavas.e This attitude conformable with the flows, and the
presence of nearly all of the laterite only on the higher ridges and slopes would be diffi-
ocult to explain if, as postulated by 0'Neill, the erosional break between the Stayton .
lavas and the Pern Ridge tuffs was the result of folding of the lavas prior to deposition
of the tuffs. Second, the red soil covering the 1atorito in the Salem H1lls closely re-
sembles that which is residual from the Fern Ridge tuffs farther east, and 1f they be the
same, the tuffs covered the lavas in the Salem Hills and are represented by this soil
cover. A number of rounded, unweathered basaltic pebbles have been found in this soil
cover at several places in the Salem Hills where their transport by other than natural
agents seems unlikely. Presence of these pebbles indicates that a waterlaid deposit
formerly covered the laterite, and these pebbles are tentatively assigned to the Fern

Ridge tuffs,

If laterization preceded deponi€ion of the tuffs as is believed, the absence of baux-
itic material beneath the Fern Ridge tuffs in the Stayton area can be explained by either
nonformation in places or by erosion prior to deposition of the tuffs., Although nonforma-
tion is a possibility, there 1s evidence which indicates that both laterization of the

Stayton lavas and subsequent erosion preceded deposition of the Fern Ridge tuffs.
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Sediments which O'Neill (1939) mapped as part of the Fern Ridge tuffs overlie unconformably
weathered Stayton lavas in a roadcut near the Ed Doorfler place in the NW} sec. 21, T. 8 S.,
R: 1 W., at an elevation of about 500 feet, These sediments appear to be an outlier of

the maln body of the Fern Ridge tuffs farther east and are similar to them in appearance,
lithology, and degree of weathering. A nodule of high-grade gibbsite was found here in the
sediments several feet above the contact with the underlying basalt. This indicates not
only that laterlzation preceded deposition of the Fern Ridge tuffs but also that erosion
accompanying thelr deposition in places stripped away laterite which was deposited together
with the tuffs. In this roadcut the marked differential weathering shown in the underlying
basalt, as well as the erosional unconformity, indicates that part of the lateritic pro-
file was removed by erosion before the overlying sediments were deposited.

Both the tuffs and gravels in the Fern Ridge formation have been weathered in places
to form high alumina clays. It appears that the weathering of the Fern Ridge tuffs repre-
sents either a continuation of the conditionz which produced laterization of the Stayton
lavas, or a later weathering cycle., The tuffs may have been deposited in the Salem area
at about the same time as the sediments of the Troutdale formation in the Portland area.
Gravels tentatively assigned to the Troutdale formation in the St. Helens quadrangle by
Lowry and Baldwin! have been similarly weathered, and the clay from the Fransen deposit
(%ilson and Treasher, 1938), which may belong to the Troutdale formatlon, contalns as much
alumina as silica. This suggests that laterization may have been active during part of

Troutdale time.

Shape and attitude of deposits

The preséence of much bauxite float on many of the highest ridges and flat hills in
the Salem Hills indicates that the doposits were formed from the upper flows in the ba-
saltic section, The surfaces here as well as in the Eola Hills have been described as
dip slopes. Mosy of the roadcuts in that area are not deep enough to expose the under-
lying basalt, although laterized basalt 18 shown in one roadocut on the crest of a hill.
Thus the outline of the deposits probably i4s determined by the topography, and their atti-
tude by that of the basalt flows. One apparent exception 18 the occurrence of ferruginous
bauxite and an associated overlying layer of bauxite nodules at Locality 87 on U.S. High-
way 99E in the SE} sec, 35, T» 8 S., R, 3 #. The bauxite here occurs in a roadcut which
is more than 200 feet below the surrounding summits. This suggests that either this de-
posit has been affected by faulting or slumping or that the area may have had considerable

relief while laterization was taking place.

1
Unpublished report.
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Character of the ore

Preliminary investigation in the Salem area shows that the character of the laterite
is somewhat different from that in Washington, Multnomah, and Columbia Counties. The
o8litic and pisolitic horizon 1s missing except at Locality 93*. Elsewhere the laterite
appears to have two distinct phases. The upper phase consists of bauxite nodules, ranging
in size from small pieces to as much as 2 or 3 feet in diameter, which have been found in
mo;; places only as float. The other phase is somewhat earthy laterized basalt. The
upper few feet of this phase 18 equivalent in grade and similar in charaeéeristics to the
soft earthy sections in Washington County ore., Below this upper section, the earthy
laterite inoreases in silica ocontent, and grades into weathered basalt, In some places
small nodules of bauxite ocour near the top of the lower phase, indicating a gradation
from one phase to the other,

At two localities where the earthy ferruginous bauxite has been sampled, the laterite
has characteristics which show its derivation from basalt. At one, Locality 83, a well-
defined spheroidal weathering pattern is preserved, and at the other, Locallity 87, the
lower part of the red earthy laterite contains a large piece of unaltered basalt. At the
first locality, the upper 5 feet 1s brown with limonitic streaks or seams which are re-
lated to the spheroidal weathering pattern. This upper seotion contains lighter colored
glbbsitic material with numerous grains of magnetite, some of which show an octahedral
crystallhabit. Analysis of channel samples of the upper 5 feet of the laterite section

at both localities shows that 1t contains about:

A1203 36 %

Fe 21
S102 10.5
Ti0, 2-5

The silica content of the next 3 or 4 feet below at both localities increases to about
17 percent and the alumina drops to about 30 percent.

Overlying the ferruginous bauxite at both localities is a layer of loose bauxite
nodules, Although similar nodules have been found in Washington and Columbia Counties,
those in the Salem area are much more common and generally larger in size, The nodules
are irregular in outline and have a rough surface. Commonly they measure 6-8 inches in
diameter. The largest nodule seen so far measured about 3 feet in longest dimension,
Color of the nodules when broken, 18 white, green, pink, light brown, or reddish-brown
or variations of these colors, Some of the reddish-brown bauxite nodules have a porous,
almost spongy, granular texture with residual grains of magﬁetite. Some of the larger
nodules have a dense texture with irregularly shaped cavities and contain much fewer

erains of residual magnetite., They tend to be lighter colored,

The deposit containing pisolitic ferruginous bauxite was found while the manuscoript
was being multigraphed; hence 1ts presence could not be noted in the Abstract.
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A gibbsitic nodule from Locality 81 shows white lath-shaped crystals and residual
grains of magnetite., Examination of this specimen in thin section under the microscope
reveals that much of the original texture of the parent basalt 18 preserved. A photo-
micrograph of the section is shown in Plate I, figure 3, opposite page 16. The original
basalt had an intersertal texture and was made up of skeleton orystals of magnetite and
laths of plagioclase in a partially erystallized glassy groundmass. The original laths
of plagioclase were X 1 mm long and are now filled with aggregates of gibbsite. Many of
the skeleton crystals of magnetite are out through by veinlets of gibbsite, Gibbsite
forms other veinlets which ocut the original texture and also 1ines some of the cavitles,
As pore space mékes up less than 25 percent of the section, the preservation of the original
texture 18 not alons the result of alteration in place but is in part due to replacement by
introduced gibbsite,

A thin section of a brown, more porous nodule from Locality 79 retains only a part
of the original texture of the basalt from which it was derived. A thin section of a
pink, more dense nodule from Locality 83 1s made up of a chalesedoniclike aggregate of
gibbsite with numerous residual grains of magnetite asome of which retain part or all of
their crystal outlines, Only in one place does the section show a suggestion of the
original texture. Probably much of the iron in the nodule is in the form of residual
magnetite grains, most of which are much less than 0.2 mm in diameter, the maximum size,
Gibbsite forms veinlets ocutting through the aggregates and also fills or lines some of the
cavities, Very small grains which may be residual apatite are also present.

