
JOURNAL OF SEDIMENTARY PETROLOGY, VOL. 15, No. 1, PP. 25-33 
FIGS. 1-3, APRIL, 1945 
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ABSTRACT 
Ovate pellets of kaolinite from .05 to 15 millimeters in length occur in conglomerates inter

bedded with pyroclastic materials and waterlaid sediments in the Eocene Calapooya formation 
at Hobart Butte, Oregon. Although Miocene hydrothermal solutions invaded these rocks, al
tered welded tuffs to clay, and deposited kaolin minerals together with realgar, stibnite, pyrite, 
quartz, and other minerals, a hydrothermal or a volcanic origin for the pellets is considered un
likely. The sizes and shapes of the pellets, the presence of pellets and lithic fragments within 
pellets, the lack of radial and concentric structures, the presence of charcoal, lignitic material, 
and diatoms in the matrix suggest fluvial deposition of clay flakes, broken from thin clay layers 
that had dried on Eocene flood plains. The arrangement of the long axes of the pellets parallel 
to the bedding and the molding of pellets against quartz, lithic fragments, and pellets support 
the interpretation of a sedimentary origin for the pellets and the clays containing them. 

INTRODUCTION 

Hobart Butte is in Lane and Douglas 
Counties, Oregon, approximately 14 
miles south of Cottage ,Grove and about 
1 mile from the town of London. During 
1943 Hobart Butte was prospected as a 
source of high-alumina clay by the 
United States Bureau of Mines in co
operation with the United States Geo
logical Survey. The diamond drilling 
showed it to be one of the best high
alumina clay deposits in the Northwest. 
More than 10 million tons of ore with 
approximately 29 per cent available 
Al20a were proved. 

The rocks of Hobart Butte are com
posed of pyroclastic materials qnd high
alumina water-laid sediments belonging 
to the Calapooya formation of Eocene 
age (Wells and Waters, 1934). These 
rocks were invaded by hydrothermal 
solutions, probably in late Miocene time 
(Wells and Waters, 1934, p. 25; Cal
laghan and Buddington, 1938), and real
gar, stibnite, arsenates, pyrite, quartz, 
dickite, and other minerals were de-
posited. _ 

1 Published by permission of the Director, 
Geological Survey, United States Department 
of the Interior. 

Wilson and Treasher (1938, p. 18), as 
well as others, were impressed with the 
presence of the hydrothermal minerals 
and concluded that the kaolinite was 
also of hydrothermal origin. The presence 
of dickite and of welded tuffs which are 
now altered to high-alumina rocks indi
cates that some of the clay did result 
from hydrothermal activity. One of the 
most interesting and abundant rock types 
on the Butte contains ovate clay-pellets. 
Because these present significant evi
dence of the genesis of much of the high
alumina clay of Hobart Butte, they will 
be described and various theories for their w 

origin will be considered. 

DESCRIPTION OF PELLETS 

Clay-pellet rocks are well exposed at 
Hobart Butte. They have been briefly 
described by Wilson and Treasher (1938, 
pp. 71 and 73), who called the pellets 
"white bodies" and white "oolites." 
These pellets are, in general, irregular 
spheroids with elliptical cross-sections. 
The long axes are parallel to the bedding 
and they range in length from 15 milli
meters to less than .OS millimeter (fig. 1). 
Based on the measurement of 47 pellei!s, 
the average ratio.of the long axes to the . 
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morillonite could not be definitely estab
lished as a minor constituent of the 
Hobart Butte clay by either optical or 
chemical methods. According to the de
terminations of J.M. Axelrod of the Geo
logical Survey kaolinite"is the only clay 
mineral recorded in the X-ray patterns 
of ground samples representing both the 
pellets and the matrix. Also, the X-ray 
determinations reveal that the red color 
of the matrix surrounding the white 
pellets is caused by hematite in some 
samples and goethite in others. X-ray 
diffraction lines representing quartz are 
present in the patterns of nearly all the 
Hobart Butte clays examined. On the 
basis of thermal analyses Dr. Joseph A. 
Pask of the Federal Bureau of Mines 
finds that the pellets are kaolinite and in 
general are purer than the matrix. 

The best place to see these pellet!; is in 
the main part of the quarry, abrlGt half 
way up the face (fig. 2). Here there is a 
10, foot layer of rock in which they are 
abundant. Clay-pellet rocks occur else
where on the Butte and they are impor
tant constituents of the diamond drill 
cores. 

ORIGIN OF PELLETS 

Before it was established that organic 
material forms an essential part of the 
matrix surrounding the pellets, many 
theories:,.of origin for these· structures 
were proposed or considered by geolo
gists who had visited Hobart Butte. The 
presence of organic matter in the matrix 
is regarded by the writers as convincing 
evidence for the rejection of all theories 
except those involving sedimentation. 
However, to avoid repetition only those 
arguments based on other evidence than 
the presence of organic matter will be 
briefly stated• in reviewing the theories 
which follow. 

It has been suggested that the rock in 
which the pellets are found was originally 
vesicular, that the clay pellets are filled 
vesiQl.llar cavities, and that the high 
kaolinitic composition is due to hydro
thermal alteration (Wilson and Treasher, 
1938, p. 73). It is unlikely, however, that 

this is an altered amygdaloidal rock be
cause: 1. No relict igneous textures are 
present in the matrix. 2. There is no con
centration of pellets ai: the top of the clay
pellet horizon such as would be expected 
if these were amygdules in an uneroded 
flow. 3. There is no disconformity at the 
top, which would be expected if the clay
pellet rock were an eroded lava flow .. 4. 
The pellets are too regular and simple in 
shape. 

The pellets are not hydrothermally 
altered spherulites, formed in lava or in
corporated in a spherulitic tuff under 
some specially controlled conditions of 
crystallization and eruption, for the fol
lowing reasons: 1. No relict spheruli tic 
texture is apparent in the pellets. 2. No 
relict igneous textures can be seen in the 
matrix. 3. The presence of pellets and 
lithic fragments within pellets is left un
explained. 

It has been suggested that the pellets 
are feldspar crystals altered by hydro
thermal activity. This necessitates that 
the clay-pellet rock is either an altered 
porphyry, an altered crystal tuff, an 
altered reworked crystal tuff, or an 
altered arkose. The presence of pellets 
and lithic fragments within pellets, as 
well as the thickness of the clay-pellet 
rock, and the lack of relict igneous tex
tures in the matrix all indicate that the 
rock is not an uneroded porphyry. Some 
modification in the shapes of phenocrysts 
might result from hydrothermal altera
tion, but it is unlikely that shap~ similar 
to those of the pellets would be p,-oduced. 
Likewise, the shape and molding of the 
pellets and the presence of pellets and 
lithic fragments within pellets. exclude 
the derivation of the clay-pellet rock 
directly by alteration of a crystal tuff, a 
reworked crystal tuff or arkose. More
over according to Harker (Harker, 1935) 
the long axes of some crystals in a crytal 
tuff may be roughly perpendicular to the 
bedding. The long axes of the pellets are 
parallel to the bedding, which is further 
evidence that the rock is not an altered 
crystal tuff. , 

The Hobart Butte pellets ~ight be ac-
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FIG. 2.-Hobart Butte quarry, Oregon. Bedding in the clay is shown 
at the left center, where pellets are abundant. 

cretionary lapilli (volcanic pisolites) that 
have been hydrothermally altered to 
kaolinite (Wentworth and Williams, 
1932). Accretionary lapilli have been 
found around active volcanoes; they have 
been described from the -Triassic of New 
Zealand (Perret, 1924, 1913; Pratt, 1916; 
Richards and Bryan, 1927); and they 
have many characteristics that are simi
lar to those of the pellets. PeI-lets within 
pellets, lithic fragments within pellets, 
the shape and orientation, the molding 
of pellets against pellets, and many oth
er features could be explained if they 
were formed in this way. The general 
geologic setting seems favorable for such 
an origin because welded tuffs have been 
found stratigraphically only a few hun
dred feet above the clay-pellet rock and 
the Calapoo:,"fl formation, in general, con
tains much volcanic material (Wells and 
Waters, 1934). It is thought, however, 
that the Hobart pellets were not formed 

in this way because the relict textµres 
that might be expected in the matrix 
and within the pellets according to such 
a theory, are not present; furthermore, 
the Hobart pellets are not concentrically 
layered as are accretionary lapilli. 

The shapes of these pellets of cour~e 
eliminate the possibility that they are 
hydrothermally altered stream pebbles or 
lapilli. 

Faecal pellets found in modern marine 
sediments have been illustrated and dis
cussed by Moore (Moore, 1939) and they 
have been found' in California oil shales 
of Miocene age (Galliher, 1932). Some of 
those illustrated by Moore (Moore, 1939, 
p. 520) are identical in shape with some 
of the pellets found at Hobart Butte. The 
pellets at Hobart Butte, however, are 
not faecal pellets as they are much too 
large, they are in continental rather tpan 
marine rocks, and they vary too muc;h in 
shape and size. · 
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The pellets under discussion are not 
syngenetic concretions formed by, cola 
ioidal deposition because: 1. A study of 
the red beds on the Butte and elsewhere 
in the district indicates that the red color 
is original and is not the result of hydro
thermal activity, which tends to remove 
ferric iron rather than to deposit it; as a 
matter of fact the hydrothermal solutions 
have in places bleached some of the red 
beds. If, therefore, the white pellets in 
the rock with the red matrix were formed 
by colloidal deposition, they should be 
red rather than white. 2. Pellets and 
lithic fragments within pellets, on the 
hypothesis of colloidal deposition, could 
be explained if the growing concretion is 
rotated. Conditions that would favor 
rotation, however, would be unfavorable 
for colloidal deposition. 3. The sub
angular outline of some of the p~(lets is 
not in harmony with the shapes'resulting 
from settling from colloidal suspension. 
4. In,·Jl discussion on .mud pebbles Twen- · 
hofel (1939) states, "They are rarely, if 
ever, due to the union of suspended 
particles of mud." 

The pellets are not epigenetic concre
tions formed after the deposition of the 
enclosed rock by substances derived from 
within or outside of the rock. It has been 
noted that, the pellets and the matrix 
are both composed of kaolinite, but the 
pellets are purer and lighter in color than 
the matrix. If substances were removed 
from the pellets to increase the purity of 
the kaolinite comprising them, the per
meability of the pellets should have in
creased in proportion -to the amount of 
impurities removed. The effect of this 
action was slight, as the pellets are less 
permeable than the matrix. Moreover, 
since kaolinite has low solubility in 
ground water and since the deposition of 
any substance except kaolinite within the 
pellets to cause a contrast in color would 
decrease the purity of the pellets as com
pared with that of the matrix, the pos
sibilj,ey of the formation of the pellets as a 
concretionary process by ground water 
action is remote. 

The writers' interpretation is that these 
rocks were formed by processes of sedi
mentation similar to those described by 
Allen (1932), Fenton (1937) and others, 
for intraformational conglomerates, mud
conglomerates, mud-cake conglomerates, 
desiccation conglomerates, and flat
pebble conglomcra tes. The r,ellets are of 
intraformational origin and because most 
of them are small and round the name 
clay-pellet conglomerate or clay-pellet 
shale, depending upon the abundance of 
pellets, seems appropriate. They were 
probably formed somewhat as follows: 
Thin layers of clay were laid down on 
flood plains, the clay was dried out, and 
later the clay flakes, formed by the dry
ing, were broken, picked up, and trans
ported to their present position by run
ning water. During transportation they 
were rounded by molding, sloughing, at
trition, and perhaps also by accretion so 
that fragments of considerable initial an
gularity were changed into well rounded 
pellets. Finally the pellets were deposited 
together with clay, charcoal, organic ma
terial1 and a small percentage of lithic and 
mineral fragments. That the pellets, in 
general, only slightly resemble the initial 
flakes indicates the effectiveness of these 
processes. Mud-flake breccias were seen 
in the drill cores and here the rounding 
processes were not so effective. 

Some of the clay deposited at Hobart 
Butte apparently had a strong tendency 
to break up in water or crack in air on 
drying and yield ovate fragmen.ts which 
would require little or no modification 
during transportation to duplicate the 
shapes of the pellets. In the gray clays at 
the bottom of the quarry are many white 
kaolinite fragments that are separated 
from each other by clay containing or
ganic matter and slightly more iron than 
that present in the white fragments. 
Many of these rudely ovate-fragments :fit 
together perfectly (fig. 3c) and suggest 
that they were broken apart in.water and 
that fine clay with organic matter and 
appreciable iron washed into the cracks. 
It is conceivable that simi}ar spalling 
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FIG. 3.-Photomicrographs of pellet structure in clay. 
a-Kaolinite pellets (K) surrounded by clay and organic matter, Hobart Butte Quarry, 

Oregon. X90. 
b-Kaolinite pellets (K) surrounded by clay and organic material in a fire clay of the Penn

sylvanian period. Fulton, Missouri. X90. 
'c-White kaolinite fragments (K) with clay containing organic matter and appreciable iron 

, filling cracks (C). Pellet shaped fragments have resulted from the breaking up of larger 
chips. Some fragments show evidence of molding around fragments to fit the space avail
able. Hobart Butte Quarry, Oregon. X90. 

_d-Kaolinite pellets (K) surrounded by clay and organic matter, Castle Rock, Washing
ton. X90. 

took place on the Eocene flood plains of 
the Hobart Butte area, and.furnished at 
the source many separated fragments of 
the required sizes and shapes to produce 
a clay-pellet conglomerate when they 
were deposited. 

The flattened shape of the pellets may 
have been inherited from the clay flakes 
or may be due to the weight of the over
lying sediments. The fact that almost all 
of the pellets are parallel to the bedding 
suggests that some pressure was involved. 
If the flattening were entirely inherited 

from the original flakes one would expect 
that a fow of the pellets would be de
posited edgewise. The range in the ratio 
of the long to the short axes of the pellets 
also suggests that pressure was effective 
in flattening the pellets. Pressure in
creased with the weight of the accumu
lating sediments, and i;apid deposition 
permitted the molding of the pellets 
while they remained somewhat plastic. 

While the molding of pellets affords 
ample evidence of their deposition as a 
clay with some plasticity, the qu~stion 
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might well be asked if the clay had the 
composition of kaolinite when it was de
posited or whether it was composed of 
another clay mineral which was later 
changed to kaolinite. On the southwest 
side of Hobart Butte about 200 feet below 
the summit kaolinite occurs as books in a 
leaf-bearing shale. This· is the character
istic habit of kaolinite and suggests that 
a supply of kaolinite was available in the 
region during the deposition of the Cala
pooya formation. Fragments of pumice 
and welded tuffs now white kaolinite re
taining original structures are enclosed in 
a red or purple iron-stained kaolinitic 
matrix at various levels throughout the 
Hobart Butte area. The alteration of 
vokanic glass to kaolinite must have been 
completed at the time of deposition be
cause the alteration bf the fragments to 
kaolinite could not have taken place 
after their deposition without buitrthing 
ferric iron from the surrounding matrix. 
Finally, the lack of remnants of-another 
clay mineral besides kaolinite in the pel
lets completes the reasons for concluding 
that the pellets had the composition of 
kaolinite when they were deposited. 

The pellets containing lithic fragments 
may have been formed by the accretion 
of clay around these fragments or by 
having the lithic fragments included in 
the original clay flakes. Pellets within 
pellets may also have been formed by 
either of these mechanisms. That accre
tion was not the dominant process is sug
gested by: 1, the angularity of many of 
the pellets; 2, the lack of concentric 
layers; 3, the presence of white pellets 
surrounded by a red matrix; 4,. the ero
sion of small pellets at the borders of large 
pellets; and 5, the presence of clay pellets 
in angular mud flakes. However, the one 
pellet that has a concentric structure may 
have grown by accretion. 

