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ABS TRACT 

The Excelsior ili.fi—alumina clay deposit is about 11 miles southeast 

of Spokane, Wash. During World War II, the area was studied by the U. S. 

Geological Survey in cooperation with the U. S. 7ureau of Mines. The 

Bureau of Mines hand—augered and machine—drilled 139 holes and analyzed 

the samples for inition loss, available alumina, and availabe ferric 

oxide. 

The deposit contains two types of clay: basaltic residual clay ce— 

rived from the weatherin,-_; of Tertiary .Columbia River basalt in place, and 

transported clays of the Latah formation derived from the weathered debris 

of the older igneous and metamorphic rocks. Basaltic residiml clay com— 

prises about 94 percent of the deposit. 

The Excelsior high—alumina clay deposit averages about 28.7 -.percent 

available alumina, 5.6 -nercent available ferric oxide, and 7.1 percnt 

total titania. The deposit could serve as a source of low—grade high— 

alumina clay with titanium as a byproduct. 

The deposit is in a part of the Columbia River Plateau -ohysiographic 

province that is characterized by broad, gently—rounded hills and fairly 

broad, even—floored valleys. Altitudes range from 2,450 to 2,600 feet; 

however, local relief seldom exceeds more than 50 feet. The southern 

half of the area is drained by the tributaries of California Creek, a 

tributary of Latah Creek which empties into the Spokane River at Spokane. 

The northern part of the area is drained by a stream flowing northward 

to the Spokane River through a clacial col transectinj; the Selkirk Moun— 

tains. All streams in the Excelsior area are seasonal. 
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INTRODUCTION 

Purpose and Location 

During World War II, the U. S. Geological Survey, in cooperation 

with the U. S. Bureau of Mines, made an appraisal of the national 

alumina resources in an attempt to guarantee an adequate domestic supply 

of aluminum. This report is part of a study of hi,h-alumina clay re-

sources in the Pacific Northwest region, and describes the results of 

the investigation of a deposit of high-all-mina clay in Spokane County, 

Wash. 

The Excelsior clay deposit is in secs. 20, 21, 22, 23, 28, and 29, 

T. 24 Y., R. 44 E., Willamette Meridian, Spokane County, Wash. (Pl. 1 

and fig. 1) approximately 11 miles southeast of Spokane. State high-

way 3-H, the Palouse Highway, and many gravel roads traverse the area. 

The small village of Mica is at the eastern edge of the deposit, and 

it is a station for two railroads, the Union Pacific and the Chicago, 

Milwaukee, St. Paul, and Pacific. Valleyfora, a small farming community, 

is at the southern edge of the area, and it is a station of the Great 

Northern Railroad. 
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Field Work and Acknowledgments 

During the fall of 1943, the U. S. Bureau of Mines, uncler the 

supervislon of P. E. Oscarson, District Engineer, and R. H. Storch, 

Project Engineer, drilled 32 preliminary hand auger holes. The re— 

sults from these drill holes were so )romisin,.; that a second -orogram of 

machine and hand auger drilling was carried on during the winter of 

1944-45. Eighty—three hand auger holes and 56 machine drilled holes were 

drilled totaling 3,613.5 feet, and chemical assays were made on 392 

samples. In the fall and winter of 1943 the writer logged the drill 

holes and plotted the geology on areal photographs enlarged to a scale 

of 500 feet to the inch. 

The author is indebted to Mr. Oscarson and Ma-. Storch, U. S. Bureau 

of Mines, for the many courtesies extended and for the chemical data 

they made available. M. T. T. Allen assisted the author with his 

helpful suggestions and mineralogic and petrographic studies. The 

authors wish to thank Mr. I. G. Sohn for assistance in the field and 

his helpfulness in Preparing the report. The writer is indebted to the 

University of Idaho for the use of office space while preparing portions 

of the re,,ort. 
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GEOLGGY 

General Features 

An understanding of the clay deposit is best obtained by a brief 

summary of the regional geology. Eastern Washington and northern Idaho 

were originally underlain by argillaceous anc- arenaceous sediments of pre— 

Cambrian Belt series. In late Jurassic or early Cretaceous time, these 

older rocks were cut by large masses of ;ranodiorite and related igneous 

rocks thrt are considered to be part of the Nelson and Idaho bathcliths. 

Post—intrusion erosion exposed the granitic rocks, and a mature to)o— 

raphy develo)ed. 

4 



Beginning in Miocene time, the Columbia River basalts were extruded 

(Pardee and Bryan, 1926, D. 11-12). These basalts are composed of plaj.o— 

clase and augite with minor amounts of ilmenite and olivine in a glassy 

groundmass. Streams dammed by the lavas formed lakes in which the Latah 

formation was deposited (Pardee and Bryan, 1926, p. 8). Thus, the Latah 

formation is interbedded with and contemporaneous with the basalt. During 

a protracted lull in the extrusion of basalt, a weathering surface developed 

in eastern Washington and northwestern Idaho. This weathering, surface, 

which divides the upper basalts from the lower basalts, was given the name 

Excelsior surface (Scheid, 1947). During the Excelsior interval, the 

climate was very warm and humid, with conditions that permitted complete 

oxidation and the formation of residual clays. Renewed extrusion of 

basalt brought the Excelsior weathering interval to an end. The upper 

member of the Latah formation was deposited upon the residual clay in lakes 

that were formed by streams dammed by the post—Excelsior basalt flows. 

This member contains the principal transported clay deposits, (7.nd it is 

thickest beneath the hills. The Latah formation is composed of lacustrine 

and stream deposits of interbedded clays and some sands and gravels that 

are derived from the weathered debris of granitic and metamorphic rocks. 

With the cessation of the basalt extrusion, erosion again became dominant 

in the region. 
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Toward the end of Pliocene time, diastrophism resulted in tIle dow7i-

warp of the central portion of the basalt plateau pnd uplift of the Cas-

cade range. This diastrophism produced a basalt surface that slopes gently 

to the southwest and initic?ted the present period of canyon-cutting. It 

is suggested by Flint (1938, p. 226) that the uplift of the Horse Heaven 

Fills dammed the Columbia River and a great lake was formed. Into this 

lake Pleistocene sediments of the Eingold formation of central Washington 

end. the Palouse formation of eastern Washington and northwestern Idaho were 

deposited. In time, the Horse Heaven Hills "dam was breached and erosion 

began throuLhout the area. During Pleistocene time, glaciers developed in 

the mountains to the north released melt-water that removed some of the 

Palouse formation from the valley. As the glaciers retreated, canyon 

cutting continued and Recent alluvium is now found in many of the stream 

valleys. 
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Geologic Formations 

Pre—basalt granite gneiss.--The mountainous portion of the region 

near Excelsior, as shown on figure 1, is underlain chiefly by crystal— 

line and metamorphic rocks, such as granitoid gneiss, schist, coarse— 

Ja-ained igneous rocks, and small masses of pre—Cambrian quartzite. The 

predominant type is a Gneissic rock of granitic composition formed by 

metamorphism of the pre—Cambrian Belt quartzite. The metamorphism is 

statially related to the Nelson batholith. The granite gneiss is 

traversed by ramifying pecmatitic dikes of varying sizes. The gneiss 

forms the sides of the Valleyford Embayment and outcrops in the higher 

northwest and northeast portions of the mapped area (11. 1). Drill 

holes Ex 1, Ex 53, mi 9, and Mi 58 -penetrate the weathered and semi— 

decomposed surficial portion of the gneiss. From this the granite 

..neiss is believed to extend beneath the Columbia River Plateau as 

a basement upon which the basalts and sediments rest. 

In the mountainous area, the granite gneiss has only a small 

amount of weathered debris at the surface, but at the base of the hills 

where the basalt laps onto the gneiss, the gneiss is weathered to great 

depths. This weathered material is mined for structural clayware at 

Mica and Freeman and was prospected one mile northeast of ::ica by the 

Anaconda Cooper Mining Co. in 1920 as a possible source of high—alumina 

clay. The weathered debris of the granite gneiss supplied most of the 

material of the Tertiary Latah sediments. 
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Columbia River basalts.-- lthough the basalts :lay ranLe in ae from 

::iocene or even Zecene to Pliocene, they are considered as the :product 

of closely related eruptive activity anc_ as one for:Lation. In the mapped 

area, a thick weathering profile exists within the basalt series and 

serves as a convenient marker to subdivide the formation into upper 

basalt flows and lower basalt flows. Where the weatherin -;rofilc is 

not exposed, it is not possible to separate the lower from the upper basalts. 

The lower Columbia River basalts are exposed at the following places: 

(1) road cut near the north end of Section X—X'; (2) road cut opposite 

drill hole Ex 40; (3) road cut east of drill hole 31; (4) road cut 

near south end of Section X—X'; and (5) the walls of the railroad siding 

cut east of drill hole Mi 47. At all of these artificial exposures, the 

lower basalt occurs as blue—gray and gray, basaltic residual clay. Drill 

holes have revealed that the lower basalts, like the upper basalts, con— 

Kist of pillow lava, tuffs, breccias, and solid flows. In the field, 

the upper and lower basalts appear lithologically similar, but under 

the microscope the lower basalts are decomposed and the upper basalts 

pre fresh. 
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The upper basalts consist of solid blocky or massive flows, vesicular 

lava, volcanic breccias, and pillow lavas. The typical lithology is 

fine—grained, dense, gray or blue—gray or black basalt. Placioclase, 

a:acite, and ,,.ass have been identified as the major constituents, and 

olivine as a minor constituent. Generally, the vesicles in the vesicular 

lava are quite small and are partly filled or lined with carbonate or 

iron hydroxide minerals. The rounded masses of the pillow lava are from 

1 to 6 feet in diameter, and they have a one—half inch classy coatinE;- with 

a dense or vesicular interior. The interior of the pillows is gray or 

black and the plagioclase phenocrysts are often arranged in a sub— 

triangular texture. The exterior of the pillows is buff to yellow, and 

sedimentary material often fills the space between the pillows. 

Latah formation.--The Latah formation comprises all the sedimentary 

material that was deposited from the time of the earliest basalt flows 

until just -orior to the deposition of the Palouse formation (Pardee and 

137-yan, 1926, p. 8). The bulk of the Le.tah formation was deposited during 

the lull between the lower and upper basalts (Excelsior interval). The 

time of the last deposition is indeterminate, but certain drill logs 

indicate thEt the first Palouse sediments were deposited as a mixture 

with the Latah sediments. Locally, the Latah sediments are se-oarated 

from the Palouse formation by an erosional surface with at least 10 feet 

of relief, and elsewhere bog iron deposits occur between the Palouse and 

Latah formations. 
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The few natural ex-,Dosures are as follows: (1) 300 feet west of 

drill hole Mi L8; (2) at drill hole la 40; 800 feet north of drill 

hole Ex 49; and (4) 1,200 feet northwest of drill hole Mi 1 13. All 

other exposures are either roadcuts or clay pits. The Latah sediments 

consist of unconsolidated lacustrine and stream deposits of weathered 

debris derived from the gneissic and granitic rocks of the mountainous 

areas. The sediments are generally light gray, occasionally white or 

and rarely red. They are composed of quartz gravel, quartz and 

feldspar sand, muscovite flakes, and kaolinite clay. The greatest thick— 

ness --)enetrated by drilling was 31 feet at drill hole Ex 7; however, a 

thickness of 41 feet was noted in the it at drill hole Mi 47. Although 

most of the Latah formation is clay, commonly sandy and Gravelly zones 

13 to 15 feet thick occur at the base. The pure clay beds are economically 

useful for ceramic :urposes, and are being mined from the large pit at 

drill hole Mi 47 and from the pits east of Mica. 

Quaternary sediments.--All sedimentary rocks younger than the Latah 

forilation have been grouped together as gaaternary sediments. This croup 

includes the Palouse formation, ;1.acia1 deposits of Pleistocene age, and 

alluvium of Recent age. 
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The Palouse formation corresi3onds to what Bryan (1927, 44) calls 

the "Liner core" of the Palouse Hills. 2,t "places in the region, the 

formation is more than 100 feet thick, but the Lreatest thickness at the 

Excelsior deposit is 59 feet at drill hole Ex 46 (ao-,,endix). The 

formation is composed of massive, sometimes stratified, brown and reddish— 

brown silt. At many places, the base of the formation consists of granitic 

sands and gravels up to 10 feet thick, and at other places basaltic gravel 

is mixed with silt. The Palouse formation antedates all glacial activity 

in the area, and the major part of the formation has long been considered 

to be deposited by wind which obtained the material from the west. The 

author, ilowever, believes, that although the material was windborne, it 

was deposited in a lake or series of laces. Yo other method explains the 

stratificr3tion or the presence of gravel and occasional boulders found at 

widely sliaced places. Subsequent erosion has removed more of the silt 

from the valleys than from the hills, so that this formation is now thicker 

on the hills than in the valleys. The specific gravity of the Palouse 

formation ranged from 1.78 to 2.06 and the average is 1.90. The moisture 

content rpnged from 12.3 to 19.1 percent with an average of 16.8 percent. 
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The remainder of the Quaternary sediments are com)osed of glacial 

deposits and alluvium. Glacial gravels probably filled the valleys of 

the mapped area at one time, but have been removed except in certain 

protected tributary valleys. The glacial gravels are com-msed of 

quartz, granite, and basalt sands, gravels, and boulders. Remnants of the 

gravel filling exist as a small terrace on the north side of California 

Creek, north of Valleyford, and alone; the east side of the central 

valley (pl. 1). Glacial gravel and sand deposits, mostly basaltic, 

occur along the highway and railroad south of drill hole Mi 3 where 

they have been used for road material. Erratic boulders of granite 

gneiss, basalt, and some schist, quartzite, diorite, and pegmatite are 

found throughout the mapped area. 
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Geo:ilor-)hology 

The drainage pattern of the --)re—lower basalt erosion surface developed 

u-oon the granite gneiss rocks has been the geomorphic control of all sub— 

sequent formations. Its characteristics, with slight modifications, 

have been periodically inherited. 7igure 1 and plates 1 to L. show that 

in pre—lower basalt time the California Creek valley and the central 

north—south valley had courses very much as they are today. These valleys 

1,-ere flooded by the lower basalts, forming the Valleyford embayment. 

Since no dikes which mir:ht have been feeders for the basalt flows were 

found in the granite gneiss areas, it is assilmed that the flows came 

from the south or west. The lower basalts not completely fill the 

old valleys so that the post—lower basalt streams were confined to some 

extent to the old valley walls that rose above the lava surface. Thus, 

the drainage courses were above the old buried courses. The farthest 

advancement of the lower basalts into the Valleyford embayment left a 

narrow, sharply defined, berinheral valley formed by the steep front of 

a flow and the sloping surface of the embayed valley. This peripheral 

valley developed in both directions from the points where California 

Creek and the central valley crossed the granite gneiss—basalt contact. 

The major set of contact valleys ran north and south from California 

Creek along the east and west sides of the embayment, and a minor set 

ran e-st and west from the central valley at the head of the embayment. 

The two sets of contact valleys developed headwardly toward each other 

until a low gap was produced. 
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The Latah formation was deposited in lakes formed behind dams of 

aDper basalt. At one time the formation probably completely covered the 

lower basalt surface, but unconsolidated beds offered little resistance 

to erosion when the streams reestablished themselves in the old channels. 

Thus, the Latah formation was removed from the valleys, but left on the 

hill tops (pl. 2 to 4). 

The advancing upper basalts almost completely buried the old topo— 

raphy in the southern portion of the area, but flooded only the valleys 

in the central and northern portions of the mapped area. Thus, the upper 

basalts rest upon lower basalt throuGhout nost of the area, upon granite 

Eneiss along the northern margin of the embayment, and upon small areas 

of the Latah formation alonG the sides of the buried valleys. At every 

-)lace where the lower contact of the upper basalt was noted, the base 

of the flow is a series of Allow basalts. This indicates th-t the 

first extrusion of upper basalt was into water. 

