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INTRODUCTION

This map shows, according to available data, the known potential alumina

GEOLOGIC ENVIRONMENT OF ALUMINA RESOURCES OF THE COLUMBIA BASIN
By I. G. Sohn

related but distinctly separate commodities are given in U. S. Geological Survey
Circular 158, Industrial clays of the Columbia Basin.

ALUMINOUS LATERITE

by Columbia River basalt. This is confirmed by paleontologic evidence! For
this reason certain areas underlain by these basalts are shown on the map as

e ¢ % awnip u Aluminous laterite is a residual weathering product of the Columbia possibly favorable for the occurrence of small local high-alumina clay deposits.
7 N ‘:SO“-“_CES Ozlthe. Columbia ?ashm,kand the ldlscovery 1305.5‘1”1“"35‘0f additional TYPES OF ALUMINOUS DEPOSITS River basalt and related basalts. The laterite is composed principally of Areas underlain by Columbia River basalt reggrded as unfavoragle for
v J \ TPOt:ltlS— . f“mmulm’ 'One(21 l(;% )emeeta s Ef moderfl mldus.try, is reduc'ed l?y HIGH-ALUMINA CLAY gibbsite (A1(OH)5) and hematite (Fe,0s), with lesser amounts of kaolinite, residual clay include those where the weathered mantle has been eroded,those
‘\ :h:conolyyi:s:z:ncam‘::rl\:?:ial ;)u;::e. I::‘e):-::: i: :g:::;‘; ‘:t‘;'::n:;;af:uﬁ }?’i‘il:‘:v;: B it gy e o s vt i halloysite (Alg}?igOs(OH)‘lt, and othE{ minerals.  The average chemical covered by younger lavas, and those in which great thicknesses of sediments
> = v a N =B : a clay 1 c 1nant minera composition is shown in an. is 9 in table 1. h 1 i i i i 3
i A 3 EXPLANATION FOR MAP stimulated during World War II, because of the increased demand for aluminum is kaolinite (A1,Si,05(0OH)4) and which contains at least 20 percent available P ° i T R ::leo i:zc:z:sagzdc,ﬁz:():h e he Uniney, Pascs, axd Unaillla: bestia (st A
(\\ A and because of the difficulty of transporting foreign ores. As a consequence alumina (A1,05). “Available alumina” by definition is the percentage of alumina ALUNITE . G?Sedimeut cla .--The high-alumina sedimentary clay beds in the eastern
\\k — I { Federal and State agencies made detailed studies of known domestic deposits that is dissolved from one-half gram of clay dried at 130°C, by boiling in 35 f the C ;”yb~ {51 & idered to b i f)’h Liatahif :
~ N ) of potential sources, such as high-alumina clay, aluminous laterite (f in ml of hot sulfuric acid solution (containi ; 20 b ight H,S0,) f ite i : 3 part o e MO e Sioan are connd 9 Mos kg be 5 ormatfon,
a -, f PO By (A Y - 1e \eITuginous g s € aclcysp 1ILONLCORLAINING percent by welg t H2504) tor Alunite is ahydrous sulfate of potassium and aluminum (KA15(0OH)s (SO ,)2). which is a series of sedimentary rocks interbedded with the Columbia River
~ - ~ bauxxtfe), and alunite. Research in methods of recovering alumina from th(?se one. }'lfJur after .the clay is dehydrated by ca!cmmg at 700°C. This is the It was used as a source of alumina in an experimental plant operated by basalt. Only those parts of the Latah formation that were deposited in lakes
SR ~ potential ores was pursued by the U.. S. Bureau of Mines .and other laboratories definition established by the U. S. Bureau of Mines, whose analyses were used Kalunite, Inc., for the Defense Plant Corporation at Salt Lake City, Utah, in near granitic masses contain high-alumina clay, and therefore deposits of such
\ S NI ) 2 and by .194-5 had progressed to the pilot-plant stage for high-alumina clays and to calc‘u]ate the alu.mina and iron content sl'}own in table 2.' ) 1943 and 1944. The chemical composition of three samples of alunite from a clay in this formation may be expected only in belts of varying width along the
» ~ - for alumte.. . . P . . 1%'“38 genetic. types of high-alumina clay deposits are known in the source near the Columbia Basin is shown in analyses 10, 11, and 12 in table 1. margins of granitic rocks. These deposits may be contaminated by lenses of
4 ~. y " i . ) Considerable attention was given to the Columbia Basin, which contains Columbia Basin: sand and aravel, Sediments which were deposited in lakes: that did ot receive
‘ ~ o /) L A!‘ea knOWn to contain depOSItS Of hlgh-alumlna many deposits of high-alumina clay and aluminous laterite; some alunite is (1) Residual clay deposits derived by weathering of granodiorite and DISTRIBUTION detnital mgarteria.l o veatherad N aranitic pbodies consist mosatly lof diatomite
s ~— e Clay aluminous laterite’ and alunite. Numbers present just outside the Basin proper but within the same economic province. associated granitic rocks of the Idaho batholith and similar intrusions. This e TS T < 4
N = — ? . . The region has possibilities for the development of an aluminum industry based residual clay is low in alumina because it contains large amounts of residual The known deposits of residual clay derived by weathering of granitic ‘s ; ;

\\ \s [ L refer to depOSltS described below. on these deposits because of the abundance of potential hydroelectric power. quartz and mica. These minerals would have to be removed before the clay rocks ave located ;,x: eastern Washington an northwe):,stem ]daho'g whei they Mountir;n::e s‘:;;‘:letzmi; “Lel:;tc::;, ::;7:"‘5;:3 ‘:;d ]:E:w::ierm ::; g:::;j;
{ J ~“ 5 - , Available geologlc. mforrrzanon (including ge.ologic maps) is incomplete c0'u1d be used f:ar Athe production of alumina. The.chemical composition of have been exploited mainly for use as firebrick. All the granitic rocks in this estuarine deposits. Some of these deposits have been developed for use as
| \  ) > 1. for "“fCh_ ?f tl}e C.olumbla Basin; ’C?“Seq‘fe"fl)’ this map ha; various degrees this t)EPe of lei)’ 1s lll“S'-fatefl by analyses 11.27 and 3 in table 1-_ o region are of Mesozoic age and younger. fire clay. Disconnected areas underlain by similar material are shown on the