Somewhat similar high-alumina clay
pellet rocks of sedimentary origin are 

found at widely separated localities-for 
example, in the Pennsylvanian rocks of 
the Eastern Coal fietds, the Cretaceous 
and Eocene rocks of the Atlantic and Gulf 
Coasts, and the Cretaceous rocks of 
Colorado. At Castle Rock, Washington, 
they are interbedded in rocks of about 
the same age as those at Hobart Butte 
and in an area where there has been 
no hydrothermal activity. This fact, to
gether with the fine-grained texture and 
kaolinitic composition of the pellets and 

_ matrix plus the lack of remnants of 
another clay mineral and the somewhat 
plastic conditioq of the pellets at the time 
of formation, indicates that the high
alumina content was original. This in 
turn suggests that a weathering profile 
was formed in this part of the Pacific 
Northwest, possibly sometime in the 
Eocene, that kaolinite was formed in the 
profile, and that it, was concentrated into 
thin beds by selective erosion and deposi
tion. This profile, like the source material 
of the widespread underclays of the 
Pennsylvanian series in Eastern North 
America, has not as yet been located with 
certainty. However, the presence of 
white pellets in a red matrix implies that 
the profile furnishing the Hobart Butte 
clays was in part high in iron and thus 
red and in part low in iron and probably 
nearly white. 

SIGNIFICANCE 

The initial kaolinitic composition of 
the pellets indicates that the matrix con
taining some plant materials or red iron 
oxides was also kaolinitic when it was 
deposited. The widespread distribution 
of these rocks testifies to the sedimentary 
origin of much of the clay on Hobart 
Butte. Later hydrothermal solutions 
altered non-kaolinitic to kaolinitic rocks 
thus increasing the tonnage of high
alumina material. 
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~ALITATIVE SPECTROGRAPHIC ANALYSIS 
(~uantities estimated to nearest power of ten) 

Elements present in concentrations over 101-. 

Silic6rt: aluminwn 

Elements present in concentrations 1oi - 1i. 
Titapium, strontium, sulphur 

Elements present in concentrations ii - Oolfa• 

Iron, calcium, barium 

~ 

Elements present in concentrations 0.la'., .011-. 

Zirconium, chromium, vanadium, lithium, boron 

Elements present in concentrations .01i - .00lr• 

Magnesium, manganese 

Elements present in concentrations below .001i. 



HOBJRrr BD1JTE HIGH-ALUMINA CLAY Lane Count·? 
'MinPr,,l clr~ ims }lQ..ld bv -) . 

. ·. (et )!!;'·-c/q. 
x.1u~K:kiN~ Owners: A. c.K. Edwards--,-~Willamina c1~,y Products Co., Willa:rp.ina 

Ore .~rnn J ,ai13,~xxi~:ixbn now lensed to ColumbiB 

v,etals Corporation, Securities Building, Seattle, Wr, shinr:ton. 

it.DIU Locf!tion: Hobart Butte is about 15 miles south of 

Cottu e Grove, Oregon, and lies XJ!J.X.JUIEXX 

in the fnur sections b.round the hWR.Xlti'..J! corner of 11'. 22-23 

S., R. 3-4 W. The.~x portion of the property which 
..,:,~• and includes 

hPs undergone devAlopement,tlJixxi:J!DC:nuil the L,rgest ar101.mt 

of ·the ore lies in sec. 31, T. ~:-?·> S., R. 3 W. 'l1he oufirry 

is within lfiO feet of the tnp of the butte, ht Hn E~levation 

of 23f-i0 feet. It is r0eched by 16 miles oP road fro~ Cott~ge 

Grove. 

Histo1•;r: Accorr1 .n;r to ivilson anfl 'fr,,Bsher ( 38: 69-71) 

the denosit w~ s discovered' in 1930 by Roberts 

Phillies, whil0 prospectin~ for cinnebar. It was lePsed in 

193;1, by the WillaminP C1ay Products Co"rlpb.ny, who later purchased 

the lr;nd in sec+ ion31/ 

to 15,000 tons were mined and shinped to the cer~Mics pl&nt 

at Willamina. ln September, 1942, the ~:!-uMbia l\Jeti,ls G0 npor8tion 
I 

s,~, cure r1 R 19 ase on thr, prn,,:ierty, with the . o b,i e ct of usin/l this 

clay for a. source of c, lunine. 



r11ooogruphy: Hobnrt Butte rises more thvn 1~;00 feet fror'1 the 

Vtdle~, of the Coast Forl{ of the 11illf,mette 

River to an elevution of 2459 feet. It is elong,ted in a 

northel,st-southwest direction, ..... lk the ~;;t\~ being 

Pbout irax one half_ Mile lonr,. The sides XXN~Rxxx are steep 

with 30° slones. The nuarry lies neHr the northe8st 

enc'J of the crest, on the southe,-:st slone. 

IAve loneP1ent: In the fall of 1933 n roac was built nart 

way to the nuarry and clBy m}nfunr was b~~un,, 

J_ 1.- 1 , _;r,, , L,11e c ,1y '.;,CJ inc d, o::meo_ 855 feet by chute. In 19~3li the 

rourl was co<qpleted to the ouarry t1nd ill~x:Ut by 1942 nearly 
ti 
lb,000 tons had been ninBd. D..uinc 1943 the ~J .s. BurPuu of 

Mines .t!rilled 24 dhmond drill holes totulling 6896 fflet., , 
~il:1 h .:estJ::t:;;1 to· jir 01!1! Ji lli:;;~• +ilt!~•fiFMi•llllt'Jlf •1)!½,,C:t .. ±rrs 

e. -&:z ➔- ti, Ff t9 f · . .,.,. - "'~.,,,~&-,~&f·~o~·o'MJ~~t h 
tl.le, seeond, 

~ ~l'Q»i~ ~~~:-~~.:;"~~~~~~-;~~~=~ t~~ ---,··· 
~ m~ ... ,,. GQ 'aYer· ('9 ei£lilfi'"16;, 1i3f ,~H➔ ..e}e t,:'.;>,-'@li;j. w Tw@ 9~~i!Q}il 8qit'J'T- _ 

~~r'ff',b,r't,,t~·r#fr.:'1'~:..- · I,;--~ .. -~~"k.r= -+ :•1F'"I· ·t~~ --~ 
..__ 0 .,_ ·" ~ .... "- +- , · • · lo re l O'HH: in-. ~'I'. l"r'de. 

·-~· +re:"'~-~-~-~--thl.kl::.i,,,,•; ~ -r-· 
Ge olo ·y: 'l'hP rer;'i.onu 1 [-;AO logy, W: 8 sket Chic') d b,r gub~NKNXOCtl!.Qt 

~ut~N:PC:kaNXl(iRs: vve11s and Vrnters (3@:?6-~:8,34) ~x• 

i:k who r,1ppped ku ( plete 7) the extr=rnt · of the Eocene Umpqua marine 

si:<nJstnnes •-nd conglomerr,tes with the underl: 0 ing EocEme 
and unconformably , 

basplts; :tkB.x&d~llllpl the/\verlying un1~pooya formation, 
lower 

con~,i s 1.,1ng of aA.,~o,ninan,, ly sed.i111:n_i.,P r;r fa cir, s :. nc Bn upper', 

~mminanLly igneous fpciee. hev aJ.,:o out-lir:;.-,J t,he areas 

f 1 d k ,~_, ,cl•, 1· r,e7_ ;c'Je _olmrt, .~utte ~,s .,,iell f,s o r, ,~ G i '" ro c s, _ - . 

1., 118 minn"',, lized p, re rs at the .wlkhEbd aric3 ulack rmtte 

Quicks i 1 ver mines., he;,r reuo 10 1·. ;h: t uob~ rt LJutte be longs to 
Sed-~-~ t 0 .. (' I e 5 

the lowe1~ ~ vo:;t.@QJil!l:@ em,•t-!h-Gln.0?0, •@ ~Q of ,,le aJYpooya 
tJ 

forrriation. Accordinr: to Loofborow \ 43: 5) rroyn who"1 f. larr:e 
- J\ -> 



po,rtion of this report is ebstracted, these sedirr1entr ry 

rocks att~in a thickness of at le~st 3500 feet in nobart 

·Butte, with the top not exposed. 'l'hey are connosed 

primBrily, of volcHnic breccias., tuffs, conglorr,,erntes, lavfl 

flows, and mud flows, which do not vary greo.tly in composition 

but are strikinglv dissimil&r in appeurance. East of th"l 

butte l&vas nrerlominfite, to the west tuffs predomirni te. Wood 

11nd churcoal are com111on, anrl leL>.ves date the form&tion as 

upper l:<~oce ne • 

Ore denosits: The- ch,ys have been described in detail by .,,,,,, .. 

Wilson R nd 'I'reusher ( 38: 71-72) and Loufbourow 

(43-t6-ll), Rnd their account will on].~r be summarized here. 
h --~·- 5Jl1Jt$f;t, ~d ""'~l!qt,, .. ~.( .. Q·td. 

The high alumina clay Pt hobart Buttel\occupies fi?.irly 

well defined horizons in the continental sedimentary series 

of volcRnic oriBin, generally ~2rallelwith the bedding. 
ot~-r:;;.~ ' 

&"1• il'Htlll,r· Hobart Butte .- a gentle syncline pitching at a 

low a.np:le to the northeast, a!il!ilJ aec·· 11t: c 1 I" broken by 

a northwest-trending ftmlt. 'rhe altered rocks nre.xmmrl 

mainly gray, in some pleces leached white. Red and reddish 

nurnle beds 8.re common. Surface alteration changes the gray 

beds to a yellow1s·h tint but does not Rffect the red beds. 
smooth 

H1gh grnrfo materiBl is chP. rflcterized by ~\l\.conchoidel fracture, 
I 

low grade breaks with Rn irregular rough. surface. The lustre 

is porcellaneous, 1.~nd although thP-re are sorne Preas of hard 

material, rnost of the clay can be eusilv scrutched with a 

knife, often b~r the fingern2 il. itiffll~ The only clay 

minere.l is kaolinite, but there o.re severt.l associ~ ted 

minere.ls in small Pr:tount, which may be listed as follows: 

ltealgar 
orpiment 
stibnite 

pyrite 
arsenopyrite 
siderite 

celcite 
limonite 
scorodite 

Lt 



The ore reserves as determined by the U.S. Bureau of 

Mines drilling in 1943 totel 10,700,000 tons of dry ore, 

with a grade of 29% aveilable Al203 end 3% availnble 

Fe203 • The.maximum ratio of overburden to ore is 1 to 1, 

and there is 6,500,000 tons of ore with no overburden. 

The moisture cont,,nt is 3%. 

Referernces: Loofbourow, 43 

Wilson i:inc'l TreHsher, 38 

"J.S.Bureau of Mi-nes W&r Minerals Report No. 1'75, 1943. 
·,,,, 

Ni cho l"s, 42 

Wells and Waters, 34 
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The rapid growth of the metallurgical, chemical, and all:i.ed industries 
on the Pacific coast just prior to and during the war caused a sudden increase 
in the demand for refractor:i.es, which was the immediate cause of a revival in 
interest in refractory clays available on the Pacific coast, particularly in 
the Pacific Northwest. Population increases and shortage of shipping facili
ties caused an increase in the amount of various ceramic materials and prod
ucts used and proa.uced on the Pacific coo.st, with accompanying demand for 
informe.tion regarding sources of clay .. 

In an effort to oupply part of this information,~the Bureau of Mines, in 
cooperation with .the College of Mines, University of Washington, started a 
program in 19~-4 to test the refr::i.ctory and other properties of clays from 
seven Pacific Northwest deposits that had been drilled and sampled as pa.rt 
of the Bureau of Mines alumina-from-clay investi.gation. Figure l shows the 
location of these deposits. 

By no means were all of the samples collected in the exploratory drilling 
campaign tested for their ceramic properties; instead, certain samples were 
sel~pted on the basis of their available alumina and iron contents and on the 
basis of the location of the drill hole. 

The results given in this report are based upon cone-fusion (pyrometric 
cone-equivalent) tests, plasticity tests, and preliminary firing tests at 
cone o4 (about 1,055° C.)·and at cone 4 (about 1,175° C.). 

A description of the drilling methods, general geology, and probable 
reserves of the-Cowlitz, Wash., Molalla, Rrr3g., Hobart Butte, Oreg., and Olson, 
Idaho, deposits may be found in Wimmler's-' report. His report is based upon 

Wimmler, Norman L., Iverson, H. G., ·Lorain, S. H., Oscarson, P. E., and 
Ricker, s., Exploration of Five Western Clay Deposits: Am. Inst, Min. 
and Met. Eng. Tech. Paper 1739, 1944, 10 pp. 
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data as of' November 1, 1943, and may be subject to some changes owing to sub
sequent information. 
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• ..... I ! 

TESTS 

Test Methods 

Ignjtion Loss, Available Al203, Available Fe203 
;,P 

Because of the enormous number of clay samples collected. during the course 
of the alumina-from-clay investigation, some 12,000 were analyzed at the North
west Experiment Station at Seattle, and it was necessary to use a rapid analy
tical procedure to evaluate them. Aa is well known,·the calcination of clay, 
usually in the range between 600° and 800° C., renders the alumina present in 
the cl/3.y soluble in acid solutions., The following rapid analytical procedure 
was used for determ.:!.ning "available"· alumina and iron _oxid.es. 

The samples to be tested were crushed to pass 4 mesh, reduced. in quantity 
by riffling, ground to pass 100 mesh, and. dried. overnight at 130° C. Two 1/2-
g,Tam ;portions of each sample were calcined for 1 hour at 700° C .. , and the loss 
in weight was reported as ignition loss. A calcination t~mperature of 700° c. 
was chosen after considerable experimegt.ation with its effect upon the solu
bilities of the various clay minerals __ / 

The soluble oxides in the calcined samples were extracted by boiling for 
l hour in 35 ml. of 20-percent solution (by weight) of }½S04. Hot water was 
added a.o needed to maintain a constant volume. After the boiling period, 
the residue was filtered off and discarded. Ten ml. of 1:1 H2S04 was added 
to the filtrate, and it was then evaporated to fumes, cooled, water added, 
and filtered. This second residue represented soluble Si02, which ranged 
from 0.5~to 2 percent. The silica-free filtrate from one of the 0.5-gram 
portions was used to determine the total acid-solub1e·R203, and the filtrate 
from the other portion was used for available Fe203, The difference between 

'2,] Pask, J, A., and Davies, B., Acid Extraction of Alumina from and Thermal 
Analysis of Clays: Bureau of Mines Rept. of Investigations 3737, 1943, 
~w. . . 

Speil, Sidney, Berkelhamer, Louis n., Paek, Joseph A .. , and Davies, Ben, 
Differential Thermal .AnaJ,.ysis; Its Application ta Clays and other 
Aluminous Minerals: Bureau of Mines Tech. Paper 664, 1945, pp. 68-71, 
75. 
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the two determinations was reported as available Al20?, although this would 
include some Ti02 ( usually less than 0.2 pe:tcent). I:t the samples contained 
ppreciable tot::i.l TiO~, corrections were made for the acid-soluble Ti02 
eported with the available alumina. 

Comparison between total and available analyses. - The rapid analytical_ 
thod was supplemented by standard analyses of certain key samples. Such 

ey samples. included composites lllllde up· in the laboratory by mixing samples 
eir,hted ac.cording to the footages in· a gfveh' a.rill hole for hole composites. 
rea and horizon samples were prepared in the· ·same n:anner, with corrections 
or the "area of influence" for ea.cl} ,hole. To'tal ana1yses were made for these 
ompcsj_tes and. reported by Wimmler.2/' · · · · · · · -

On the basis of the total and available ana,lyses, the following relation-
hips were found, as observGd in part by Pa'.sk:"1/ · ._ - , . 