With the pre—upper basalt valleys only partially filled, the streams 

were again confined within the walls of the old valleys. Thus, the 

streams began to cut channels in the upper basalt that are above the 

older channels. 

Erosion of the upper basalts had not progressed far enguh to cut 

very dee-o valleys before the area was covered by the Palouse formation. 

The unconsolidated materials did not change the drainage pattern. The 

melt—water from the Pleistocene Glaciers removed the Palouse formation 

from the valleys and left small terraces. 



Therefore, the major drainage of the area has been successively 

inherited from the ,ore—lower basalt land surface. During each succeeding 

,c.eoloF.ic epoch down to the present, the general configuration of the land 

surface has been inherited and. maintained with little modification since 

the --)roduction of the Excelsior surface in -oost—basalt time. The Excelsior 

surface and the many minor erosion surfaces )rcduced during inter—basalt 

times are evidence that the Columbia River basalts are not a series of 

-)arallel flows. Likewise, the inheritance of to-oographic features is con— 

trary to the belief that the Palouse formation was deposited ',non a level 

surface. 

The Excelsior Surface 

The length of time between successive flows of the Columbia River basalt 

varied, but in general, it must have been short, since most flow tops are 

composed of fresh lava or lava weathered to only a minor degree. However, 

at one time an inter—basalt interval occurred that was longer than any that 

receded or followed it. During this inter—basalt interval lavas orobably 

were being extruded at other places throughout the Columbia River Plateau, 

but in eastern Washington and northern Idaho, the outpouring of basalt gave 

way to a 7)rotracted --)eriod of weathering. During this weathering interval 

the great tYckness of basaltic residual clay of the Excelsior and other 

clay deposits was formed. The full thickness of the weathered zone is not 

everywhere known, but the 46 feet of basaltic residual clay encountered 

in drill hole Mi 42 testifies to a long and intense weathering interval. 

Because the Excelsior deposit is the most completely drilled and studied 

area, the author has named the surface developed during this intense weather— 

ing interval the Excelsior surface. 

15 
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The Excelsior surface, within the mapped area, has a relief of about 

1 00 feet, but from any one hilltop to its adjacent valley, the relief 

does not exceed 50 feet. The surface slopes gently to the southwest, 

and toward the mountains to the east and west, it rises gently for a mile 

'beyond the end of the basalt. The deep weathering of the granitic rocks 

in the adjacent mountainous areas )robably occurred during the same wepther-

ing interval. 

The full areal extent of the Excelsior surface is not known, 'out very 

likely its western extension is buried beneath a Great thickness of later 

basalt flows. The eastern extension is preserved near the mountains be-

cause the surface was thinly covered by later basalt flows and was not 

destroyed by erosion. 

CLAY DEPOSIT 

General Features 

The Excelsior high-alumina clay deposit is in the Valleyford embay-

ment, and it is dominantly composed of basaltic residual clay, the product 

of the weathering of basalt in place. It also contains a minor amount of 

transported clay derived )rimarily from the weathered debris of the granitic 

rocks that has been transported and deposited in water. The del)osit is 

divisible into five blocks (pl. 1) by drainage and topographic conditions. 

The central north-south drainage divides the embayment into two almost 

eaual narts: Area I on the west side has three blocks and Area II on the 

east side has two blocks. 
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The base of the clay deposit is determined in most cases by chemica] 

assays, but part of the deposit rests on granite -,f;neiss. The lateral 

extent of the de-oosit is limited mainly by the uipper flows of the 

Columbia River basalt, and to some extent the iron content and erosion 

of the upper portion of the basaltic residual clay. 

The overburden avera,-;es 21.4 feet thick. It is composed :.ostly of 

the Palouse formation and partly low—grade clay beds of the Latah forma— 

tion. The ratio of overburden to cle;: reserves ranges from 0.50:1 to 

2.48:1. 

The grade of the clay is only vaguely related to depth of clay. 

Local lithologic conditions apparently controlled, variation of the grade, 

and over a large part of the deposit the clay actually inc-2eased in 

Grade for a depth of several feet below the surface (fiG. 2). Local 

conditions, particularly porosity, may have permitted Greater movement • 

of ground water which produced the abnormally thick basaltic residual 

clay. 

The cross sections (pis. 2 to 4) show that basaltic residual clay 

is thickest along the flanks of the ridges and thinner on the ridge— 

tops and in adjacent valleys. This distribution of clay may have been 

caused in several ways--(1) soil creep, (2) the position of the ground— 

water table, and (7) the different soil profiles on the same hill. If 

the last cause was the most effective, a variation in the thickness of 

the basaltic residual clay may -_ot exist. 
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The U. S. Bureau of Mines drilled 139 holes for a total of /,633.5 

feet in the vicinity of the Excelsior deposit. 7ighty—three ?soles were 

drilled by hand, using '—inch post—hole p,ugers of the Iwan toe. Fifty— 

six holes were machine—drilled by the drive ,ipe method usin a 71 Speed 

Star churn drill mounted on a Chevrolet truck chassis. Logs of the drill 

holes are in the appendix. Samples were taken at 5—foot intervals or where 

the material showed a marked chrige. The samples were prepared at Spokane, 

Wash., and were sent to the U. S. Bureau of Mines, Northwest Experiment 

Station, Seattle, Wash., to be assayed. About 1,00 samples were assayed 

for ignition loss, available alumina, and available ferric oxide. 

The samples were cicii-led for one hour at 7000 C., and the loss in 

due to the escape of the hydroxyl ion, Organic matter, and small 

amount of CO„), is reported as ignition loss. 

Available alumina (A1203), as defined by Skinner and Kelly (1949, 

. 6),is the amount of alumina extracted from the clay that has been 

Cried at 130° C. overnight, weighed, calcined at 7000 C. for one hour, 

and boiled in a 20 percent solution of sulfuric acid for one hour. 

The available ferric oxide (Fe20 )is defined as the percentage 

by weight of ferric oxide in the calcined clay that is soluble in 20 

percent solution of sulfuric acid under the same conditions as above. 

Because ilmenite is not appreciably soluble in sulfuric acid, its iron 

content, for the most -oart, is -lot available. 
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Clay Bodies 

Area I West Bloch.--The West Bloc:: of Area I (pl. 1) lies alonL; the 

western margin of the Valleyford embayment. It is a=oximately 6,000 

feet long and 900 feet wide and has an average clay thickness of 14.7 feet. 

The north end terminates against granite ,=eiss and the eastern boundary 

is a buried valley in the lower basalt. The western and southern limits 

are determined by low-grade clay. 

Area I, Middle Block.--The Middle Block of Area I (p1. 1) is 

plylroximately L,600 feet long and 1,500 feet wide and has an average 

high-alumina clay thickness of 16.8 feet. On the east and west sides the 

clay has been largely removed or greatly thinned by erosion. The -r_,---t11 

boundary is partly determined by the lower basalt an( )artly by erosion. 

The southern boundary is arbitrarily --)laced because the clay increases. 

in iron content. 

Area I, East 31ock.--The East Block of Area I (pl. 1) is roughly 

3,200 feet long and 1,200 feet wide and has an average high-alumina clay 

thickness of 14.1 feet. The south and west sides are determined by the 

lower basalt. The increase in iron content arbitrarily determines the 

northern boundary. To the east, the clay has been almost entirely re-

moved by erosion. 

Area II, West Block.--Tile West Block of Area II (-31. 1) is the 

largest of the five blocks. It is approximately 4,L00 feet long and 2,000 

feet wide, and averages 21.9 feet in thickness. The north and south 

boundaries are arbitrarily determined by the increasing content of iron. 

The west boundary is formed by the glacial debris cover, and lower basPlt. 

On the east side, the clay has been thinned by erosion. 
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Area IT, East Block.--The East Block of Area II (pl. 1) is ;_-)roximate— 

ly 2,700 feet long, ancf-'. 1,200 feet wide. The average thickness is 15.6 

feet. The northeast boundary terminates against granite gneiss, and the 

southeast bound:ry is determined by an excessive overburden of lower basalt. 

On the west, north, and south sides, the clay is thinned by erosion and 

has an increasing iron content. 

Basaltic Residual Clay 

nineralo7.--Mr. V. T. Allen made examinations of the minerals found 

in the basaltic residual clay. Of the minerals identified, only a few 

pre of any economic importance. 

Kaolinite (A1203 . 2 5102 . 2H20) is the chief mineral of the basaltic 

residual clay :1.(3 the only one of importance for its alumina content. It 

is usurIlly white or gray, but often stained yellow or tan by iron oxide. 

It occurs as a weathered v)roduct of plaL;ioclase and to a minor degree of 

augite. Also, glassy pumice fragments and the 7roundmass of the basalt 

are altered to kaolinite under favorable conditions of good drainage. 

Some X—ray patterns of the basaltic residual clay indicate that a certain 

amount of halloysite is present with the kaolinite. 

Nontronite (Fe203 . 3S102 . nH20), normally a rare mineral, forms an 

isomor ,hous series with beidellite. The nontronite is a weathered product, 

under conditions of poor drainage, of the basalt glassy groundmass and, to 

a minor extent, of augite (Allen, 1946, p. 309). Tvo types of nontronite 

have been found in the basaltic residual clay: the first type is residual 

and occurs as grains that are dark olive green, yellowish green, or brown 

in color; the second type is trans-)orted and occurs in veins that are yellowish 

green to dark grass green in color. Both types of nontronite are massive, 

waxy, and sectile. A sample of transported nontronite gave the following 

analysis. 
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SiO2 
41.63 percent 7a 02 0.22 percent 

Al203 8.69 percent K20 0.32 percent 

17, e,,03- 4, 25.99 percent L102 trace 

MO n.33 percent 2° 10.67 percent 

Ca() , 1 .78 -)ercent 7204- 9.91 percent 

Total 99.4 nercent 

Beidellite (A1203 . 3Si02 . nH20) is present as a waxy, brown material 

filling some of the cracks a few feet from the top of the basaltic residual 

clay. The beidellite is believed to have beendErived from the overlying 

Palouse formation. 

Ilmenite (Fe0 . TiO2) is found in all of the basaltic residual clay, 

and is epnarently unaffected by weathering. The ilmenite occurs as abun-

dant, small, uniformly disse:dinated flakes thz:t are blue-black in color. 

Limonite (2Fe203 . 3H20) fills very small cracks in the basaltic 

residual clay, and also stained the clay tan or yellow. 

Lithology.--The basaltic residual clays arc the result of the weather-

ing of the lower Columbia River basalts during the Excelsior interval. 

The residual clay retains the original basaltic texture to some degree. 

The fine- and even-grained texture is sharply defined by the uniformly 

disseminated grains of ilmenite. Thus, the texture in the residual clay 

is more sharply defined than in the fresh basalt, in which the texture 

is often indistinct when examined with a hand lens. 

From the to of the basaltic residual clay to fresh basalt, five sub-

parallel, gradational zones can be distinguished. They are: (1) high-

grade alumina clays, (2) intermediate-grade alumina clays, (:')) 3oor ,;rade 

alumina clays, (4) semi-decounosed basalt, and (5) fresh basalt. 
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The high—grade alumina clays are composed almost entirely of kaolinite 

and unaltered ilmenite, and are plastic. These clnys are blue and bluish— 

gray from the metallic blue—black ilmenite. The upper part of this zone 

is often stained yellow in spots and streaks by the alteration products 

derived from ilmenite. The basaltic residual clay in this zone averages 

about 31 percent available alumina and three percent available ferric oxide. 

The intermediate—grade alumina clays are composed of kaolinite, un— 

altered ilmenite, and some nontronite. These clays are generally gray or 

brown, but may have tones of green or lue. The brown color is from the 

limonite. Where these clays have been derived from vesicular basalts, 

most of the vesicles and openings are filled with trans-ported kaolinite, 

'but a few are filled with transported nontronite. The basaltic residual 

clays in this zone average about 28 --)ercent available alumina and 5 percent 

available ferric oxide. 

The low—grade alumina clays are composed of kaolinite, 

nontronite, and limonite. The clays are dark shades of gray, blue, -Dreen, 

and brown. This zone is distinctly harder than those above it, and the 

brown color is due to large quantities of limonite. Most of the vesicles 

and openings in this zone are filled with transported nontronite, but a 

few are filled with transported kaolinite. Grins of residual nontronite 

were noted in this zone. The basaltic residual clay in this zone averages 

about 23 percent available alumina and 13 percent available ferric oxide. 
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The low—grade clay zone changes abruptly into the underlying semi— 

decomposed basalt which is com-posed of rock with unaltered original 

minerals, grains of residual nontronite, and sparse residual kaolinite. 

Transported nontronite fills some of the vesicles and o---)enins, the 

rest unfilled. This zone averages about 13 percent available 

alumina and 7 -percent available ferric oxide. 

The fresh rock is hard unaltered basalt. A small amount of residual 

nontronite .;rains may be seen and the openings are unfilled. 

Determinations of specific gravity and moisture content of the 

basaltic residual clay were made on 12 drill holes totaling 235 feet. 

The snecific gravity ranged from 1.51 to 1.84 with an average 1.6/1. The 

moisture content ranged from 22.4 to 39.6 percent and averaged 33.7 percent. 

_g_FILla.--Intense weathering of the basalt flows and their associated 

'Dillow lavas and breccias formed the basaltic residual_ clays upon a land 

surface of low to moderate relief and under conditions that permitted 

complete oxidation (Scheid, 1947). The climate (Berry, 1929, p.233) 

was humid and relatively warm. 
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Most of the basalts are vesicular, rfnd. all of them are trisected by 

joints. At first such joints and vesicles would groundwater to 

enter, bat would not pe=it free groundwater movement. L:fter, the per-

meability and porosity increased to allow good internal drainage and 

complete oxidation producing kaolinite (Allen and Scheid, 192-6, p. 309). 

The observations of Hoskins' (1940, D. 206) indicate that had poor drain-

age and no oxidation persisted montmorillonite or beidellite and non-

tronite would have formed instead of kaolinite. Under poor conditions 

of drainage and in the Presence of alkalies the basaltic glass of the 

tuffs and breccias probably was Lltered to palagonite, which in turn altered 

to nontronite. As the drainage increased, the nontronite was moved and 

deposited in the cracks and vesicles of the fresh and semi-decomposed 

rock. The plagioclase began to alter directly to kaolinite and the 

iron oxides were reduced to the ferrous state by neutral or slightly 

acid sol,itions. The openings left by the nontronite are filled either 

with kaolinite transported from above or by compaction of the basaltic 

residual clay. Residual ilmenite is somewhat concentrated by the weather-

ing and remains essentially unaltered. Thus, the best grade 

clays are composed of residual kaolinite and trans-orted kaolinite with 

scattered ilmenite. 

The chemical changes that have occurred in the alteration of basalt 

to basaltic residual clay are shown by a comparison of the assays listed 

below (table 1). 

Table 1. Chemical analyses to show changes. 
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Table 1. Chemical analyses to show changes produced by alteration of 
basalt to basaltic residual clay. 

A 7, C 

SiC2 54.50 40.3 41.2 

A1203 14.43 30.8 31.1 

Fe2O3 2.17 9.1 8.2 

Fe0 8.80 

Mg.0 4.24 0.0a 0.0a 

CaO. 8.01 1.0 1.0 

3.05 0.5 0.4ra20 

K2C 1.29 0.4 0.3 

TiO2 1.69 7.5 7.3 

P20 0.21
5 

-- 0.05 <0.05V205 

Mn0 0.10 -- --

.......Sr0 0.09 --

,M10Da° 0.06 

s03 0.11 

E20- 0.29 

1.09 10Z9a 11.1aH204 

Total 100.13 1 00.5 100.6 

plj Total ignition loss. 