Rl [ . — I N of rt.:llabl!ny in dlff.erer}t areas. Ih‘e Brln?lpal source of data has been the 2) Residual cla): derived by w-ea.then{lg of tht? Columbx‘a River basalt Deposits of residual clay, derived by weathering of the Columbia River map as favorable for the discovery of additional deposits.
| f , = > L i \\5 iR wartime field investigations of the U. S, (:eologxcal Survey, conducted under and. related ba'salts. These may be lelded. into low-lro-n. and hxgh-lro.n clays, basalt and related volcanic rocks, are located in two north-trending belts: West of the Cascade Mountains some of the sedimentary clay of marine,
Nl T~ M \ the general supervision of V. T. Allen; the writer was one of the group that which grade into one another. The chemical compositions of low-iron and one in eastern Washington and northwestern Idaho along the eastern margin of leke,: River: and volcanie ohigin were subsequently enriched by hydrothermal
\« [ A R Hanhei 1 : : : ; + . g ’ ’ g q y Y ny.
N Iy . . i . worked in northern Idaho and eastern Washington. Other sources of data are igh-iron clays in the Columbia Basin are illustrated by analyses 4 and 5 in the Columbia Plateau and the other in Washington and Oregon west of the action:
\\-,— — M Areas in which Sedlmentary hlgh'alumlna CIay the U. S. Bureau of Mines, the ldaho. Bureau of Mi.nes and Get)lr?gy, the f)r.egon table 1. ] i Cascade Mountains. Little is known about the kaolinite locality southeast of Heppner, Oregon;
\ . may occur State Department of Geology and Mineral Industries, Fhe .Washmgton va151on (3) .St?dlmentary lely consisting of transported. weathered prqducts of Deposits of sedimentary clay are distributed on the eastern, northern, deposits of high-alumina clay may be present in the area shown on the map as
| - 5 of Mines and Geology, other State and Federal organizations, trade journals, both granitic and.basaltlc rocks. .The clay occurs in beds a few inches to and western margins of the Columbia Plateau. A deposit of sedimentary kao- “Folded Cretaceous and Tertiary rocks, undifferentiated.”?
\ g o and technical publications. 8 fee.t or more tl.u.ck associa.ted with sand,. gravel, afld coal or lignite. The linite southeast of Heppner, Oregon, indicates that the southern margin may :
Y k F ) :\\\\\\\\\\\\N Incidental data were compiled on brick clay, pottery clay, slip clay, and f:hemlcal composition of sedimentary clay is shown in analyses 6, 7, and 8 also locally contain sedimentary high-alumina clay. ALUMINOUS LATERITES
E R \\\\\ \ \ bentonite, and summarized in inset maps 1 and 2. More specific data on the in table 1. Aluminous laterite is known to occur in a belt having a maximum width The areas in Or b h f e, for ke i
\Q\\\\\\\.\\\ of about 20 miles and extending northward from Polk and Marion Counties, of hishonlans % ]m SR80 o lown lon t.e e e e the discovery
‘ AMHIHIH TN TABLE 1.- CHEMICAL ANALYSES OF POTENTIAL ALUMINA ORES at about the latitude of Salem, and through Yamhill, Washington, and Columbia s sﬂlzour?ma ; ayd derived byfwelathfarmg of Columbia River basglt alfe favor-
\ S . . . 5 . . IN THE COLUMBIA BASIN AND VICINITY. IN PERCENT Counties, Oregon, and across the Columbia River into Cowlitz County, laterit 01['( tie vlscove;;y of aluminous laterite depf)snts. ;T o aimnous
B zan Areas in which high-alumina residual clay1 derived : : . : Washington. kel e st (el Jee ot o ge lov;-srzqehnron
— e / 2 from the weathering of granitic and similar rocks Alunite is known in only one area, which is 10 miles east of Enumclaw, 5 SHE1ar 1o Dog Irol ore,  deposita |08 which are
e e ] may occur g g 1 2 3 4 5 6 7 8 9 10 11 12 in King and Pierce Counties, Washington. Although this area is outside the pre.slerll;;.z th: Sa";le aol':ea. ]tswas Bm Investigated for its a]um{na POSSlblht}es
b) 1) y ‘ Columbia Basin, it is considered in this report because of its location within szzonsua;e‘: ii: ;lzmi:ﬁ:ﬂ otate ;partm;nf of GSOIOSY ang f\{l[l‘:er:! ll:‘d‘isu'!es
i AL.0 y : . = RO - : p= ; ) ince. 1 composition and large tonnages. e high-alumina
o i ) 2E3 20.5 22.51 | 13.80| 31.1 22.8 |39.30 | 27.41 | 33.09 | 34.7 | 20.5 | 32.9 | 21.4 the same ¢ conomic/province RESERVES clays that lie beneath these laterites were discovered when the deposits were
3 j Fe,035 1.9 2.28 1.70| 8.2 22.4 147 §*3.37 | 2.39'| 33 1.55| 1.80 1.30 S drilled. The Aluminum Company of America (Alcoa) began in 1945 an extensive
| | . rogram of exploration to determine the si h its.
5 GRAYS ) " ATCHER | Si02 68.3 68.57 | 77.00 | 41.2 | 38.2 | 40.80 | 55.64 | 51.36 9.5 Table 2 and inset 3 show the reserves of high-alumina clay, aluminous i Fh: e:lr:]:]?:ols: &l)at:r;remn;:pO:itsslzeinango::{liz; oz(t)ut;ste d;y::ﬁ;i toniLare
\ : = O Jas s d 1 TiO, 0.50| 7.3 4.4 | 0.30 4.9 laterite, and ;:lunite in the Columbiz ?“Si'l" according Ito data available in located in an area shown on the geologic map of Washin‘gton );,s underlasin b;' the
\ e ] L. | . . . . . 5 June 1949. The reserves are estimated for alumina ore only and do not include Astori hale. Th d it iginated fr: i
\ 5 . SO | Areas in Whl.Ch hlgh'alumlna reSIdual'clay and alum,l g0 0.38 | 0.23| 093] 1.0 0.87 | 0.58 the deposits developed for other uses. These estimates include material that w?t}:)r::es -i:.l;l Mi S ;p:)sx_s o}:llgma ed (;m l})lasalts i a(;'e lln.teri)edr]]:?d
. N i laterite d df thering of Columbia M ~ b . oet Gailb e . middle Miocene Astoria shale, and only those areas underlain by this
nous laterite aerive rom weatnering C g0 0.36 0.54| 0.05 0.54 | 0.76 | 0.78 contains 20 percent or more of “available alumina” as defined above. In the Shaletandiknonnlior ot n il e e T T e Tl accompanying
River basalt ma Occur.;; Broken-line ﬁ.ttern mn- Na,O 0.32 1.42| 0.4 130! | Teace 1.201 0.89| 1.94 (;:sftfxma;es 't{:’r H,ld:]v:dl::zl deepoissn?{)lem:j:illajiled;f"iem(.;t p(e)rs)ons,t th:ds;and?;d: map as favorable for the discovery of additional deposits.
dicates a lesser degree of assurance. ose parts K,0 .59 0.98| o3 - 008 aie] i U LIS DL DI SR e s ST e e The association of aluminous laterites with high-alumina clay derived by
| . : £ race 3.59| 7.61 1.60 in the same manner as “available alumina™; consequently the total tonnage fig- Wweathering of ia Ri A
. 5 . ; L ¢ g of Columbia River basalt west of the Cascade Mountains implies a
G R A N T t of the Columbia R]Vel: basalt I}Ot favorable f:OT the V.0s 0.05 oS nay. vary pro.pon:nonalely. Although normally hlgh-a.lum‘ma clay can be similar relationship along the eastern margin of the Columbia Plateau,although
QU I N ! occurrence Of potentlal alumlna ore depos]ts are S0, o | 96 - ;.I.Sef! lm t?e ceramic industry, ta}l])le 2 can}:lot be'dusxlad ]to 1:d1Fat: fn:serves Ef no aluminous laterites are now known in this eastern region.
f : : £ . . . ire clay for two reasons: one, because the residual clay derived from weath-
CY BASIN | lnCIud.ed with rocks not genetlcally related to CIay P 0.2 ering of basalt is not suitable for ceramic use owing to excessive firing shrink- ALUNITE
} depOSItS. H,0 (110°C) 057 | o.68 %8 >N age caused possibly by admixed minerals of the montmorillonite group; and two,
,,,,,,,,,,,,,, SRR A 2 =0 : e : o because some of the sedimentary clays contain too much iron for ceramic use. Alunite occurs in altered volcanic rocks belonging to the Keechelus
t Loss on ignition 72 6.61 4.40 | 11.1 14.90 | 11.29 | 10.54 The totavls shown in the table are c.om[_)ll.ed for the most part from estimates made andesite series of Miocene and Oligocene age. Most of the alunite occursat
| Tasotulils 48.6 | 17.5 | 57.1 by the U. S. Geological Survey for "‘d"”df‘al deposits. T the base of layers or masses of silicified volcanic rock and has been described
r — e— — = The anomaly ‘?[ a larger reserve in the measured category than l;l the as the result of hydrothermal replacement of preexisting volcanic rock.* The
* Includes FeO. 1lndlca.ted category ‘15 e;‘Pl:‘“arbls bi’ é}‘e fact ttlymt S:estew'e (IiVla'ta folr "’] the higher grades of alunitized rock are in small masses distributed in larger bodies
| **  (Given as “‘volatile)’ deposits are a result of the l'edera overnment’s Strategic Minerals Inves-
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Rocks not genetically related to clay deposits.