1. With minerals of the ka.olinii1{'group, except dickite., the available 
Al20i was 9~ to 100 percent of the total Al203; for dickite it was 
about 65 percent. 

2. With montmorillonite, the extraction was about 30 percent, 

3. Wlth beidellite, the extraction was about 90 percent. 

4. With boshmite and gibbsite, the extraction was about 60 percent. 

5. The available Fe203 represented about 70 percent of the total Fe203• 

6. The available Ti02 represented not more tha::1 10 percent of t:tie total 
Ti02; therefore, it was included with the available Al203 for moat 
clays. 

The data in table 1 from Paek§/ shows the relationship between the avail
e Alz03' total Al20v and the :percentar;e extraction of the. total alumina 

some selected To.cific Northi;rest clay samples. The clay minero.ls present, 
indicated by thermal analyses, also are given. 

in footnote • 
in footnote 5, second reference pp. 66-71. 
in footnote 5, second reference, p. 75, 

- 7 -
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TABLE 1. - Results of extraction of alumina from selected. Pd.cific Northwest 
clay samples with sulfuric acid after calcination at 800° c. 

Avail- ·Extrac-
Minera.1 · com osition Total able 

Deposit Principl Minor Al20 Al20 
Cowlitz ••••• Ka0linite-montmorill0nite Gibbsite 3 .9 3. 

Do. •·•••• Halloysite.................. 37.3 36.9 
Do. • •• • • • Ka.oliuite ............... ;.. Gibbsite 42.3 39,1 
Do.•••••• Beidellit.elike •••••• · ••• ·•••• 32.1 23.1 

Hoba.I_'t Butte Kaoiinite. •••• •• • • • • • • • • ••• Dickite ('l) 39.1 34.o 
Do. ....... do • •.• --~ .•.......• ••.•.•••· do. 42.7 35.9 

Molalla ••••• Montmorillon1te ••••••• _ ••• 17 1Illite 22.5 5.0 
Do. ·•·•·• Kaolinite-montmorilloriite;:I Gibbsite 38~2 33.3 
Do. • • • • • • Beidellitelike.,. • •••••••••• I 0.1 2 .3 

tion, 
percent 

9 
99 
92 
72 
87 
84 
22 
87 
84 

1 IJ.'his notation indtcatee---~ · small amount of montmorillonite ".4ltergrowth. 

Relationship between ratio of available oxides of aluminum and iron t.o 
P.C.E. - Tha possibility of estimating the approximate P.C.E. of any sample on 
the basis of its available alumina-to-ferric oxide ratio became evident when 
nearly 700 P.c .E. determinations were ma.de. To test the· reliability of these 
criteria, samples from the four largest deposits were plotted on the upper half 
of a triaxial diagram; thus, th6 lower left-hand apex of the triaxial diagram 
was considered 50 percent available alumina; the lower right apex was 50 av~il
able ferric oxide. The upper apex of the diagram was considered as 100 percent 
"undetermined." rrhis value, for any given sample, is the difference betweeti 
100 percent a.nd the sum of the ava:i.lable alumina and ferric oxides. The P.C.E. 
of' every sample was plotted. on the triaxial diai?,ram. The location of a given 
sample on the diagram wa.s noted by the use of a symbol indicative of its 
refractory classificatim).. By plotting all of the saJn:Plea from any one 
deposit, separate areas of mD.Ximum concentration.of each refractory classifi
cation were noted. The s:i.ze, aha.pc, and location of these areas differed 
somewhat between deposits, but there still existed a remarkable similarity. 

An attempt was made to reproduce these diagrams by using a mixture of 
electrically fused crystalline alumina and chemically pure ferric oxide, the 
'\mdetermindt" constituent being r0:presented by equal porportions of feldspar 
and silica. Cone-fusion testo were run on mixtures of various alumina and 
ferric oxide content through a range that simulated that of the clay samples 
tested. tittle similarity existed between the triaxial diagrams of the arti
ficial mixtures and those of the clay samples from,any of the deposits. Thia 
evidont discrepancy can be ascribed to the effects upon i'usion of mineralogi~ 
cal entities as compared ·with the fusion of mechanical mixtures of similar 
chemical composition. Another known factor that affects this method of esti
mation is the presence or absence of cla.y minerals of low alumina ava_ilability~: 

As a General mothod .of estimat·:i.on of either :probable fusion temperature 
of a sam:pl:0 of known available a.lumina.•to-ferric oxj_de i·at·io or estillll3'tion of 
this ratio by determining the P.C.E., the results are satisfactory. 
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Estimation of the refractory classification of entire blocks of clay 
fou..TJ.d in the Cowlitz, Molalla, Hobart :Butte, and Olson deposits were ma.de on 
this bas is • Ji•igure 2 shows the tria.xia;L diagram.a of the samples from the 
above deposits and of the ·artificial mixtures. Other deposits w~re not plotted 
because of insufficient data. 

Plasticity 

Although .a good idea of the plasticity of a clay may be obtained by.wet
ting a small amqunt with water and working the mass between the fingers, the 
Atterberg test2/ was used in this investigation. Thie test not only shows the 
amount of water required for workability but also indicates the type of clay 
mineral present. It was found tha~ two experienced operators could obtain 
fairly close check values for the same sample. 

Procedure. - A 100-gram sample of minus 20-mesh material dried at 110° C. 
is placed in an evaporating-'dish, smll amounto of water axe added from a 100-
ml. burotte, and the mass is worked with a spatula until it is uniformly wet, 
At a certain water content, the spatula, used knife fashion, will make a 
clean, sharp cut with no sticking, and the separated portions of the clay will 
remain as consolidatea masses. The number of milliliters of water required 
rEU)resents the lower plasticity range of the sample. Additional water is 
added in small increments, and the clay is again worked until the water is 
evenly distrj_buted. KnHe cuts are made after each addition of water until 
the clay tends to stick to the spatula and the separated portions tend to 
flow together. Another burette reading then gives the upper limit of work
ability or plasticity range. 

Indicated clay mineral. - Table 2, abotracted from Klinofelter,10/ shows 
the general relationohip between plasticity and clay mineral group, . 

TABLE 2. - General relationship between plasticity range and 
indicated clay mineral 

Plasticity 
ran,e crcent Indicat~d clay mineral 

Less than 20, •• Clay of little plasticity or a nonclay mineral 
20-40 •••••••••• Clay of moderate plasticity. Shales, flint clays, and aur-

• face clays. Mostly kaolinitic / 
35-6o ••••• ~ •••• Plastic clays. Kaolins and ball clays! 
Above 65 ••••••• jBentonitic clays and bentonites. Syelling type indicated by 

, extreme values and bloating durin,' test 
1 For the present investigation, plastic1.ty ranges of. 5 to O were consid

ered as :indicating kaolin plus bentonite, because thernRl analyses showed 
thA :presence of bentonite for type samples having this range. 

2/ Kinneson, c. s., A Study of the Atterberg Plasticity Method: Bureau of 
Standards Tech. Paper 46, 1915, 18 pp. · 

10/ Klinefelter, Theron A., O'Meara, Robert G., Gottlieb, Sidney, and Trues-
- dell, Glenn C., Sylla.bus of ·c1ay Testing, Part I: :Bureau of Mines 

Bull. 451, 1943, pp. 6-'(. 
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Preliminary Fir~ng Teets 

Preli.minary firing teats were made at cones 04 (a.bout l,055o C.) ·and 4 
( a.bout 1,175° C.) to obta:i,.n information, such as fired color, which would be 
useful for determining possible uses other than for.refractories as indicated 
by pyrometric cone-equivalent tests (described later). Because these firings 
were made in a rapidly-heated laboratory kiln, the ph~~ical effects obtained 
do not agree with those produced in commercial kilns fired to the same tempera
tures. Experience has shown that for most clays, using the laboratory proce
dure followed in this 5.nvestigation, the fired physical. protJerties are similar 
to those obtained in conmercial k_ilns fired 2 to 3 cones lower. For example, 
a cone o4 firing is equivalent to a. cone 07-06 (about 995° c·. ), ·and a cone 4 
firing is equivalent .to a cone l to 2 (about 1,145° C.). Table 3· gives the 
average firing temperatures of some.ceramic products. 

The colors in th~ laboratory firing may differ from those obtained in 
commercial firing owing to d:i.f:(erences in firing procedure, gas atmosphere, 
and rate of cooling. ,,:,,, 

Proc6dure. - Samples of minus 20-mesh clay were Iilixed. with the proper 
amount of water and formed into balls about the size of a gdlf ball. These 
were air-dried for 48 hours, dried ~t 130° C. for 48 hours, and then each ball 
was placed in an individual fire-clay crucible. The crucibles were placed on 
the floor of a laboratory down-draft, oil-fired kiln, and the kiln was fired 
to cone 04 in 6 hoµrs. The burners were turne(l off, and the kiln was cooled 
by natural draft a.bout 36 hours before being opened. The crucibles were 
removed and the fired colors, hardness, and other apparent physical properties 
were noted. 

These fired s~mples were then refired to cone 4 in 7 hours, cooled for 
36 hours, and then reexamined. 

Hardness definitions. - Hardness was determined by scratching the fired 
samples with a knife and was reported as softer than, equal to, or harder than 
steel. ,In some· cases the 'following modifying or supplementing terms were used: 

Sandy. 

Gritty. .. 

Sand grains.visible as bunips on the fired clay sample or noted 
when the test balls were _being formed. 

The surface felt sandpapery, but no bumps as coarse aa •the·sand:y 
samples • 

Powder. The ·sample pulverized between the fingers. · This was usually 
cau$cd by either high organic or high nonplastic content. 

Friable. Slightly cohered but easily broken between the fingers into 
smaller but stronger fru.gments. 

Punky. Fairly strong but porous and usually containing fine cracks. 

Light weight. Usually strong but appeared to bE/ lig}?.ter"."weight than the 
average sample. This was caused by the burning-out of 
combustible im.teria.l. 
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TABLE 3. - Average commercial fir' 
ceramic pr 

Product 
Heavy clay products:· 

Common brick: 
Surface Clay.: • . · .• · .•.••.••••.•.••••..•••.• 
Shale . ....••• · .•.•.•.....•••••.•...••.••.• 

Face brick: 
Surface c·lay, ..•••••.••.•• .••.....• · .•.•••. 
Shale . .•.•.•.•••••••...•. • .•.•..••.••.•.. 
Fire c-lay .................................. . 

Paving brick (vitrified) •••••••••••••••••••••• 
Structural clay tile: 

Su.rface clay •......••.•.••••••.•••.•.••••. 
. . Sllale • .••••....••.••.••. , ••.• • •••.•. • •••. 
Fire clay ...• -............. :,.-~ ..................... , 

Drain tile ..................................... . 
Sevrer pipe.• ••.•.•• ~ •••••.••.•••••.•.•...••.• ,. 
Roofing tile.-.-•..•. .,.· •. • .•••••••...••••••..•.. 
Terracotta ••••••••.•••.•••••••.•.•.•••••••••• 

Pottery: 
Flower po~s • ........................... · ...... • . ., 
Stoneware: 

Chemical •• ••••.•.•••.•..••• _ ••.•• ~ •• · ...... · ... ·. 
Once-fired ••..•....•..•.....•...•.•.•..•. 

Earthenware or semi vitreous: · 
Bis~ue • .................................... 
Glost • ....•.....•.•. · •.•..•..•••.•.•.•.•.•• 

Artware: 
Bisq1) .. e • ••••••••••••••••.••••••••••••••••• 
Glost . •••••••. · •• · .••••••••.•••.•.••••.•••• 

Pottery decalcomanias ••••••••••••••••••••••• ;. 
Refractories: 

Fire brick, claY•••·•••••·•••••••••••••••••••· 
Bauxite brick •••••••••••••••••••••••••••••••.• 

Whitewa.res: 
Electrical porcelains ••••••••••••••••••••••••• 
Hotel china: 

Blsque • ••. , .•••••• • ••••••...•.•••••.••••. 
Gloat, .•••.••• ,., •• ,. ....................... . 

Sanitary ware: 
Bisque ••• •••• , ...•.•.••••.••.•.•..••••.•. 
Gloat • .....•..... , ••... · •. .- .•...•• ~ •...••.. 

Floor tile • ..•..••••..•.• ·· ......•.. • ............. . 
Wall tile: 

Bisque • .•.••••..•.•••.•••••.•••••• , •••••• 
Gloat . •.••••••.•..•••.•• ~ " ........... • • .• • 
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of some 

Firing 
temperature, oc. 

870-985 
985-1,095 

955-1,010 
1,065-1,205 
1,150-1,260 
1,095-1,230 

870--985 
985-1,095 

-i,065-1,150 
925-1,040 

1,110-1,270 
1,070-1,170 
1,130-1,270 

860-1,010 

1,455-1,480 
1,270-1,350 

1,250-1,290 
1,190-1,250 

1,110-1,330 
990-1,330 
760-815 

1,260-1,370 
1,455-1,.540 

1,310-1,370 

1,310-1,335 
1,210-1,250 

1,270:..1,330 
1,230-1,270 
1,270-1,370 

1,030-1,290 
1,030-1,230 

Industrial Publications, Inc., Chicago, Ill., Ceramic Data Book: 
ed., p. 213. 
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Pyrometric Cone Equivalent-Tests 

Pyrometric cone equivalent (P.C.E,) teats indicate possible uses for 
clays; for example, values lower than cone 19 (1;520° c.) indicate that the_ 
clays might be used in the manufaci.;ure of heavy-clay products. Values of 
cone 19 and above indicate possible use of the clay as a refractory, the 
refractory class~fication 1:>~i~~ ~~9"1':l.11Y. tb.e. P.C,E. value. Table 4 shows 
the American Soci_ety for ~~~~t~~ M~~el;'ia:).~_cla.ssification,f0r fire-clay 
refractories and fire-clay mortars. It must be emphasized that this classi
fication is based only u:por:i, P~C.}¥, _yalu~lb ,q.nd that ,other physical and chemi
cal characteristics must ~lso be .co?}.~~q.E'ft::~q. .before a .clay is .chosen to manu-
facture refractories or ot~er ~~rami.~ _J?i:Qq.~C.~fl •. . . . • . • . . · 

Colors ,of the fired iest ·cones are v~i~able in selection of clays for 
different uses. Lighter c_ol~rs .. a'!e P,r~fe.:r:abl,e .for .moat products. 

', "'' ..... 
TABIE 4. - Refracto p,las'a'fric'at"t"on: ·of, cla. for. ma.nufacturin fire-

' ... brick a.pp., .fie:e-c;J.~y mortar_ . . . 

Minimum .c. , value .. Tem erature oe. 2 
Refre.ctor clc.esification''.. Refracto:r .. ~ortar Befractor Mortar 

Super duty ••••• ·•••••••••••••••••••• 33 31 1,7 5 1, 
High heat duty ••• •••• ••••••••• •••.. . .2,/31.:-32 .... 28..... 1,685 1,615 
Intermediate heat duty •••••• ~ ••• :.: 29 26 ~l,640 1,595 
Low heat duty...................... . ~9... .l6. . 1,520 1,465 
l American Society for Tes~~ng M~~~~i~+s, Gro\rr,l~.F.ire Clay as a Mortar for 

Laying-Up Fireclay Brick; C 105->+1: A.S.T,M •. Standards, Pt. II, Non
metallic Materials, Construction.:;i.l, 1944,. p:i;,., .267-:268 •.. 