Although most of the gibbsite nodules are loose on the surface or in the overburden,
some appear to be in place in laterized basalt at several localitles, and high-grade
bauxite apparently 1s in place at Locality 84 where a bed of solid ore about 12 feet long
and 1 foot thick 18 exposed in a roadout.

The alumina content of the nodules analyzed ranges from 50 to 60 percent; the silica,
from 1 to 6 percent; and the iron, from 1 to 14 percent.

At Locality 93, numerous pleces of pisolitic ferruginous bauxite and bauxite nodules
occur as float on the surface. At this locality, a few pileces of high-grade pisolitio
bauxite wera found near the J. Summers' house; one chunk of pisolitic ferruginous bauxite
found near the well was nearly 1 foot long. The oococurronce of much of the pisolitic
ferruginous bauxite northeast of most of the bauxite nodules and at a slightly greater
elevation indicates that the pisolitic ferruginous bauxite 1s stratigraphically higher
in the lateritic profile as the dip of the basaltic lavas in the Salem Hills 18 northeast.
Thus the profile in the Salem area may have been quite similar to that in Washington and
Columbia Counties where the o06litic and pisolitic horizon is uppermost. The presence of
this horizon at only one locality suggests that it has been removed by erosion from the

other localities.
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The pisolitic fe;ruginous bauxite at Locality 93 is quite similar in appearance and
composition to that in Washington, Multnomah, and Columbia Counties. The pisolites are
embedded in a reddish-brown, earthy matrix. They tend to be round and average about
three-sixteenths of an inch in diameter. Their fracture surfaces range from a dull,
earthy brown to a submetallio, dark gray or nearly black color. The pisolites are mag-
netic, The pisolitic ferruginous bauxite also contains inclusions of porous granular
ferruginous baﬁxlte and dense gibbsite., The porous granular inclusions are reddish-
brown in color and as much as 1% inches in length, They apparently retain part of the
texture of the basaltic parent rock and contain residual grains of magnetite. The dense,
light-colored, gibbsitic inclusions are as much as 2 inches in length and some are char-
acterized by smooth, curved surfaces suggesting thé colloidal nature of the gibbsite,

An analysis of a plece of the pisolitio ferruginous bauxite from this locality, sample
pP-3987, 1s given in the tnbulat;on below, Other pleces probably contain more alumina
and somewhat less iron as Jjudged by the amount of gibbsitic material includod in them,

An analysis of a plece of the pisolitioc bauxite, P-3988, also found at this locality

follows:
Snmgl; No. Al223 Fe 510, I&QZ Ignition loss
P-3987 29,15 ' 35,04 2,78 1,39 17,17
P-3988 57,60 . 6,78 4,07 2,77 30,52

In contrast to the rather thick silt overburden in Washington and Columbia Counties,
that in the Salem area appears to be thinner in section, probably less than 10 feet thick.
The s0il contains mineral particles of silt size, including quartz grains, whose deriva-

tion 18 not yet known., Possibly the soil is the remnant of the Pern Ridge formation,

Origin of the deposits

The laterite in the Salem area 1s the result of the weathering of Stayton lavas of
Miocene age over a long period of time which followed the extrusion of the lavas and
probably preceded the deposition of the Pern Ridge tuffs of Pliocene (?) age, Derivation
of the laterite from the Stayton lavas 18 unquestionable, The laterite 1s oonfined to
terrane made up of Stayton lavas. At Locality 83, the original spheroidal weathering
pattern of the parent basalt 1s preserved in the earthy ferruginous bauxite which con-
tains numerous residual grains of magnetite. At Locality 87, the earthy ferruginous
bauxite 18 a laterized basalt which grades downward into less altered material contain-
ing fresh chunks of basalt.

‘The nodules of high-grade bauxite represent a more altered and stratigraﬁhionlly
higher part of the basaltic section., They show a gradation from brown, very porous

granular varieties which retein part of the original texture of the parent basaltiec rock,
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to light-colored, raﬁhsr dense varieties., The dense varieties retain none or only a
suggestion of the original texture and contain only a few residual grains of magnetite
which show their original crystal outlines. As described previously, and as shown in
Plate 1I, fig., 3, opposits page 16, a brownish-white nodule from-Locality 81 retains"
much of the original intersertal texture of the basalt from whieh it was largely de-
rived. However, part of the preservation of the texture is the result of replacement
by gibbeite. -

The pisolitic ferruginous bauxite at Losality 93, which probably represents the
upper section of the laterite profile, contalns inclusiony of porous granular ferru-
ginous bauxite which retailn part of the texture of the parent basaltic rock. Residual
grains of magnetite are also present in the pisolitic ferruginous bauxite and further
attest to its derivation from the Stayton lavas.

For a more complete discusslon of the age of the laterization, refer to the dis-

cussion on page al
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Description of Deposits
in
Salem Area = Polk and Marion Counties*

Locality 73, Wallace Hill, Salem quadrangle

Numerous pieces of porous granular bauxitic float occur on the south slope of Wallace
Hill in the SE} sec, 8, T. 7 S., R. 3 #., at an elevation of approximately 350 feet,

Results of the analysis of a composite sample of several pieces follow:

A1,04 50.90 %
Fe 11.98
s10, 3.50
T10, 1.82

Ign. loss 28.87

Locallty 7”, Eola Hills, Salem quadrangle

Pieces of porous granular bauxitie float were found east of the road in the NE& sec. 12,

T. 7 Sey Re 4 W., at an elevation of 750 feet. No analysis of the material was made,

Locality 75, Grice Hill, Salem quadrangle

Numerous pieces of bauxitic float are reported to occur on Grice Hill in Sec. 17, T. 7 S.,

R, 3 W. The locality has not been visited by the Department.

Locality 76, Chaplin Hill, Salem quadrangle

Pleces of porous granular bauxitic float occur on the crest of the road on top of
Chaplin Hill near the center of the SE} sec. 17, T. 7 S., R. 3 W., at an elevation of

500 feet, None of the material has besn analyzed.

Locality 77, Mountain View School, Salem quadrangle

Numerous pieces of bauxitic float are scattered around a large open cut on the north
end of the hill southwest of the Mountain View School, in the southwest corner sec. 16,
Te 7 S¢y R 3 ¥,, at an elevation of approximately 400 feet. No analysis of the loose
pieces was made but a 2-foot channel sample of the material several feet below the top

of the excavation returned:

A1;04 k.01 ¢
Fe 16,62
S10, 19.10
110, 3.18

Ign., loss 19,28

*
See locality map.
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Locality 78, Salem Hills, Salem quadrangle

Results of the analysis of loose pleces of brown porous granular bauxite which occur
in a roadcut of the Liberty-Prospesct road in the Slﬁ seo, 17, To 8 S., R. 3 W., at an ele-

vation of 700 feet are given below, The bauxite contains residual grains of magnetite.