Boundary of the Columbia Basin

Geologic contact

Dashed where approximately located

A
Alumina reduction plants

1. Residual clay derived by weathering of granite, colored tan by iron oxide, Johannsen pit (Benson deposit).

and shales of Washington: Washington Univ. (Seattle) Eng. Exp. Sta. Bull. 18, p. 65, 1923.

4. Low-iron residual clay derived by weathering of Columbia River basalt, chemical analysis of weighted
composite sample. Excelsior clay deposit, Spokane County, Washington. Analyzed by Seattle Laboratory,

U. S. Bureau of Mines.

7

High-iron residual clay derived by weathering of Columbia River basalt, high-iron clay deposit, Latah County,

Idaho. Weighted average of composite samples of 12 drill holes. Analyzed by Seattle Laboratory, U. S.

Bureau of Mines.

® N o

. Sedimentary marine clay, Kummer clay deposit, Puget group, Eocene. Wilson, Hewitt, ibid., p. 65, 1923.
. Sedimentary continental clay, Swauk formation, Eocene, Wenatchee clay mine. Hodge, E. T., ibid., p. 697, 1938.

. Sedimentary continental clay, Latah formation, Miocene. Clayton deposit, Stevens County, Washington.

Shedd, Solon, The clays of the State of Washington: their geology, mineralogy, and technology: Washington

tigations of 1941-1945, in which the more promising deposits were drilled by
the U. S. Bureau of Mines in enough detail for reserves to be classified as

Future discovery of deposits of high-alumina clay may be expected in
areas that have geologic histories similar to those of known deposits. Such
areas are shown on the map by appropriate symbols. The inclusion of any
particular favorable area on the map is based on the supposition that the
occurrence of potentially commercial deposits is controlled largely by the
intersection of the present erosion surface with the clay-bearing formations.
Only those clay beds that were protected from erosion by a thin cap of over-
lying material constitute actual and potential deposits. Some beds that were
deposited over large areas have since been partly eroded. Other beds are now
tilted or are overlain by very thick overburden. The geology of each genetic
type is discussed below.

Residual clay derived from weathering of granitic rocks.--The distribution
of granitic rocks is shown on the map. These rocks probably began toweather

of much lower grade material. The silicified rock with which the alunite is
associated is widely distributed in the area, suggesting the possibility of

discovering additional deposits. No other area of similar geologic history

iy ' S Tullis, E. L., and Laney, B. F., Composition and origin of certain commercial ciays in northern Idaho: measured. is known at present in or near the Columbia Basin.
/ - PASCO AN H P & Econ. Geology, vol. 28, no. 5, p. 493 (analysis 4), 1933.
v A
\?‘//‘ \HANFOI 7 : s == P, 2. Kaolinized quartz monzonite, gray type, northeast corner of Benson pit. Hodge, E. T., Market for Columbia GEOLOGIC FACTORS INFLUENCING OCCURRENCES POTENTIAL BYPRODUCTS
‘ ‘ ! NFOR e s s T River hydroelectirc power using northwest minerals: War Dept., Corps of Engineers, U. S. Army, Office E ! . - R o
| ] F R A|N K G s & simmil Kk of Div. Engineer, North Pacific Div., Portland, Oregon, sec. 4, vol. 3, p. 643 (analysis 1), 1938. HIGH-ALUMINA CLAY . X T}:le hilg'h-alumlllna fclag’_s hOf the CtOIU:ml])lla Basin lobcla”y VIS_‘:““‘_I“ tlta‘liu.um,
4 e - D iron an ) otent e.

/A 1 ) | ER ranite and similar rocks 3. Residual clay derived by weathering of granitic intrusive, Freeman clay deposit. Wilson, Hewitt, The clays B B isL O DL S DO T IEians s OO
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have been reported in residual clay derived by weathering of Columbia River
basalt (see table 1). Gallium is reported in the same clay in percentages
ranging from 0.003 to 0.006; spectrographic analyses by the U. S. Geological
Survey® of samples from northern Idaho show an average gallium content of
0.0045 percent for a thickness of 56 feet. The weighted averages of available
Fe,0g5 and Al,05 for the same samples are 2.8 percent and 29.9 percent
respectively. The Aluminum Company of America reported® in 1949 that it
developed a commercial process for extracting gallium from bauxite containing
only about one ounce of gallium per ton (0.003 percent).

SOURCES OF ENERGY

The production of alumina from aluminous ores requires substantial
amounts of energy. Areas in the Columbia Basin and vicinity that contain

- in early Tertiary time, as soon as they were exposed by erosion, and con- 1 Nawataataloa Llished by th SH Geclopical's in 1949.7
. A : 5 g 2 ’ ar p published by the U. S. Geological Survey in 2

J SRS N\ ’ J ] W State College, Pullman, Wash., pp. 320-321 (analysis 72), 1910. tinued to weather through the Miocene epoch in areas where they were not A : g 4 in the Columbi

P : | ‘ : QY R | § i | B et B Vo 5 9. Aluminous laterite, average chemical composition. Libbey, F. W., Lowry, W. D., and Mason, R. S., Ferruginous sovaeed by Calmis Haver Rmsalt, e length of tho wosticamg penios wnd Ig:;liln : bﬁt thlen f;ggili:?lrictlalof ?n;:\tlesaslsin“tzt t;:warea:mil:bl}:inl; C":smz":r‘;l 1::’
) L o~ : ' % )y » ! - X V | | B. Tacoma, Wash. i i s £ " e e UM e g the depth of the weathering profile, which control the magnitude of the clay Z ¥ o BRI 8
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C. Longview, Wash.
D. Vancouver, Wash.
E. Troutdale, Ore.

bauxite deposits in northwestern Oregon: Oregon Dept. Geol. and Min. Ind. Bull. 29, p. 1, 1945.