A. Yakima basalt, Clealum Ridge, Kittitas County, Wash. (Smith, G. O., 
1904, Mount Stuart folio: U. S. Geol. Survey Geol. Atlas, no. 106, 
P. 8). 

B. Basaltic residual clay (Weighted composite sample of Area I, except 
northern lobe of West Block). 

C. Basaltic residual clay (Weighted composite sample of Area II). 
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Chemistry.--Table II shows representative assays of the Excelsior 

high—alumina clay deposit. The uaximum, minimum, and average assay 

values are discussed below. 

The quantity of silica depends upon the degree of weathering of 

the source rock. In general, more complete weathering produces a higher 

content of clay minerals and a lower content of silica. For the com— 

posite samples, the silica content ranges from 47.1 to 36.9 percent and 

averages about 40 percent. 

The loss on ignition depends - )rimarily upon the quantity of clay. 

A direct ratio exists between the ignition loss and available alumina 

as shown on table II. For the composite samples, the ignition loss 

ranges from 7.9 to 11.9 nercent and averages about 10.8 percent. 

The quantity of total and available alumina has been shown to de— 

pend upon the degree of weathering, z,:nd thus, on the kind and amount of 

clay minerals. In general, the more complete the weathering, the higher 

the available alumina content. For the com?osite samples, the total 

alumina ranges from 22.8 to 34.4 percent and averages about 30.6 percent, 

and the available alumina ranges from 21.9 to 33.1 percent and averages 

about 29.9 )erce_lt. The ratio of available alumina to total alumina 

or ::ercent recovery ranges from 39.2 to 109.0 percent and averages about 

96 perce-It. 
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The Taantity of total ferric oxide is dependent upon ilmenitc, 

limonite, and nontronite content. Because ilmenite is not a-)preciably 

soluble in a 20 -)ercent solution of sulfuric acid, its iron content is 

not available, therefore, the quantity of available ferric oxide is de— 

pendent on limonite and to a minor degree nontronite. For the com— 

posite samples, the total ferric oxide ranges from 5.3 to IL.? nercent 

and averages about 9.3 percent, and the available ferric oxide ranges 

from 1.0 to 9.9 percent and averages about 5 percent. The rrtio of 

available ferric oxide to total ferric oxide ranges from 17.2 to 7?).0 

-)ercent and averages about 54 percent. 

The quantity of total titania is dependent upon the amount of il— 

r:,enite and whatever amounts of leucoxene and rutile may be associated 

with it. Because the titania minerals are not appreciably soluble in 

a 20 - percent solution of sulfuric acid, most of the titania is unavail— 

able. For the composite samples, the total titania ranges from 5.0 to 

8.4 perce-It and averages about 7.1 percent and the available titania ranges 

from 0.35 to 0.72 percent and averages about 0.5 percent. The percentage 

of recovery ranges from 5.83 to 12.63 perceYit and averages about 8 

--)ercent. 

One sample from the railroad siding at the Washington Brick and 

Lime pit in the East Block of Area I assayed 0.005 percent gallium. 



Transported Clay 

The transported clays of the gip-oer Latah formation comprise about 

6 percent of the Excelsior high—alumina clay deposit. The Latah forma— 

tion is comoosed of weathered debris fro:: the granite gneiss and related 

rocks. It was deposited upon the Jraritic and basaltic residual clays 

in lakes that were formed by streams dammed by post—Excelsior interval 

flows of basalt. The transl)orted clays average about 5 feet in thickness, 

and they are light gray to white, plastic, slick, and fine—grained. They 

are composed of kaolinite, with quartz sand and gravel and muscovite 

flakes. About 30 assays were made on the transported clays and the aver— 

. 
age values are 24.30 percent for available alkuna and 9.59 percent for 

available ferric oxide. 

Determinations of specific gravity and moisture content of the trans-

-;orted clay were made on samples from four drill holes totaling 64 feet. 

The specific gravity ranged from 1.77 to 1.98 with on average of 1.89. 

The moisture content ranged from 12.3 to 20.7 percent and averaged 15.7 

percent. 

COITCLUSION 

Under emergency conditions, the Excelsior clay deposit could serve 

as a source of aluminum and some titanium. The aluminum plant at I.:ead, 

near Spokane, Wash., is within a very short distance of the Excelsior 

deposit. 
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APPENDIX: 21:2RESESTATIV3 LOGS WIT-4. ASSAYS 

Forma- Interval 
tion (feet) 

Op 

Tin P.0-11.0 

Description 

Trill role ix-1: Coord. 25,010N, 14,035W.. 

Soil ,tnd 'alms. formation. 

Gravel, transported, gneiss pebles, 7oorly 
sorted. 

Kgn 11.0-16.0 Clay, residual gneissic, poor quality. 
16.0-37.0 Gneiss wdium-grained, anart7itic, biotite 

clusters, slightly weathered. 
Gneiss. 

Drill Hole Zx-2: Coord. 25,0001, 15,0201. 

CD 0.0-27.0 Soil and Palouse formation. 

Tin 27.0-42.0 

42.0-57.0 

Clay, transported, gray, sandy and micaceous, 
plastic. 

Gravel, transported, gray plastic clay 48.0 
feet to 5.( feet. 

Tcrl 57.0-65.0 Clay, residual, baseltie• blue, white, kaolin 
amygdrles ane streArs, some iron stsining. 58.0-65.0 11.1 

65.0-69.0 Clay, residual, berciAltic, 
gray. 

69.0-76.0 Clay, r3sidus1, basritic, 
gray. 

76.0-78.5 Clay, rtsicual, basaltic, 
iron-stained. 

78.5-80.0 Clay, r_sidual, basrltic, 
kaolin cxygdules. 

brown and dark 

blue and blue-

greenish gray, 

blue, white 

80.0-87.0 Semi-decomposed baslilt, rownish gray, 
-stained.87.0 

65.0-73.0 9.9 

73.0-80.0 10.2 

80.0-87.0 9.4 

Interval Ign. 
(feet) 

Avail. 
Fe 0 203*2 3 

3.1 

16.4 23.2 

8 7 . 26.7 

16.6 22.2 



 

'7orma- Interval Interval Ign. Avail. Avail. 
tion (feet) Description (feet) Loss 14201 A'l 0- 2 3 

Hole iAt-3: Coord. 24;:475N, 16,1301. 

0.0-3.0 oi1 and 2alouse formation. 

Tlu 3.0-29.0 Clay, transported, light cray, some sand and 
mica. Last 0.5 foot iron-cemented sand. 28.0-31.0 10.4 5.8 27.2 

79.0-31.0 Thew, trrnsportee, white, pla.tic, dense. 

Tcrl 31.0-35.0 Clay, residual, basaltic, blue-raj, white 
kaolin amygdules. 31.0-35.0 3.0 2.9 8.9 

35.e-36.0 4mi-decomposed basalt, brown.
36.0 Basalt. 

Lrill Hole Zx-4: Coord. 24,55os. 16,680z. 

L\1 qP 0.0-30.0 zoil and ?alouse forraition. 

(•\) 
Tin '30.0-45.0 Sand and clay, transported, tray, micaceous, 

plastic!. 
45.0-50.5 transflorted, limonitic. 47.0-50.0 9.2 16.1 21.9 

Tcrl 50.5-51.5 Clay, residual, basaltic, white and tan-gray. 50.C-57.0 ;?.0 32.9 
51.5-5E,.0 Clay. residual, basaltic, blue and blue-

gray, white kaolin ammules. 57.0-60.5 9.3 27.2 
58.0..61.0 Clay, residual, basaltic, blue, Dlastic. 
63.0-65.o 3emi-decoapos,.d bNtsalt, brown-black. 
65.0 Basalt. 

Drill Hole 1x-5: Coord. 24,F90N, 18,3201. 

qp 0.0-14.0 Soil fAnd Palcuse formation. 

Ter' 14.0-21.0 residual, basaltic, blue-gray and 
brown, white kaolin amygdules. 

21.0-26.0 Basalt, black. amlYgda.loidal. 
17.0-21.0 5.6 14.1 15.0 
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8.7 

Foram -
tlon 

Interval 
(feet) Description 

Drill Hole ix-6: Courd. 24.5201, 18,805L. 

Interval 
(feet) 

Ign. 
Lose 

Avail. 
Fe2O3 

Avail. 
203 

0.0-19.0 Soil and 2alouse formation. 
19.0-24.0 Gravel, gneiss pebblas. 

Torn 24.0-36.0 Clay, residual, basCLtic, blue, ,yilite kaolin 24.C-30.0 8.7 20.0 19.4 
amygdules, upper 3 feet waxy. 6-inch usam 30.0-36.0 9.0 15.4 21.3 
of tan, iron-stained palagonite at 27 feet. 

36.0-41.5 Clay, reaidual, basaltic, tan, palagonitic, 
mixed with micaceous clayey sand. 

36.r-42.0 
42.0-48.0 

7.f 
7.9 

14.1, 
13.7 

17.o 
17.9 

41.5-59.5 Clay, residual, basaltic, tan, palagonitic. 48.0-5h.0 7.2 12.6 15.6 
About 1/3 blue and blue-grey clay. 54.0-59.0 6.8 12.5 16.6 

59.5-63.5 Clay, r:sidual, basaltic, blue, waxy, 59.0-65.0 7.5 9.7 19.4 
vesicular. 

63.5-66.0 Clay, rcaidual, basaltic, tan, palagonitic. 65.0-71.0 8.4 3.7 24.6 
66.o-68.o Clay, risidual, basaltic, blue. 

flu 68.0-74.5 Sand, transported, clayey, micaceous. 71.0-7L.5 5.9 4.2 17.2 
74.5-81.0 Sand, transported, brown, mioace=s, iron 

stained. 

Drill Hole -cA-7: Coord. 24.030N, 13,525Z. 

9P 0.0-48.0 Soil anv. Palonse formation. 

flu vt.0-64.o Sand and gravel, transported, gneiss, some 65.0-71.0 5.8 2.3 15.t 
white clay. 

64.o-77.o Sand, transported, yellow ana yellowish 71.0-77.0 6.9 13.2 14.6 
gray, clayey aad micaceous. 

77.o-78.0 Clay, transported, white, powdery k,olin, 77.0-79.0 11.6 3.0 )1.1 
bottom 2 inches sandy. 

78.0-79.0 Clay, transTiorted, gray, powdery kaolin. 

Tcrl 79.0-80.0 Clay, residual, basaltic, blue, white 79.0-85.0 6.6 4.0 19.7 
kaolin ftmygdules. 

80.0-82.0 Clay, rteidual, basaltic, gray, some white 85.o-88.c 3.0 6.8 9.3 

s2.0-88.0 
8,8.0 

streaks. 
Semi-decomposed basalt, gray and brown. 
Basalt. 



 

 

Forma- Interval 
tion (feet) 

r(I) 0.0-31.0 

Tcrl 31.0-33.0 

33.0-33.0 

35.0-37.5 
37.5-38.o 
38.0-40.5 

40.5-47.0 

47.0-48.0 

48.o-49.5 

49.5-51.0 

51.0-54.0 

54.0-67.0 

Intorval Ign.
Description (feet) Loss 

Drill Hole Ex-8: Coorc;. 23,890N, 14,515R. 

Soil and Palouse formation. Some granite 
gravel. 

Clay. residual, basaltic, dark blue. Corn.' 
pletely decomposed vesicular basalt; 
vesicles filled with white and yellow trans-
ported kaolinite. 

Clay, residual, basaltic, tannish- and bluish-33.0-36.0 10.2 
gray. Narrow seams and amygdules of trans-
ported, white kaolinite. Disseminated 
minute specks of ilmenite. 

Lost core (Probably similar to 33-35 feet). 
Semi-decowosed basalt, yellow-green, hard. 36.0-111.5 3.6 
Clay, residual, basaltic, light blue-grey, 
dense. Scattered hard spots. 

SliOitly altered basalt, brown-black, even- 41.5-45.5 2.6 
grained. herd. Spots and zones of gray-
blue clay along joints. At 46.5 feet 
hard, blue basalt. At 47 feet, 6-inch iron 
streak. 

Clay, residual, basaltic, dark-blue, 45.5-48.5 4.0 
vesicular. Vesicles filled with tan and 
white kaolinite. 

Semi-decomposed basalt, light yellowish'. 
green, even-grained. Green nontronite 
specks and black ilmenite specks. 

Lost core. (Probably ?trailer to 48.0.. 48.5-53.0 4.1 

Clay, 31.0-33.0 10.1 

54.0 feet). 
,!emi-decomposed basalt, grayish-green, 
some blue; 1/2 is hard. Waxy, green 
nontronite spots end streaks. At 53 feet, 
a 6-inch limonite seam. 

Clay, residual, basaltic, yellow, pale- 53.0-55.o 5.8 
gonitic, plastic, mixed with white trans- 55.0..59.0 9.3 
ported kaolinite and some diatoms. 59.0-63.o 9.3 

Avail. Avail. 
Fe203 203 

2.5 29.9 

3.1 29.3 

8.5 9.0 

7.0 5.8 

13.2 9.0 

13.0 8.5 

13.7 13.5 
5.1 24.4 
6.9 25.3 
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Interval Interval Ign. Avail. Avail. 
tion (feet) Descri-ntion (feet) Loss l'e2G3 A1203 

Drill Hole 4x-8: (continued) 

ttered spots (up to 6 inches) of blue basalt 
clay, some of which has :enters of un- 63.0-67.0 9.2 7.9 25.3 
altered vesicular basalt. ?robably a TAllow 
basalt. 

67.0-69.0 Slightly decomposed basalt, black-brown. 
Tcrl 69.0-76.0 Clay, residual, basaltic, yellow, and green 67.0-71.0 6.8 15.8 15.8 

zones, palagonitic, waxy. Brown waxy clay 
scattered through the green tones. At 71 
feet, one foot of black-brown, semi-de-
composed basalt similar to 67.0-69.0 feet. 
At 74 feet, one foot of mixed yellow-green 
palagonitic clay, and brown, semi-
decomposed, fine-grhineo basalt. 71.0-77.0 6.6 21.3 14.7 

71.0-82.0 Partially decomposed basalt, dark-brown. 77.0-82.0 7.4 23.6 15.2 
fine-grained. Last 3 or 4 feet mixed 
with 1/3 to 1/2 yellow and green pale-

-anitic clay. 
82.0 Basalt. 

Drill role ="x-9: Cocrb. 24,000N, 15,505E. 

0.0-5.0 Soil And Palouse formation. 
5.0-23.0 Palouse formetion an gravel. 

Tcrl 23.0-27.0 Partially altered basalt, slightly 
vesicular, ilmenite eoecks, olive green 
nontronite spots. 



or- Interval int•rval ign. Avail. Avail. 
tion (feet) Descri-otion (feet) Loss Fe203 1.1203 

Hole lx-10: Coorc. 23,96011, 16,5C0 F. 

CP C.C-42.0 Eoil and Palouse formation. 

Tlu 42.0-47.5 Clay, transported, gray-white, plastic. /,2.0-48.0 7.5 1.3 21.2 

Tcrl 47.5-57.0 Clay, residual, basaltic, blue and blue. 
gray. Some white kaolinite amygdules. 

57.0-64.0 semi-decomposed basalt, gray. Much iron 
stain and green nontronite. 

64.0..70.0 Partially decomposed baselt, gray-black. 
Abundant green nontronito. Hard spots. 

70.0 Basalt. 

48.0-33.0 
53.0-57.0 
57.0-63.0 

63.0-69.0 

11.0 
9.7 
7.7 

6.0 

1.3 
6.6 
20.8 

14.9 

31.8 
26.8 
16.7 

14.5 

Erill Bole 4x-11: oord. 2,9601, 17.500-A:. 

op 0.0-7.0 Soil and Palouse formation. 