Al504 56.46 %
Fe 7092
s10, 5.57
T10, 347

Ign. loes 28.39

Locality 79, Prospect Hill area, Salem quadrangle

Both gibbsitic and limonitic varleties of float occur in the roadcut on the east side
of the saddle in a north-trending ridge in the swi sec, 19, T; 8 S, R, 3 W,, at an eleva-
tion of 825 feet. Results of the analysis of a gibbsitiec specimen, P=3551, and a limonitic
specimen, P-3552, are given below. The gibbsitic specimen was brown and had a porous granu-

lar texture; it contained residual grains of magnetite.

Sample No. 4,0, ko 5109 110, Ignition loss
P-3551 53.35 9.91 1.55 2,68 © 28,83
P-=3552 14,35 2,47 10.18 1.39 13.96

Locality 80, Prospect Hill area, Salem quadrangle

Plecos of gibbsitioc material ooccur in the roadcut on the northwest side of the hill
a short distance east of the schoolhouse in the southwest corner of sec. 19, T. 8 S.,

R. 3 W., at an elevation of 825 feet, No analysis of the material was made by the Department,

Locality 81, Salem Hills, Salem quadrangle

Numerous pieces of gibbsitic float are exposed in the roadcut on top of the spur near
the center of sec., 30, T. 8 S., R, 3 W,, at an elevation of 825 feet, A specimen of the
bauxite has a brownish-white color and a porous granular texture with residual spearlike
aggregates of magnetite, A description of a thin section of this nodule 1s given on page 8,

Analysis of the material gave the following results:

Al

203 50,64 4
Fe 13.57
510, 2,23
T102 2,11

Ign. loss 27,07

Locality 82, Rosedale School, Salem quadrangle

Neathered basalt s exposed in the roadout in the NW} sec,' 28, T, 8 s., R, 3 W,,
at an elevation of about 650 feet, about one quarter of a mile south:southwest of the

Rosedale School. It is overlain by 4 feet of silty soil containing gibbsitic float.
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Ho analysis of the float was made but analyses of three channel samples of the weathered
basalt were made and are listed below, These analyses show gradational changes in the

laterite section,

Thickness
Sample No. represented A0 Fe 8102 T40, Ignition loss
P=3569 3 ft. 35.08 18.57 17.71 3.57 20,43
P=3568 3 ft. ‘ 29.69 15.10 31.49 3.77 15.73
P=3567 1% ft. 29,60 12.75 35.03 4.07 15.23

Sample P-3569 ropresents the upper horizon, 3 feet in thickness, sontaining browﬁish-
gray material with whitish gibbsitiec pleces, Immediately south of the point where this
channel sample was taken, an unaltered chunk of dark gray basalt occurs in about the same
horizon. Sample P-3568 represents 3 feet of the soft claylike middle horizon, which con-
tains a few o08lities in its upper part. It shows no residual basalt texture. Sample P-3567
represents a lé-foot channel of the lowest horizon sampled. It is a soft, red and gray

material whioh retains the vesicles of the original basalt,

Locality 83, Salem Hills, Salem quadrangle

A layer of brown, porous granular, gibbsitic nodules in the shallow soil overlying
laterized basalt 1s exposed in the roadout in the NE} SWi seec. 28, T, 8 S., R, 3 W., at
an elevation of 775 feet, about two-thirds of a mile south of the Rosedale School, Results
of the analysis of one of the gibbsitin nodules, sample P-3549, are glven below. A thin
scotion of one of the nodules shows that only part of the original texture of the parent
basalt 18 retained, Outlines of some of the original plagloclase laths are visible and
the original arrangement of the residual grains of magnetite is partially preserved.

The laterized basalt below the overburden is characterized by a spheroidal weathering
patte;n. The upper 5 feet, channel sample P-<3571, 48 brown with limonitic and gibbsitio
streaks. The gibbsitic streaks contain residual magnetite grains some of which show thelir
orystal outline. The less altered lower part of the basalt which is a soft, 1light brown,
earthytmaterial, 4 feet in thickness, is représented by sample P=3570. Analyses of these

samples follow:

Thickness
Sample No. represented A1,03 Fe §322 ri0, Ignition loss
P-3549 nodule 50.23 11,02 4.82 3.57 26,11
P=3571 5 ft. 37.46 21.20 10,55 2,78 19.80
P=3570 4 re. 29.22 24,66  17.33 3027 16.88

Analyses of the laterized basalt show that although continued laterization has effected
a further reduction in the contont of silica and titania and an increase in the alumina simi-

lar to that which took place at Locality 82, 1t has reduced the percentage of iron. The
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analysis of the gibbsitic nodule, P=3549, shows the continuation of similar changes with
the exception of an increase in the percentage of titania, Much of the remaining titania
may be present as titaniferous magnetite.

Gibbsitic nodules are exposed in the roadout about one-third of a mile south of this
locality, near the south end of sec, 28, This nodular material has not been analyzed by

the Department,

Locality 84, Salem li1lls, Salem quadrangle

An exposure of light-colored, porous gibbsitic material about 12 feet long and 1 foot
thick 18 shown in the roadcut about 1 mile southeast of the Rosedale School near the center
of the Wx sec, 27, T. 8 8., Rc 3 W., at an elevation of about 725 feet. The outcrop appears

to be in place. Analysis of a sample of the material returned:

Al204 52,80 %
Fe . 9.98
510, 2.55
Ti0, 2,98

Ign, loss 28.77

Gibbsitic nodules are exposed in a roadcut nearly half a mile to the west of the above

outcrop, No analysis of the material was made by the Department,

Locality 85, Salem Hills, Salem quadrangle

Many gibbsitic nodules are scattered over the surface at the bend in the road in the
southwest corner of ses, 22, T. 8 S.;, Ro 3 W., at an elevation of about 675 feet, No anal-
ysis of the float was made by the Department, Similar gibbsitic nodules occur in the road-

cut on the orest of the ridge in the southeast quarter of the same section,

Locality 86, Sunnyside School area, Salem quadrangle

Light-colored, irregularly shaped bauxite nodules as much as 8 inches in diameter
were found in the soil horizon in the roadcuts near the center of sec. 26, T, 8 S., R, 3 W.,
at an elevation of about 750 feet. Analyses of one of the nodules, P-3546, and of a
3§-toot channel sample, P-3536, of the red, nodular material underlying the nodule horizon

are given below:

Thickness
Sample No, represented Al,0, Fe 5102 T409 Ignition loss
P-35U46 nodule 59.55 2,59 3024 1.00 32,85
P-3536 35 ft. 28,35 14,71 28.70 4,32 16.97

It 1s thought that the channel sample included part of the silty soil horizon and
that possibly the lower part of the channel represents better grade material,

Bauxite nodules were also found along the same road less than half a mile to the west.
There the material exposed in place in the roadcut 4s weathered basalt containing more

than 30 percent sillca.
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Locality 87, U.S. Highway 99E roadcut, Salem quadrangle

A layer of loose irregularly shaped; slightly porous bauxite nodules is exposed in
the roadout on U.S. Highway 99E in the NE} SE} seo. 35, T. 8 S., R, 3 W,, about 6 miles
south of Salem. The nodules are light-colorod when broken, and 1lie on top of red later-
ized basalt in place; they are also distributed over the surfase of the slope to the east.
The analysis of one of the nodules, P=3532, 1 foot in longest dimension, i1s given below,
Petrographic examination shows that it is made up largely of gibbsite with some cliachite,
and a few residual grains of magnetite. The upper 5& feet of the laterized basalt is repre-
sented by sample P-3537. Below this a section of laterite, 3 feet in thickness, is repre-
sented by sample P-3573. Th}s lower section showz a marked inereass in the percentage of
silica. A large chunk of unaltered basalt occurs in or below this horizon a 11ttle farther

south in the ocut.