Standard. Classification of 'Firecit3:Y. :~efyac½ories.; q .27-41: .. pp. 269-270. 
2/ Temperature at standard ·heating rate. For discussion of p:;,rometric cones 
- and their use, see: The -~~~rd Orton, .,r~ •. Ce1·a.ni:I,o~ Foundatio11, The Prop-

erties and Uses of Pyrometric Cones, 44 PP.• ........ . 
3/ Although the A.S.T.}4. classif:tcat·1·on ·1s· f_or ·b.urned firebrick, it was the 
- criterion used for this inves't-i'gation_- . 
'±./ For this report this was conaid.er_ed. :t.O. !1¥3!¥1. great.er. :than cone 33; that is, 

33+ or higher. . . , , ... 
2/ Considered as at least cone· ·31+ for tli°ia' report. 

:f!ocedure. - About 10 grains' of minus 65-mesh air-dried sample was mixed 
with enough 5-percent gum arab~c aolution.~o.~~ ~.wor~aple.plastic mass. 
Small cones similar to standard p;y:r9m~t~i9,yo~es.i~.s~pe,ve~, ma.de in a mold 
approximately the same as the one described by Klinei'elter.}:g, The cones 
were air-dried and then dried at 130° c. for 24 hour~, . " ' . . \ ... . ' . . . ~ . . . . . . 

Six cones, in.two rows of·~~~e·~~c~, -~;~q ~o~~~~4:in:~~eI!lClll plaque 
(1 x 1-3/8 x f/8 inches) with standard cones at the corners and teat cones of 
the same sample in the middle of .eac~.~O'W'~, ~he ,q~~~s .~e~~ .ae½ so that one 
face was parallel to the aide~~ ~~e plaq~e .~IA-~~~l~~~d.Q~~wa:rd 18°. The 
plaques were made in a mold of a mixture of 50 percent Al203 and 50 percent 
scmiflint f'ire clay with a. 5 percent gum ara.bic solution .and were dried before 

t 
12/ Work cited in reference 10, p. 27. 
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being used to hold the cones. The plaques a.nd cones were,~ied, and then the 
P,C.E. values were determined in an oxyacetylene furnace.§ 

The standard cones used were 12, 19, 26, and 31. If the P,C.E. value 
was about 31, a second teat was made with cones 30, 31, 32, and 32-1/2, a.nd 
1f n~cessary a third test was made with cones 32-1/2, 33, 34, and 35. The 
P,C,E. values and the colors of the fired test cones were reported. 

P.C,E. designations. - The definitions of the P,C.E. designations used 
in this report are Given in table 5. 

TABLE 5, - Definitions of P.C,E. designations; 
also cone temperatures 

P,C ,E. 
designations 

-12 
12-1'.9 
19-26 
26-31 
31-
31 
31+ 
31-1/2 

Definitions 
Lower than cone 12 
Bet'ween . ..,.cones, 12 and 19 
Between· cones 19 and 26 
Between cones 26 and 31/ 
Cono 31 about 3/4 down!. 
Qone 31 down 
Cone 31 down, cone 32 about 1/4 down 
Cone 31 down, cone 32 about 1/2 down 

T t oc.2 1 
Cone number empera ure, s 

12 1,335 
19 1,520 
26 1,595 
29 1,640 
31 1,680 
32 1,700 
32-1/2 1,725 
33· 1,745 
3!~ l, 760 
35 1,785 

1/ The minus, plus, und 1/2 values apply to all 
- cones for which these fractional notatfons are 

used. 
2/ Temperature at standard heating rate. Werk 
- ... cited in table 4. 

Wilson, Hewitt, An oxygen-Acetylene High-Temperature Furnace: Jour •. ;, Am. 
Ceram. Soc., vol. 4, 1921, p. 835_. 
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Test Results, by De:12osits. . . . 
Although a large number of clay deposits are known in the Pacific North

west,Ui/ only seven were considered of sufficient size and purity to be of 
1.nterest as pos-s:i:ble sources of raw material for an alumina-from-clay indus
try. These deposits were •drilled and sampled, and the physical and chemical 
a.ata obtained were used to determine grade, tonnages, and minable areas. As · 
a general rule, samples were taken to represent 5 feet of drill core; but if 
physical changes were noted, samples were taken at shorter intervals •.. 

In some sections of eastern W~§~ington and western Idaho the soil is 
underlain by kaolinitic materials,!2/ but none of these deposits were drilled, 
because it was thought impracticable.to remove the ·1a.rge amount of impurities 
they containecl to produce a product containing high enough alumina and low 
enough iron for an alumina extraction plant. Much of the_mineable mterial, 
particularly that in western Ida.ho, contains about 50 percent quartz and mica. 

Presentation of taet results. - The large number o:f data accumulated by 
the preliminary testing of over 650 indiv~dual samples from the 7 P~cific : / 
Nortp.west clay deposits results in voluminous tables, figures, and charts. /. 
Lucid presentation of these data necessitates a consistent and orderly arrange- ~L--
ment. The following sequence of presentation of tabular and graphic data for 
each deposit will be adhered to.as closely as possible. 

1. A general location map of the deposlt showing the location of all 
holes drilled, holes chosen for ceramic testing, and lines along 
which sections were projected.. 

2. Drill hole logs showing, by graphic means, the refractory classifi
cation and fired colors at cones 04 and 4 of each sample and its 
relation to other samples in the hole. 

3. Idealized sections showing the possible disposition of clay beds 
between holes sampled for refractory testing. 

4. Tables containing all of the data on each sample obtained by test 
work. 

§'Glover, Sheldon L., Clays and Shales of Washington: . Wash. Dept. Conser
vation and Develop., Div. of Geel., Bull. 24, 1941, 368 PP• 

Wilson, Hewitt, and Treasher, Ray c., Prelimin~ry Report of Some of the 
Refractory Clays of Western Oregon: Oregon Dept. Geel. and Mineral 
Industries Bull. 6; 1938, 93 pp. 

Hodge, Edwin T., Market for Columbia River Hydroelectric Power Using 
Northwest Minerals Sec. IV. - Northwest Clays: War Dept. Corps of Eng., 
u. s. Army, North Pacific Div., Portland, Oreg., vol. 3, pp. 492-804; 
vol. 4, pp. 805-896, 978-986, 1938. . .. 

!2/ Wilson,, Hewitt_, Kaolin ancf China Clay in the Pacific Northwest: Univ. of 
Wash. Eng. Ex:p. Sta. Bull. 76, 1934, 184 pp. 
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5. The following tables ·are .included in the general. summary of each 
deposit: 

A. Tabl:e shaw!ng the fired colors of samples in each refractory 
classificat~:on.· Results expressed in perc.ent • 

. B. Tables giv.ing distribution of fired, colors by holes and 
deposit. Results, in percent of total footage, drilled in 

· holes selected for ceramic testing. 

6. The following tables are included in the general summary for deposits 
of the Pacific Northwest. · 

A.. Results of firing and cone-fusion tests of samples from 
· Pacific Northwest clay deposits. Results expressed in per
cent of total samples taken. 

B. Clay type_~:indicated by plasticity tests for deposits of 
Pacific Northwest. 

Cowlitz, Wash,, Deposit 

The Cowlitz clay deposit is 7 miles northeast of Castle Rock, Cowlitz 
County, Wash., or about 65 miles north of Portland, Oreg. The central part 
of the deposit lies in section 18, T. 10 N., R. 1 w., Willamette meridian, 
The railroad between Portland and Seattle is only 5 miles west of the deposit. 

Eight clay areas were exrlored by the Bureau of Mines. Of these, areas 
2; '3; 4:, and 7 were proved to constitute economic sources of .alumina ar;id are 
classified as "measured and indicated11 clays. In addition to these four . . 
areas, there were others that were not explored extensively. Clay is known 
to occur between areas 1. and 2 and between 2 and 4, and data obtained from 
limited exploration indicated that the cl:ay is similar to that in area 3 and 
could' be classified as inferred. The "principal" clay bed in areas 2 and 4 
is favorably situated for good dl'ainage and overburden disposal. The over
burden averages 17.1 feet in depth over clay averaging 42.8 ~eet in thickness.~ 

As previously stated, representative holes sampled for ceramic tests 
were chosen primarily on the basis of the available alumina and Fe203 ratio. 
Five holes were selected from area 2, 2 from area 3, 5 from area 4, and 7 
from area 7. 

The location of the deposit, various clay areas, drill holes, and drill 
holes selected for ceramic tests are shown in figure 3. · 

P.C.E. values and fired colors. - The largest amount of refractory clay, 
as indicated by P.C.E. tests, is in area 2. Role 35 penetrates approxiimtely 
70 feet of high-heat duty clay and is overlain with about 8 feet of over-
bur4,en •. A .similar bed of clay is found in hole 6, but the bed is less _consist
ent, owing to low-heat duty and ·nour.e_fra.ct'?ry beds. A small. body of super-duty 

ID Bureau of Mines, Cowlitz Clay Deposits, Cowlitz County, wash.: War 
Minerals Report 242, 1944, pp. 1, 4, and 9. 
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clay is also found in hole 6. This apparently coriais_tent body of clay over
lies a becl of intermediate grade. (See fig •. 8.) High-heat dti.ty clays are 
fotmd in several other holes, but none have the depth or consistency of the 
bed in a:rea 2. Sixty-six percent of the -samples tooted from area 2 were of 
refractory quality, whereas only 43 percent of are~ 3 clays were so classified. 
Areas li- and 7 had 39 and' 32 :percent, respectively. · 

Fired colors of clay :rrom area 2 also were-consistently light in color. 
Seventy-nine percent of the clay tested from this area was white, gray, buff, 
or tan when fired to cone o4; 59 percent remained in the lighter-color group 
~hen fired to cone 4. 

Figures 4 through 7 are dr:i.11 logs of' the holes tested; the log is bused 
upon refractory clasa:i.ficatj_on and fired colors of the samples. The reader 
is also referred to figures 8 through '12 to idealized sections proliected on 
the basis of refractory classification, and to table 6, which gives the 
detailed results of' test W<?rk on individual sa.mples from the Cowlitz deposit. 

Molalla, Oreg., Depos:i_t 

The Molalla clay de:pos j_t is approximately 28 miles south of Portland, 
Oreg., and only a short' distance south· of the town of Molalla, Oreg.• The 
areu lies on the eustern edge of the Willamette Valley, which is gently irreg
uiar ·ana. slopes .to the northwest. The main portion of the drilling by the 
Bu~eau of Mines was done in sections 22 and 27, T •. 5 s_., R. 2 E. 

'.l:he a.rilling program carr:ted out during 194 3 outlined 19,589,000 dry tons 
of· clay conto.ining 25 percent of available alumina and 8.05 percent of avail-

. a_ble Fe2o1 , This block' of clay has an average .ratio of waste. ~o c.lay· of l to 
5.l+. Another.12,750,000 tons of inferrecl. clay in a lower bed 1.s reported to 
conta:in .27 percent of available alumina and 7 :percent q1' available Fe2o3• 

Clay occuro in two horizons within the Molalla form:i.tion. The upper is 
~verlain with a smo.11 amount of overburden and is separated from the lower 
ryed by low-grade material and sandstone. The.J,gwer bed is characterized by 
higher· alumina content and better continuity.1.u 

. Thirteen holes were selected for ceramic -tests from this deposit, nine 
of which were in the ma.in area of drilling, and the others we~e east of the 
ma:Ln clay body in sect:tons 27 ana. .28. · · · · 

Location of the deposit, holes drilleC:., and thos~ selected for ceramic 
.tes,ts are shown in fj_gure 13. 

rr / Bureau of Mines, Molalla Clay, Clackma.s County, 01~eg, : War Minerals 
- Report 8, 191-1-3, pp. 1, 4·, 5', and 7. 
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TABLE 6. - Test data for drill-cor~~samples from the Cowlitz area 2 deposit, Cowlitz County, Wash. 

Chemical anab sis. oercentl Plasticity test 
Interval, Available Ign. loss, 

feet Al2o
3 Fe203 800° c. 

3.0-8.7 35.8 1.9 14.o 
8.7-13.0 28.9 4.5 16.6 

13.0-18.l 15.2 4.8 11.3 
18.1-28.8 34.o 5.8 18.8 
28.8-34.3 32.3 4.o 28.4 
34.3-39.4 38.3 2.4 20.9 
39.4-49.4 37.0 6.3 19.9 
49.4-57-7 33.7 2.9 13.4 
57.7-65.8 22.4 3.4 12.0 

2.5-7.8 23.4 10.3 10.8 
7.8-13.7 31.0 1.6 16.9 

13.7-18.7 31.1 2.6 18.9 
18.7-24.5 34.o 5.0 16.6 
24.5-28.1 27.6 4.8 34.3 
28.1-33.4 37.3 3.8 19.5 
33.4-39.0 35.7 6.4 17 .2 
39.o-44.o 38.2 2.5 15.3 
44 0-50.7 20.6 21.0 19.0 
50.7-55-9 21.9 10.7 33.9 
55-9-61.3 15.4 8:r 9.2 

700° c. 
17.5-20.0 32.2 5.2 ----n:T 
20.0-24.6 36.6 1.1 16.8 
24.6-29.4 38.2 6.7 16.6 
29.4-34.3 35.5 2.2 29.8 
34.3-40.9 37.7 2.4 21.9 
40.9-46.5 28.5 20.3 20.6 
46.5-51.2 33.8 6.9 15.7 
51.2-56.3 31.3 11.4 16.6 
56.3-60.5 31.1 3.7 12.4 

3.6-7.7 19.6 7.4 8.6 
7.7-11.1 25.6 7-9 10.5 

11.1-15.3 36.9 8.1 14.4 
15-3-21.1 29.2 11.9 17.6 
21.1-26.7 32.3 7.9 15.0 
26, 7-31.2 28.0 4.o 11.8 

See footnotes at end of table. 
2849 

Indicated 
Range clay type 

42-71 Kaolin +Mlf 
42-68 do. 
36-66 do. 
38-48 Kaolin 
41-53 do. 
36-53 do. 
29-44 do. 
35-44 do. 
43-90 Kaolin +M 

38-59 Kaolin 
39-71 Kaolin +M 
38-55 Kaolin 
35-45 do. 
33-53 do. 
36-52 do. 
34-52 do. 
33-50 do. 
30-56 do. 
38-68 Kaolin +M 
46-88 do. 

40-68 Kaolin +M 
40-56 Kaolin 
34-49 do. 
41-56 do. 
38-47 do. 
31-47 do. 
35-42 do. 
32-62 do. 
44-72 Kaolin +M 

35-61 Kaolin 
38-66 do. 
39-54 do. 
33-50 do. 
40-50 do. 
41-90 Kaolin +M 

Fired urouerties 
Cone 04 Cone 5 I Hard- Hard-

Color ness~1 Color ness.!) 

HOLE 6 

Lt. buff ss Lt. brown HS 
Tan ss Tan HS 
Tan ss Lt. brown s 
Lt. gray ss Lt. gray S-
Lt. gray ss Tan ss 
White ss Lt. gray s 
Lt. gray ss Tan ss 
Lt. gray HS Lt. brown HS 
Tan HS Tan HS 

HOLE 35 

Gray ss Buff ss 
Lt. buff ss Dark buff s 
Gray ss Dark buff HS 
Lt. gray ss Buff HS 
Lt. tan ss D9.rk tan ss 
Lt. gray ss Lt. buff HS 
Gray ss Gray HS 
Lt. gray ss Gray HS 
Lavender ss Black HS 
Brown ss Brown HS 
Red-brown ss Brown HS .. 