10, 11, 12. Alunite: sample 10 contained 43.5% alunite, 11 - 77.5%, and 12 - 35.2%. Thoenen, J. R., Alunite
resources of the United States: U. S. Bur. Mines R. I. 3561, p. 35, 1941.

TABLE 2.- RESERVES OF POTENTIAL ALUMINA ORE IN THE COLUMBIA BASIN (IN MILLIONS OF SHORT

TONS (DRY), ESTIMATES AS OF JUNE 1949)

deposits, varied locally. Many areas that may contain large deposits of clay
are now covered by a thick series of basalt flows and will never be of economic
value because of excessive overburden (inset 4, geologic cross-section). Other
deposits have been destroyed by subsequent erosion. The areas most favorable
for the occurrence of clay deposits are those where the topographic relief is
moderate, not much higher in altitude than the 3,000-foot contour, and those that
were not glaciated.

private interests. Areas along the coast of Washington and Oregon are favor-
able for the occurrence of petroleum. ®

The reduction of alumina to aluminum requires a great amount of electric
energy; inset 5 showing the principal electric transmission lines in the
Columbia Basin was compiled to indicate the accessibility of available power
to the major aluminous deposits. This represents about 20 percent of the
potential hydroelectric power in the Columbia Basin. °

0 : RORDY , = \ | b‘\a River Basa It ' MEASURED INDICATED DR Total * Residual clays derived by weathering of Columbia River basalt.--Residual 'Chaney, R. W., The Dallas flora: Carnegie Inst. Washington Contrib. to Paleontology,
,:v S URY L ! \ \ O\Um | T Ean e Tons pon g Tons Eereent Percert Tons clay derived from Columbia River basalt is the result of weathering in the Pub. 553, pp. 229, 305, 354-355, 373, 1944.
\ N : U im A ¥ : 3 \ [C y ; *May coincide with sédimentary areas ons Al 04 Fe0g ALO, Fe ;04 Al0s Fe 04 period between the end of the Miocene epoch and the uplift of the region in the 2Allen, V. T., Sedimentary and volcanic processes in the formation of high-alumina
| \_ | \Y I L3\ . 4| M i gh-alusiina Range Average| Range Average Range Average|Range Average Range Average|Range Average Pliocene epoch. clay: Econ. Geology, vol. 41, no. 2, pp. 132-138, 1946.
= , Sy | NN \ Y 3 ] r cla 110 23-33 25 |1.6-11.2 6 70 122-33 27 3-11 7 215 | 20-33 2-122 7 400 Near the end of the period during which the Columbia River basalt was 3Libbey, F. W., Lowry, W. D., and Mason, R. S., Ferruginous bauxite deposits in north-
v \ | SHERMAN \ t i 4 being extruded, the entire area of the Columbia Plateau and the area west-of western Oregon: Econ. Geology, vol. 41, pp. 246-265, 1946.
! : | 3‘ ! i Aluminous _ 53 347 931 ] 153 34.7 23.1 20 the Cascade Mountains had a ch.mate that was favorable f‘?l' deep weatherlng. qCallag_han, Eugene, Alunite deposits near Enumclaw, King and Pierce Counties,
Iy ) X } \ laterite - Local areas that are now underlain by basalt but that were in the past exposed Washington: U. S. Geol. Survey unpublished report, 13 pp., 1940.
: & ~ »1 < ‘4 o } ! for lo'ng perif)ds developed deep erathering }.)rofiles with the resulta.ant f(_)rmation SMurata, J. K., analyst.
f N, S i Aliaits = | iseerfostnoteid) 2 | 20.5-32.9 1.3-1.58 No data 9 of thick rfasxdual clays and aluminous laterites. Renewed volcanism in these ® Annual Report 1948, Aluminum Company of America, p. 7, 1949.
Sk _ areas buried the weathered basalt beneath fresh basalt, or caused it to be S i . iy .
Ay S buried by sediments that accumulated where fresh basalt dammed drainuga Averitt, Paul, Coal fields of the United States: U. S. Geological Survey Mineral
fo— ~ . . . : Resources Map, 1942, scale 1:2,500,000.
/ Total 110 7 450 basins. Recurrent periods of deep weathering resulted in more that one weath- 5 e "
] Tons 9 230 ering profile e eeigrena; Fowler, H. C., Miser, H. D., and Whi:e; A. C., P_euoleum, in Mmeraflf position of tlhe
( i : . United States, appendix to hearings on "Investigation of the factors affecting minerals,
{\)YV : Hnsound nuubers C ldt ‘stfet"?d ﬁ.m:il tlie fact'ifl that htlgh-aluml.na cflii Oi:c‘irs ﬁ?thp‘;’e“ of lt\he fuels, and reclamation projects:” United States Congress, Selizte S:bcomn;lntteex;f
2 h N - : . ascade Mountains and along the eastern margin of the i i . .
/" 2High-iron deposits of large aggregate tonnage not considered in arriving at Fe ;05 range and average, though included “:i t‘znn:ge and for A;;Oa average. Htic: Woneailit, sul d%ainage conditiong e Simil(:ll"lnilnlathe *::?:‘;; :St ;:z_\f:x:mxzratge ;ngn;ubhc Lands, 80th Cong., lst Sess., May 15, 16, and 20, chart XX,
A - S O s A N N A N I — S et S S S S EEEE S L il p : 3 b loration by private capital in Oregon and Washington proved greater y Sol viiactd s . L v . > <
C0 TS NN OO N V) R nRnnnnnNnt g N T gt s = QPrehmlnary es'tlmate far Oregon,. U. S. Geologl.cal ‘Survey, 1345, Subssquent expioty b4l E £ & L at that time. Similar conditions probably existed over the entire area underlain ®The Columbia River: U. S. Department of Interior, Bureau of Reclamation, p. 323, 1947.
IJ) tonnage, but figures are not available for publication.
5 .
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Explanation of code letters and numbers

B - Residual clay derived by weathering of basalt.

G -, Residual clay derived by weathering of granite and related rocks.
H - Hydrothermally altered material.

S - Sedimentary clay.

P - Producing or has produced clay.

N - No production, except for test samples.

(I) - Reserves in known clay area of (measured, indicated, or inferred)
10,000,000 tons or more.
(IT) - Reserves in known clay or alunite area of 1,000,000 to 10,000,000 tons.
(1) - Reserves in known clay area of less than 1,000,000 tons.

DEPOSITS OF HIGH-ALUMINA CLAY, ALUMINOUS LATERITE, AND ALUNITE.

570-590; Shedd, 1910, pp. 320-321; Wilson, 1923, pp. 61, 65, 67-69,
93-94, 102-108, 113-114, 123-125.

Ed Thompson clay pit, E}4SWX4 sec. 5, T. 23 N,, R. 45 E,, S, P?;
Hodge, 1938, p. 602.

Manito clay locality, NW% sec. 9, T. 23 N., R. 45 E., S, N; Glover,
1941, p. 239; U. S. Geological Survey unpublished reports, memoranda
and field notes; Wilson and Goodspeed, 1934, pp. 57-58.