Teri 7.0-8.0 Basalt, green nontronite. 
8.0 Basalt. 

Drill Iola Ex-12: ;;oord. 23,940N, 18,500l. 

qp C.0-16.5 soil and 2alouse formation. 

Teri 16.5-4r4.0 Clay, residual, basaltic, d-trk blue and 17.0-23.0 9.5 19.8 22.7 

24.0-38.G 

38.0-42.0 

42.0-47.0 

47.,'.)-50.3 

50.0 

Clay, residual, basaltic, blue and some 
brown, green nontronite streaks, some 
amygdules. 

Clay, residual, basaltic, brown, tan 
amndules. 

Clay, residual, basaltic, blue and blue-
gray and brown, iron streaks. 

Clay, residual, basaltic, blue. 

Basalt. 

23.0-28.0 
28.0-31.0 

31.0-37.0 

37.0-43.0 

43.0-49.0 

8.6 
9.4 

9.6 

8.5 

8.4 

19.3 
14.6 

13.1 

17.7 

18.8 

20.0 
22.4 

24.0 

20.6 

20.3 



 

 

Forms- Intorva.1 DesertIn Interval Igo. 
ticn (feet' (fent) Loam Fe2O3 A1203 

Drill Rol x-13: Coord. "1,r0eN, 13,0101% 

r..;p 0.0-34.0 Soil and ?alouse foniiticn, granitic sand at base. 

Tlu 34.0-414 014y, transnrted, grmr and *the, plretic. 33.5-42.0 10.4 1.7 28.5 

Teri 41.0-45.0 GlAy, residual, basnitic, amygdaloidal. 42.0-45.0 4.2 7.9 11.1 
45.0-'66.0 Partizaly altc'red basalt, brown. 
46.ci-53.0 Bash/A, ,esieles filled with tem clmy. 

Semi-lsoem-od 10•Ick, iron etreeks 53.u-57.0 3.4 12.4 7.4 
ne" top. 

Basalt.58.0 

Drill nvls Coord. 23,015N, 14,015/. 

Op 0.0-h7.5 Soil and Palouse formation. qrcnite eta end 
occasilaal pebbles of rreen nontronite and 
decomposed bsealt. 

Teri 43.5-54.0 Clay, residilal, basaltic, blue. Agyedules and 43.5-504 11.4 0.9 32.5 
etrerke o-P white kaolinite. .'rom ILA feet on 50.0-53.5 11.8 1.0 32.6 
it it wry fire- and even-grained. 53.5-55.0 9.5 17.8 21.8 

54.0-59.0 City, resi6unl, bassltic, banas of piny, green 9.8 13.9 20.5 
,re brr.vn. Figh iron. Some only Fee- 5 .G:;7:o 9.6 22.8 20.0;69 0 
decomposed. tull pot of semi-decomposed 57.0-59.0 9.t 10.7 25.5 
p*Tpgonite. 

Semt-decomposeA bnealt. brown and gray-creen,59.0-6E.° 59.0-66.o 8.2 38.7 13.3 
wrY7r, limonite cruets, :Oontronite snots ad 
vericle lininrm. Prrd spots neTr bottom. 

66.o-6Q.o Clay, reri.4,121, brsaltio, blue. Middle part 66.0-69.0 5.0 16.1 10.9 
strongly streaked and spotted by hard, waxy, 
green nontronite.

69.c-74.o ;sal-UE.11y decomposed basalt, black-blue, 71.0-74x 2.7 12.8 6.4 
vesicular hPrd. liontronite spot*. 

74.0-77.0 FraElt, pimil&r to 59.0-66.0 feet. 74.o-76.0 7.1 32.3 11.1 
76.0-77.c 7.6 33.8 11.6 



Forms-
tion 

interval 
(feet) 

21:oecription 

.rill -Tele x-14; (continued) 
(feet) 

Ls... 
Loss 

Awm11. 

Fe o 
2 

77.0-80.0 

80.0-82.0 
82.0 

Semi-cecomposed basalt. Uppar 6 inches blue, 
rest green from nontronite. 

Basalt, abundant limonite. 
Baspat. 

77.c-82.0 7.0 39.0 8.e 

Drill Role lx-15: Coord. 22,9752i, 15,09074. 

Op 0.0-25.0 Soil and Palouse formation. 

Teri 25.0-27.0 Clay, residual, basaltic, blue, vesicular. 
27.0-32.0 Clay, residual, basaltic, ten and bluish 

gray, some hard snots. 
32.0-32.5 Clay, residual, bassltic, blue. vesicular. 
32.5-15.0 Bpsalt, black and dRrk Era', vesicular. 14-•• 

Inch of yellow clay. 
35.0-48.0 lijhtly decom-oosed -pillow basalt and 

i- ssociated tuff. Some vesicles filled with 
tan clay. i.treks and spots of green-
yellow nontronite at 35 feet. 6-inch iron 
streak at 38 feet. 

24.5-27.0 

77.5-29.0 

27.0-32.0 
32.0-35.0 

35.0-40.0 
40.0-48.0 

5.2 
8.0 

5.2 
3.6 

4.1 

4.8 

2.4 
3.4 

4.8 
7.9 

13.5 
23.0 

15.4 
9.7 

12.2 
13.9 

Drill Bole Xx-16: Coord. 22,990N, 16,000i.. 

0.0-30.0 Soil and Palouse formation. 
30.0-19.0 Sand, gray, micceous and clayey. 

39.G-47.0 
47.0-49.5 

Clay, transported, gray. plastic. 
Limonite. 

41.0-43.0 
47.(-49.5 

5.6 
10.2 

0.9 
22.4 

14.7 
21.2 

Tar' 49.5-63.0 

63.0-67.5 

67.5 

Cl-y, residual, basfAtic, blue, vsicles and 
cracks filled with white kaolin. 4-inch 
band of yellow clay at 61 feet. 

Clay, residual, basEltic, blue-gray and green-
brown; hard spots begin at 65 feet. Yellow-
gratin nontronito fills cracks and vestal**. 

basalt. 

49.5-53.0 
53.0-58.0 
58.0-63.0 
63.0-65.0 
65.0-67.5 

11.4 
12.0 
11.5 
9.4 
5.9 

3.2 
1.1 
1.8 
5.8 
6.3 

31.6 
32.9 
32.8 
26.2 
16.5 



Forma- Interval Doecription Interval I6n. Avail. 
tion (feet) (feat) Loss Te203 Al2°3

Drill Hole 74x-17: Coord. 22,9701, 16,985-i. 

Qp 0.0-3.0 
3.0-11.0 

Soil and Palouse formation. 
Pebbles of green nontronite hnd white marts. 

Torn 11.0-25.0 
25.0 

1RRsalt, black, hard. 
Basalt. 

brill Hole ix-18: Coord. 22,950N, 17,920A. 

CeP 0.0-38.5 Soil and ialause formation. Some gravel at bottom. 

Tcrl 38.5-41.0 
41.0-42.5 
42.5-52.5 

52.5-53.5 
53.5-61.0 

61.o 

Clay, residual, basaltic, light blue...gray. 
Semi-decomposed basalt, brown. 
Clay, residual, basaltic, light blue, most 
vesicles filled with white kaolin, others 
filled with green nontronite. 

Semi-decomposed basalt, black-brown. 
Clay, residual, basaltic, gray, light blue, 
and brown. 

Basalt. 

35.0-41.0 
41.0..43.0 
43.0-48.0 
46.0-53.o 

53.0-58.0 
58.0-61.0 

9.0 
9.0 
9.0 
9.8 

9.5 
7.8 

17.1 
15.7 
14.8 
13.1 

15.3 
15.2 

19.5 
19.7 
21.6 
25.1 

24.1 
20.2 

Drill Bole Xx-19: Coora. 22,960,1, 18,9851. 

op 0.0-4.0 Soil and Palouse formation, gravel ht base. 

Tcrl 4.0-6.0 
6.0-8.c 
8.0-10.0 
10.0.16.0 

16.0-22.0 

22.0-22.5 

22.5.26.0 
26.0-32.0 

Semi-decomposed basalt, light brownish, grayish. 5.0-11.0 
Semi-decomnosed basalt. light gray. 
Semi-decomposed basalt, iron-brown. 
Semi-decomposed basalt, bluish-gray. Few 11.0-17.0 

mmygdules of white kaolinite. Green non-
tronite spots. 

Similar to above. Less decomposed, brownish. 17.0-22.0 
Occasional hard spots. 

Basalt, black, hard. :nontronite streaks and 
spots. 

Slightly decomposed basalt, gray black. 
reselt, black, hard. Green nontronite in 

cracks and vesicles. 

9.6 

9.0 

6.9 

17.6 

16.5 

17.3 

22.4 

21.5 

16.9 



Forma- Intervm1 
tion (feet) 

32.0-35.0 
35.0-37.0 
37.0-45.0 

45.0-49.5 

49.5-51.5 
51.5-52.0 
52.0-54.0 
54.0-613.o 

Op 0.0-26.5 

Peni 26.5-31.0 
31.0.-35.0 

Qp 

nu 35.0-38.0 
38.0-49,0 

Description 

Drill Hole -ix-19; (continued) 

Basalt, brown and black, iron-stain. 
2artially decomposed basalt, gray. 
Semi-decomposed basalt, tannish- and greenish-
gray. Nontronite specks uniformly dis-
tributed. iard spots. 37-40 feet, strong 
limonite streaks. At 44 feet, several small 
nontronite streaks. 

Cl', residual, basaltic, blue, scattered small 
amygdules of white kaolinite. 

Limonite, red-brown. 
Clay, residual, basaltic, blue. 
Semi-decomnosed basalt, green-brown, hard spots. 
Clay, residual, basaltic, mottled, brown with 

disseminated black spots; top 6 inches is 
blue. Many cracks and cavities filled or 
lined with yellow, palagonitic clay. Border-
ing the cracks for 1/2 inch is blue clay 
grading into less altered black anc brown 
clay. 

Drill Eole Tx-21: Coord. 22,025N, 13,5001'. 

Soil and Palouse formation, few Quartz nebbles 
at base. 

s'emi-decomposed basalt, green, vesicular. 
Semi-decomposed basalt, black, streaks and 
amygdules of green nontronite. 

rill -Tole 1A-21: Coord. 22,000N, 15,4856. 

Soil and Palouse formation, granitic and near 
base. 

Clay, transported, gray, slick. plastic. 
Clay, transported, yellow, plastic, some snndy. 
One foot white, plastic clay at base. 

Interval 
(feet) 

35.0-37.0 
37.0-40.0 
40.0-45.0 

45.0-50.0 

50.0-55.0 

55-0-59.0 
59.0-63.0 

35.0-38.0 
43.0-49.0 

'ern. 
Loss 

4.4 
8.2 
3.8 

5.0 

8.4 

9.8 
9.6 

9.4 
10.8 

Meal. Ayala. 
Fe203 Al2 3 

12.5 10.7 
24.3 17.1 
11.5 10.3 

16.1 12.1 

24.8 18.2 

18.0 23.2 
18.8 15.7 

0.9 23.7 
14.3 26.3 



Yo Interwt1 Description Interval Ign. Avail. Avail. 
tiom (foot) 

Drill Hole 1x-21: (continued) 
(feet) Loss F.2 3 A1203 

Tcrl "Jlay, residual, bt:saltic, blue, plastic. Amyg-
dules of white and tannish kaolinite. At 57 

49.0..54.0 
54.0-60.0 

9.8 
9.8 

1.8 
2.1 

78.7 
28.4 

feet the color becomes darker blue and vesic1es60.0-65.0 10.0 2.2 28.9 
are more abundant. The clay grades downward to65.0-71.0 10.1 8.9 27.0 
lighter blue and less vesicular. At 68 and 71 
feat, limonite streaks. 65-72 feet, occasional 

72.0-.75.0 
75.0-82.0 

green stain. 
Clay, residual, bAsaltic, brown and blue. 
Clay, residual, basaltic, mottled brown; top 71.0-77.0 10.5 12.k 26.7 

82.0..102.0 
foot has yellow palagonitic clay mixed with it.77.0-83.0 10.5 

"Decomrosed pillow basalt and associated breccia. 83.0-90.0 10.0 
16.3 
23.0 

25.5 
22.5 

nxture of mottled brown basaltic clay, blue 90.0-97.0 9.9 21.7 22.1 
basaltic clay. limonite. Rnd yellow palms, 97.0-102.0 6.2 10.9 15.8 
gonitic clay. About 1/2 to 3/4 is decomposed. 
Yellow palagonitic clay at 93-97 Zeet; un-
weathered basalt and basalt glass at 97 'aet 
to bottom. 

102.0 Basalt. 

Drill Hole -ix-24; Coord. 21,960S, 16,4801. 

CT) 0.0-23.0 Soil and Palouse formation, some gravel. 19.0-22.0 3.5 12.0 8.8 
23.0-26.0 Gravel. 22.0-26.0 5.4 5.8 15.8 

Tcru 26.0..28.0 Clay, residual, basaltic, brown, limonitic. 26.0-32.0 10.5 25.0 21.6 
28.0-29.0 Clay, residual, basaltic, yellow. tuffaceous. 
29.0-33.0 Clay, residual, basaltic, brown. limonitic. 
33.0-40.0 Clay, residual, basaltic, yellow. 
40.0-43.0 Semi-decomposed basalt, black and brown. 
43.0-46.0 Tuff, basaltic glass, and ash. 
46.0 Basalt. 



J.'orsm- antes-wan/ 
tion (feet) 

0.0-32.0 

Tlu 

Torl 36.0-39.0 

46.0-50.0 
50.0-52.5 
52.5-55.0 

Qp 0.0-22.5 

L.1 Peru 22.5-32.5 

)2.5 

Qp 0.0-23.5 

Teri 23.5-24.0 
24.0 

Domariptiom Interirma Ign. Avail. Avmil. 
(fact) Loss A1.,03re23Drill Role 7.:-?5: Coord. 21,940N, 17,470X. 

Soil and Palouse formation. 

Clay, transporte, yellow, limoratic: lower 32.0-35.0 10.5 19.6 23.2 
6 inchtbs 

Clay, residual, basaltic, dark, blue-white 35.0-41.0 11.2 3.4 31.8 
kAolinite amyguules. Light tan and white 
clay seams. 

Clay, residual, basaltic, light blue-gry. 41.0-47.0 10.8 2.4 32.1 
C14y, residual, basaltic, dark-blue. 47.C-50.5 11.0 3.4 32.0 
Clay, residu41, basaltic, brown. 50.5-52.5 8.4 70,9 1.?,.6 
Br,salt, ;sour anc black. 

Lrill Sole -1-1.t.2G: 'Aord. 21.925/, 18,475Z. 

Soil and 2alokse formaziou, same, granitic gravel. 

Semi-decomposed basalt, brownish-black, dark 21.0-32.5 6.6 18.0 14.2 
gray at bottom. joints filled with reddish 
brown, way beidellite. 

Basalt. 

Drill role ;11x-27: Coord. 21.015M, 12,980X. 

42oil 121 Palouse formhtion. 

Semi-decomposed bssalt. 
Ensfat. 

:rill Hole 4:x-28: Ooord. 21,015N, 13,980K. 

4 0.0-13.0 Soil ana :aluusie formation. 

https://1-1.t.2G


Forma-
tion 

113 tJI1 

(feet) 
Description 

Eole Zx-28: (continued) 

Interval 
(feet) 

Ign. 
Loss "2°3 Al2°3 

Tcrl 13.0-15.0 

15.0-16.0 
16.0..21.0 

21.0-25.0 
25.0-29.5 
29,5 

lay, residual, basaltic. blu-graiy, =Wed. 
white amygdules. 

Olay, rosidmal, basaltic, blue, white amygdules. 
Clny, residual, basaltic, light blue-gray, 
white aNygdulee, veficrasx. 