HOLE 38 

Pink ss Brown HS 
Lt. gray ss Lt. tan HS 
Lt. gray ss Lt. brown HS 
Gray ss Lt. tan ss 
Lt. gray ss Buff ss 
Gray ss Gunmetal s 
Gray ss Lt. gray HS 
Pink ss Brown HS 
Buff RS Brown HS 

HOLE 39 

Red-brown ss Red-brown HS 
Tan ss Lt. brown ss 
Lt. pink ss Buff ss 
Gray ss D9.rk tan HS 
Pink ss Lt. brown s 
Lt. buff s Brown HS 

- 17 -

Refractoriness 
P.C.E., Fired cone Refractory 

Remarks cone color classificatio~ 

- 33 Tan High heat 
White s~ecks 119-26 Black, bloated Low heat 

do. -12 Brown, bloated Nonrefractory 
- 32- Brown High heat 

Very soft at 04 31+ do. Do. 
Tan specks at 5 33+ Speckled tan Super-duty 
Brown spots at 5 31- Brown Intermediate 
Black specks 31 Speckled tan Do. 
Green tint at 5 119-26 do. Low heat 

Black specks at 5 -12 Brown, bloated Nonrefractory 
- 32- Speckled tan High heat 

Black specks 31+ do. Do. 
do. at 5 31-32 Brown Do. 

Black specks 32-1/2 do. Do. 
do. 31+ do. Do. 
do. 32-1/2 Speckled tan Do. 
do. at 5 33- do. Do. 

White specks at 5 -12 Brown Nonrefractory 
Black specks at 5 12- do. Do. 

do. at 5 -12 Brown, bloated Do. 

Black specks at 5 31- Brown Intermediate 
- 32+ Buff High heat 

Brown specks at 5 31- Brown Intermediate 
Black specks 32- Brown High heat 
Black specks at 5 33 Speckled tan High heat 
White specks at 5 -12 Brown Nonrefractory 
Black specks 31- Brown Intermediate 
Brown specks at 5 -12 Brown Nonrefractory 
Greenish tint at' 31+ Brown High heat 

- 12+ Brown, bloated Nonrefractory 
Black specks at 5 19- Brown Do. 
Black specks at 5 26- Brown Low heat 
Brown specks at 5 19- Brown Npnrefractory 
Dark specks at 5 26+ Brown Intermediate 
Greenish tint at' 19+ Speckled tan Low heat I 

i 
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TABLE 6. - Test data for drill-core samples from the Cowlitz area 2 deposit, Cowlitz County, Wash. (Cont'd) 

percent! Plasticity test 
Fired properties 

Chemical analvsis Cone 04 Cone 4 Refractoriness 
Interval, Available Ign. loss, Indicated Hard- Hard- P.C.E., Fired cone Refractory 

feet Al20, Fe203 700° c. Range clay type Color nessl Color nessY Remarks cone color classificatio~ 

HOLE 61 

Kaolin +Ml/ 
'( 

2.5-6.2 28.5 5-7 11.7 52-74 Tan ss Tan HS Slightly sandy 26-31 Brown Intermediate 
6.2-10.6 22 .. 0 6.0 10.4 54-86 do. Tan ss Tan ss White specks 19+ Brown Low heat 

10.6-16.4 34.o 5.0 14.9 37-46 Kaolin Gray ss Gray HS - 32 Dark tan High heat 
16.4-18.7 37.0 1.6 16.0 43-47 do. White ss White HS - 34 Tan Super-duty 
18.7-22.0 25.5 1.6 41.2 - - Gray - Gray - Ash (Lignite) - - -
22.0-28.2 35.0 5.0 18.2 38-46 Kaolin Gray ss Gray ss Brown specks 32- Dark brown High heat 
28.2-34.4 37.8 3-3 18.7 38-45 do. White ss White ss Brown specks 32-1/2+ Speckled tan High heat 
34.4-40.2 30.8 9.4 17.6 41-50 do. Lt. gray ss Lt. gray ss Brown specks 19+ furk brown Low heat 
40.2-44.2 25.5 12.7 18.6 37-50 do. Lt. gray ss Gray ss Brown specks 12 furk brown Nonrefractory 
44.2-48.1 33.2 1.8 12.5 42-73 Kaolin +M White s Lt. gray HS - 32-1/2- Light tan High heat 

Area 3 - HOLE 8 
800° C. Cone 5 

4.0-10.0 32.2 14.6 ~ 41-62 Kaolin Lt. red ss Brick red HS Black specks at 5 19+ Brown Low heat 
10.0-15.0 37.0 6.9 14.2 39-61 do. Pink ss Red-brown HS Black specks at 5 31+ Brown High heat 
15.0-19-5 34.4 13.7 14.7 40-57 do. Pink ss Brick red HS Black specks at 5 12-19 Brown Nonrefractory 
19.5-27.3 33-9 7.2 13.0 43-68 Kaolin +M Buff ss Brown HS Black specks at 5 19-26 Brown Low heat 
27-3-40.0 16.3 9.1 12.2 44-71 do. Tan ss Gunmetal HS - -12 Brown Nonrefractory 

HOLE 9 -
3-7-9-3 33.3 12.2 15.8 33-54 Kaolin Li,. red ss Red ss Black specks at 5 19-26 Brown Low heat 
9.3-14.7 32.2 11.1 17.3 35-48 do. Lt. red ss Brick red s Black specks at 5 12-19 Brown Nonrefractory 

17 .5s22.4 30.4 11.5 17.0 36-51 do. Lt. red ss Red-brown HS Black specks at 5 -12 Brown Ib, 
22.4-28.2 29.8 6.9 13.4 39-82 Kaolin +M Brown s Brown HS - 19-26 Black Low heat 

Area 4 - HOLE 13 

7.0-23.0 16.4 4.8 7.0 29-58 Kaolin Lt. brown ss Red-brown ss Black specks at 5 12-19 Brown Nonrefractory 
23,0-34.5 30.2 11.5 12.0 44-91 Kaolin +M Lt. red s Red HS - 19+ do. Low heat 
34.5-42.6 29.6 10.9 11.5 53-90 do. Red HS Red HS - 19-26 do. Ib. 
42.6-53.0 21.4 1.8 9.5 45-78 do. Cream HS Buff HS White specks at 5 19-26 Speckled tan Do. 
53,0-61.0 12.7 2.5 10.0 63-84 M Brown s Brown HS White specks -12 Tan, bloated Nonrefractory 
61.0-74.4 4.5 3.4 6.0 34-51 Kaolin Tan ss do. ss - -12 Tan Do. 
74.4-83.0 19.3 3.7 11.8 53-60 do. do. ss Lt. brown ss - 12-19 Tan and brown Do. 
83.0-89.3 16.1 3.3 11.2 - - do. ss do. ss Black specks at 5 -12 Tan, bloated Do. 
89.3-100.0 3.1 2.6 7.3 51-56 Kaolin Lt. brown ss Gunmetal HS Bloating at 5 -12 do. Do. 

See footnotes at end of table. 

- J.§_ -
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TABLE 6. - ~est w.ta~fQ!' drill-core samples fran the Cowlitz area 4 deposit, Cowlitz County, Wash. (Cont'd) 

nercentlPlasticitv test 
Fired properties 

Chemical analc sis Cone 04 Cone '5 Refractoriness 
Interval, Available Ign. loss, Indicated: !Hard- Hard- P.C.E., Fired cone Refractory 

feet Al203 Fe203 700° c. Range clay type Color 1nessl Color nessl/ Remarks cone color classificatio~ 

!HOLE 42 

14.0-18.9 18.8 10.4 7.6 47-82 Kaolin +Ml/ Red ss Gunmetal HS Bloating~ 5 -12 Brown Nonrefractory 
18.9-22.9 16.5 10.4 7.8 44-77 Kaolin do. ss do. HS - . -12 Brown, bloated Do. 
22.9-28.9 18;1 9.8 7.7 50-69 do. do, ss do. HS - 12- Brown Do. 
28.9-34.o 33.0 6.6 15.3 45-69 do. Tan ss Lt. brown HS - 26-31 do. Intermediate_ 
34.0-38.6 29.5 12.6 12.7 58-99 M do. s Gl.lllIIletal HS - 19-26 Brown, bloated Low heat 
38.6-43.4 31.0 6.6 12.0 43-68 Kaolin +M Lt. brow:r ss Brown HS - 26-31 Brown Intermediate 
43.4-48.5 28.5 13.9 13.1 43-62 Kaolin Red-brow:r ss Gunmetal HS White specka at 5 19- do. Nonrefractory 
48.5-53.4 30.0 8.4 12.5 4o-64 do. Lt. red ss Brown HS White specks 19-26 do. Low heat 
53.4-58.0 28.3 11.7 11.0 47-80 Kaolin +M Red HS Dark red HS - 19- do. Nonrefractory 
58.0-61.0 23.5 23.4 10.2 53-58 Kaolin Brick rec ss Brick red ss - 19+ do. Low heat 
61.0-65.2 26.0 10.8 12.0 51-78 Kaolin +M Brown ss Brown s - 12 Brown, bloated Nonrefractory 
65.2-10.9 22.5 3.3 14.4 43-60 Kaolin Brown ss do. ss Punky 12-19 do. Do. 
70.9-74.9 18.5 5,8 11.0 51-59 do. Lt. brow:r ss Lt. brown ss Brown specks -12 do. Do. 
74.9-80.2 21.9 5,5 13.2 51-56 do, Tan ss Tan ss White specks at 5 19- do. Do. 
Bo.2-89,5 19.2 4.5 10.6 43-49 do. Tan ss do. ss do. 12-19 do. Do. 
89-5-94.5 19.6 6.1 22.2 44-54 do. do. ss Lt. brown ss Black specks 12-19 do, Do. 
94.5-100.4 15.6 3.3 29.7 40-53 do. Lt, gray - Lt. gray - - - - -

100.4-105.3 16.8 2.8 9.9 52-60 do. Tan ss Lt, brown HS White specks at 5 19-26 Brown, bloated Low heat 
105,3-110.1 13.6 3,3 20.7 45-55 do, Lt. brow:r ss do, ss do. 19- do. Nonrefractory 
110.1-115.5 19.1 6.6 9.9 42-51 do. do. ss Brown ss Gritty -12 do. Do. 
115.5-120.7 19.6 7,1 9.4 43-49 do, Red-brow:r ss Red-brown ss - -12 do, Do. 
120.7-125.5 18.9 8.2 8.7 41-50 do. do, ss do. ss - -12 do. Do. 
125.5-129.6 19.3 6.8 10.3 41-47 do. Brown ss do. ss - -12 do. Do. 
129.6-134.4 18.5 9,5 9.8 33-41 do. ll'u$f ss Tan ss White specks at 5 -12 Black Do. 

!HOLE 48 
Cone 4 

9.7-14.2 29,1 1.9 27.3 42-54 Kaolin White ss Gray ss Brown specks 32-1/2-33 Tan High heat 
14.2-19.1 31.4 7.3 17.7 40-48 do. Lt. gray ss Lt. gray ss Black specks 26- Dark brown Low heat 
19.1-21.9 28.1 3.1 29.7 39-54 do. White ss do. ss do. 31 Brown Intermediate 
21.9-26.0 31.5 9.2 17.2 36-41 do. Lt. gray ss do. ss Brown specks 26+ Dark brown Do. 
26.0-29.0 25.9 1.9 39.7 - - White ss White ss do. 32+ Tan High heat 
29.0-36.4 32.8 6.9 16.5 40-48 Kaolin Lt. gray ss Lt. gray ss do. 31 Brown Intermediate 
36.4-40.6 29.2 8.6 15.3 40-60 do. do. ss Gray ss do. 19 do. Low heat 
40.6-46.4 20.7 5,5 10.8 47-92 Kaolin +M Tan ss Tan HS White specks 12+ Tan, speckled Nonrefractory 

HOLE 52 

3,5-5.8 22.6 11.4 11,1 50-60 Kaolin Tan ss Brick red s - 19+ Brown Low heat 
5.8-11.4 20.3 6.2 10.3 60-75 M do. s Brown HS Cracked 12-19 do. Nonrefractory 

11.4-16.7 20.2 2.4 12.1 58-62 do. Buff ss Tan ss White specks 26+ Tan, bloated Intermediate 
16.7-24.5 10.9 2.5 9.3 56-84 do. Brown ss Brown ss Badly cracked 12- do. Nonrefractory 
24,5-29-9 29.5 3.0 15.3 56-58 Kaolin Gray ss Buff s White specks at 4 26+ Tan and brown Intermediate 
29,9-37.6 21.9 2.4 43.5 - - do. - Gray - Ash (Lignite) - - -
33.5-37,6 31.5 4.1 21.6 41-48 Kaolin White ss White ss Dark specks 26-31 Brown Intermediate 
37.6-44.8 35.7 2.3 14.7 40-48 do. do. ss do. HS - 32+ Tan High heat 
44.8-49.6 25.6 11.8 18.0 33-54 do. Tan ss Dark gray SB Cracked -12 Brown Nonrefractory 
4q_6-"i,."i 2,.3 4.2 11.5 50-82 Kaolin +M Buff s Olive-green S White specks"" 4 -12 do. Do. 

See footnotes at end of table. 
2849 . - 19 -



R.I. 4449 

TABLE 6. - Test data for drill-core samples from the Cowlitz area 4 deposit, Cowlitz County, Wash. (Cont'd) 

Fired properties 
Chemical analysis nercent Plasticitv test Cone 04 Cone 4 Refractoriness 

Interval, Available Ign. loss, Indicated Hard- Hard- '( P.C.E., Fired cone Refractory 
feet Al203 Fe203 700° C. Range clay type Color nessl/ Color ness!/ Remarks cone color classificationY 

f[OLE 59 

1.5-6.3 22.4 6.7 9.4 42-76 Kaolin +M3./ Tan s Lt. brown HS - 19- Brown Nonrefractory 
6.3-11.0 23.2 16.3 10.3 44-71 do. Red-brown ss Red-brown ss - 12- do. Do. 

11.0-19 .1 23.9 12.4 10.4 49-69 do. do. ss do. ss - 12+ do. Do. 
19.1-24.5 27.0 4.1 19.2 43-48 Kaolin Gray ss Buff ss Brown specks 26+ do. Intermediate 
24.5-30.3 29.4 10.1 17.6 38-42 do. Lt. gray ss Gray ss do. at 4 12-19 do. Nonrefractory 
30.3-32.8 34.3 4.6 16.6 39-48 do. White ss White HS - 31 do. Intermediate 
32.8-41.8 29.6 7.8 22.5 39-44 do. Gray ss furk gray s Brown specks 26+ do. Do. 
36 .6-41.8 28.2 2.6 33.1 - - White ss White ss Punky 32 do. High heat 
41.8-50.2 34.2 4.4 18.7 42-49 Kaolin do. ss do. ss Brown specks 31 do. Intermediate 
50.2-57-2 34.3 2.8 13.0 42-53 do. Lt. gray s Lt. gray HS - 31+ Tan High heat 
57.2-62.7 32.5 5.2 14.4 34-48 do. White ss Gray HS Black specks at 4 26+ Brown Intermediate 
62.7-68.7 22.4 5.7 11.7 52-81 Kaolin +M Buff HS Dark gray HS White specks at 4 19-26 do. Low heat 

Area 7 - HOLE 17 
Cone 5 

3-7-11.0 19.3 14.9 9.6 - - - - - - - 12-19 Brown, bloated Nonrefractory 
11.0-16.5 1.2 3.1 · - 7.5 - - - - - - - 12- Tan, bloated Do. 
16.5-24.3 21.8 4.o 15.1 - - - - - - - 12-19 Brown, bloated Do. 
24.3-31.0 16.8 9-3 12.3 - - . ' - - - - 12-19 do. Do. 
31.0-38.3 12.0 2.1 14.o - - - - - - - 12-19 Tan, bloated Do. 
38.3-47.1 2.8 4.5 7.6 - - - - - - - -12 do. Do. 
47 .1-51.3 1.6 1.7 2.4 - - - - - - - -12 Brown Do. 
51.3-61.5 22.9 4.1 11.9 - - - - - - - 12-19 Speckled brown Do. 
61.5-70.2 23.8 5.2 15.3 - - - - - - - 19-26 Dark brown Low heat 
70.2-80.2 24.7 4.3 12.1 - - - - - - - 19- do. Nonrefractory 
8o.2-89.9 17.6 4.o 11.2 - - - - - - - 12+ Speckled brown Do. 