Thickness
Sample No. represented Aly04 Fe S$109 Ti0, Ignition loss
P-3532 nodule 56.50 1.21 4 .87 1.30 32.86
P:3537 55 ft. 35.27 20.60 10 .65 4. 62 19.84

P-3573 3 ft. 30.75 21,89 17.77 5.25 16.91

The elevation of the exposure 18 about 500 feet which is several hundred feet below
the nearby hilltops. It is not known whether the presence of laterite here indicates that
laterization took place while the area had considerable re!iéf or that faulting or slump-
ing 18 responsible for 1ts position. Bauxite nodules similar to those at this locallity,
occur in the next two roadouts less than half a mile to the south. Analysis of a grab
sample of the weathered basalt from near the base of the southernmost of these cuts re-
turned about 30 percent alumina and 28 percent silica. A hard red nodule in the weathered
basalt exposed in the highway cuts more than a mile south of Locality 87 contains about

15 percent alumina, 38 percent iron, 17 percent silica, and 0.3 percent titania.

Locality 88, George Veall place, Salem quadrangle

Bauxitic nodules similar to those at Locality 87 are embedded in the soil on top of
the ridge in the NEl sec. 3, T» 9 S., R, 3 W,, at an elevation of 675 fest, They are
also shown under uprooted trees and in one shallow prospect pit. Many of the nodules are
1l foot in diameter and one of those seen was 3 feet in longest dimension. They have a
tough surface, a rather dense though slightly cavernous texture, and a pinkish color.
They contain some residual grains of magnetite. A brief description of a thin section

of one of thesc nodules is given on page 9.

Locality 89, Salem quadrangle

Many gibbsite nodules, as much as 2 feet in diameter, ocour on top of a northwest-

trending ridge near its western end in the NW} NE} sec. 34, T, 8 Sc, R. 3 W., at an ele-

vation of 800 feet. Some bauxite float was féund along the western extension of this
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ridge just west of an intervening saddle.

Locality 90, Salem quadrangle

Gibbsite nodules several inches in diameter were found on the dump of a shallow pit
near the southeast corner of the church on the south side of the road in the NE} SE} sec, 28,
T. 8 Sey Re 3 Wo, at an elevation of 725 feet., Nodules were also seen elsewhere in the vi-

cinity of the churche

Locality 91, Salem quadrangle

Loose gibbsite nodules are exposed in the roadcut at the top of the ridge near the center

of the A% sec., 29, To 8 S., R. 3 ., at an elevation of about 850 feet.

Locality 92, Jory Hill, Salem quadrangle

Bauxite nodules are scattered over the flat upper surface of Jory Hill, most of which
lies in sec, 20, T. 8 S., R. 3 Wo, at an elevation of about 700 feet. A pile of the nodules
several feet high, apparently gathered from the adjacent field, is just north of the main
road at the northeast corner of the southeast quarter of the section. A well-rounded, un-

woathered basaltic pebble was found on the surface of the flat south of the road,

Locality 93, J, Summers place, Salam quadrangle

Pleoes of pisolitic ferruginous bauxite and bauxite nodules are common over much of
the flat surface of the Jo Summers place in the SW& sec, 15, T. 8 S., R, 3 W., at an eleva-
tion of nearly 500 feet. Gibbsite nodules are more common Just south of the right angle
turn in the road west of the house. Farther east toward the house, at a slightly higher
elevation, pleces of pisolitic ferruginous bauxite become more common and chunks as much
as a foot in length were found near the well on the east side of the house. A few pleces
of pisolitic bauxite were found a short distance back of the house, As the dip of the lavas
of the Salem Hills is northcast, the pisolitic material which predominates to the east prob-
ably represents the stratigraphically highest section of the ore at this locality.

The pisolitic ferruginous bauxite 1s very similar to that found in Washington and
Columbia Counties and described on page 10. Results of analyses of type specimens at
Locality 93, namely a piece of ferruginous bauxite, P=3987, a piece of pisolitic bauxite,
P=3988, and a nodule of the porous granular bauxite containing a few attached o811tes and

pisolites, P<3989, are given below:

Sample No, 5&223 Fe S10, Ti0, Ignition loss
P-3987 29.15 35.04 2,78 1.39 17.17
P-3988 57.60 6.78 4,07 2,77 . 30052
P-3989 43.95 15.37 8.6 3.17 c———

A few well-rounded unweathered basaltic pebbles were also found on the surface at

this locality.
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Locality 94, Grabenhorst Corners, Salem quadrangle

Two horizons of lateritic material are shown in the roadcut in front of the W, D. Olden
place on top of the hill about half a mile west of Grabenhorst Corners at an elevation of
about 500 feet. The roadcut 1s in the NY} secc. 15, T. 8 S., R. 3 . Results of analyses
of samples from these horizons are given below, Sample P~3990 represents nodular material
of porous granular type from the top of the upper horizon. Sample P399l represents the
upper horizon, 3 feet in thickness, made up largely of brownish nodular material. Sample
P<3992 represents the lower horizon, 3 feet in thickness, made up of earthy, brown and

white material,

Sample No. Aly04 Fe S109 Mo,
P-3990 L4, 65 16.20 1.96 3.57
P-3991 29,45 19,39 20.37 -
P<3992 26,50 18.42 27.19 meee

Other indications of bauxite in the Salem areca

Bauxite nodules were found along the road south of the Ankeny School in sec, 9, T. 9 S.,
R. 3 Wo The nodules do not occur in place, and probably have crept or have been transported
a considerable distance. Bauxite nodulos were also seon along the Jofferson Highway and U.S.
Highway 99E nearer Salem than any of the localities shown on the locality map on page 7l.

Loose bauxite nodules occur along the road in the SWj N#} sec., 6, T. 8 S., R. 2 W.,
about 2 miles southwest of Turner in the Stayton quadrangle. High-grade gibbsite float has
been found at several plases in the Waldo Hills east of Salem, One piece was found on the
south slope of the hilltop in the SE} sec, 9, To 8 S., R. 2 W,, at an elevation of about
625 feet. Saveral picces were seen in the roadcuts noar the Witzel School in the NE} sec, 16,
Te 8 Sy Ro 2 W, Numerous gibbsite nodules are scattered over the surface of the flat near the
housc on the south side of the road in the southeast corner of the NWl sec. 15, T. 8 S., R, 2 W.
The surface 1s a little more than 600 feet in elevation and extends northwest nearly a mile,

Bauxite is reported to occur on the surface of the higher elevations of the southeastern
extension of the Salem Hills, about 3 miles northwest of Marion.