Clay, reflidual, bastltic, brown, tuffaceous. 
Semi-decomposed basalt, brown, bard near base. 
Baaalt • 

12.0-14.0 

14.C-18.0 
18.0-22.0 

22.0-26.0 

10.0 

11.0 

11.1 

9.2 

2.7 

1.5 

1.6 

8.0 

29.0 

31.7 
32.3 

25.6 

Drill Bole Xx-29: Oolrd. 21,no1, 1li,1657. 

QV 0.0-14.0 Soil and Palouse formation. 

Tcrl 14.0-20.0 
20.0-30.0 

30.0-36.0 

36.0-44.0 
44.0 

maidual, basaltic, blue-gray. 
Sami-decomposad basalt, dark blue, vesicular, 

iran-straaked. 
Clay, residual, basaltic, greeniph 
turfaceous. SOW round pieces of vesicuILT 
busalt. 

Partially decomposed basalt. 
Basalt. 

13.5-17.5 
17.5-20.0 
20.0-24.0 
31.0-36.0 

10.1 
8.7 
5.1 
8.0 

7.2 
13.5 
9.6 
13.0 

28.2 
22.0 
14.7 
21.4 

Drill Hole Yx-30: Coord. 20,9851i, 19551. 

qp 
25,0..40.0 

Gravel, granitic, and bRsaltic. 
Palouse form:ttion. 

Tern 40.0 Baudt. 

Drill :Lola ita.-31: ‘;oord. 20,970N, 16.960I. 

Op 0.0-25.0 Soil und A)aivue formation. 

Peru 25.0-28.0 
28.0-32.0 

Semi-decomposed, black. 
Basalt. 



Interrwm2 

(feet) 
.VarmScx-ip,t1...71, 

Drill !Tole 3x-32: Coord. 20,950N, 17,955E. 
(raet) 

_ 
Los a Fe_0,; 

-41141111~pw-z-----
e1203 

Qp 0.0-23.0 Soil and Palouse formation. 

Tcrn 23.0-25.0 
25.0..27.0 

27.0-30.0 

Semi-decomposed besalt, vssicular, iron-stainc4.. 
Se=i-decomposed basalt, gray, iron-stained 
kaolin amygdules. 

Semi-6ecomposed botsalt, black and dtirk gray, 
yellow and olive green nontronite emygdules. 
Seams of broun beidellits. Iron-stained near 

25.0-30.0 9.6 12.6 23.2 

30.0-35.0 
35.0-40.0 

40.0 

top. 
PArtially altered basalt, gray, vesicular. 
Semid.dacoLmoseo basalt, black and dark gray, 

yellow and olive green nontronite amygdules. 
Seams of brown beidel]ite. Iron-stained nwir 
top. 

Fasalt. 

30.0-36.0 
36.0-39.0 

4.3 
6.5 

11.9 
14.8 

10.1 
16.6 

4 
qp 0.0-13.5 

Drill licle Cooro. 

Soil oind Palouse formiAtioL. 

i,470. 

Teri 13.5-15.0 
15.0..18.5 
18.5..24.0 

43.0-63.0 

63.0 

Clay, rPaidual, basaltic, blue-gray. 
Clay, r.lsidual, .04saltic, dark blue. 
Clay, residual, basaltic, 1ilLt 6ray, iron-
stained. 

Clay, re3idua1, basaltic, blue and tau, tuffs-
ceous. 

Semi-deccmposed basalt, mottlad brown, tan 
tufl'aceous clay. 

Basalt. 

13.0..20.0 
20.0-28.0 
28.0-35.0 

35.0-4.1.o 

41.0-50.0 
50.0-6.0 
56.o-63.0 

11.7 
11.1 
11.1 

10.3 

10.4 
10.1 
8.2 

2.2 
8.6 
8.3 

11.7 

13.5 
11.3 
17.9 

32.2 
28.9 
29.6 

26.6 

25.5 
26.1 
19.2 

Drill }lois lx-35: Coora. 20,51;51, 

0.0-19.0 Soil and :ealoulbe formation. 

flu 19.0-27.0 Clay, transported, gray and purplish, gray 
cleyqy sand Lnd quarts crevol at base. 

21.0-24.0 6.3 3.1 16.2 



   

Forme- Intervrl 
tion (feet) 

Teri. 27.0-3c.0 
30.0-31.0 
31.0 

Qp 0.0-9.0 

Tcru 

20.0-30.0 
30.0 

Qp 0.0-16.0 

Tcru 16.0-17.0 

17.0 

Description 

Dr it Hole Zs-35: (continued) 

'riser-vs' 
(feet) 

Xign. Awmil. 

Loss 7e203 41203 

Clay, residual, basaltic, blue-Fray, vesicular. 
Semi-oecomposed, brown-black. 

Drill Mole a- 6: Coort. 20,075k, 15,4501.. 

Soil and 14alause formstion, some amid and gravel. 

Seri-deco: posad bas'llt, black and gray. 
Semi-decomposeU biisalt, brown tuff and volcanic 

breccia, olive nontronite filling vesicles. 
3rsalt. rontronitii spots. 
Basalt. 

Drill !tole Ex-37: Loom. 70,000N, 16,450 . 

Soil tnr: a1 ;ass foriaation. 

Semi-:lecomposed basalt, gray, green nontronite 

Basalt. 

Drill Role .x :0: Cooro. 22,970X, 17.1:902. 

Qp 0.0-2.0 Soil and Palouse formation. 

TOrl 2.0-7.0 

7.0.48.0 

28.8-39.0 

Clay, residual, basaltic, 'olue gray, mottled 
with white kaolinite spots on blue back-
ground. Limonite streak at base. 

Clavi. residual. lx.saltie, light tan End blue-
gray, liwonite streaks anci stains. 17-26 
feet, iron it; very strorLE. 

Clay. residual, basaltic, dark blue, white 
kaolinite amytdules. (severt.1 limonite bands 
and stains. Light blue frog 37 feat ois. 

10.0-16.0 7.2 18.3 16.5 
16.0-20.0 7.5 16.9 18.3 

1.0-7.0 11.4 3.2 31.6 

7.0-12.0 11.2 6.7 30.9 
12.1-17.0 11.4 7.2 30.8 
17.0-22.0 10.6 22.6 23.8 
22.0-28.0 10.4 18.0 23.6 
28.0-35.0 10.2 17.9 23.7 
35.0-40.0 9.6 21.0 21.0 



?Orme.. Intervni 
CI= (feet) 

39.0-49.0 

49.0-56.e 

56.0-63.0 

63.0-(4.5 

64.5-66.5 

66.5-71.0 

71.0-74.0 

0.0.h.5 

Tcru 4.5-5.0 
5.1)-6.0 

6.o 

QP 

Tcru 5.5-19.0 

19.0.29.0 
29.0 

Description 

Drill Hole 1x-40; (contirmed) 
feet) 

Ign.
Loss 

Amv0.1. 

7492°'A A1203 

C1e7, residual. -cnsaltic, tannish cnd greenish 
grey, occasional h&rd !pots. 

Semi-clecomrosod be3r.lt. blut-black. A few 
yellow kaolin awygdales. Scattered hGrd 
spotu. Limonite. 6-inch bods of eami-
decomponed palagcnite at 51 emd 14 f,l'et. 

Palagonite and 7ealcu1ar ash, zo:*tly semi-
decomposed. kauy a‘h blocio are glassy. 
At 58 feet, hard, brown, basalt. At 61 
feet, semi-dAcomposed, brown basalt. 

Basrlt, brown )(1 bLick, hard. Gram IlJn-
tronite particles. 

Semi-hard bAsolt, black and gre7. White 
kaolinite and green nontronite ;articles. 

Semi-decomposed bas4.1t, gray and brovn. 
amygdaloidal. Most amyaduleG are white 
ke.olirite it sox., are zre,la nontronite. 
Some hard black baslt and some paladonite. 

Much like 66.5-71.0 feet, but less decomposed 
and more black basalt. 

40.0-45.0 
45.o-50.O 
50.0-56.0 

56.0-63.0 

9.2 
5.9 
6.5 

7.5 

15.4 
12.9 
16.3 

17.9 

21.2 
14.3 
14.1 

17.3 

Drill gole Xx-41; oord. 19.010V, 13,950E. 

Soil And Palouse formetion. 

Slightly pltAred pillow belt. 
Pillow basalt, hard black cla3e with tan 

DAlagonite. 
Basalt. 

Drill :Iola 7x-42: Coord. 19,000, 14,925i. 

Soil rnd Palouse formation. 

VolcAnic tuff, rsh, end bombe, tan, blrv* glass 
blocks with yellow palagonite. 

Baseat. black. 
Basalt. 



 

9.9 

203 

Forms.- Interval Description Intervftl Ian. AveLtl. 
tion (feet) (feet) Loss Fe2O3 

Qp 0.0.18.0 

Tern 18.0-25.0 

Teri 25.0-29.0 

29.0.40.0 

op 0.0.7.0 

Term 7.0-10.0 

10.0-13.0 
13.0-18.0 

18.0-22.5 
22.5.25.0 

25.0-34.0 

14.0-36.0 

36.0.40.0 

40.0 

"059.0Qp 

Tin 59.0-7F5.0 

Drill Pole Zz.43: Coord. 18,9751i, 15,9851.. 

Soil and Palouse formation. 

Semi -decomposed basalt, mottled brown and black 19.0-25.0 
vesicular basalt and dark-gray basalt with some 
palagonite, limonite streaks. 

9.9 17.9 23.2 

Clay, residual, basaltic, blue-gray with tan 25.0-29.0 10.0 
kaolinite amygdules. Dprk gray clay in cracks. 

Semi-decomposed basalt, mostly brown and gray, 29.0-35.0 6.8 
some dark-blue and black, a few vesicles 35.0-40.0 3.6 
filled with tan kaolinite, most vesicles 
unfilled. 

6.6 

10.2 
14.3 

27.5 

17.4 
7.6 

Drill 7o1e Coord. 17,960N, 16,170Z. 

Soil and Palouse formation. 

-iemi-decomposed basalt, brown and blue-black, 
amygdaloidal. 

Semi-decomposed tuff, brown iron stains. 
Semi-decomposed basalt, mottled brown and dark 
blue vesicles. 

Semi-decomposed tuff and volcanic ash, tan. 
Semi-decomposed basalt, dark brown, blue and 
yellow clay etriadOess 

Semi-decomposed tuff and volcanic ash, brown. 

Semi-decomposed basalt, brown and blue, olive 
green nontronito stringers. 

Semi-decomposed tuff and volcanic ash. red-brown. 

Basalt. 

Drill Hole lx-46; Coord. 25,045N, 13.0451. 

Soil and ?alms() formation. Quartz gravel in 
Last 3 feet. 

Clay, transported, gray, gravel anQ Silt. 



Forma- Interval Description Interval 'en. Avail. Avail. 
tion (feet) 

Lrill Hole Ei-Lq: Coord. 18,190N, 14,040i.. 
(feet) Loss Fie 0

2 3 
Ai 0
2 3 

gp 0.0-22.0 Soil and Palouse formation. 

Tcrl 22.C-41.0 Clay, residual, basaltic, blaa and gray, white 21.0-30.0 10.0 10.9 25.9 

41.0-45.0 
amygdales. 

Clay, residual, basaltic, tan. tuffaceous. 30.0-36.0 9.6 14.3 24.4 
45.0-54.0 Semi-decomposed basalt, gray and brown. 36.0-42.o 7.7 10.9 19.3 

42.0-46.0 9.4 17.7 21.7 
54.0 Basalt. 46.0-50.0 4.1 8.9 11.3 

Drill Hole ia..48: Coord. 23.9351, 19.5001. 

Soil and Palouse formation. 

Term 5.0-21.0 

21.0-37.0 

77.0-47.0 

Clay, ri!sidual, basaltic, brown and gray, 
tuffaceous, a few hard snots. 

Clay, residual, basaltic, tan and some blue, 
tuffaceous. 

Clay, residual, basaltic, tan, and tuffaceous. 

4.0-10.0 
lo.o-16.o 
16.0-21.0 

21.0-31.0 
31.0-404 

6.6 
8.3 
84 

6.6 
6.8 

18.0 
25.2 
17.9 

12.8 
6.5 

154 
16.6 
16.6 

13.1 
18.1 

Tcrl h7.0..52.0 Basalt, black, hard. 40.o-46.o 6.8 6.3 12.2 

Drill Role -ix-49: Coord. 24,700N, 20.110-d4 

Qp 0.0.-2.0 Soil and Palouse formation, some gravel. 

Ten 2.0-7.0 

7.0-14.0 

14.0 

Clay, residual, basaltic, ereen, blue, gray.. 
ereen, iron-stained near base. 

';emi-decomposed basalt, green f:nd gray, 
emygdaloidal. 

Basalt. 

2.0-8.0 
8.0-12.0 

10.6 
4.6 

8.3 
11.7 

28.5 
11.9 

Drill Hole Ex.50: Coord. 17,290N, 25,4251. 

Qp 0.0-33.5 Soil nnd Palouse formation. 

Tcru 33.5-35.0 
135.0 

Basalt, dark green-gray. hard. 
Basalt. 



Forme.. Interval 
tion (feet) 

Qp 0.0-34.5 

Tcrl 34.5-41.0 

41.0.A.43.5 

43.5-.45.0 

OP 0.0-57.0 

Tor 57.0.-59.0 

Qpi 0.07.0 

Irg 7.0-49.0 

Qp o.n-18.0 

Tcrl 18.0..19.0 
19.0..27.0 

27.0..31.0 
31.0•34.0 

34.0 

Description 

Drill Hole 

Soil and Palouse formation. 

Clay, residual, basaltic, blue-gray ana brown, 
amygdaloidal. 

Clay, residual, basaltic, green-gray, 
amygdaloidel. 

Basalt, creen-gray, hard. 

Drill Role Xx-52: 

Soil and Palouse formation. 

Basalt, dArk gray, hard, vesicular. 

Drill Role ;:x-51: 

Soil and Palouse formvAion. 

Schist, :link and brownish oink, medium-grained, 
contains quartz, some feldspar, and musco-
vite. At 44 feat a 3-inch pegmatite dike. 

Drill Hole 3.x.-541 

Soil and Palouse formation. 

Clay, residual, basaltic, green nontronite. 
Clay, residual, basaltic, tl.ue and blue-gray, 
powdery, amygdaloidal. 

'ruff, brown, green nontronite spots. 
Basalt, dark gray, hard, amygdaloidal. Top 
6 inches i weathered to blue clay. 

Basalt. 

Interval Ign. Avail. Avail. 

(feet) Loes 7.2°3 A1203 

18.0.23.0 9.9 12.5 23.8 
23.0-27.0 3.7 15.9 20.2 

27.0-32.0 7.1 25.5 13.7 

https://27.0..31
https://19.0..27
https://18.0..19


Forma- Interwa Description Interval. Ign. AvE.11 Avail. 
tion (feet; (feet) Loss Fe203 A1203 

Drill Role 7x-55: 

QP 0.0-33.0 soil and Palouse formation. 

r'cr 11.0-36.5 Basalt, black, hard. 

Drill Tiole (7x-56: 

0.0-21.5 Soil and ?alouse formation.cp 

Tcr 21.5..25.0 Clay, residual, basaltic, blue-gray, dry Dowdory,21.5-25.0 10.8 3.5 30.9 
amndaloidal. 