Mica Creek clay locality, sec. 3, T. 23 N., R. 45 E., or sec. 34,
T. 24 N., R. 45 E., S?, G?, N; Hodge, 1938, p. 603.

Saxby clay locality, R. R. cut southeast of Saxby station,G, N; Glover,

Hollow School, B, N; U. S. Geological Survey unpublished reports,

memoranda and field notes.

Happy Hollow School area III locality, 1 mile northeast of Happy
Hollow School, B, N; U. S. Geological Survey unpublished reports,
memoranda and field notes.

Dark Creek Road locality, 3 miles northwest of Columbia City, B, N;
U. S. Geological Survey unpublished reports, memoranda and field

notes.

Maple Ridge locality, 2 miles northwest of Columbia City, B, N; U. S.
Geological Survey unpublished reports, memoranda and field notes.

Molalla clay deposit, secs. 15, 22, 27, 28, T. 5 S., R. 2E,, B, S, P;

Hodge, 1938, pp. 849, 853; Nichols, 1944; Skinner and Kelly, 1948,
pp. 183-184; Skinner and Kelly, 1949, pp. 24-28, 47-48; Wilcox,
1935, pp. 17-19; Wilson and Treasher, 1938, pp. 39-48, 84-88.

Joseph Zahar and Guy Dibble clay deposit, sec. 1, T. 6 S., R. 2 E.,
S, P; Hodge, 1938, pp. 851-853; Wilson and Treasher, 1938, jJ
46-48, 84-86, 89.

Scotts Mills clay locality, NE% sec. 23, T. 6 S., R. 1 E., B?, S?, N;
Hodge, 1938, pp. 866-867; Wilson and Treasher, 1938, pp. 62-63, 84.

31. Willamina fire clay area (IV).

v M (IV) - Reserve data for known clay area not available, but probably more than 1941, pp. 236, 238-239; U. S Geological Survey unpublished reports, John Gentry locality, SE% sec. 26, T. 5 N., R. 2 W., B, N; Libbey, Grand Ronde clay deposit, SE% sec. 5, T. 6 S., R. 7 W., S, P; Hodge,
p 'l 1,000,000 tous. R N memoranda and field notes; Wilson, 1923, pp. 94, 102-104. Lowry, and Mason, 1945, pp. 22, 52; U. S. Geological Survey unpub- 1938, p. 837; Wilson and Treasher, 1938, pp. 7, 38.
Pb e | (V) - Reserve data for known clay area not available, but probably less than lished reports, memoranda and field notes.
VL - Sl 1 (| 1,000,000 tons. Lockwood Siding clay locality, sec. 8, T. 23 N., R. 45 E,, S, N; . . . Willamina clay deposi.t, sec. 36, T. 5 5., R. 7W,, S, P; Hodge, 1938,
o Vs * : ‘ g J( ' 1/ Hodge, 1938, p. 602; Wilson, 1923, pp. 113, 123-125; Valentine, A. M. Mallory locality, one-half mile east of John Gentry’s place, pp. 818-837, 848; Wilson and Treasher, 1938, pp. 34-38, 84, 88.
vt L35 B e Vf;,v A v =% ¢ | - el | i The clay areas are keyed to map locations by Arabic numerals. 1949, p. 24. B, N; U. S. Geological Survey unpublished reports, memoranda and
f AP Y vl 2 S " (L: ~ J‘_ % iy, CLo e ) ; I\ | field notes. 32. Salem aluminous laterite and high-alumina clay area (IV).
J | A: Dl A Lv : vyl AR b g Voo < \ [ - FEERSON | MAaDIS O N | < 0 \ ! Al o . X High-alumina clay areas in Idaho . D hool N i
- L N 27 < ™\ E AN | = B T E C " N \ unite area, King and Pierce Counties, Washington. Dowd School area I locality, 2% miles west of Dowd School, B, N; Macleay high-alumina clay locality, SE4NEX% sec. 3, T. 8 S., R. 2 W.
A N 4 N ! A ?MAL < > { \5 f 0 ’ 8 ’ g o Ys y s y hig b Ys AINT A 7 ’ ’
\;“ ‘-4 p '7;‘_1- Aty <A‘y : L i v:" " <v V()\r ~ ﬂ ! A N\ 1 “ T E u \ 13. Coeur d’Alene clay area (II). U. S. Geological Survey unpublished reports, memoranda and field B, N; Hodge, 1938, p. 866; Wilson and Treasher, 1938, pp. 62, 84,
N [N : SR s 18 & 3 v v M : R, (o= / ' | R | . | Enumclaw alunite areas (II). notes. 91.
) o I / |
R "-14-1)"<J-"1’/rv4v i (nr,\hv#h.,b \ 3 o L [ [ | | Stockton clay deposit, secs. 9, 10, 15, 16, T. 50 N., R. 4 W., S, G, N;
/ ¢ Y e v : ,-\4 I :L (‘) = P o\ | ! = —— = | ﬁ Enumclaw alunite deposit, T. 19 and 20 N., R. 8 E., H, N; U. S. Skeels, 1920, p. 36; U. S. Geological Survey unpublished reports Dowd School area I locality, 2 miles west of Yankton, B, N; U. S. Buena Vista clay deposit, W% sec. 23, T. 9 S., R. 4 W,, S, N; Hodge,
Vs : LI ’4( )}"( < \; PR ,; 2 : \l'\ i "L" =B >/ 5 L - - = ¥ s \ | Geological Survey unpublished reports, memoranda and field notes. memoranda and field notes. ’ Geological Survey unpublished reports, memoranda and field notes. 1938, p. 856; Wilson and Treasher, 1938, pp. 63, 85.
/ SN b Sapr TN A P 504 19 Z SN ! ~—- !