HOLE 19 

20-25 15.0 8.2 7.1 - - - - - - - 12- Black Nonrefractory 
25-29.5 5.7 5.9 6.7 - - - - - - - -12 do. Do. 
29.5-34.3 21.7 2.6 10.4 - - - - - - - 26-31 Tan Intermediate 
34.3-44.8 19.2 5.8 11.0 - - - - - - - 19+ Black Low heat 
44.8-49.0 11.1 1.7 15.5 - - - - - - - 12-19 Tan, bloated Nonrefractory 
49.0-52.5 2.2 1.0 5.3 - - - - - - - -12 Black Do. 
52.5-62.5 2.3 3.3 5.0 - - - - - - - -12 do. Do. 
62.5-68.1 18.1 8.6 12.9 - - - - - - - 12+ Brown Do. 
68.1-75.0 24.6 7.6 13.3 - - - - - - - 19-26 Brown, bloated Low heat 
75.0-80.6 26.2 2.6 16.2 - - - - - - - 26-31 Tan, blistered Intermediate 
8o.6-90.1 23.0 5.7 11.7 - - - - - - - 19+ Brown, bloated Low heat 
90.1-97.5 21.8 7.6 12.4 - - - - - - - 19-26 Dark brown Do. 
97-5-103-3 14.8 2.2 11.7 - - - - - - - 12-19 Tan, bloated Nonre:fractcry 

103 .3-108.6 4.5 1.7 4.1 - - - - - - - -12 Tan Do. 
108.6-115.2 6.4 4.5 8.6 - - - - - - - -12 do. Do. 
115.2-123.4 5.3 2.4 6.3 - - - - - - - 12- do. nn 
,"'-. I, ,,...,'7 o - - . - - . 
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TABLE 6. - Test data for drill-core samples from the Cowlitz area 7 deposit, Cowlitz County, Wash. (Cont'd) 

Chemical anab sis uercentf Plasticity test 
Fired properties 

Cone 04 Cone 5 Refractoriness 
Interval, Available Ign. loss, Indicated Hard- Hard- P.C.E., Fired cone Refractory 

feet Al203 Fe203 700° C. Range clay type Color nessY Color ness1/ Remarks cone color classificatio~ 

HOLE 20 

5.7-13.1 20.1 9.5 10.6 - - - - - - - 19- Black Nonrefractory 
13 .1-21.8 26.5 6.5 10.7 - - - - - - - 19-26 do. Low heat 
21.8-25.2 20.7 2.4 9.6 - - - - - - - 19-26 Da.rk brown Do. 
25.2-30.7 19.1 2.4 11.0 - - - - - - - '<: 19+ Brown, bloated Do. 
30.7-40.7 22.3 5-.4 9.6 - - - - - - - 19-26 Brown Do. 
40.7-49.0 22.3 4.9 9.5 - - - - - - - 26- Dark brown Do. 
49.0-57.0 20.9 5.8 8.8 - - - - - - - 19-26 Black Do. 
57.0-67.3 19.2 4.2 8.8 - - - - - - - 19- do. Nonrefractory 
67.3-72.1 20.6 4.6 8.7 - - - - - - - 19+ do. Low heat 
82.1-90.4 23.3 11.7 15.2 - - - - - - - 19-26 Black Do. 
90.4-95.1 23.3 4.4 11.2 - - - - - - - 26- Speckled brown Do. 
95.1-105.4 11.3 6.1 9.9 - - - - - - - -12 Black Nonrefractory 

105.4-110.4 17 .6 1.2 47.9 - - - - - - - 31 Lt. t1;1.11 Intermediate 
110.4-118.5 27 .1 12.6 19.4 - - - - - - - 12-19 Da.rk brown Nonref'ractory 
118.5-128.0 24.9 14.6 17.6 - - - - - - - 19- Black Do. 
128.0-131.9 26.2 9.5 13.7 - - - - - - - 12-19 Dark brown Do. 

HOLE 23 

21.8-31.4 13.4 4.9 7.5 - - - - - - - 12-19 Black Nonrefractory 
31.4-35.0 13.7 3.5 7.7 - - - - - - - 12-19 do. Do. 
35.0-45.0 7.8 5.4 4.7 - - - - - - - -12 do. Do. 
45.0-55.0 6.4 4.1 4.1 - - - - - - - -12 do. Do. 
55.0-63.0 9.2 5.6 • 6.9 - - - - - - - -12 do. Do. 
63.0-68.0 11.6 6.5. 7.8 - - - .. - - - - -12 do. Do. 
68.0-78.6 15.4 6.6 8.8 - - - - - - - -12 Brown, bloated Do. 
78.6-86.8 19.8 1.6 10.8 - - - - - - - 12-19 do. Do. 
86.8-100.1 18.3 5.8 10.4 - - - - - - - 12-19 do. Do. 

100.1-107.3 21.0 2.5 29.0 - - - - - - - 19-26 Tan Low heat 
107.3-115.5 23.8 2.8 15.0 - - - - - - - 19- Tan, bloated Nonrefractory 

HOLE 27 
800° c. 

3.2-12.9 20.7 8.6 ~ 38-64 Kaolin Red-brown ss Red-brown ss - 12- Brown Nonrefractory 
12.9-21.0 34.o 2.2 14.9 4o-64 do. Pink s Tan HS - 33 Speckled brown High heat 
21.0-31.0 32.3 7.2 13.9 45-65 Kaolin+~ Lt. gray HS Gunmetal HS Black specks 19-26 Brown Low heat 
31.0-40.6 27.9 11.7 13.7 41-73 do. Lt. red HS Brick red HS Black specks at 5 19- do. Nonrefractory 
40.6-45.3 29.3 2.7 11.4 55-10( M Lt. tan ss Buff s White specks at 5 31- Tan, speckled Intermediate 
45.3-53.5 21.3 1.9 29.3 - - Tan - Tan - Ash (lignite) - - -
53.5-61.0 15.9 7.2 11.5 60-102 M Lt. brown ss Brown ss Black specks at 5 -12 Brown, bloated Nonrefractory 
6L0-66.0 33.2 5.3 14.6 40-46 Kaolin Lt. grayl ss Buff ss Black specks at 5 31+ Brown High heat 

See footnotes at end of table. 

2849 - 21 -
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TABLE 6. - Test data for drill-core samples from the Cowlitz area 7 deposit, Cowlitz County, Wash. (Cont'd) 

Chemical analysis percentlPlasticity test 

. 

Interval, Available 
feet Al203 Fe203 

14.2-19.3 23.8 3.5 
19.3-27 .7 28.4 4.8 
27.7-34.1 33.1 6.4 
34.1-41.5 31.0 3.0 

39.7-46.3 22.3 3.2 
46.3-51.2 22.7 9.6 
51.2-56.3 28.5 8.o 
56.3-62.2 29.0 8.1 
62.2-67.8 27.5 9.3 
67.8-73.0 30.0 2.9 
73.0-77.9 23.5 6.3 
77.9-87.7 15.1 1.5 

- -· " . 
S = Equal to steel·. • 

HS= Harder than'steel. 

Ign. loss, 
700° c. 

10.3 
19.2 
14.4 
12.8 

16.7 
15.9 
14.1 
15.1 
15.6 
14.5 
21.9 
51.0 

Y, A.S.T.M. designat:i.on by P.C.E. only. 
J/ Montmorillooite. 

Indicated 
Range clay type 

46-77 Kaolin +MJ/ 
37-50 Kaolin 
46-80 Kaolin +M 
53-76 do, 

- -
- -
- -
- -
- -
- -
- -
- -

Fired Properties 
Cone 04 Cone 4 Refractoriness 

Hard- Hard- P.C.E., Fired cone Refractory 
Color ness1f Color nessY Remarks cone color classificationY 

'<. 
B:OLE 45 

Buff HS Tan HS White specks 19+ Brown Low heat 
Lt. gray ss Lt. gray s Black specks 31- Dark brown Intermediate 

do. ss do. HS - 31+ do. High heat 
White ss White HS White 31-32 Tan Do. 

HOLE 49 

- - - - - 19-26 Speckled brown Low heat 
- - - - - 12- Black Nonrefractory 
- - - - - 19-26 do. Low heat 
- - - - - 12-19 do. Nonrefractory 
- - - - - 12-19 do. Do. 
- - - - - 31+ Speckled tan High heat 
- - - - - 19- Dark brown Nonrefractory 
- - - - - 26-31 Tan Intermediate 
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Figure I~. - Refractory classification and fired colors at cones 0~ and~ of clay samples from Molalla 
deposit, Clackamas County, Oreg. (See fig. 16 for legend for figs. l~-16.) 
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Figure 15. - Refractory classification and fired colors at cones 0~ and~ of clay samples from Molalla 
deposit, Clackamas County, Oreg. 
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P.C.E. values and fired colors. - One hundred and eighty samples from the 
Molalla clay deposit were tested and only 25 percent were classified as high
or intermediate-heat duty. None were in the super-duty group. Intermediate 
and some high heat-duty clay overlain with little overburden is exposed in 
hole 9. The total depth of this clay is approximately 25 feet, and it is 
interbedded with a stratum of low-heat clay. Two beds of high heat-duty clay 
are found in hole G-14, the upper one being about 9 feet deep and the lower 
10 feet. These beds are separated by 7.5 feet of low and nonrefractory clays. 
The upper bed is overlain with about 8 feet of low heat-duty clay and 2 feet 
of nonrefractory material. Twelve feet of intermediate clay is shown in hole 
H-17, but it is overlain with 41 feet of nonrefractory naterial. This disposi• 
tion of relatively thin beds of refractory clays interbedded with nonrefractory 
strata is characteristic of the Molalla deposit. (See figs. 14 through 18 and 
table 7.) 

Reds and browns are the predominate fired colors of the clays from this 
deposit. Sixty-two percent of the total footage tested had fired colors of 
red, brown, gunmet'al, ur black when burned to cone 4. 

Hobart Butte, Oreg., Deposit 

Located in Lane and Douglas Counties, Oreg., the Hobart Butte clay deposit 
is about 15 miles south of Cottage Grove and about 37 miles south of Eugene, 
Oreg. The nearest railroad is at Cottage Grove. The principal clay deposit 
located on the top and flanks of Hobart Butte is easily accessible to trucks. 
The butte rises about 1,600 feet above the valley floor to an altitude of about 
2,530 feet. The deposit is in sections 1, 6, 31, and 36, T. 22 s., R. 3 and 
4 W., Willamette meridian. The most extensive drilling was done in S. W. 1/4 
of section 31, in which area the crest of the butte is located. 

Total clay reserves in the Hobart Butte deposit exceed 28,898,000 tons, 
which cont.ain an average of 26.9 percent of available alumina and 4.5 percent 
of available Fe2o3• This tonnage estimate was based upon the first 30 holes 
drilled by the Bureau of Mines. Since that time, 10 additional holes have 
been drilled. Of the total tonnage, ove~ 14,000,000 was classified as measured 
high-grade ore that conta~~ed 29.3 percent available alumina and only 3.2 per
cent of available Fe203.~/ 

The clay mineral, largely a product of the decomposition of volcanics, is 
classified as a flint-type kaolin. Fine grinding develops but weak plasticity, 
although stiff mud brick have been made from the clay. Characteristic colors 
are white, gray, buff, and tan. 

18/ Work cited in footnote 4. 
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TABLE 7. - Test data for drill-core samples from the Molalla deposit, Clackamas County, Oreg. 

nerc~ntl Plasticitv test 
Fired properties 

Chemical analvsis Cone 04 · Cone· 4 
'\ 

Refractoriness 
Interval, Available Ign. loss; Indicated Hard- Har~ P.C.E., Fired cone Refractory 

feet Al203 Fe203 800° -c. Range c~ay. type Color {iessY Color nes 1 Remarks cone color c.lassificatio,g/ 

HOLE 2 

0-5 24.3 10.5 12.9 39-52 Kaolin Brick red .ss Dark red ss - -12 Dk. brown, bloated Nonrefractory 
5-9 24.o 9.8 10.8 45-59 do. lBr~ ss Brick red HS - 19 Dark brown Low heat 
9-19 27.3 7.9 11.7 53-71 Kaolin +Ml Lt. brow;,i ss do. ss - 19-26 do. Do. 

19-23 29.0 3.3 12.4 58-66 do. do. ss Brown p White specks, sandy 30. do. Intermediate 
23-32 25.2 7.7 13.7 50-58 Kaolin Brown Fr do. Fr do. 19+ do. Low heat 

. 32-39 30.0 6.2 14.8 50-57 do. Gray ss Dk. gray ss Sandy 26+ do. Intermed.iate 
39-46 31.0 4.6 13.4 62-65 Kaolin +M do. ss Buff HS - 31+ Brown Hii.h heat 
46-52 31.9 4.5 13.0 60-69 do. Buff ss do. s - 31+ do. Do. 
52-58 29.6 6.7 13.6 51-58 Kaolin do. ss Tan ss - 26 Black Low heat 
58-66 27.3 6.7 12.6 60-62 Sandy M do. ss do. ss Sandy 26+ do. Intermediate 
66-72 24.3 4.2 10.1 57-67 Kaolin +M Red Fr Red Fr do. 26 Brown, bloated Do. 
72-80 19.0 3.8 7.9 48-60 Kaolin Tan Powd do. Powd - 12-19 do. Nonrefractory 
80-89 21.3 7.0 10.2 49-73 Kaolin +M do. Fr do. Fr - 19- do. Do. 
89-95 19.0 6.2 9.9 41-65 Kaolin Brown Fr do. ss - 12 do. ·DO. 
95-100 18.0 5.8 -· 10.3 50-66 Kaolin +M do. ss do. s - 12-19 Brown· Do. 

• OLE 9 

2-7 33.1 9.7 13.6 42-58 Kaolin Tan ss Lt. red HS - 31 Brown Intermediate 
7-13 33.3 8.0 13.6 46-57 do. do. ss do. HS - 31+ do. High heat 

13-17 31.3 13.1 13.1 56-67 Kaolin +M Lt. brown ss Red HS - 19-26 do. Low heat 
17-22 35.0 6.1 13.4 51-60 Kaolin Brown s Gunmetal HS - 31 do. Intermediate 
22-25 32.7 9.8 13.0 44-65 Kaolin +M Gunmetal HS do. HS Bloating 26-31 do. Do. 
25-30 27.6 16.2 14.6 40-48 Kaolin Brick red ss Brick red ss Black specks at 4 12+ do. Nonrefractory 
30-37 26.4 16.5 12.7 43-48 do. Red-brown ss Red brown ss - . J.2- do. Do. 
37-46 21.6 17.7 10.6 50-54 do. Brick red ss Brick red ss - 12-19 do. Do. 

HOLE B-15 

0-4.75 14.6 6.4 8.4' 47-62 Kaolin Dk. b:r:own HS Dk. red HS - 12+ Brown, bloated Nonrefractory 
4.75-20 5.4 3.6 2.5 45-54 do. do. ss Ilk. brown ss Sandy -12 do. Do. 