23.0-38.5 Clay, residual, basaltic, blue-gray and brown, 25.o-28.o 11.o 10.5 29.4 
few amygdnles , iron-stained. 28.0-34.0 1(1.6 17.3 26.1 

38.5-41.0 ClaY, residual, basaltic, green. 34.C-40.0 9.4 21.0 21.6 
41.0-43.0 Clay, residual, basaltic. black. 40.0-46.0 9.3 19.6 23.0 
43.0-47.0 Clay, residual, basaltic, blue-gray and yellow. 46.0-52.0 8.8 19.6 21.7 
47.0-50.5 Clay, residual. basaltic, green. 52.0-56.0 8.9 20.5 21.5 
50.5-55.0 Clay, residual, basaltic, black, iron-streaked, 56.0-62.0 8.6 17.7 20.3 

amygdaloidal. 
55.0-66.0 Clay, residual, basaltic, green. ;, few inches 62.o-68.0 8.9 17.3 21.0 

of hard clay with green amygdules at 61+ feet. 68.0-74.0 9.2 1946 21.7 
66.0-79.5 play, residual, basaltic, black, dark blue. 74.0-80.0 8.6 17.2 21.8 

end brown. white amygdules. 2-inch layers 80.o-86.0 7.6 15.3 19.8 
of brown tuffaceous clay. 

79.5-94.o Clay, residual, basaltic, green--dray, some 86.0-89.0 6.2 13.4 14.7 
amygdules, powdery. '?op foot has nontronite 
filling cracks and vesicles. 

94.0 '3emi.decomnosed basalt. 

Drill Hole 

glo Soil and Palouse forms Lion. 

Tor 18.0-44.0 Clay, residual. basaltic. brown, white and 39.0-44.0 8.3 24.3 19.2 
green amygdules. 44.0-50.0 7.9 21.6 18.6 

44.0-47.0 Clay, residual, basaltic, gray'-green and blue- 50.0-59.0 7.6 21.2 18.4 
green, some nontronite fillies- cracks. 

https://21.5..25


 

     

21.....40•rwm2 
Sian (foist) 

47.0-53.0 

51.0..69.0 

69.0-71.0 

Qp 0.0-50.0 

Tor 50.0..53.0 
53.0-61.5 

61.5-71.5 

71.5 

440 0.0-33.0 

Tani 733.0-38.0 

38.0-46.0 

46.0..52.0 

52.0..56.0 

56.0-62.0 

V•woriptl.oza 
(feet) 

Drill !Th14, lx-57: (continued) 
Clay, residual, basaltic, brown and black, 
aslYgdaloidal and vesicular, a little tuffaceaus 
near top. 

Clay, residual, basaltic, green rnd gray-green, 
&lightly aAygdaloidal, iron-streakec. 

Basalt, bladk, hard, vesicular. 

Drill Hole ix-58: 

Soil and ,'&1ouse formation. 

Clay, residual, basaltic, green, amygdaloidal. 51.0-59.0 
Clay, residual, basaltic, black, dark blue, and 59.0-62.0 
some brown, tan and green nontronite amygdu1es.62.0-68.0 

Clay, residual, basaltic, green, slightly 
amygdaloidal, soma hard spots. 

Semi-decomposed basalt. 

Drill Hole aa-59: 

Soil and Palouse formation, 2-inch limoilite band 
at base. 

Clay, residual, basaltic. green-gray. Green 33.0-39.0 
nontronite filling interstices. 6-inch lim-
onite at base. 

Clay, rasidual, basaltic, ;rown, Interstices 39.0-45.0 
filled with green nontronite. Some hard 
spots. 

Sari.-decomposed basalt, c reen. At top 3.4 45.0-51.0 
inch crack filled by green nontronite. 

Clay, basaltic, gray-blue, dry, powdery. At 51.0-55.0 
top 3 inches green nontronite. At 55 feet, 
darker blue, 12.4rder, nd nontronite spots. 
Last 6 inches green nontronite mixed with 
brown nontronite. 

Clay, residual, bassltic, blue and blue-gray; 55.0-61.0 
wbite ad some green amygdules. 6 inches 
of mrssive nontronite at 59 feet. 

Ism-
Loss 

8.5 
8.8 
8.9 

8.7 

9.5 

7.6 

7.9 

8.a 

.Airsall - Mm11.1. 
111• 02 3 A1 703 

15.6 
16.0 
16.7 

21.5 
21.0 
19.4 

20.6 

14.9 

20.2 

13.7 

19.3 

22.2 

16.9 

19.4 

16.o 20.6 

https://52.0..56
https://46.0..52
https://50.0..53
https://51.0..69


  

 

_roma- Interval Description
tion (feet) (feet) Lose A1Fe203 2 3Drill Hole :2:x-59: (continued) 

62.0-67.0 Clay, residual, basaltic, green. iZontronite amygdules 

Op 

Tcru 

0.0-5.0 

5.0-25.0 

25.0-31.0 

31.0-36.5 

?6.5-49.0 

49.0-58.0 

5P.0-60.0 
60.0-60.5 

op 
Tcr 

0.0-26.0 
26.0-37.0 

37.0-38.0 

38.0-46.0 
46.0-50.0 

and spots throughout. 2ottom in semi-decomposed 
basalt. 

Drill Hole Ex-60: 

Soil and Palouse formation. 

Gravel and sands, transported gneissic. Last 4 feet 
mixed with gray clay. 

Clay, transported, gray, plastic, quartz silt. 25.0-30.0 7.P 1.5 22.1 
Last 2 feet tan and micaceous. 

Gravel, transported, gneissic; and limonitic, 
micaceous, and clayey sand. 

Clay, residual, batic, blue. White and some tan 36.0-42.0 11.0 3.1 30.4 
kaolinite amygdules. Thin metallic flecks bring 42.0-49.0 9.0 3.5 24.5 
out texture. 

Silt, transported, brown, micaceous, sandy; and L19.0-54.0 7.1 8.2 18.6 
quartz and basalt gravel. Some basalt gravel 54.0-58.0 7.7 14.5 17.1 
pieces are basaltic clay. 

Semi-decomposed basalt, green-gray and blue-gray. 
Basalt, nadir and green (nontronite), hard. 

Drill Pole Yx-61: 

Soil and Palouse formation. 
Clay, residual, basaltic, mottled brown, slightly 

emygdaloidal. At 35 feet crack filled with 
yellow nontronite and bordered by blue dlay. 

Clay, residual, basaltic, blue-gray, yellow non-
tronite filling cracks. 

Clay, residual, basaltic, brown, mottled. 
Semi-decomposed basalt, green-black, vesicular, 

bard. 



 

rorme.- Intelvida 

tion (feet) 

Tin 0.0-5.0 
5.0-10.0 

10.0-25.0 
25.0-35.0 

Qp 0.0-3.0 

Teri 
13.0-30.0 

Qp 0.0-3.0 

Tlu 3.0-8.0 

Tcrl 8.0-13.0 

0.0-10.0 
10.0-15.0 
15.0-16.0 

Qp 0.0-10.0 

Pp 0.0-6.0 

Description 

Drill Hole 4i-8: Coord. 25,900Y, 15,650, 

Clay, transported, c.r4Ry and yellow, silty. 
Clay, transported, gray and yellow, silty. 
Clay, transported, yellow, sandy. 
Clay, transported, yellow, sandy. 

Drill Hole !.U-9: Coord. 25,870, 15,9552. 

Soil and 7alouse formation. 

Clay, residual, basaltic, brown and gray. 
Clay, residual, basaltic, brown. 

Drill !Tole ri-lo: Coord. 24,035N, 15.4802. 

Soil and Palouse formation. 

Clay, trans7orted, yellow. 

Clay, residual, basaltic, blue-gray. 

Drill Hole Mi-11As Coord. 25,9101, 15,725x. 

Soil and Palouse formation. 
Soil and Palouse formation. 
Gravel. 

Drill Hole Yi-11B: Coord. 26,0791, 15,4603. 

Soil and Palouse formation. 
Gravel. 

Drill Hole Mi-12: Coord. 22,985N, 15.4101. 

Soil and Palouse formation. 

Ian. 
Loss 

6.2 
7.0 
6.3 
6.6 

9.7 
10.2 

9.9 

9.0 

3.6 
3.5 

Avail. Avail. 
Fe C A1 02 3 2 3 

2.0 17.4 
1.6 19.8 
3.1 15.9 
3.6 17.3 

21.6 22.3 
23.1 22.8 

9.7 23.5 

2.0 26.4 

4.8 7.5 
4.1 9.2 



 

Forma- Intorval Description 
tion (feet) 

Drill Hole Mi-121 (continued) 

flu 6.0-9.0 Clay, transported, yellow. 

Tcrl 9.0-19.0 Clay, residual, basaltic. blue-gray. 
19.0-32.0 Clay, residual, basaltic, blue-gray. 

Drill Role Mi-13: Coord. 24,140N, 17.0453. 

Qp Soil and Palouse formation. 
2.5-7.5 Gravel. 

Peru 7.5-12.5 Clay, residual, basaltic, yellow. Ilnk, and gray- S01110 1131''. 

weathered basalt gravel. 

Tcrl 12.5-17.5 Clay, residual, basaltic, blue-gray. 
17.5-22.5 Clay, residual, basaltic, blue-gray. 
22.5-24.5 residual, basaltic. blue-gray. 

Drill Kole Mi-14: 22.97014, 16,6751. 

Qp 0.0-7.5 Soil and Palau** formation. 

Teri 7.5-17.5 Clay, resi&aal, bmaltic, blue-gray. 
17.5-24.5 Clay, residual, basaltic, blue-gray, mottled white with 

kaolinite amygdules. lole blocked by wrench. 

Drill Bole )41-15& oord. 20,575S, 16,3051. 

qp 0.0-10.0 Soil and Palouse forAation. 
10.0 Gravel. 

Drill Hole ti-15B: Coord. 20,700X, 16,3302. 

0.0-10.0 Soil and Palouse formation. 
10.0 Gravel. 

Ign. Avail. Avail. 
Loss 1e203 A1203 

10.2 11.7 24.1 

11.4 2.3 31.7 
10.0 2.0 32.0 

3.7 5.L 7.8 

3.6 6.9 8.5 

10.2 3.4 28.2 
7.2 5.3 19.7 
5.3 6.9 14.5 

11.0 2.0 31.0 
9.7 5.9 25.3 



XOriss-
tion 

znte.rvaa 
(feet) 

Description 

Drill Role Mi-15U: Coord. 21.3301i, 16,070E. 
Loss Fe203 111203 

Op 0.0-5.0 Soil and Palouse formation. 
5.0 Gravel, coarse. 

Drill Hole Mi-15D: Coord. 21,840N, 16.0301.. 

Qp 0.0-1.0 
1.0-5.5 

5.5-10.0 
10.0-16.0 

Soil. 
Palouse formation. 
Palouse formation. 
Palouse formation. 

5.7 
3.6 

6.1 
4.9 

14.5 
8.3 

Drill Role Mi-16: Conrd. 23,58011, 17,8753. 

qp 0.0-3.5 Soil .4.nd Palouse formation. 

Torl 3.5-8.5 
8.5-13.5 
13.5-17.0 

Clay, residual, basaltic, blue and yellow. 
Clay, residual, basaltic, blue and yellow. 
Clay, residual, basaltic, brown and blue-grey. 

10.3 
10.6 
8.7 

5.9 
8.5 
17.2 

27.5 
28.1 
20.2 

Drill Hole Xi-.17: Coord. 22.5301t, 17,3303. 

Qp 0.0-12.0 Soil and Palouse formation. 

Tcrl 12.0-15.0 
15.0-18.5 
18.5-22.0 
22.0-27.0 

Clay, residual, basaltic, blue-gray and tan. 
Clay, residual, basaltic, blue-gray and tan. 
Clay, residual, basaltic, brown and tan. 
Clky, residual, basaltic, brown, tan, and blue. 

9.9 
9.5 
8.6 
8.9 

10.0 
13.8 
20.5 
20.4 

25.0 
23.6 
17.5 
19.1 

Drill Role 141-18: Coord. 25,055Y, 18,2053. 

Qp C.0-5.0 Soil and t'alouse formation. 

Teri. 5.0-10.0 
10.0-19.0 
19.0-21.0 

Clay, residual, basaltic, blue-'rly and yellow. 
Clay, residual, basaltic, brown and blue-gray. 
Clay, residual, basaltic, greenish brown. 

8.6 
7.9 
6.4 

14.9 
20.7 
23.6 

20.4 
17.2 
12.2 



 

Forma- Interval 
Lion (feet) 

Qp 0.0-13.0 

Qp 0.0-2.0 

Teri 2.0-5.5 
5.5-13.0 
13.0-23.0 

Qp 0.0-16.0 

Qp 0.0-7.0 

Tcrl 7.0-12.0 
12,0-19.0 

0p 0.0-7.0 
7.0-17.0 

Kg 17.0-22.0 

qp 0.0-5.0 

Tcrl 5.0-10.5 
10.5-20.5 

20.5-28.0 

Description ign. Mail. AW0-11. 
Lose Ye 0 Al 0

2 3 2 3Drill Role M1-19: Coord. 22,950N, 18.2501. 

Soil and Pelouse formation. 

Drill 'ole ri-2C: Coord. 21,640N, 16,6603. 

Soil and Palouse formation. 

Clay, residual, basaltic, blue-gray. 10.4 27.5 
Clay, residual, basaltic, blue-gray. 11.4 29.6 
Clay, residual, basaltic, greenish brown. P.1 

Drill Hole M1-21: Coord. 23.950N, 18,4901. 

Soil end Palouse formation. 

Drill Hole iii-22: Coord. 24.330N, 17.7601. 

Soil and Palouse formation. 

Clay, residual, basaltic. brownish black. 
Clay, residual, basaltic, brownish black. 6.1 12.0 14.5 

Drill Hole M1-23: Coord. 25,825N, 16.9701. 

Soil and Palouse formation. 
Palouse formation; mixed basaltic and granitic clay. 6.3 11.3 15.0 

Clay, residual, granitic, yellowish gray and white. 4.7 

Drill Hole M1-24: Coord. 24,795N, 14.7951. 

Soil and Palouse formation. 

Clay, residual, basaltic, blue and brown. 9.8 12.8 25.1 
Clay, residual, basaltic, brownish black, spotted green and 9.6 18.2 18.4 
blue-gray. 

Clay, residual, basaltic, brown, greenish yellow amygdules. 8.4 16.4 21.6 



  

Forma- Interval Description Avr.11. Avail. 
tion (feet) Loss 20203 .41203 

Drill Hole 1,;1-25: Coord. 21.655N, 14.9303. 

Qp Soil and ;alouse formation. 
Palouse formation. 3.9 4.3 8.0 

Drill Hole Ai-26A: Coord. 20,19CN, 15.085E. 

Qp 0.0-9.0 Soil and Palouse formation. 

Drill Role gi-26B: Coort. 20,3451, 15.870E. 

Qp 0.0-9.0 Soil and Palouse formation. 

Tcrl 9.0-18.0 Clay, residual, basaltic, blue-gray and brown. 11.5 5.4 24.0 

Drill Kole Coord. 17.9601r. 14.585Z. 

Qp 0.0-14.0 Soil end l'alouse formatioll. 
14.0-19.0 Palouse formation and weathered basslt. 8.0 10.6 11.3 
19.0-22.0 Palouse formation and weathered basalt. 9.0 4.9 15.4 

Tara 22.0-27.5 Clay, residual, basnitic, bluk-Eray. 7.2 4.9 18.2 
23.5-28.5 Clay, residual, basaltic, blue-gray. 5.1 3.9 15.4 

Drill Hole 'Li 28: Coord. 19.710N, 15.7401. 

Qp C.0-3.0 Soil and ialouse formation. 

Torn 3.017.0 
7.0-12.0 

Clay. r,esidual, basaltic, tan and blue. 
Clay, resilual, beE3a1tic. yellow and browa, some basalt glass. 