,.<~l Fq,!;:t . fh \,)l‘ > : 3 o v" el * A L» vL Yo vl . 7 ) “ J i \ ) High-alumina clay and aluminous laterite areas in Washington. Stanley Hill clay deposit, sec. 7, T. 50 N., R. 3 W., S, N; Skeels, Anderson Road locality, 1 mile west of Yankton, B, N; U. S. Geo- Aluminous laterite locality, SW’/.NE.’A sec. 12, T. 7 S., R. 3 W.,. B,
2 PrTS G e Yo d gy § (‘y T > & "h—y - & 1 — . ~ ! f | 1920, pp. 33-35; U. S. Geological Survey unpublished reports, logical Survey unpublished reports, memoranda and field notes. N; U. S. Geological Survey unpublished reports, memoranda and field
é“ﬁ s et NP B NS Al S A ' E v | Y L E i r— 7- | 1. Sumas fire clay area (III). memoranda and field notes. notes.
| A1 <cac y2veah ); v )V v E4Ty I\v: ' | | NN B S \ W. F. Weis and T. C. Hudson locality, one-half mile southwest of
J I : O RS Ay (,‘ SR r‘_ A ¥ e 5SS B3 i i Sumas fire clay deposit, sec. 12, T. 40 N., R. 4 E., S, P; Glover, Fernam Hill clay deposit, secs. 8, 9, 16, 17, T. 50 N., R. 3 W., S, N; Yankton, B, N; U. S. Geological Survey unpublished reports, memo- Wallace Hill aluminous laterite locality, NW4SE sec. 8, T. 7 S.,
I ~ R N LT e h> v acrvt A ’r., :'v » L - 1 L»~ L W = 1941%65);;77302}131;3 311;11,0 352—33;;6‘;}8%0&;3, IQZi;gzgodge, 6;?2?, U. S. Geological Survey unpublished reports, memoranda and field randa and field notes. R. 3 W., B, N; Libbey, Lowry, and Mason, 1945, p. 75.
S 2, \ S | 4P ey . andag ? G L A | N : J S f | | pp. 769-777; Shedd, , PP- ; Wilson, » Pp- ) notes.
" > | D ] < W >: i T ’5 A x> P\RP il ' ; . 1 | L E-M-‘, 99-104, 119, 123-125. Eber Brown aluminous laterite locality, about 2 miles west of St. Chaplin Hill aluminous laterite locality, SW4 sec. 17, T. 7 S., R.
~ = - > : 1 ) e . o i
D ~ ! S v J o " \ S\N = - | i \ } . Kid Island clay deposit, secs. 26, 35, T. 50 N., R. 4 W., S, N; U. S. Helens., B, N; Libbey, I:owry, and Mason, 1945, pp:i ?.2’1(!52’ U. S. 3 W., B, N; Libbey, Lowry, and Mason, 1945, p. 75.
L - /v’q;r ! @O\N 4 H A M | + ] 2. King County clay area (I). Geological Survey unpublished reports, memoranda and field notes. Geological Survey unpublished reports, memoranda and field notes. SN R S [ W
\ | P | \ ] ountain View School aluminous laterite locality, SE% o . sec.
V E I EE—— — . ‘& \ | Harris high-alumina clay deposit, SE)% sec. 32, T. 24 N., R. 6 E., Blue Creek Bay clay deposit, sec. 36, T. 50 N., R. 3 W., S, N; U. S. Spitzenberg area | aluminous laterite and high-alumina clay locality, 16, T. 7 S., R. 3 W., B, N; Libbey, Lowry, and Mason, 1945, p. 75.
| |5 LS '\06} | | { ‘. r S, P; Glover, 1941, p. 120; Hodge, 1938, pp. 761-769; Nichols, Geological Survey unpublished reports, memoranda and field notes. 1 mile east of Spitzenberg, B, N; Libbey, Lowry, and Mason, 1945,
u R ( X RIVER | Qe‘ | ) | i e 1945, pp. 2, 15, 23. pp- 23, 62; U. S. Geological Survey unpublished reports, memoranda Roadcut aluminous laterite locality, SEXSWX sec. 17, T. 8 S., R. 3 W.,
j Basa/t \ng 1 S = T 1)) 1 . — 5 14. Harrison clay area (IV). and field notes. B, N; Libbey, Lowry, and Mason, 1945, p. 76.
[~7LS yroity | —f - b = i \ Gladding McBean & Co. clay pit, NW4 sec. 33, T. 24 N., R. 6 E,,
—< : younger than C\ay_fo = ! | ; \ S, P; Glover, 1941, p. 120. Harrison clay deposit, about midway between the towns of Harrison Spitzenberg area Il aluminous laterite and high-alumina clay locality, Prospect Hill aluminous laterite locality, SW4 sec. 19, T. 8 S., R.
= o SN , _ N 1 | N ,,/\"\v o 1 ; \ ; . . and Cataldo, S, N; U. S. Geological Survey unpublished reports, 0.8 mile east of Spitzenberg, B, N; U. S. Geological Survey unpub- 3 W., B, N; Libbey, Lowry, and Mason, 1945, p. 76.
k\ — ) ) G ! 1 n - = ‘ 1,7 \ i /D Squak Mountain clay locality, sec. 33, T. 24 N.,R. 6 E., S, N; Nichols, memoranda and field notes. lished reports, memoranda and field notes.
N P - gog U | 1945, p. 15. Roadcut gibbsite locality, center sec. 30, T. 8 S., R. 3 W., B, N;
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Taylor fire clay mine, sec. 3, T. 22 N., R. 7 E., S, P; Glover, 1941,
pp. 122-128, 337, 344-345; Hodge, 1938, pp. 777-784; Landes, 1902,
pp. 174-177; Shedd, 1910, pp. 263-268, 318-319; Wilson, Hewitt, and
G oodspeed, 1934, pp. 98-100.