20-28 17.0 5.1 6.9 46-50 do. Brown ss Red brown ss do. 12- Brown Do. 
30-40 20.6 6.o 11.2 55-64 Kaolin +M Tan ss Tan ss Gritty 19-26 do. Low heat 
40-51 17.3 5.8 10.6 58-60 Kaolin do. ss Tan ss Sandy. 12-19 do. Nonrefractory 
51-56 6.9 7.4 6.2 - - - - - - - - - . -
56-76 8.5 7.2 4.2 62-84 Kaolin +M Black Crumbly Black Fr Sandy -12 Powde•i:e.q. below 12 Nonrefractory I! 
78-84 28.1 7.6 12.2 48-62 do. Brown ss Brown Fr do. 26+ Bro"? :·. Intermediate 
84-91 26.4 10.4 12.9 56-70 do•. do. p Dk. brown Fr - 19-26 do. Low heat 
91-97 28.4 9.5 11.9 ·56-66 do. Tan ss Red ss - 19-26 do. Do. 
97-101 30.4 6.8 13,1 27-61 Kaolin Buff ss Tan ss White specks at 4 26+ do. Intermediate 

lOl-109.5 29.7 6.1 12.2 53-62 do. Gray ss do. ss - 26+ do. Do. 
109.5-117.0 20.l 10.0 8.8 58-71. Kaolin +M Red Powd Red Fr - 12+ Dark brown Nonref"ractory 

- .. -- '----'-
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TABLE 7.- Test data for drill-core samples from the Molalla deposit, Clackamas County, Oreg. {Cont'd) 

Chemical analysis percent 
Interval, Available Ign. loss, 

feet Al2o3 Fe203 800° C. 

141-148.5 28.7 7.8 14.9 
148.5-156.5 27.8 5.9 11.5 
156.5-164.o 28.4 4.2 10.9 

164-174 28.4 3.1 10.1 
174-188 13.2 7.6 5.3 

91-96.5 27.6 8.8 
700° c. 

12.7 
96.5-102.5 28.8 8.2 12.8 

102.5-108.0 29.6 8.2 12.4 
108-114.3 28.7 8.2 12.0 

114.33-119.1 28.0 6.2 11.7 
119-125 28.1 5.6 11.5 
125-132 26.5 5.8 11.5 

800° c. 
0-1.5 18.3 11.0 10T 

1.5-8.0 28.2 12.2 11.3 
8.0-13 26.3 10.5 11.0 

13-23 23.3 5.3 10.1 
23-27 18.4 6.9 11.2 
27-33 23.0 6.7 . 10.7 
33-40 25.3 . 7 .4- 13.3 
40-50 25.5 5-5 18.5 
50-56 28.0 7.4 15.0 
56-64 27.4 4.8 12.0 
64-73 27.8 5.2 12.0 
73-83 26.7 6.5 12.4 
83-89 29.1 4.3 12.9 
89-95 30.2 3.3 12.3 
95-103 16.8 4.5 10.8 

103-107 11.8 7.2 7-9 

0-2 23.0 11.5 10.8 
2-9 30.7 10.3 12.3 
9-18 32.4 4.8 12.7 

18-21 27.6 8.9 13.2 
21-25.5 20.4 4.6 8 •. 2 

25.5-35-5 28.9 2.3 12.0 
35-5-44.o 12.3 2.3 4.3 

44-52 27.8 8.2 12.6 
52-58 29.4 7-9 12.3 

See footnotes at end of table. 
2849 

Plasticity test 
Indicated 

Range clay type 

50-63 Kaolin +Ml 
60-68 do. 
66-80 do. 
61-74 do. 
55-72 do. 

58-66 Kaolin +M 
49-62 Kaolin 
60-74 Kaolin +M 
52-65 Kaolin 
52-58 do. 
56-61 do. 
55-62 do. 

32-38 Kaolin 
52-60 do. 
56-65 Kaolin +M 
50-64 Kaolin 
55-63 do. 
54-66 do. 
55-64 do. 
52-65 Kaolin +M 
46-57 Kaolin 
52-58 do. 
50-58 do. 
45-58 do. 
49-65 Kaolin +M 
52-62 Kaolin 
54-68 Kaolin +M 
60-86 Kaolin 

28-52 Kaolin 
50-80 Kaolin +M 
48-63 Kaolin 
52-58 do. 
60-63 Sandy M 

- -
32-40 Kaolin 
56-60 do. 
54-64 do. 

Fired properties 
Cone 04 Cone 4 Refractoriness 

Hard- Hard- P.C.E., Fired cone Refractory 
Color nessli Color nessJ:/ Remarks cone color classification.9' 

I 
HOLE B-15 (Cont'd) 

Pink ss Buff s - 19-26 Dark brown Low heat 
Buff ss do. ss - 26+ do. Intermediate 

do. ss Tan ss - 26-31 do. Do. 
do. ss do. s ' 31+ Brown High heat 

Red Powd Brick red Powd - -12 Il9.rk brown Nonrefractory 

HOLE B-17 

Tan ss Brown ss - 19+ Il9.rk brown Low heat 
do. ss do. s - 26-31 do. Intermediate 

Lt. brown ss do. ss - 26- do. Low heat 
Tan ss do. s - 19-26 do. Do. 

do. ss do. s Speckled at 4 31+ do. High heat 
Buff ss Buff ss - 26-31 do. Intermediate 

do. ss Tan s - 19-26 do. Low heat 

HOLE G-12 

Red ss Il9.rk red ss - -12 Dk. brown, bloatec Nonrefractory 
do. ss do. ss Light specks at 4 19-26 Tu.rk brown Low heat 
do. ss do. Powd Light weight at 04 12-19 do. Nonrefractory 

Lt. brown ss Red Powd Light weight 19-26 do. Low heat 
Tan ss Tan Fr do. 12-19 do. Nonrefractory 

do. ss do. Powd do. 12-19 do., bloated Do. 
Red ss Brown Fr do. 19- Dark brown I Do. 
Tan. ss Tan Fr - 12-19 do., bloated Do. 
Buff ss Buff ss - 19+ Dark brown Low heat 

do. ss do. ss - 26+ do. Intermediate 
do. ss do. ss White specks at 4 19-26 do. Low heat 
do. ss do. ss - 19-26 do. Do. 
do. ss do. ss White specks 31+ Brown High heat 
do. ss Tan s - 31+ do. Do. 

Tan ss Brown ss - 19+ Dark brown Low heat 
Brown ss Dark red ss - -12 Jet black Nonrefractory 

HOLE G-14 

Red ss Il9.rk red ss - 12-19 Dk. brown, bloated Nonrefractory 
do. s do. HS - 19-26 Dark brown Low heat 

Pink s Dark gray HS - 31-1/2 do. High heat 
Buff ss Lt. brown Fr Light weight 19 do. Low heat 
Tan ss Lt. red Fr Light weight 19- do. Nonrefractory 

- - - - - 32+ Gray High heat 
Tan ss Brown Powd - -12 Jet black Nonrefractory 

do. ss do. s - 19-26 Dark brown Low heat 
do. ss do. HS - 26+ do. Intermediate 

- 25 -
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TABLE 7. - Test data for drill-core samples from the Molalla deposit, Clackamas County, Oreg. (Cont'd) 

Fired properties 
Chemical anal,sis perlent Plasticity test Cone 04 Cone 4 Refractoriness 

Interval, Available Ign. loss, Indicated Hard- Hardi/ P.C.E., Fired cone Refractory 
feet Al203 Fe203 8000 C. Range clay type Color ness1/ Color ness1 Remarks cone color classification.!V 

I 
HOLE G-14 (Cont'd) 

58-63 22.3 9.1 11.2 62-72 Kaolin +M27Tan ss Red HS - 19- Dark brown Nonrefractory 
63-67 20.9 15.1 11.3 69-76 M Red ss do. Fr - -12 do. Do. 

\ i 
67-73 26.3 5.2 11.4 58-67 Kaolin +M Tan ss Brown HS - 26 do. Low heat 
73-81 16.6 7.6 11.2 56-64 Kaolin db. ss Red ss - -12 Black Nonrefractory 
81-88.5 10.4 8.6 6.6 90-97 M Brown ss Dark red Fr - -12 do. Do. 

88.5-92.0 6.7 7.9 4.7 80-88 do. Red Powd do. Powd - -12 do. Do. 
l i 

1-,J 
\. 

HOLE G-26 
700° C. 

' 0-5-33 21.3 12.8 ~ 42-60 Kaolin Brick red ss Brick red s - 12+ Dark brown Nonrefractory 
5.33-16.5 30.4 7.2 11.8 44-51 do. Tan ss Tan s - 31 do. Intermediate 
16.5-20.5 28.8 5.3 11.9 47-58 do. Buff ss Buff ss - 31- do. Do. 
20.5-28.5 24.7 7.4 11.1 44-59 do. do. ss do. ss - 19 do. Low heat 
28.5-32.0 22.0 9.1 11.1 41-54 do. Tan ss Pink ss - 12-19 do. Nonrefractory 

32-33 25.3 7.4 11.2 50-58 do. Buff ss Tan ss - 19-26 do. Low heat 
33-39 22.3 8.1 11.8 45-59 do. Tan ss Pink Fr Light weight at 04 12-19 do. Nonrefractory 
39-45.5 25.6 4.1 9.6 47-57 do. Buff ss Buff Fr do. 26+ Speckled brown Intermediate 

45.5-51.5 21.4 7.0 9.6 49-68 Kaolin +M Lt. brown ss Red ss - 19- Dark brown Nonrefractory 
51.5-54.5 17 .8 7.7 9.1 68-81 M Tan ss do. ss - 12-19 Black Do. 
54.5-57.5 18.1 8.5 8.8 68-75 do. Lt. brown ss do. ss - 12 Dark brown Do. 
57-5-64.o 17.1 6.9 8.3 67-74 do. do. ss do. Fr - 12 do. Do. 

64-67 20.7 6.3 8.8 68-72 do. Tan ss do. Fr - lS- do. Do. 
67-72 14.o 8.1 6.4 74-85 do. Red Fr do. p - -12 do. Do. 

HOLE G-30 

0-4 19.7 10.1 9.3 31-40 Kaolin Brick red ss Brick red ss - -12 Brown, bloated Nonrefractory 
4-8 28.8 10.4 11.l 42-62 do. Red ss do. ss - 12-19 do. Do. 
8-15 28.0 11.8 10.7 38-60 do. do. ss Red Fr White specks at 4 12-19 do. Do. 

15-20 24.8 8.5 -11.2 42-63 do. Dark red ss Dark red Fr - 12-19 Brown Do. 
20-26 22.4 9.0. 11.6 45-67 Kaolin +M Red Powd Red Powd - -12 Brown, bloated Do. 
26-30 22.4 8.8 10.7 42-54 Kaolin do. ss do. Fr Light weight 12+ Brown Do. 
30-32.3 24.1 8.6 9.0 44-62 do. do. Powd Dark red Powd - -12 Brown, bloated Do. 

32.3-33 25.2 9.4 10.3 49-65 Kaolin +M do. Powd do. Powd - 12-19 do. Do. 
33-35 22.9 9.3 10.0 46-61 Kaolin do. Powd do. Powd - 12 do. Do. 
35-41.25 28.6 9.7 13.0 48-62 do. Brown ss Brown Fr - -12 Brown Do. 

41.25-45.0 25.7 10.4 11.0 52-72 Kaolin +M Red Fr Dark red Powd - 12-19 Brown, bloated Do. 
45-52 29.2 5.8 11.9 51-64 Kaolin Buff ss Tan ss - 31- Brown Intermediate 
52-58 28.3 6.2 11.8 60-73 M + Kaolin do. ss Buff ss - 26 do. Do. 
58-64 30.7 4.3 12.3 41-59 Kaolin do. s Tan s - 31-32 do. High heat 
64-67 28.7 5.8 12.0 44-60 do. Tan ss Brown s - 31 do. Intermediate 
67-73 27.9 8.5 12.2 48-63 do. do. ss do. ss - 26- do. Low heat 
73-77 22.8 16.0 12.7 52-65 Kaolin +M do. ss Red Fr - -12 do. Nonrefractory 
77-80 23.7 17.5 12.0 52-70 do. Red ss Brick red Fr - -12 Brown, bloated Do. 
80-85 26.4 7.0 11.0 46-57 Kaolin Lt. brown ss Red ss - 12-19 Brown, glassy Do. 
85-90 26.7 6.7 11.2 45-58 do. Tan ss Lt. brown s - 26 Brown Intermediate 
90-99 22.3 7.1 9.9 52-66 Kaolin +M do. ss Red ss - -12 Brown, bloated Nonrefractory 

=----2i--10, 12.9 9.8 7.1 71-89 M Red Fr Dark red Fr - -12 do. Do. 
at end of table. 
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TABLE 7. - Test data for drill-core samples from the Molalla deposit, Clackamas County, Oreg. (Cont'd) 

Fired properties 
Chemical analJsis percent Plasticitv test Cone 04 Cone 4 Refractoriness 

Interval, Available Ign. loss, Indicated Hard- Hard- P.C.E. Fired cone Refractory 
feet Al203 Fe203 700° c. Range clay type Color nessY Color ness°J=/ Remarks cone color classification.sf 

HOLE G-33 

0-3.5 22.6 9.4 10.1 34-60 Kaolin +IQ/Brown s Red brown HS - -12 Brown, bloated Nonrefractory 
3-5-7 22.1 7.8 9.2 38-65 do. do. s do. HS ' - -12 Tan, bloated Do. 

7-9 25.4 9.7 10.2 4o-68 do. do. s Gunmetal HS '\.. -12 Brown, ruptured Do. 
9-13 23.3 17-3 10.0 41-58 Kaolin Brick red ss Brick red s Black spe~ks at 4 -12 Brown, bloated Do. 

13-15 18.6 7.8 7-7 34-43 do. Red Powd Red & black Fr Started to clinker -12 Brown Do. 
15-19 30.9 2.8 12.0 40-55 do. Brown Fr Brown Fr White specks at o4 12-19 do. Do. 
19-24 27 .1 11.4 14.7 38-62 do. Dk. gray s Lt. brown HS - 19 do. Low heat 
24-31 28.2 9.9 14.5 44-71 Kaolin +M do. s Red brown HS - 19-26 Dark brown Do. 
31-37 32.4- 4.3 12,5 46-70 do. Buf'f HS Dk. brown HS - 31+ Dark tan High heat 
37-41.5 30.6 7.1 12.2 43-65 Kaolin Tan s Red HS Black specks at 4 26 Dark brown Intermediate 

41.5-42.5 24.8 15.8 9.2 45-75 Kaolin +M Red brown p Dk. red Powd - 12~ Gunmetal Nonrefractory 
42.5-48.0 24.6 10.7 13.2 50-64 Kaolin Tan ss Red Fr Black specks at 4 19- Brown Do. 

48-54 23.5 11.7 14.8 56-64 do. do. ss do. Fr do, 12-19 Brown, melted Do. 
54-61.5 25.4 9.1 11.6 60-70 Kaolin +M do. ss Red brown s do. 12-19 do, Do. 

61.5-67 20.7 12.2 9.6 62-74 M Brown ss Red ss do. 12-19 Gunmetal Do. 
67-73 26.6 5,9 11,l 48-63 Kaolin Brown Fr Brick red Fr - 12-19 Brown, bloated Do. 
73-79 23.1 7,9 10.1 52-62 do, Tan ss Lt. brown s - 12+ do. Do. 

HOLE H-17 

0-6.5 22.3 10.4 10.4 35-47 Kaolin Red ss Dark red s - -12 Gunmetal Nonrefractory 
6.5-11.5 25.4 11.2. - 9.8 43-54 do. do. ss Red ss - 19- do, Do. 