As previously mentioncd under the discussion of the laterization of the basalt on pngeé%%
a high-grado gibbsite nodule was found in a roadocut near the Ed Doerfler place in the NE& sec, 21,
T« 6 Ssy Ro 1 W, This nodule occurs in sediments overlying Stayton lava. The sediments have
beon mapped by O0'Neill (1939) as part of the Pern Ridge tuffs. The significance of this ocour-
renco 1s noted in the discussion mentioned above,

An occurrencec of limonite in sec., 24, T. 8 S., R. 2 W,, 1s also listed here as a matter
of rocord., Results of the analysis of a sample submitted to the Dopartment by James E, Towle

of the Waldo Hills Scedling Nursery, Aumsville, Oregon, are given below:

Fe 51.32 %
° A150, 4.90

510, 3.L4b

740, 0.39

Ign. loss 16,43
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Economics of Deposits

Introdustion

According to present practice, metallic aluminum is produced from ore in two steps.
The first 18 the production of pure aluminum oxide, or alumina as it is called, from
high-grade bauxite by the Bayer process. The second step i8 the electrolysis of alumina
in a fluoride bath to obtain the metal. No other process has so far been used to pro-=
duce aluminum commercially in this country. Only high-grade bauxite is amenable to
treatment by this process; in fact no other aluminous material has so far been competi-
tive with bauxite in production of aluminum, if exception 1s made of the reported treat-
ment of clays in GCermany and Russia, and the small wartime production of alumina from
alunite, In these 1nst£nces, the plants were Government-owned or sponsored and costs
of production were probably not comparable with those obtainable by Bayer process plants
operated by private industry. However, 1t is improbable that unit eost of producing
aluminum metal from low-grade material such as einy or other silicates has been nearly
as low as that obtained in using bauxite of the quality required in Bayer plants. The
reason, of course, for treating the lower grade material in Germany and Russia was the
lack of bauxite within their own boundaries, and the continual search for means to become
self-sufficient in strategic raw materials.

Reserves of high-grade bauxite in the United States, nevor very large compared to
those in some.foreign countries, have been greatly reduced because of unprecedented war
raquirements. New high-grade ore has been found by exploration work (MacPherson, 1945),
but the known quantity of reserves of Bayer grade bauxite 1s far too small to make this
country independent of foreign supplies, and it is a truism to state that this country
should never again be dependent on foreign sources of supply of any materials ossential
in prosecuting a war. Therefore either we must maintain huge stock piles of imported
high-grade bauxite or develop economic processes to treat domestic low-grade aluminous
materials which occur in abundance. It 1s unnecessary to point out the advantages of
developing and maintaining our own industry.

Prior to World War II, because cheap and reliable electric power was available
from hydroelectric development of the Columbia River, two privately owned aluminum re-
duction plants were built on the river, one at Vancouver, Washington, and one at Long-
view, ifashington. These were the first aluminum reduction plants built west of the
Mississippi River. Later, because of war needs, three more plants wero built in the
Northwest with GCovernment rqus; one at Troutdale, Oregon; one at Spokane, Washington;

and the third at Tacoma, Washington.

/
/

/
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Combined rated capacity of the two privately owned plants is 248,000,000 pounds
annually; that of three Government-owned plants 1s 367,000,000 pounds. The total is
over 300,000 tons, or twice annual domestio production before 1940, .

Under conditions existing in this country, the largest item of cost in aluminum
metal production 1s alumina supply; the second is cost of electric power. However,
cost of alumina is less critical in relation to location of plants, as alumina mey be
transported over long distances without increasing cost of the metal in direct propor~
tion to the distance spanned, whereas electric enorgy may be transmitted esomomically
over relatively short distances, Dependability of power 18 also a governing factor in
location of plants, as some so-called overhead costs such as amortization, deprecia- |
tion, administration and the 1like must be charged whether or not a plant is turning
out metal.

Except for a relatively small amount of alumina produced from alunite by a plant
at Salt Lake City, no alumina is produced in the West,and #tmust be transported from
Bayer plants in the eastern part of the country to supply northwest plants, Railroad
freight 18 reported to be $8.00 per ton in train lots, Converted into unit cost of

metal, this cost of freight is 0.8¢ per pound of aluminum,

Economic characteristics of deposits

The thickness, attitude, friability, and moderate stripping ratio of the deposits
in Washington and Columbia Counties all favor cheap mining with earth-moving equipment,
It 1s likely that the ore could be excavated without the use of explosives. The de-
posits are distributed widely, and aggregate reserves appear to be substantial in millions
of tons., Location of the deposits is especially favorable in relation to railroads, high-

ways, the aluminum plants on the Columbia River, and electrio power,

Metallurgy

In order to be commercial, the ore would neced to be treated to produce both alumina
and iron., Results of metallurgical testing work being carried out on low-grade bauxite
by public and private agencies are not known to the writers, In the past the Pedersen
process was applied on a commerci@l scale in Norway to treat analogous material, and it
1s possible that this process or some modification of it may be feasible, As used in
Norway where operations were aimed primarily at producing high-grade pig iron, low-silica
ferruginous bauxite was imported from France and smelted in an electric furnace with
Norwegian iron ore, together with lime as a flux and coke as a reducing agent. An out-
line of the process 1s given opposite page 83, Pig iron and calcium aluminate slag were
the products from the electric furnace, The finely ground slag was treated with hot
sodium carbonate solution containing some sodium hydroxide, Carbon dioxide gas was passed
into the resulting sodium aluminate solution to precipitate aluminum hydroxide which was

filtered and calcined to produce alumina.
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For a number of years the U.S, Bureau of Mines has been carrying on testing work on
treatment of low-grade bauxite. Results have not been made available to the publioc, but
it has been reported that a large amount of work has been done in studying the application
of the Pedersen process to high-silica and high-iron bauxites,

A process for treating low-grade bauxite or other low-grade aluminous material was
developed by the Aluminum Company of America during the war period Jjust pait, and applied
to treatment of wastes from the Bayer process, As described by Robert F, Gouldl the new
process appears to be chiefly valuable in combination with the Bayer process, and would

not seem to be economically suitable for treatment of the high-iron Oregon ores.

Salem deposits

In the absence of exploration work, it is impossible to estimate the economic importance
of the occurrences of high-grade bauxite in the Salem area. In some roadcuts and on the sur-
face in several places nodular bauxite occurs in quantities which warrant testpitting to de-
termine the amount present. 1In one roadcut high-grade material occurs in place as a solid
layer about one foot thick. The areal extent of this layer has not been determined.

Bauxite of the quality found in the Salem area might be suitable for uses other than
production of alumina, These uses are in making aluminum chemicals, chiefly aluminum sul-
phate; production of high-grade abrasives; in oil refining; as a refractory; and in making
quick~setting cements, Each of these classifications has distinctive specifications,

The low-graude ore which occurs in the laterite section immediately below the high-grade
nodular ore, is widespread but appears to be in thinner section than in the corresponding de-
posits of Washington and Columbia Counties, Silica content increases rapidly with depth be-
low the upper 4 or 5 feet, The change 1s gradational, and no dividing line may be determined
visually between low- and high-silica material, The preliminary study of the deposits has:
been insuffiocient to permit definite statements concerning the profile of the laterite section,
but from present indications the ferruginous bauxite (exclusive of the high-grade nodular
material) in the Salem area is probably of less potential commercial importance than that in

Washington and Columbia Countles,

Conclusion

In summation, the ferruginous bauxite deposits of northwestern Oregon appear to contain
resorves of sufficiently large size to warrant an alumina industry, Development of an eco~-
nomic treatment process is the eritical faotor in putting these deposiﬁs into production,
not quantity of reserves,

Although the Oregon ore 18 low in alumina compared to bauxite suitable for the Bayer
process, the iron contained 18 potentially of commercial value, If arbitrary values of
$45.00 per ton for alumina and $17.90 per ton for iron are taken, the potential gross value

of products obtainable from 100 tons of ore (unit taken for convenience), assuming 90 percent

1 .
Industrial and Engineering Chemistry, September 1945,
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recovery, is $1788.03. The comparable value of alumina produced from 100 tons of Arkansas
bauxite would be $2227,50, assuming 55 percent 11203 and 90 percent recovery, -If this
alumina is to be used in aluminum reduction planfs in the Northwest, its value to the pro-

ducer is reduced by railroad freight of $8.00 per ton. The comparison is tabulated as follows:

Bayer Process Ore - 100 Tons

55% Al,03, 90% recovery, 49,5 tons alumina at $N51 $ 2227.50
Less $8 per ton freight 396.00
Received by producer of alumina f.o.b, lower Columbia River points $ 1831.50

Oregon Ore - 100 Tons

35% A1,04, 90% recovery, 31.5 tons alumina at $u5l $ 1417.50
23% Fe, 90% recovery, 22.5 tons iron at $17,902 ___370.53
Valué of combined alumina and iron $ 1788.03

The comparison, of course, assumes economic treatment of the Oregon ore. In practice, a
lower percentage recovery could be expected in treating Oregon ore, but this disadvantage would
probably be offset by cheaper mining costs, and the comparison indicates that there is no great
disparity in gross value under the assumptions given above, At the same time it is realized
that profit and not gross value governs feasibility.