11.9 
11.3 

4.8 
22.5 

31.3 
25.1 

12.0-19.0 Clay, residual, basaltic. tan. 
( 11.3 17.1 25.6 

Tcrl 19.0-20.0 Clay, rp!sidual, basaltic, blue-gray. 
20.0-31.0 Clay, residual. basaltic, blue-gray. 11.0 11.5 29.0 
31.0-37.0 Clay, ri-,sidual, basaltic, blue-green, and tan. 9.0 15.1 21.8 



Forma- Interval Description Ign. Avail. Avail. 
tion (feet) Loss 7e203 A1203 

Drill Hole Mi-29: Coord. 25.620N, 16,2901.. 

0.0-4.0 Soil and Palouse formation. 

Tcru 4.0-12.0 Clay, residual, basaltic, brown and tan. 8.9 19.9 18.7 

Drill Hole 1/1-30 

-P 0.0-13.0 Soil and Palouse formation. 

Tcrl 13.0-18.0 
18.0-28.0 

Clay, residual, basaltic, blue-gray. 
Clay, residual, basaltic, blue-gray an some yellow. 
Drilling stopped because of hardness. 

10.3 
7.6 

3.1 
9.0 

28.6 
19.2 

Drill Role Mi-31: Coord. 16.550N, 14,140i. 

gip 0.0-27.0 
27.0-29.0 

Soil and Palouse formation. 
Palouse formation. 6.8 11.5 15.5 

Tcru 29.0-31.0 
31.0-34.0 
34.0-36.0 
16.0-37.0 

Clay. residual, basaltic, blue-gray and green0 
Clay, residual, basaltic, blue-gray and green0 
Clay, residual, basaltic. blue-gray. 
Clay, residual, basElltic, iron-stneined. 

7.9 
7.0 
8.4 
7.9 

12.3 
13.3 
10.3 
21.3 

18.4 
17.1 
21.4 

18°0 

Drill Hole M1-32: Coord. 19.715N, 13.830E. 

oto 0.0-9.5 Soil and Palouse formation. 

Tcrl 9.5-14.5 
14.5-18.5 
18.5-22.5 

Clay, residual, baseltic, iron-stained. 
Clay, residual, basaltic, brown and blue-gray, 
Clay, residual, basaltic, yellow and blue. 

10.5 
10.8 
10.5 

15.9 
16.3 
13.5 

25.7 
25.9 
25.3 

Drill Hole Mi-33: Coord. 17.495N, 16.4903. 

Qp 
Tcru 

c.o-6.o 
6.0-11.0 

Soil and Palouse formation. 

Clay, residual, basaltic, brown and some yellow. 9.3 15.1 22.1 



 
 

Forma— 
tion 

Interval 
(feet) 

Description 

Drill Hole Mi-34: Coord. 20,375F, 14,2403. 

Ign. Mail, Avail. 
Loss Fe203 A1203 

Op 0.0-8.0 Soil and ?alouse formation. 

Drill Hole Mi-35: Coord. 22,975N, 23.2501. 

Qp 0.0-1.0 Soil and Palouse formation. 

Tcrl 1.0-6.0 
6.0-11.0 
11.0 

Clay, residual, basaltic, gray, some iron staining. 
Clay, residual, basfdtic, gray, some iron staining. 
Semi-decomposed basalt, 

9.3 
9.3 

16.1 
20.3 

21.0 
19.6 

Drill Hole Coord. 22,905N, 23,800Z. 

QD 0.0-13.0 Soil and Palouse formation. 

Tcrl 13.0 Semi-decomposed basalt. 

Drill Pole Mi-37: Coord. 22,925N, 24.8801. 

flu 0.0-12.0 Sand, transported. Drilling stopped because of water. 

Drill Hole Mi-38 

Tcrl C.0-5.0 
5.0-10.0 
10.0-13.0 
13.0 

Clay, residual. basaltic. blue and gray, some iron staining. 
Clay, residual, basaltic. blue and gray. 
Clay, residual, basaltic, blue and gray. 
Basalt. 

9.6 
10.2 
9.1 

9.4 
7.5 
13.5 

26.0 
27.6 
23.5 

Drill Hole ;i-39: Coord. 23,665, 23,755 Ti. 

Qp 0.0-5.0 Soil and Palouse formation. 

Tcrl 5.0-10.0 
10.0-15.0 
15.0-20.0 
20.0-24.0 

Clay, r7sidual, basaltic, blue-gray, some iron. 
Clay, residual, basaltic, blue-gray, 
Clay, residual, basaltic, light gray. 
Clay, residual, basaltic, light gray, 

12.0 
11.1 
11.2 

11.2 

6.3 
4.2 
2.7 

3.4 

31.5 
30.2 
32.1 

31.4 



Forma-
tion 

Interval 
(feet) 

Description 

Drill Hole Mi-39: (continued) 

Ign. 
Loss 

Avail. 

re203 
Avail. 

A1203 

24.0-26.0 Clay, reFidual. basaltic, light gray, heavil7 iron-stained, 
26.0-31.0 Clay, residual, basaltic, gray, iron-stained. 
31.0-36.0 Clay, residual, basaltic, gray, iron-stained. 
:16.0-38.0 Semi-decomposed basalt, heavily iron-stained. 

11.0 
10.0 
10.6 

5.4 
4.8 
7.1 

29.6 
29.8 
28.6 

Drill Hole 41.-40: Coora. 24,925N, 230.00Z. 

Tcrl 0.0-5.0 Clay, residual, baspltic, blue-gray. 
5.0-8.0 Clay, residual, basaltic, blue-gray. 

8.0-11.0 Clay, residual, basaltic, blue-gray, some iron staining. 
11.0-14.0 Clay. residual, basaltic, blueTheevily iron-stained. 
14.0 Semi-decomposed baslt. 

9.8 
10.8 
11.2 
11.6 

:3.6 
2.1 
7.1 

16.6 

26.2 
31.1 
32.0 
27.2 

Lrill Hole Mi-41: Coord. 25,480N, 23,220. 

Qp 0.0-12.0 Soil and Palouse formation. 

Tlu 12.0-14.0 Gravel and clay, transported. 

Teri 14.0-17.0 Clay. residual, basaltic, blueT iron-stained0 
17.0-21.0 Clay, residual, basaltic, blue, some iron staining. 
21.0-26.0 Clay. residual, basaltic, light gray, little iron staining. 
26.0-31.0 Clay, residual, basFatic, blue, yellow tuffaceous clay. 
31.0-16.0 residual, basaltic, blue, yellow tuffaceous clay. 
746.0-41.0 Clay. residual, basaltic, blue, yellow tuffaceous clay. 
41.0-46.0 Clay, residual, basaltic. blue, yellow tuffaceous clay. 
46.0-51.0 Clay. residual, basaltic, blue, yellow tuffaceous clay. 

10.8 
11.0 
11.0 
10.7 
11.7 
10.4 
10.2 
9.8 

10.8 
4.0 
2.2 
7.8 
1.2 
1.7 
1.3 
2.4 

27.0 
30.4 
32.2 
27.5 
32.8 
30.0 
29.3 
28.8 

Drill Role Mi-42: Coord. 26,410N, 23,145/. 

qp 0.0-2.0 Soil and Palouse formation. 
%0-3.0 Gravel. 

Tcrl 1.0-8.0 Clay, residual. basaltic, blue-gray. 
8.0-12.0 Clay, residual. basaltic, blue-gray. 
12.0-16.0 Clay, residual, basaltic, light brown. May have some trans-

portea clay mixed in, 

11.7 
10.5 
10.2 

9.3 
5.3 
5.0 

31.7 
29.7 
28.2 



 

Forma- Interval 
tion (feet) 

16.0-21.0 
21.0-26.0 
26.0-31.0 
31.0-36.0 

36.0-41.0 

41.0-46.0 

46.0-49.0 

Op C.0-1.0 
1.0-6.0 

T1u 6.0-10.0 
10.0-14.0 
14.0-15.0 

Tcrl 15.0-17.0 
17.0-21.0 
21.0-26.0 
26.0-31.0 

Description 

Drill Hole Mi-42: (continued) 

Clay, residual, basaltic, dark blue. 
Clay, residual, basaltic, blue. 
Clay, residual, basaltic, blue, 
Clay, residual, basaltic, blue, yellow 

have some transported clay mixed ind 
Clay, residual, basnitic, blue, yellow 

have some transported clay mixed in. 
Clay, residual, basaltic, blue, yellow 

have some transported clay mixed in. 
Clay, residual, basaltic, blue, yellow 

have some transported clay mixed ino 

tuffacecus clay. 

tuffaceous clay. 

tuffaceous clay. 

tuffaceous clay. 

May 

May 

May 

May 

Drill Tiole Mi-43: Coord. 25,290N, 23,8552.. 

Soil and Palouse formation. 
Palouse formation and gravel. 

Clay, transported, sandy, micaceous, 
Clay, transported, sandy, micaceous. 
Clay, transported. 

Clay, residual, basaltic, blue. 
Clay, residual, basaltic. blue, some iron. 
Clay, residual. basaltic, blue, little iron. 
Clay, residual, basaltic, blue, little iron. 

Drill Hole Hi-44: Coord. 26.7791, 24.470X. 

ign. 
Loss 

11.4 
11.2 
10.5 
10.5 

10.9 

10.6 

9.6 

(12.1 

10.8 
10.8 
11.0 

Avail. 
:e 02 3 

1.6 
1.4 
2.ti 
2.5 

2.0 

2.8 

4.5 

2.2 

4.7 
3.14 
2.2 

Avail. 
Al 0
2 3 

31.8 
31-6 
30.3 
31.1 

31.6 

29.9 

26.9 

34.0 

30.5 
30.9 
31.8 

Qp 0.0-1.0 Soil nnd Palouse formation. 

Tlu 1.0-6.0 Clay, transported, white, micaceous. 
6.0-12.0 Clay, transported, white, sandy layers. 



Forma- Interval Description Ign. Avail. Avail. 
tion (feet) Loss Fe203 A1203 

Drill Hole Mi-44: (continued) 

Tcrl 12.C-17.0 Clay, residual, basaltic, blue, iron-stained, some transported 11.2 4.8 30.4 
clay at top. 

17.0-22.0 Cl&y, residual, basaltic, light gray. 11.4 2.5 11.7 
22.0-27.0 Clay, residual, basaltic, blue and white. 11.2 1.9 31.9 
27.0-32.0 Clay, residual, basEJtic, blue and white. 11.0 2.7 31.7 
32.0-36.0 ClaY, residual, basaltic, white and blue, some iron-stLining. 11.3 3.6 32.2 
'36.0-41.0 Clay, residual, basaltic, blue. 10.8 2.0 31.6 
41.0-44.0 Clay, residual, basaltic, blue. 10.8 6.1 28.5 
44.0-47.0 Clay, residual, basaltic, blue and brown, iron-stained. 8.8 12.4 22.8 
47.0 Semi-decomposed basalt. 

Drill Role Mi-45: Coord. 25,870N, 24,575E. 

0.0-13.0 Soil and Palouse formation. 

Tcrl 13.0 Semi-decomposed basalt. 

2rill Hole M1-4-6: Coord. 25,7551i, 24,9253. 

CD 0.0-16.0 Soil and Palouse formation. 

"'crl 16.0-21.0 Clay, residual, basaltic, gray, iron-stained. 8.4 11.8 21.1 
21.0 

Drill Hole Mi-47; Coord. 25,8801, 25,910-i. 

Tlu 0.0-11.0 Clay, transported, white, micaceous layers. 

Teri 11.0-17.0 Clay, residual, basaltic, blue. 11.0 3.2 30.4 
17.0-22.0 Clay, residual, basaltic, blue. 11.3 2.2 32.5 
22.0..27.0 Clay, residual, basaltic, blue. 10.6 1.6 32.1 
27.0-10.0 Clay, residual, basaltic, gray, semi-decomposed basalt. 7.0 2.2 21.8 
:10.0 Semi-decomposed basalt0 



,OrMa•.. .2-Iterva1 Description Icn. Avi Avail. 
tion (feet Loss Fe203 A12 3 

Drill Hole Mi-48: Coo/so. 26.1401, 25,550 1. 

RP 0.0-5.0 Soil and Palouse formation. 

Tlu Clay, transported, heavily iron-stained. 

Tcrl 17.0 Semi-decomposed basalt. 

Drill Hole Mi.-149: Coord. 24,610N, 21.7252. 

qp 0.0-11.0 Soil and Palouse formation. 

Tcrl 11.0-16.o 
16.0-21.0 
21.0-26.0 
26.0-31.0 
n.0-36.0 
36.0-42.0 
42.0..43.0 

residuri • basaltic, 
Clay, residual , basaltic, 
Clay. residual , basltic, 
Clay. residual , basaltic, 
Clay, residual • basaltic, 
Clay, residual , bessltic, 
Clay, residual , basaltic, 

bPssIlt. 

blue-gray, some iron staining. 10.6 
grey, iron-staied. 10.7 
gray-blue. 10.8 
gray-blue, some iron-stairing. 10.2 
gray-blue, some iron-staiping. 10.2 
gray-blue, iron-stained. 9.4 
heavily iron-stained. Semi-decomnosed 

6.8 
6.1 
2.9 
4.5 
4.6 
9.2 

27.8 
22.0 
31.7 
29.9 
29.5 
26.6 

Drill 7o1e Mi -50: Coord. 24,170N, 24,120-Ji. 

Qp 0.0-2.0 Soil and Palouse formstion. 

Tcrl 2.0-6.0 
6.0-9.0 
Q.0-15.0 
15.0-21.0 
21.0-26.0 

Clay, residual, 
Clay, 
Clay, residual, 
Clay, residual, 
Clay, residual, 

basaltic, 
bas.altic, 
hasaltio, 
basaltic, 
baealtic, 

gray, heavily iron-stained. 
gray, ROMQ iron staining. 
gray, iron-stained. 
green-blue, some iron staining. 
green-gray. Semi-decomposed basalt. 

1C.8 
11.2 
10.0 
9.5 
7.6 

6.0 
6.8 

22.3 
10.4 
11.5 

29.8 
30.2 
23.4 
24.6 
18.8 

Eole Mi-51: Coord. 23,5901, 22,8401. 

Qp 0.0-2.0 Soil and Palouse formation. 

Tcrl 2.0-7.0 Clay, residual, basaltic, blue, tuffaceous clay, iron-stained. 7.7 8.3 20.5 
7.0-12.0 Clay, residual, basaltic, blue, tuffaceous clay. iron-stained. 9.1 13.6 22.6 



-orma— 
tion 

Intarval 
(feet) 

Description Igr. 
Loss 

Drill Ro1 Mi-51: (continued) 

12.C-17.0 
17.0-22.0 

27.0-32.0 
3?. 0-36.0 

Clay, res1.34al, basaltic, blue. 9.0 
Clay, residual, basr.ltic, blue. cecomposad basalt. iron— 8.6 

stained. Water at 21 feet. 
F:eini—decomosed basalt. iron—stained. 7.3 
Semi—eecomnosed basslt, iron—stained, spots of green rontronite. 6. 
Samf_—decomilosea basalt, iron—stained, spots of green nontronite. 5.8 

Drill Hole Mi-52: ',;oord. 23.545N, 24.1901. 

QP 0.0-2.0 Soil and Palouse formation. 

Tcrl 2.0-15.0 
15.0-21.0 

21.0-25.0 

25.0-30.0 

Clay, residual, basPltic, blue, hesvily iron—stained. 
Clay, residual, bpsaltic, blue, brown, and gray, some tuffaceous10.5 

clay, hervily iron—stained. 
Clay, residual. basaltic, green—brown and Imrple,amygdaloidel, 10.4 

becvily iron—stained. 
Clay, residual, basaltic. blue—gray. Some semi—decomuosed 9.8 

basrlt. 

Drill Role 4i-53: oord. 23,510N, 24.760x. 

qp C.0-11.0 Soil and Palouse formation. 