Kangley high-alumina clay deposit, SE/4 sec. 26, T. 22 N., R. 7 E.,
S, N; Nichols, 1945, pp. 2, 11, 13, 27.

15. St. Maries clay area (V).

Benewah Creek clay locality, secs. 10, 12, T. 46 N,, R. 3 W., S, N;
Skeels, 1920, pp. 25-27.

St. Maries clay locality, sec. 21, T. 46 N., R. 2 W., S, N; Skeels,
1920, p. 28.

Sly Creek locality, 1% miles east of Spitzenberg, B, N; U. S. Geo-
logical Survey unpublished reports, memoranda and field notes.

Spur at end of Church Road locality, about 2 miles east of Spitzenberg,
B, N; U. S. Geological Survey unpublished reports, memoranda and
field notes.

Spitzenberg area IIl locality, about 1 mile southeast of Spitzenberg,

Libbey, Lowry, and Mason, 1945, p. 76.

Rosedale School aluminous laterite and high-alumina clay locality,

NW4 sec. 28, T. 8 S., R. 3 W, B, N; Libbey, 1945, pp. 76-77.

Gibbsite float locality, SW4SW)% sec. 22, T. 8 S., R. 3 W., B, N;
Libbey, Lowry, and Mason, 1945, p. 78.

Sy / f | L_,/V \/ o Thorn Creek clay locality, sec. 7, T. 45 N., R. 1 W., S, N; Kirkham, B’d lf\{; ldU. S. Geological Survey unpublished reports, memoranda Sunnyside School aluminous laterite and high-alumina clay locality,
N { ‘ { ™ 1‘ Durhe(:jm high-allumigazclarxlz’ d;{)o;it,);ec;.gs aSndI\?G,DT.‘22 Nlésl; 7 E’}, 1926, p. 4; Kirkham and Johnson, 1929, p. 492. and lield notes, ;;Z;er s;g. 26, T. 8 S., R. 3 W., B,N; Libbey, Lowry, and Mason,
st l { | and secs. 1 and 2, T. 5 s s S, N; Dorisy, 5 e G . i T Sip 18
I \ A /'\ \q ,‘ \ | Glover, 1941, pp. 134, 337; Nichols, 1945, pp. 2, 12, 26. 165 Patbiatob iliysares Oester Road locality, 3% miles north:vesl of Scappocfse, B, N; Libbey,
OF { f \/‘ L \ ; Ijowry, and Mason, 1945, pp. 28, 573 U. 5. Gedlogical Survey unpub- Roadcut aluminous laterite and high-alumina clay locality, NEX4SW/%
/ i | / g (‘ D, Kanaskat high-alumina clay deposit, sec. 12, T. 21 N., R. 7E,, S, N; Onway clay deposit, sec. 6, T. 41 N., R. 4 W., S, P; Glover, 1941 lished reports, memoranda and field notes. sec. 28, T. 8 S., R. 3 W., B, S, N; Libbey, Lowry, and Mason,
[ g 4 ) Nichols, 1945, pp. 2, 12, 26. A 994 i : : 5, pp. 77-78.
) = I el /\ j \ | ichols, 1945, pp p. 326; Shedd, 1910, pp. 222-224; Skeels, 1920, pp. 55-56; U. S. Lonis Tooalivy, abent 2 willen sectiwent. of Scappucas, By 1 Us B, 1945, pp. 77-78
I H E CO I l N/I BIA BA SI \ | y NS ) i . . X E. $? Geological Survey unpublished reports, memoranda and field notes; Geological Survey unpublished reports, memoranda and field notes. . ) ’ . . .
a ;s \ $ ! | \, J & B[]&;Ck Dng;; hre7 clay deposit, sec. 13, T. 21 N,, R. 6 E., S?, N; Wilson and Goodspeed, 1934, pp. 95-96. g P $ Ja'crksgnsﬂllé a;urvx;nogs!\llau[ajntse aéld l’lugh-al]ugnna clay 101::]81‘[:)':1 sec. 35,
| . isy, y pe 7. . 8S.,R. 3 W., B, N; U, S. i i ts,
By I. G. Soh | J . :‘ ’ ! % 2 s ! Old Brickner clay pit, sec. 25, T. 42 N., R. 5 W., S, P; U. S. Ge Colport Development Company locality, about 2¢ miles northwest of memoranda and field notes S G R e &
. G. Sohn e ( |~ ) ) ] , sec. 25, T. w R. 5 W., S, P; U. S. Geo- : oce 2 .
" 1 i ' | Kummer high-alumina clay deposit, NE% sec. 26, T. 21 N., R. 6 E., logical Survey unpublished reports, memoranda and field notes. Seappoose, B, .N’ U. S. Geological Survey unpublished reports,
! i | 1= S, P; Glover, 1941, pp. 126-133, 337, 344-345; Goodner, 1921; memoranda and field notes. Roadcut aluminous laterite and high-alumina clay locality, secs. 35,
. ’ [ e Hodge, 1938, pp. 749-761; Landes, 1902, pp. 174-175; Nichols, i i Y A , 36, T.8S., R. 3 W,, B, N; Libbey, L , and Mason, 1945, p. 79.
Scale 1:1,500,000 ; \ ‘ e 1945, pp 2, 4 15; Shedd, 1010, pp. 255263, 316-319; Wilson, 1925, Rt Jmehon Wi iy R ne B Bl s B 3R b ot Apple Valley locality, 2% miles northwest of Scappoose, B, N U. S. ' R S
20 10 0 20 40 60 80 Miles | | ' | e ———— 1o pp. 62-65, 96-97, 102-104, 118-119, 123-125. m;tes. € Y unp POSESY aranca;and e Geological Survey unpublished reports, memoranda and field notes. 33. Mehama high-alumina clay area (IV).
= nu ] | L e ) ;
: | ‘—-‘ (D ( AR S \ EXPLANATION FOR SECTION I _ . . - e s i _
1952 | 1 ] Nl ' | e —— . ey S—— ; \ / 5 > (Inset 4) Blum'hxgh-alumma clay deposit, SWX% sec. 81, T. 21 Ni; R. 7T E; Palouse, Washington clay pit, sec. 7, T. 16 N., R. 46 E., Whitman Seg\t::/:ygtnlo:!fllilst{xzzdsiz;m.r‘:; T“‘lem(‘:';ng; azngl.f’ieBl:l n;zej;.s. Geologica Mehama high-alumina CIayEdep;j)Slé, i;c.ULSTE}S IS(;’i}:a‘125£:;ese::.ug:
— — — -\ — e s e e e e = ; e o & e { =3 \ . ROCKS THAT CONTAIN DEPOSITS OF HIGH=-ALUMINA NEY% sec. 36, T. 21 N., R. 6 E., S, N; Nichols, 1945, pp. 2, 13, 27. County, Washington, S, P; Glover, 1941, pp. 321-325, 341, 352-353; 17 ’ 17_, I?édzfé ’g;tsg ?n‘e’rrl:;raida"and, {iélii e olog yap
; ‘ : | \ | - = CLAY ANDALUMINOUS LATERITE 3. Pierce County fire clay area (I, Shedd, 1910, pp. 222-225; Wilson, 1923, pp. 112-113, 123-125. Fern Hill School locality, SW% sec. 30, T. 7 N., R. 2 W., B, N; U. S. e enorss
\ | i / B Moo sl B il ment 11 Geological Survey unpublished reports, memoranda and fi¢ld notes. Silverton clay localities, T. 7 and 8 S., R. 1 W., B, N; Hodge, 1938,
i \ 4 Kapowsin clay locality, NWX% sec. 7, T. 17 N., R. 5 E., B, N; Glover, Hendrick 4 Hendrick Extensi d its. NWY 6. T pp. 864-865, 867; Wilson and Treasher, 1938, pp. 60-61, 84, 91.
1 1941, N 213_214, 339; W'l 3 1923’ i 121_125. . i . . . . ” endrickson an endrickson xtension epOSl S, 4 SecC. y .
\ V i PP ilson PP Cagn%elg ?)o%eorj tlglhggéummzlcgl;ésdz}‘mlsll.t, I‘.di‘) and 1;-(9)3];-, R4?9§ Y/J.,S 2 N.,, R. 2 W,, B, N; Libbey, Lowry, and Mason, 1944, pp. 10-13; Silver Creek Falls clay locality, SW4SW4 sec. 3, T. 8 S., R 1 E.,
S5, B, G, Py 5 , PP~ -638; Tullis,and Laney, , P s LS, c = - p s
,\ \’ . Far West Brick and Tile Co. pit, SE% sec. 25, T. 17 N, R. 4 E., B, Geological Sugrvey unpsglished reports, memoranday 0 fijld aitess Libbey, Lowry, and Mﬂs{_"“v 1945, pp. 22!_ 29-32; Libbey, L?W"')" B, N; Wilson and Treasher, 1938, pp. 59-60, 84, 90.