No value may be assigned the titanium in the Oregon ore but it is believed by the authors

"that the titanium content may, at some future time, be a commercial by :product in the recovery
of alumina and iron, either as titanium oxide or ferrotitanium,

Because of location, probable extent, physical and chemical characteristics, and poten=
tial gross unit value of the ore, the Oregon deposits form the most important known reserve
of low=-silica aluminous ore in the United States,

From the above, the following important points may be emphasized:

1. The Oregon ore is low in silica and therefore may be more economically treated than
clays or other aluminum silicates,

2, The iron contained in Oregon ores 18 an asset which offsets the lower alumina content
compared to high<grade bauxite,

3. Location of deposits near aluminum reduction plants, and physical characteristics of
deposits which will permit low mining cost, are especially favorable factors in any
plan for commercial production from these ores.

1Reuords of costs of producing alumina are not available, Estimates by Engle, Gregory, and
Mosse (1944) range from about $35.00 to about $42.00 per ton as the cost of producing alumina
at hypothetical locations in the United States, the principal variable being capacity. The
lowest cost estimate 18 for a plant on the lower Columbia River with a capacity of 500,000
tons per year, and using bauxite brought in from Bintan Island. The highest estimate 1s for
a plant at an inland point in the Southeast with a capacity of 100,000 tons per year, and

using bauxite from Dutch Guiana. Based on figurcs in these estimates 1t would appear that
$45.00 per ton is at least not too low as a selling price for alumina in the Northwest, and
therefore does not reflect too low a gross value on high-grade bauxite in comparison with

Oregon ore,

Average value per net ton of pig iron at blast furnaces in the United States in prewar
year 1940 according to U.,S, Bureau of Mines Minerals Yearbook.



Appendix 87

Appendix

Analysis of Ferruginous Bauxite Ore
by
L. L. Hoaglandl

An accurate analysis of alumina ores containing titanium reqﬁires more attention and
care than is generally appreoiafed. Even in the most routine mothods it is necessary to
resort to extreme measures to bring the ore completely into solution, and after this is
accomplished the analyst must guard against hydrolysis of the titanium to prevent contam-
ination of the silica and alumina oxides.

For the analysis of ferruginous bauxite ore from Washington and Columbia Counties in
the laboratory of the Department of Geology and Mineral Industries, it was necessary to
work out a method in which the high titanium content of the ore would not affect the accu-
racy of the results. The procedurs finally adopted requires 3 to Y4 days for completion,
and eliminates the titanium interferences. It also fits in well with other laboratory
work which frequently interrupts the progross‘or any lengthy analysis for periods ranging
from several hours to several days.

Prior to making any chemical analysis, the ores were examined both petrographically
and spectrographically, and it was found that aside from very minute quantities of other
elements, the ores were essentially hydrated oxides of alumina and iron with silica and
titania as accessory componente. For the determination of alumiha, iron, silica, and
phosphorus, parts of standard methods described by Lundell, Hoffman and Brightz, Sootta,
and Lo'u were incorporated.’ After trying several standard gravimetric and volumetrioc
methods for the titanium determination, which were described in the works cited above, a
volumetric method was worked out in the Department's laboratory. This method requires
much less time and gives more acourate results than were possible by gravimetric methods,
and compares favorably with results obtained with standard volumetric methods.

In making the analysis, separate portions of the air-dried sample are taken for the
moisture and ignition loss, iron, and phosphorus determinations, whereas the silica,
alumina, and titania are dotermined on the same portion. All portions are weighed at the
same time in order to eliminate changes that might occur in the moisture content., The

following gives the detailed procedures for making the determinations:

1

Assayer and chemist, Oregon Department of Geology and Mineral Industries,
2Lundell, Hoffman and Bright, Chemical analysis of iron and steel,
3Soott's standard methods of analysis,

l'Lcm, A.H., Technical methods of ore analysis.
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Moisture

Transfer 2 grams of the air-dried sample to a weighed platinum crucible having a
tight-fitting cover. Dry at 100° to 105° C. for 3 to 4 hours. Place the cover loosely
on the crucible and cool in a desicecator. When cool, cover tightly and weigh., To find
the percentage of moisture, subtract the final weight from the original weight and multi-
ply by 50.

Loss on Ignition

Aftor the final woeighing in the moisture determination, heat the crucible gently
in an oxidizing atmosphere until oxidation changes have taken place; cover and heat for
30 minutes at 1000° to 1100° C. Cool in a desiccator and weigh. Calculate the per-

centage loss,
Iron

The detormination of iron is made by the well-known Zimmermann-Reinhardt method as
described by Lundell, Hoffman, and Brightl. This method cheocks very closely with re-

sults obtained by much longer umpirc methods,

Special solutions required:

Stannous chloride., Dissolve 150 grams of SnCl2°2H20 in 300 ml of HCl, and dilute

to 1000 ml with water,

Titration mixture. Dissolve 200 grams of MnSOy°4H,0 in 1000 ml of water, and add

a cooled mixture of 40O ml of HaS04, 1200 ml of water, and 400 ml of syrupy phosphoric

acid.

Mercuric chloride, Prepare a saturated solution of "3912 in water,

Standard 0,10 normal permanganate, Dissolve 3,16 grams of KMnOy in 1 liter of water,

allow to age, filter through asbestos, and standardize against Bureau of Standards sodium

oxalate. One ml KMnOy is equivalent to 0.005584 grams of Fe,

Procedure: Transfer 0.5 grams of the air-dried sample to a 200-ml beaker;
add 10 ml of HCl and 5 ml of stannous chloride solution. Cover the beaker
and gently heat on a warm plate for 3 hours with occasional agitation, If
any dark particles remain, continue heating until only a white, flotant,
insoluble matter remains,

Add a 2.5 percent solution of KMnOy (drop by drop) until a distinct
pink or brownish color appears. Dilute to 25 ml with water; heat nearly
to boiling. Add stannous chloride solution dropwise and with stirring un-
til the color of the ferric iron disappears, and then add Just one drop
more, Wash down the inside of the beaker, and quickly cool in iee water,
Add at one stroke 10 ml of saturated solution of mercuric chloride; stir;

1 Op. cit., p. 87.
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again wash down the inside of the beaker with cold water and allow the solu-
tion to stand for 2 to 5 minutes, Transfer the solution to a 600-ml beaker
to which 25 ml of the titration mixture and 400 ml of cold water have been
added. Stir and add standard permanganate solution from a burette to a def-
inite pink end-point, Run a blank on the reagents through all operations
and make proper corrections,