Tim 11.0-20.0 
20.0-28.0 
23.0 

Send, transported, micacc;cus. 
Sand, traasported, white clay layers. 
Sand. tv-.neported. 

Hole Mi-54: Coord. 24,350N, 25.645Z. 

OTI 0.0-10.0 Soil and Palouse formation. 
10.0-11.0 Gravel. 

Tcru 11.0 salt? 

mail. 

'e a-203 

10.4 
23.7 

30.2 
26.0 
14.9 

23.8 
17.8 

13.8 
13.8 
15.1 

11.0 

9.9 

13.0 

28.2 

27.5 

25.6 



 

'roma- Interval Description Ign. Avail. ;vail. 
tion (feet) 

rrill 1411,2 ;oo:d. 23,535N, 25,790L. 
Loss 1e203 A1203 

Op 0.0-7.0 Soil ane ?alouse fcrma_tion. 

Tcru 7.0 Beaolt? 

Drill Hole Mi-56: Coord. 24,270N, 25,120K. 

Pp 0.0-14.0 Soil and Palouse formation. 

Tlu 14.0-26.0 Clay and gravel, transported, micaceous. Drilling stopped 
because of o=ving. 

Drill Hole Ml-7: Coord. 24.340Y, 22.5901. 

QP Soil and ,l'alousa formation. 

Tcru ?.0-5.0 
5.(1-6.o 

Clay, r6sidual, basaltic, gray. 
Clay, Teldual, basrltic, blue. ( 5.4 5.7 13.7 

Tlu 6.0-9.0 Clay, transoorted, tan ancl brown, sanAy. 
9.0-14.0 Sand, trana7oorted, tan end gray, c1aye7i, some gravel. 

iron-Htainad. 
14.0-20.0 ClAy, transported, gray, hcavily iron-stained. 

4.9 S.0 12.4 

Tcrl? 20.0 lasalt. 

"rill ;Tole Coord. 27,840N, 24,9403. 

Qp 0.0-2.0 Soil tne Pal^usa format ton. 

Tcrl 2.0-7.0 
7.0-12.0 
12.0-17.0 
17.0-22.0 

Clay, resiftal. bp,sAltic, gray-blue, iron-stained. 
C147, re!qdual, basratic, pray, limonite. 
Clay, resiclu31, basaltic, gray, heavily iron-stained0 
014y, basaltic, brown, iron-stained. 

9.0 
9.6 

17.4 
19.8 

21.6 
22.6 



Forma— Interval DascriTltion Ierr:-' Avail. 
tion (feet) Loss Fe20-3 A1201 

Drill Hole Mi-58: (continued) 

T11 22.0-27.0 Clay, transported, purplish white and reddish brown, sandy seems. 

Kg 27.0-33.0 Rnii-aecomposed granite. 

Lrill Hole Mi-59: Cloord. 27.970N, 24,5401. 

Qp 0.0-2.0 Soil and Palouse formation. 

Teri 2.0-5.0 Zecomposed basalt, green nontronite. 7.6 16.2 16.5 
5.0-10.5 Clay. residual, basltic, greln and bluish green. 7.1 16.9 17.6 

10.5 Semi-decomposed basalt. 

'Drill Hole xi-60: Coort. 27,4752 , 2t.610X. 

QP 0.0-3.o Soil and Palouse formation. 

Tcrl Clay, residual, basaltic, gray anc tan. 10.7 7.4 28.8 
8.0-13.0 Clay, residual, basaltic, t,n, blue, and brown; white 10.3 11.0 28.4 

awygdules. 
13.0-18.0 Clay, residual, basaltic, tan, blue, and brown; white 9.7 18.4 23.4 

amygdules, heavily iron-stained. 
18.0-24.0 Clay, residual, basaltic, tan, taffaceous, iron-stained. 8.3 17.4 20.6 
24.0 Semi-decomposed basalt. 

:rill Hole Ai-61: Coord. 26.825N, 24,9853. 

0(p 0.0-28.0 Soil and Palouse formation. 

Tlu 28.0-32.0 Gravel, transported. 

Drill Hole A-62: Coord. 26,790N, 25,570E. 

Tlu 0.0-20.0 Sand, transported, white, yellow, gray; LicacPaus, clayey. 
20.0.23.0 Clay, transported, gray. 
32.0-35.0 band, transported, micaceous, slightly clayey. 



 

 

rnrme- Interval Description In. Avail. Avail. 
tion (feet) 

Drill Hole Mi-63: Coord. 27.46011, 24,8401. 
Loss ..ee203 Al203 

cp Soil and i'alouse formation. 

Tcrl I.o-6.c tuffaceous. yellow, Semi-decoaJosed vesicular basalt 6.9 11.0 17.6 
,$.h fragments. 

6.c-io.o Semi-decompoved yellow tuff. (.2 1..2 
lo.c Pecombosed thsalt. 

Prill Role 4i-64: Coora. 27.735N, 23.800i. 

02p 0.0-5.0 Soil and Palouse formation. 
5.0-10.0 Palous formation; mixad blue basaltic clay and mica. 5.2 13.3 12.5 

10.0-12.0 Palouse formation; blue basaltic clv. At bottom brown, 13.1 10.1 
micaceous send. 

Drill Hole M1-65: Ooord. 24.810N, 25,655. 

op O11and 4)a1ouse formation. 

Tlu 12.0-14.0 CdaY transported.red. 

Tcrl 17.0-22.0 Clay, resi6ual, basaltic, blue. 10.0 4.o 28.7 
22.0-27.0 Clay, residual, ba.saltic, blue. Am, tuffaceous clay. 10.7 6.5 29.6 
27.0-32.0 Clay, residual, basaltic, blue, amygdaloidal. 10.7 5.2 30.6 
32.0-.37.0 Clay, residual, basf4tic, blue, iron-stained. 10.4 11.5 26.9 
17.0-41.0 (day, residual, basaltic, blue. 8.4 7.4 23.7 
41.0 Semi-decomnosed bluii basalt. 

Drill Hole xi-..C6: Coord. 26,340, 23,8201. 

o.o-6.o Soil and glacial drift. 

Drill Hole led-67: Coord. 22,425N, 23,810Z. 

qp Soil and Palouse formation. 

Tor]. 7.0-12.0 Clay, residual, basaltic, tan and gray. iron-stained. .5.C. 16.7 20.0 



 

korma.. 
tion 

Irterval 
(feet) 

Descrintion 

Drill Hole Mi-67: (continued) 

IgA. 
Loss 

Avail. Avail. 
Fe203 A1203 

12.0-17.0 

17.0-21.0 
21.0 

Clay, residual. besaltic, brownish gray, iron-stained, 
nmygdaloidal. 

Clay, residual. basaltic, gray. 
Semi-decomrosed brownish gray basalt. 

9.0 

8.5 

14.2 

15.8 

21.6 

19.5 

Drill Hole M1-68: Coord. 23.40511, 24.320Z. 

0.0-20.0 Soil en0 Palouse formation. Caved because of watar. 

Drill Hole Mi-69: Coord. 22,030, 23,8103. 

04, 0.0-12.0 Soil and Pa1ou3e formstinn. 

Tcrl 12.0-1LL.0 
14.0 

Clay, residual, basaltic, gray-green, amygdaloidal, iron-etn,ined. 
Semi-decomposed basalt. 

Orin_ Hole Mi-70: Coord. 22,375Y, 23,295Z. 

QP 0.0-2.5 Soil rind ?alonse formation. 

Tcrl 2.5-6.0 
6.0 

Clay, residual, bastatic, green-gray. 
Semi-decomposed basalt. 

6.9 14.8 15.5 

Drill Hole IA-71: Coord. 21.855N, 23.250.47.. 

Qp 0.0-3.0 Soil And Palouse formation. 

Tcrl 7.0-8.5 
8.5 

Clay, residual, basaltic, gray-green. 
Semi-decomposed basalt. 

6.3 15.3 14.5 

Drill Hole Mi-72: ()cord. 22.375N, 22,8002. 

Qp 0.0-1.0 Soil and Palouse formation. 

Tcrl 1.0-6.0 
6.0-9.0 

9.0 

Clay, r,=sidual, basAltic, 'brown nnd dark gray, iron-stained. 
Clay, residual, basaltic, dark blue and brown, hard at base. 
Semi-decomposed green basalt. 

9.5 
8.4 

19.3 
15.9 

20.5 
1904 



 
    

rorma-
tion 

Interval 
(feet) 

Description Ign. Avail. Avail. 
Loss Fe203 A1203 

:Drill dole Mi-73: (Joord. 24.735N, 24.315Z. 

QP 0.0-18.0 Soil and Palouse formation. 

Tcrl 18.0-23.0 Clay, residual. basaltic. blue, iron-stained. Water at 20 feet. 8.2 6.6 23.5 
23.0 Basalt. 

Drill Hole Mi..74: Coord. 25,285N. 24.3051. 

Qp 0.0-10.0 Soil and Palouse formation. 

Tlu 10.0-11.5 Clay, transported, heavily iron-stained. 
11.5-13.0 Sand and clay. transported. white. 

Teri 13.0-18.0 
18.0-23.0 
23.0-25.0 

Clay, residual, basaltic, blue, iron-stained. 
Clay, residual. basaltic, blue, iron-stained. 
Clay, residual. basaltic. blue. iron-stained. 

11.2 
9.2 
6.8 

7.4 
5.4 
3.4 

29.4 
27.6 
15.7 

25.0 Semi-decomposed basalt. 

Drill Hole Mi-75: Coord. 25.885N, 24.245Z. 

Qp 0.0-15.0 Soil and Palouse formation. 

Tlu 15.0-17.0 Bog iron. 

Tcrl 17.0-22.0 ClaY. residual, basaltic, blue. 10.7 3.7 30.1+ 
22.0-27.0 Clay, residual. basaltic, gray. 11.1 2.0 32.8 
27.0-32.0 Clay, residual, basaltic, gray. 11.1 1.9 33.2 
32.0-38.0 Clo,Y residual. basaltic. light bray, iron-stainec. 10.9 5.2 31.4 
38.0-40.0 Clay, residual. basaltic, brown wad white, iron--stained. 8.8 5.0 23.6 
40.0-45.0 Clay, residual, basaltic. gray, iron--stained. 10.5 '4.0 32.1 
45.0-49.0 Clay, residual, basaltic. gray. iron-stained. 9.8 10.4 26.4 
49.0 Semi-decomposed basalt. 

Drill Bole Mi-76: Coord. 26,890N. 22,8801. 

Qp 0.0-12.0 Soil and Palouse formation. 
12.0...17.0 Palouse formation. 
17_0 Gravel. 

https://12.0...17


Forma-
tion 

Interval 
(feet) 

Drill Po1e Ni-77: 

Description 

Coord. 26.19021. 22.7203. 

Ign. 
LOSS 

Avail. 
Fe2o3 

Avail . 
Al203 

Qp C.0-1.0 Soil and Palouse formation. 
Sand and gravel. 

Tcrl 5.0-10.0 
10.0-15.0 

Clay, residual, basaltic, blue; yellow tuffaceous clay. 
Clay, residual, basaltic, blue; yellow tuffaceous clay. 

8.1 
8.2 

10.0 
9.9 

20.8 
22.7 

15.0-15:!.0 Olay, residual, basaltic, blue. 8.0 9.1 23.1 

Drill Hole Mi-78: Coord. 22.980N, 14.4601. 

Qp 0.0-18.0 Soil and Palouse formation. 

flu 18.0-21.0 Sand, transported. 
21.0-23.0 Clay, transported, white, iron-stained. 
23.0-24.c. Clay. transported, white. heavily iron-stained. 

Tcrl 24.0-29.0 Clay, residual, basaltic, blue. 10.9 2.4 30.2 
29.0-34.0 
34.0-42.0 

Clay, residual, basaltic, blue. 
Clay, residual, basaltic, blue. 

11.1 
10.6 

1.8 
2.2 

31.5 
29.9 

Drill Hole Mi-791 Coord. 24,075N, 14.9551. 

Qp 0.G-7.0 Soil and Palouse formation. 
7.0-13.0 Palouse formation and gravel. 

Tcrl 13.0-19.0 Clgy, residual, basaltic. blue. 5.4 3.5 16.7 
19.0-20.0 Semi-decomposed brown basalt. 

Drill Hole Mi-80: Coord. 23.475E. 15.5001. 

Qp 0.0-12.0 Soil and Ilalouse formation. 

Tcrl 12.0-15.0 
15.0-.17.0 

Clay, residual, basaltic, green-gray. 
Clay, resiaual, basaltic. blue. 10.6 2.7 29.9 

17.0..22.0 Clay, residual, basaltic, blue. 10.8 2.6 31.8 
79 (1...11_n Clair_ residual. basaltic, blue. 10.1 2.2 30.2 



Ybrma- Interval 
tior (feet) 

Description 

Drill Hole M1-81: Coord. 22.4901, 15.1553. 

Ign. Avail. 
Loss T8

203 

Avail. 
41203 

qP 0.0-5.0 Soil and Palouse formation. 

flu 5.0-9.0 Sand, transported. micaceous. 

Tcrl 9.0-15.0 
14.0-17.0 
17.0 

Clay, residual, basaltic, blue. 
Clay, residual, basaltic, gray. 
Basalt, 

some semi-decomposed basalt. 
11.0 
5.0 

2.4 
11.6 

31.2 
11.6 

Drill Hole Mi-823 Coord. 22.0201, 14,0801. 

qr 0.0-10.0 Soil and Palouse formation. 

t4 

Tcrl, 10.0-16.0 
16.0-21.0 
21.0-26.0 
26.0-32.0 
32.0 

Clay, residual. basaltic. blue, iron,..stained. 
Clay, residual, basaltic. blue, 
Clay, residual. basaltic, blue. 
Clay, residual, basaltic. gray and brown, hard, 
Clay, residual, basaltic, brown, hard; yellow tuffaceous clay. 

Water in hole. 

10.6 
10.8 
10.6 
9.4 

11.2 
8.6 
8.6 
12.6 

26.1 
28.4 
27.1 
24.4 

Drill Hole MI-83: Coord. 21.605N, 13.860Z. 

Rp 
14.0-.17.0 

Soil and Palouse formation. 
Palouse formation and gravel. 

Tcrl 17.0-22.0 
22.0-25.0 
25.0-28.0 
28.0 

Clay, residual. basrltic. s,-)eckled gray and blue, 
Clay, residual. basaltic. speckled grey and blue. 
Clay, residual. basaltic, brown and blue. 
Semi-decomnosed basalt. 

9.8 
10.1 
9.6 

8.1 
9.9 
8.5 

25.1 
26.7 
25.0 

Drill 7ole Mi-84: Coord. 22.6301, 16.2951. 

gip 0.0-2.0 Soil and Ppinuse formation. 
2.0-6.0 Gravel. 
6.0-12.0 Palouse formation and gravel. 



orma-
tion 

Tlu 

Tcrl 

cp 

Tcrl 

Interval 
(feet) 

12.0-16.0 

16.0-21.0 
21.0-25.5 

0.0-10.0 

1000-15.0 
15.0-20.0 
20.0-23.0 
23.0 

Description 

Drill Hole Hi-84: (continued) 

Sand and clay, transported, white. 

Clay, residual, basaltic, blue. 
Clay, residual. basaltic. blue. Water r.t 23 feet. 

Drill Hole Mi-85: Coord. 

Soil and Palouse formation. 

Clay, residual. basaltic, blue. 
Clay, residual. basaltic. blue. 
Clay, residual. basaltic. blue. 
Basalt. 

Ign. Avail. Avail. 
Lose Fe_O3 A12 3 

9.2 9.4 23.7 
9.7 0.7 28.3 

10.7 2.6 32.4 
907 13.8 24.4 
6.4 15.4 21.9 



et 
4+1v 

ffri 

1,9 
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v , 
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