‘\,‘ P; Glover, 1941, pp. 208-213, 339, 348-349, facing p. 358; Hodge, Wilson, 1923, p. 61; Wilson and Goodspeed, 1934, pp. 72-73, 81-01 % and Mason, 194{?, p.d %of;;l U.t S. Geological Survey unpublished
i N, \J . . ¢ L > , » pe 615 , » PP- 3, . 5 aodi b —
~ ~ ( ~ ‘ ‘ Clay-bearing continental sediments 1938, pp. 796-797; Wilson, 1923, pp. 98, 102-104, 183-189. W e reports, memoranda a notes T TN N P (o
Interbedded with Columbia River basalt near granitic . . oel fire clay deposit, 4 sec. 18, T. ., R. 4 W., G, P; Hodge, Hutchison-Ni d st abo i f Hendrick Hodge, 1938, pp. 862-864, 867; Wilson and Treasher, 1938, pp.
1 b - IL.a Grand 1 t, R.R. f 1 th of La Grande, B, P; : W utchison-Nixon deposit, about 1 mile east of endrickson property, _g ’ »
! e N - : AR G s S e S s Clover, 1901, oo 206-207, 339, 345.345; Shedd, 1910, pp. 374275, Soe Dpe sl £k Shesta 100 (e S0 Ncteot au Goseages B, N; Libbey, Lowry, and Mason, 1944, pp. 15-1%; Libbey, Lowry, 49-59, 61, 84-86, 89, 9L.
| R f \\ \ ’ ) Wilson, 1923, pp. 84, 97-98, 102-104. » pp. 69-72. and Mason, 1945, pp. 22, 32-43; Libbey, Lowry, and Mason, 1946, fots o s it W)
, i i s . 257; U. S. Geological Survey unpublished reports, memoranda . Southeast of Heppner kaolinite area (V).
18. Troy high-alumina and fire clay area (I). ke i
118° 114° | \ \ \A \— /_ 4. Cowlitz and Lewis Counties clay area (I). e sk e Deposit southeast of Heppner S,N; U.S. Geological Survey unpublished
== o . X Stanford clay deposit, secs. 5, 6, 7, T. 40 N,, R. 2 W., secs. 1, 12, h 1 LT orts, memoranda and field notes.
\l \/ Ny - 3 Toledo lignite and clay deposit, sec. 15, T. 11 N,, R. 1 E,, S,. N; T. 40 N., R. 3 W., B, G, S, P; U. S. Geological Survey unpublished Nelson deposit, SW4 sec. 32, T. 3 }\é-' R. ? W:"El;,SN, Libbey, gio“;:)’é =P cmora
2 1’ o : E\ : Columbia River basalt U. S. Geological Survey unpublished reports, memoranda and field e e e e and Mason, 1944, pp. 13-15; U. S. Geological Survey unpublishe llef in fire cl am
| ieouno \ 2 E Mi d Pli 2 taini notes ports, E reports, memoranda and field notes. 35. Bellefountain fire clay area *
\ovnaAny ocene, Miocene, an 1wcene (?), contarning ~
l igh-alumi 1/ D Station clay locality, SE% + 15, T.. 40 Ni; R, 2 Wi, G, N: v i 5 o T3 in i it, SW¥ « 2 T: 48, R. 6 W., 5, N;
enses of high-alumina clay Buswell farm high-alumina clay deposit, NWX sec. 25, T. 11 N., R. eSarK 'da'i;;oc ay 22?617.}'5]_( 14 5610920 A b Tl S J. W. Leitzel locality, sec. 3, T. L N, R. 2 W,, .B, N; Libbey, L?wry, Bellefo.untaln fire clay deposit 'S % sec : é53-8’5- ‘3“ H
S Jenelc, v, Dpe 3 DEEO 8, % )PP 3 (24 0s 280.0B1CA and M: 1945 92, 44-45; U. S. Geological Survey unpublished Chelikowsky, 1935, p. 382; Hodge, 1938, pp. sy WILCOK,
/\ 2 W., S?, P; Glover, 1941, pp. 170-174, 184-185, 338; Shedd, 1910, ished % B 5 and Mason, s PP 22, 55 UsSs g y unpi B >
’ PP . Survey unpublished reports, memoranda and field notes; Wilson d field 1935, pp. 25-26, 38; Wilson and Treasher, 1938, pp. 63 64, 91.
\) pp- 294-296; U. S. Geological Survey unpublished reports, memoran- and Goodspeed, 1934, pp. 92-93. reports, memoranda and field notes. » PP: »
s . ) da and field notes; Wilson, 1923, pp. 100-104, 120-121, 123-125, ! ’ .
or is suitable for use in the production - 1277‘{46-1118. e pp Betson: e, elav d it. secs. 27. 8. 33. 34. T. 40 N.. R. 3 W Lazy “W” Ranch locality, sec. 30, T. 3 N., R. 2 W., B, N; Libbey, 36. Mable fire clay area (IV).
of comtnon: brick:and tile - G B. P: Hodos. 1988, oo €5.670: U 5. Costonioal Stmey muh Lowry, and Mason, 1944, p. 19; Libbey, Lowry, and Mason, 1945, ) PPN ; =5 W
3 d 1 d k Taylor broth lay locali 1, T.1I0N., R. 1 W., S?, N; U. S it i % PP s R e Ry pp- 22, 28; U. S. Geological Survey unpublished reports, memoranda Mable fire clay deposit, SW%4 sec. 15, NW/% sec. 22, T. 15 S., R. 1 W,
4] _/v-\— Granite and related rocks aylor brothers clay locauty, sec. &, L. o I g .,d § Keinds lished reports, memoranda and field notes; Wilson, 1923, p. 61; nd fie’]d n,otes S?, N; Chelikowsky, 1935, p. 382; Hodge, 1938, p. 884; Wilson and
! . . Mesozoic and younger, weathered portion Geological Survey unpublished reports, memoranda and field notes. Wilson and Goodspeed, 1934, pp. 73-85. al . Teaasher, 1938, pp. 66-67.
= GG AT I e el e Cowlitz high-alumina clay deposit, T. 10 N., R. 1 and 2 W., S, P; son hiichs ; i \: Ski Gus Nelson locality, SEX sec. 25, T. 3 N,, R. 3 W., B, N; Libbey,
g 8 P Olson high-alumina clay deposit, T. 40 N., R. 2 W., B, S, N; Skinner % Solbgical b ”
12 i ! s Glover, 1941, pp. 81-83, 336, 342-343; Hodge, 1938, pp. 784-794; and Kelly, 1948, pp. 183-184; Skinner and Kelly, 1949, pp. 41-43, Tumey waitihamen s L T Chus L o Seubies Survey unpub- 37, Spencer Butte clay area (IV?).
= P U B o ROCKS THAT DO NOT CONTAIN CLAY DEPOSITS Ei?lhdslb 19943; S{(simie?r Z;d4é(elly, 1948, pp. 183-184; Skinner and 51 5435 U. 5. Geological Survey wiipubliabed reports; ‘memoranda lished reports, memoranda and field notes. Spencer Butte clay deposit, sec. 30, T. 18 Su, R. 3 We, S, N; T §
________________ L A AcwE R t wusseLsHell . 15, 17, 43-46. 4 » o 305 “Fa ey Re o O, N5 Ul S
RANK K o S || ¢ O ;'1“‘ ’ fregaTeane BALY ) i =S S e and fidid notee C. E. Ferguson locality, NW4ANEY sec. 24, T. 3 N,, R. 3 W,, B, N; Geological Survey unpublished reports, memoranda and field notes.
. AnkLin, = < W - j f i e[ O N . . . . ) ) . ] ; ] ! . 22, 46; U. S. ical S
SRR L S L ) R IR LI S Loke o G cly oty s 10 T 10N, RLEL ey Wighlumine cly depri, scr 21,35, T 0 N, R 2 W Loy Lo i oo S D5 lialrmy L et
HoJ A e i ~ {0 > =T, Jrrrenspy Ay; A3 L Do ’ » S, N; Scheid and Sohn, 1945,
! i « LAWALLA L S ¢ ; R A field notes
e ST o < ) LS X : i i h of Pl t Vi School, B, N; fi lay d i 8. T. 18 .S. Rs 1 By 52, B2, N;
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