Silica

The titaniferous ores from Washington and Columbia Counties are not entirely de-
composed by acids, It 1s necessary to filter off the insoluble residue after acid
treatment, and subjJect it to evaporation in hydrofluorlic and sulphuriec acids, The
following procedure has been found to be most effective as it ylelds a very sharp sep-

aration and 18 somewhat more rapid than most umpire procedures,

Procedure: Transfer 0,5 gram of the sample to a porcelain casserole, cover,
and add 25 ml of HCl, Digest with frequent agitation on a warm plate or
water bath until decomposition appears to be practiocally complete, then add

1 ml of HN03 and evaporate to drynoss, Bake nt'about 110° C, for 1 hour.
Cool somewhat, drench the residue with 10 ml of HCl, digest for 2 minutes,
and then add 70 ml of hot water. Heat until soluble salts are in solution’
(preferably not over 5 minutes) and filter, Wash 5 times with hot dilute HCl
(1:20) then wash- thoroughly with hot water, Evaporate the filtrate and washings
to dryness; bake and dissolve the soluble salts as before, Filter, wash the
small amount of silica, first with cold dilute HC1l (1:100), then with hot
water, Reserve the filtrate and washings for the determination of alumina
and titania. Ignite the two papers in a platinum crucible, slowly at first,
and finally at a temperature of 1200° C, Cool and weigh, Treat with a few
drops of dilute HpSO4 (1:1) and 5 to 10 ml of HF, evaporate to dryness, and
again 1gnite at 1200° C. Cool and weigh, The loss in weight represcnts the
silica,

Alumina and Titania

For the determination of alumina in ores thero are three very accurate gravimetrio

methods which are frequently used, These methods are as follows:

1, Precipitation of all the oxides with ammonium hydroxide and calcula=
tion of the alumina by difference after the various amounts of other elements
known to be present have been determined,

2, Precipitation of the alumina as phosphate after removal of the inter~-
fering elements,

3. Precipitation of alumina with ammonium hydroxide after the other
oxides have been separated from the sodium hydroxide solution,
The last method was adopted because 1t gives the least contaminated A1203 precipitate,
and also fits in with the scheme for the volumetric determination of titanium in the same

portion of the sample. )
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The volumetric method for titania as worked out in the 6epartment'a laboratory gives
results that are well within the limits of accuracy, and duplicate results are easily ob-
tained after ﬁ 1ittle practice to develop speed in the manipulation, Because of the rapidity
with which titanium oxidizes after reduction with zino,most volumetric methods require that
‘the reduction, and manipulation after reduction, be carried out in the absence of air. The
Iprocedure described below, although it allows the solution to be in contact with air for a
few seconds, gives resuits which check within the limits of accuracy on standard bauxite
samples, As an illustration, Bureau of Standards bauxite sample No., 69 gave 3.01, 3.05, and

3.03 percent Ti0, as against the certificate value of 3.07 percent.

Procedure:

Alumina, Fuse the non-volatile residue from the silica determination with
a small amount of sodium carbonate, Cool, take up the melt in dilute HC1l (1:4),
and add the solution to the filtrate and washings from the determination of
siliea, Dilute to 300 ml, heat to boiling, and add NHyOH cautiously until all
the oxides are precipitated. An excess of ammonia must be avoided as A1203 is
slightly soluble in dilute ammonium hydroxide., Boil for 1 to 3 minutes, add
4 drops of methyl red and allow the precipitate to settle partially. If the
clear solution is red, discharge the color with a drop or two of NHyOH. Filter
through a No, 40 Whatman or similar paper, and wash 5 times with hot neutral
2 percent solution of ammonium chloride, TWash the precipitate back into the
beaker in which the precipitation was made with a strong jet of water and dis-
solve 1t in 50 ml of hot dilute HC1 (1:4). When dissolved, dilute to 350 ml,
add the paper and stir until it 1s pulped. Repeat the precipitation and washing
as before, Transfer the precipitate and paper to a silica crucible, dry at
110 to 120° C.,, and ignite cautiously until charred, then heat to 900 to 1000° C.
to burn off the paper., Cool, pulverize the precipitate in a small agate mortar
using care to avoid loss, and return 1t to the crucible., Clean the mortar
thoroughly by grinding several small portions of K28207. Add these fractions
to the crucible and moke up the weight of K3S;07 to about 12 grams. Mix and
then fuse over a moderate flame for 20 to 30 minutes. Cool, place the crucible
and cover in a 300-ml tall form beaker, add 12 ml of HC1l diluted with 70 ml of
water, and heat to dissolve the melt, Remove ocrucible after rinsing with a
small volume of water and heat to boiling, Filter off the insoluble, dry the
paper, ignite and weigh, then treat the residue with HF and HySOy. The loss
in weight 18 added to the weight of the silica. The solution should not be
much greater than 100 ml at this point and should contain not less than 10
percent HC1l by volume in order to prevent hydrolysis of the titanium. Heat
to near boiling and nearly neutralize the solution with 25 percent NaOH and
pour the clear solution slowly and with constant stirring into 250 ml of a
nearboiling 5 percent solution of NaOH in a 600-ml beaker, Cool *to room tem-
perature, transfer to a 500-ml volumetric flask and dilute to the mark, Return
to the beaker, mix well, and allow to settle., Filter through a dry No. 2
¥hatman or similar paper, Mcasure out a 250-ml portion of the filtrate in a
volumetric flask., Continue the filtration and after washing the preoipitate
once or twice, reserve it for the titanium determination,
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Transfer the 250-ml aliquot to a 400-ml beaker, add 4 drops of methyl red,
acidify with HCl, and add 10 ml in excess. Heat to boiling and precipitate the
aluminum by adding NH,OH until the red color Just changes to yellow, Boil for
2 minutes and filter on a paper of loose texture. Wash twice with a 2 percent
solution of NHyCl. Transfer the paper and precipitate back to the beaker in
which the precipitation was made, stir the paper to a pulp, and add 50 ml of
hot 1:4 HCl, Digest for a few minutes, dilute to 250 ml, and precipitate and
wash as before, Ignite the paper and precipitate and weigh as A1203. Correct
this weight by a blank carried through all steps of the method, The precipi-
tate may also carry some Py0g5. However, unless the percentage of phosphorus
13 relatively high in the original sample, nearly all will be lost during the
volatization with HF and the fusion with pyrosulfate, In general the amount
remaining with A1203 precipitate 1s negligible.

Titanium. Place a 200~-ml tall form beaker under the funnel and dissolve
the precipitate obtained in the NaOH separation above with 10 ml HCl diluted
with 15 ml of water. (Solution should be near boiling). As titanium does not
dissolve rcadily on filter paper the solution should be reheated and again
passed through the paper. Wash the paper with small portions of hot very di-
lute HC1l until all the color in the paper has been discharged, The volume of
solution should not exceed 75 ml at this point, and with the HCl content above
10 percent (to prevent hydrolysis of the titanium) can be set aside for several
days while accumulating several samples before continuing with the titanium
determination., Transfer the solution to a 100-ml volumetric flask and dilute
to the mark, mix thoroughly, return to the beaker, and pipette 50 ml to a
250-ml Erlenmeyer flask. The pipette and flask must be checked to insure that
the 50 ml removed is exactly 1/2 the total volume,

The solution remaining in the beaker is heated to boiling, the iron
reduced with stannous chloride, and titrated with potassium permanganate as
described above in the iron determination. To the solution in the Erlenmeyer
flask add 3 ml of HCl and heat to near boiling, remove from the heat and add
cautiously 5 grams 20-mesh zinc shot. The iron is reduced to the ferrous
condition and the titanium to T1203; hydrogen is liberated by the action of
the free acid on the zinc and expels oxygen from the flask. Allow the action
to continue, heat 1f necessary until the solution 1s first colorless and then
imparts a violet color (due to reduced titanium), Cool with 50 ml of cold
water and quickly place the flask in a cold water bath, Cautiously add 20 ml
1:1 HySOy which will dissolve the greater part of the remaining zine shot and
allow an sxocess of sulphuric acid for the titration., Remove from the water
bath as soon as the violent action has subsided and allow the asction to con-
tinue, Before all the zinc 1is dissblved filter rapidly through a funnel con-
taining a small plug of moist cotton into a l-liter beaker containing at least
3 inches of cold water, The neck of the funnel should extend to within 1/2 ineh
of the beaker bottom in order to collect the filtered solution under water,
Wash the beaker, funnel, and cotton rapidly with large quantities of cold water,
dilute if necessary to 700 ml with cold water, and titrate at once with standard
potassium permanganate, Subtract the burette reading obtained in the titration
of the aliquot portion reduced with satannous chloride from the reading obtained
above, The difference 1s the volume of permanganate used to oxidize the ti-
tanium from T1203 to T10,, Calculate the percentage of Ti0,. One ml of 0.10
normal KMnOy 1s equivalent to 0.00799 grams Ti0j.
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Phosphorus

Phosphorus is determined in this laboratory by the so-called "alkalimetric;method"
based on the neutralization of the ammonium phosphomolybdate precipitate with a standard
solution of sodium hydroxide, It i8 a very desirable procedure for the routine detera
mimation of the moderate amounts of phosphorus found in Oregon ferruginous bauxite ores

1f the procedure 18 faithfully followed,

Special solutions required:

Standard 0,10 normal sodium hydroxide., Dissolve 100 grams of sodium hydroxide pellets

in 100 ml of distilled water, transfer to a 150-ml test tube of resistance glass, and avoild
wetting the top. Stopper tightly with a stopper covered with tin foil and let stand in a
vertical position (for several days) until clear. Withdraw carefully 6.5 ml for each liter
of solution with a pipette and dilute at once with recently boiled (co2 free) distilled
water, Standardize against Bureau of Standards standard acid potassium phthalate No. 84.

Standard 0.10 normal nitric acid. Mix 7 ml of clean concentrated nitrioc acid with

l 1liter of water and standardize by comparing with the standard alkali solution.

Molybdic acid reagent. Mix 100 grams of molybdic acid (118 grams of 85 percent acid)

to a paste with 265 ml of water. Add 155 ml of NH), OH (sp. gr. 0.90) and stir until all is
dissolved, To this solution add 66 ml of HNO3 (sp. gr. 1.42) stir well, and then set aside
for an hour., In another vessel make a mixture of 395 ml of HNO3 (spo gro. 1.42) and 1100 ml

of water, Finally pour the first solution into the second, stirring constantly. Age 24 hours

and then filter before using.
Procedure: Transfer 2 grams of the sample to a large platinum orucible and
mix with 5 times its weight of sodium carbonate., Fuse at the full heat of
a Meker or Fisher burner for 15 minutes. Cool and rotate the crucible so
that the melt solidifies in a thin layer on the side of the esrucible., Place
in a 250-ml beaker, extract the melt with 100 ml of hot water. Remove cru-
cible and digest near the boiling point for 15 to 30 minutes; filter and wash
with hot water, '

Acidify the filtrate with HN03 and evaporate to dryness in a porcelain
casserole, Cool, add 25 ml of 1:1 HNO3, heat to boiling, then add 20 ml of
hot H20 and filter into a 250-ml Erlenmeyer flask, Wash the paper a few times
with a little hot water, Evaporate the solution to about 45 ml, neutralize
with NHyOH, and add 3 to 4 ml of HNO4 and 10 grams of ammonium nitrate,

Heat to 40° C.; add 60 ml of molybdate reagent previously heated to
4o° C. Stopper the flask and shake for § minutes, Allow to stand in a
warm place for 15 to 30 minutes, then filter on a 9 em No, 42 Whatman paper,
Wash the flask, precipitate,and paper twice with 5 ml portions of dilute
HNOB (1:100) and then 5 times with 5 ml portions of a l-percent solution
of KNO3. Finally wash the paper about 10 times directing the Jet of KNOj
solution around the edge of the paper and then spirally down. Washing is
complete when 10 ml of the filtrate will not decolorize 1 drop of the standard
alkali to which has been added 1 drop of phenolphthalein.
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Return the paper and precipitate to the flask, add a 2 = 5-ml excess of

standard
shake or
with COp
the pink
standard

0.10 normal NaOH and 25 ml of water free from carbon dioxide, and
stir until the precipitate 1s dissolved. Dilute to about 125 ml

free wator, add 3 dropes of 0.2 percent phenolphthalein and discharge
color with standard 0.10 normal HNOB. Finish the titration by adding
alkali until the reappearance of the pink color. One ml of 0.10

normal NaOH 18 equivalent to 0,000135 gram phosphorus,

The
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" Glossary

Bauxite - A generioc term for rocks rich in hydrous aluminum oxides, An aluminous
laterite in which aluminum hydroxides are in greater quantity than other
lateritic constituents. Applied commeretally to aluminous laterites of
ore-grade.

Bauxitiec - Containing bauxite minerals,

Bauxitioc clay = A clay containing bauxite minerals so that the ratio of alumina to silica
18 greater than that in kaolinite or halloysite.

Cliachite ~ A colloidal aluminum hydroxide whose composition has been given as
Al304 (H0)y+ It is the main constituent of some bauxites.

Colloform - The rounded, reniform, or more or less spherical form assumed by amor-
phous or metacolloidal minerals or mineral gels in open spaces,
Structure similar to that assumed by colloids,

Ferruginous - An adjective applied to rocks containing iron as an influencing component.

Gibbsite - A mineral consisting of the hydrous aluminum oxide, A1203°3H20 or Al(OH)B,
It is the major constituent of some bauxites and a minor one in others.

Goethito - A mineral consisting of the hydrous iron oxide, HFe0,.

Laterite - A residual surface deposit, often concretionary, formed as a result of the

decomposition of rocks by weathering and ground-water action, and consisting
essentially of aluminum and ferric hydroxides, which may be crystalline or
amorphous,

Laterization =~ The process by which laterite 18 formed.

Limonite ~- Name formerly given to a hydrous iron oxide with the supposed formula
2?9203v3H20. It has been shown that much of the natural material classed
a8 limonite 1s cryptocrystalline goethite with adsorbed or capillary water.
It 18 retained as a convenient field or generie term to refer to hydrous
iron Qxides whose real identity 1s unknown,

Magnetite « The magnetic oxide of iron, Pejou or FeOoFe,04,

Nodular « Having the shape of a nodule or composed of nodules; in tuberose forms;
or having irregular protuberances over the surface.

0011tes - Rounded, concretionary grains usually considered to be smaller than a pea.

06litlo - ‘A textural term for rocks consisting of small round grains or concretions
(0611tes) cemented together, resembling the roe of a fish,

Pisolitio - A texture coarser than oglitio, the conocretions being about the size of,
or larger than, a pea,
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