11,5-15.5 23,3 9;7 9.4 40-61 do. Brick red Fr Dark red Fr Black specks at 4 12 Black Do. 
15.5-18.0 31.5 4.3 11.9 52-63 do. Dark gray ss Tan HS - 31+ Brown High heat 

18-23.5 25.8 8.6 12.6 53-67 Kaolin +M Dk. brown Fr Dk. brown Fr - 12-19 Gunmetal Nonrefractory 
23,5-28.16 25,3 8.2 11.7 52-63 Kaolin Lt. red p do, Fr - 12-19 do. Do. 

28.16-35.0 24.9 9,1 13.2 48-64 do. Lt. brown Fr Dk, brown Fr - 19- do, Do. 
35-41 25,7 8.7 11.7 54-64 do. do. p Dk, red Powd - -12 Brown, bloated Do. 
41-46.5 28.7 7,9 14.o 52-61 do. do. ss Brown HS Black specks at 4 26+ Dark brown Intermediate 

46.5-53.0 30.2 8.2 12.6 60-74 Kaolin +M Tan ss do, s - 26+ do, Do. 
53-59,5 31.1 6.3 12.8 58-74 do. do. ss do. s - 31- do, Do. 

59.5-65.5 30.6 7,7 12.9 61-72 do. do. ss Red HS Black specks at 4 26- do. Low heat 
65.5-71.5 29,3 11.5 12.9 61-74 do. do. ss Gunmetal HS - 19- Gunmetal Nonrefractory 
71.5-77 ,5 27 .l 14.4 12.9 55-65 Kaolin do, ss do. s - -12 Red brown Do. 
77.5-83.0 27 .5 8.9 11.8 61-68 Kaolin +M do. ss Lt. brown s - 12-19 Brown Do. 

83-89 26.4 11.8 12.7 55-63 Kaolin do. s do. s - 19-26 Brown, bloated Low heat 
89-92 24.o 17.6 12.0 56-72 Kaolin +M Red Fr Dk, red Fr Black specks at 4 -12 Red brown Nonrefractory 

See footnotes at end of table. 
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TABLE 7. - Test data for drill-core samples from the Molalla deposit, Clackamas County, Oreg. (Cont'd) 

Fired ])ro])erties 
Chemical analvsis ])ercent Plasticit:v test Cone 04 Cone 4 

Interval, Available Ign. loss, 
feet Al203 Fe2o3 800° C. Range 

0-3 15-3 8.2 9.4 35-42 
3-8.5 17.3 10.1 7.8 38-58 

8.5-17.5 28.0 9.6 11.5 46-54 
17.5-23.0 31.9 9.8 12.3 51-66 

23-33 32.9 8.4 15.2 60-71 
33-37 36.0 9.3 15.2 50-59 
37-44 32.3 9.1 16.2 54-61 
44-50 32.8 5,7 13.2 57-70 
50-53 32.9 5,5 13.3 60-71 
53-60 26.5 5,8 11.3 45-59 

700° C. 
1.5-7 .5 30.1 11.5 --rrI 44-68 
7,5-12.0 31.9 11.9 13.0 50-69 

12.0-17.5 30.6 11.2 14.o 58-73 
17,5-22.5 29.6 9.8 13.9 45-68 
22.5-25.5 28.8 12.2 14.8 44-56 
25 .5-31.0 30.0 10.2 12.6 46-62 
31.0-36.5 28.7 10.9 13.0 -
36.5-41.0 30.2 7.6 12.0 -

41-46 33,0 7.0 12.9 42-62 
46-51 31.6 9.6 14.4 42-59 

0-5 32.0 2.3 11.9 41-62 
5-11.5 16.8 10.3 7.7 26-39 

11.5-17,0 30.4 12.0 12.1 39-68 
17-27 29.9 9.8 12.1 . 40-76 
27-37 26.9 7.3 10.4. 40-72 
37-47 30.1 8.9 11.7 42-74 
47-57 32.8 10.9 12.9 44-68 
57-67 31.5 11.9 13.6 -
67-73 32.6 9.4 14.o -
73-83 30.4 12.8 13.5 44-63 

83.0-92.5 26.5 17 .7 11.6 39-74 
92.5-100 .o 24.1 22.4 11.1 41-54 

2/ A.S.T.M. designation by P.C.E. only. 
}/ Montmorillonite. 
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Inficated Hard- Har~ P.C.E., 
clay type Color nessY Color nes 1 Remarks cone 

HOLE K-4 

Kaolin Red brown ss Gunmetal HS - -12 
do. do. ss do. HS - -12 
do. do. ss Lt. brown ss - 19-

Kaolin +MJ.l do. s Gunmetal HS - 12-19 
do, Gray ss Red HS Black specks at 4 19+ 

Kaolin Tan ss Dk. red HS - 19+ 
do. Lt. brown ss Lt. brown s Black specks at 4 19+ 

Kaolin +M Gray ss Tan s - 31+ 
do, Lt. gray ss do, HS - 32-

Kaolin Buff Fr do, Fr - 19-26 

HOLE L-9 '<, 

Kaolin +M Lt. red s Gunmetal HS - 12-19 
do. Lt. brown s do. HS - 12-19 
do. Tan ss Red brown HS Badly cracked at 4 12-19 
do. Buff ss Lt. brown HS - 26+ 

Kaolin Tan ss do. HS - 19+ 
do. Red Fr Dk. red Fr - 19-26 
- - - - - - -
- - - - - - -

Kaolin Red s Dk. red HS - 31-
do. do. ss Gunmetal HS - 19 

HOLE Q-10 

Kaolin Buff ss Tan HS - 32 
do. Red Fr Dk, red Fr Black specks at 4 -12 

Kaolin +M do. s Gunmetal HS - 26-
do. do. s do. HS - 19+ 
do. Red brown s Brown HS - 19-26 
do. Red ss Gunmetal HS - 26-
do. Red brown ss do. HS - 26-
- - - - - - -
- - - - - - -

Kaolin Brick red ss Gunmetal HS - 19-
Kaolin +M Lt. brown ss Red brown ss - -12 
Kaolin Red Fr Dark red ss Black specks at 4 -12 
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' 11 I 0 

S t? .l 9 I 
t: 7.~ 1- 1£ 9£ 

Refractoriness 
Fired cone 

color 

Brown, bloated 
do. 

Brown 
do. 
do. 
do. 
do. 
do. 
do. 

Brown, bloated 

Brown, bloated 
do, 
do. 
do. 

Brown 
do. 
-
-

Brown 
do. 

Speckled tan 
Black, glassy 
Brown 

Brown 
Gunmetal 

II 
0 

do. 
do. 
do. 
do. 
-
-

do. 

Refractory 
classification3/ 

Nonrefractory 
fu. 
Do. 
Do, 

Low heat 
Do. 
Do. 

High heat 
fu. 

Low heat 

Nonrefractory 
Do. 
fu. 

Intermediate 
Low heat 

Do, 
-
-

Intermediate 
Nonref ractory 

High heat 
Nonrefractory 
Low heat 

Do. 
Do. 
Do. 
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-
-

Nonrefractory 
Do. 
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Figure 19. - Map showing the location of drill holes for the Hobart Butte clay 
deposit, Lane and Douglas Counties, Oreg. 
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Figure 20. - Refractory classification and fired colors at cones 04 and 4 of clay samples 
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Figure 28. - Idealized sections showing the refractory classification of 
clay from Hobart Butte deposit, Lane and Douglas Counties, Oreg. 
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cation of clay from Hobart Butte deposit, Lane and 
Douglas Counties, Oreg. 



2400 

2300 

2200 

... 2100 ... 
l&.I 
IL 

z 
0 ... 
C 
> 
l&.I 
.J 2000 
l&.I 

1900 

1800 

170 
SW 

Figure 30. 

-

l&J 
..JO 
0-
:c 

0 

l&J 
...I 0 ,,, 

:I: 

lJJ 
_; 

0 • 
::c 

' ' ',' 
..... \..:::-.'',,' -,~ ',, ' 

''-'\.''''' ---~;,,' 
.... ~ ,, ,, ,,, 

\... ' ,, '',' 

SECTION H'- H 

HORIZONTAL SCALE 

200 400 600 800 1000 
FEET 

Ideal lzed sections showing the refractory classification 
of clay from Hobart Butte deposit, Lane and Douglas 
Counties, Oreg. 



I-

"' "' IL. 

z 
~ 
I-
C 
> 
"' .., 
"' 

2400 

2300 

2200 

,,,. 

2100 

2000 

1900 

1800 

1700 
SW 

"' ..I Cl) 

o
:x: 

SECTION 1
1

- I 

NE 
HORIZONTAL SCALE 

b ~bo 400 too eoo 1doo 
FEET 

figure 31. - Idealized sections showing the refractory classifica
tion of clay from Hobart Butte deposit, Lane and 
Douglas Counties, Oreg. 



... 
Ill 
II.I 

2100 
IL 

z 
2 ... 
C 
> 
l&I 
.J 
l&I 

1900 

1800 

1700 
SW 

Figure 32. 

Ill 
.J -ox 

SECTION 

',, 
''"" 

J'- J 

,,, 
' ' / 
/ ,, , 

HORIZONTAL SCAl.!E 

b 200 
I I I 

400 600 ttOO 
FEET 

1000 

Ill 
.Jt-
o N 
X 

NE 

Idealized sections showing the refractory classifica
tion of clay from Hobart Butte deposit, Lane and 
Douglas Counties, Oreg. 



HOLE I- I 
C0L0I 

0 
____ ·s1W"4 

I- • 5 
Ill 
Ill 

"". t- I 0 
a: 
c( 

j t-15 
0 
0 

I- 20 
..J 
..J 

~ ~25 

~ 

3 ~30 
Ill 
m 

l-35 
X 
I-
Q. 

~ r40 

45 

50 

HOLE S-5 
REF. 

CLASS 
C0L08_ 
04 4 

HQL_E 
REF, 

CLASS 

6&_--_6_B 
~ 
04 4 

HOLE 7-17 
R E F. ~ 

CLASS 04 4 

HOLE 8-19 
~ 
04 4 

'. 

REFRACTORY CLASSIF'ICATION 

D 

WHITE 

SUPER DUTY 

HIGH HEAT DUTY 

INTERMEDIATE HEAT DUTY 

LOW HEAT DUTY 

NON REFRACTORY 

NOT TESTED 

FIRED COLORS 

LIGHT TAN 

LIGHT GRAY TAN 

GRAY DARK TAN 

t,;{);] Pl NK I 
RED OR 
LIGHT BROWN 
BROWN 

LIGHT BUFF 

-

DARK BROWN 
BUFF 
DARK BUFF - BLACK OR 

GUNMETAL 

Figure 3~. - Refractory classification and fired colors at cones 0~ and~ of clay samples from Five-Mile 
Prairie deposit, Spokane County, Wash. 



R.I. 4449 

P .c .E. values and fired colors. - Twenty-three drill holes out of a total 
of 40 drilled had samples showing suf'ficiently high ratio of available. alumina 
to :ferric oxide to warrant ceramic testing. A large irregular body of high 
heat-duty clay was found :i.n holes 1, 3, h, 7, 10, 13, and 21, shown along 
section line Il'-H, figures 19 through 32. This section is projected along a 
line running approximately northeast from hole 13 along the crest of the butte. 
A similar high heat-duty clay bed is round in the holes along section line 
I' -I to the east, which roughly parallels section H' -H. In hole 26, at the 
northwest extremity of section I'-I, super-duty ~lay is found. Holes along 
section lines to the east do not, however, cut any of the higher-grade refrac
tory clays. Immediately to the northwest of section H'-H, the high heat-duty 
bed is found in all holes on section line G'-G. Holes 6 and 8, in the extreme 
northwest corner of the drilled area, also expose high- and super-duty clay 
beds. Holes on the northeast-southwest consistently cut beds of high- and 
some super-duty clay at altitudes from 2,000 to 2,300 feet. Holes below 2,000 
feet show little high heat-duty clay. Hole 6, which starts in high heat-duty 
clay just below 2,100 feet elevation, intersects super-duty clay at 2,050 feet. 
There are two supe:r".:.a.uty beds in this hole, one 10 and the other J2 feet thick. 

Colors of samples fired to cone o4 and 4 are consistently light; more 
than three-fourths of those fired to the latter cone are classified as light. 
About 25 percent a.re brown or darker. (See figs. 20 through 24 and table 8.) 

Five-Mile Prairie, Wash., Deposi~. 

The Five-!-file Prairie deposit is about 5 miles northwest of Spokane, 
Spokane County, Wash., between a U. S. h:i.ghway on the east and the Spokane 
River on the west. The axea is generally overlain with sediments, volcanics 
capping the hills. The clay is exposed along the western and southern flanks 
of u hill in sections 22, 25, and 26, T. 26 N., R. li-2 E. 

The predominant clay mineral j_s kaolin; however, most of the samples 
showed. the presence of considerable montmorillonite, with resulting low avail
able alumina compared to total alumina. An average of 14 samples contained 
21.53 percent of total alumina and only 8.96 available alumina. The ratio of 
available iron to total iron was likewise low. The same samples showed 4. 76 
total Fe203 v:i.th an available analysis of only 2.73 Fe203. 

Eleven holes were drilled by the Bureau of Mines in 1942, and 28 samples 
from five of the holes were taken for ceramic testing. The available-alumina 
cfontent of these samples was low, averaging only 10.14 percent,and 4.19 per
cent of available Fe2o3• Overburden at the dri11 holes ranged from 2 to 5 
feet. 

P.c.E. values and fired colors. - Only one sample of those taken for 
ceramic testing had a PCE above cone 31. This was a 11--foot sample of surface 
material described a.a gray, gritty clay, which had only 12.9 percent of avail
able alumina. The sample represented 3 percent of the total footage tested. 
Only 4 percent of the total footage wa.s low heat-duty clay, and the remaining 
93 percent wa.s nonrefractory. The common fired color at cone 4 was gunmetal. 
(See figs. 33 and 34 and table 9.) 
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I 
TABLE a: - Test data fer drill-core s~les from the Hobart Butte deI!osit 1 Lane Countz i Oreg. 

l. ., I Chemical analysis percent Plastic it test Cone BefrRct0,,.i nes s 
I, Interval, ·Availa.ble Ign. loss, Indicated P.C.E., Fired- cone Befractat7 

feet Al203 Fe~ 700° c. Range clay' type Color Color Remarks «me color classific:at 

HQLl: l 

130.8-138.0 27 .4 1.9 · 9.6 28-34 Flint Gray Fr Te.n Fr Brawn sf>ecks at 4 31 Lt. gray, speckled Inte.rmedia:tt 

i i
1 138,0-144.4 29,l 2,3 10.3 24-28 do. do. Fr Buf'f Fr do, 26-31 Speckled tan Do. 

144.4-151.5 31.4 1.2 10.8 28-32 do. Lt. gray Fr Gray Fr Tan specks at 4 32- do. High beat 
151.5-159,0 31.4. 5,1 10.7 17-24 do. Buj'f. Fr Lt. brown ss 26+ Black Intermed11te 
159.0-163.8 33,8 2.3 11.2 18-23 do. Lt. gray Fr White Fr B:rOW"Il specks at 4 26-31 Speckled tan Do, 
163.8-172.9 32.5 0.5 10.s 18-23 do. White ss do, Fr 32- White, tan specks High beat 
172,9-180.3 34,5 0.5 11.8 16-21 do, do, Fr do. "r 32-1/2-3 White Do. 
180.3-188.7 31.l 1.5 10.6 17-24 do. Lt. gray Fr Gray Fr Tan specks at 4 31+ Lt. buf'f Do, 
188,7-195.4 32.0 6.9 11.4 16-22 do, Tan ss Brown ss 19- Black Nonref 
195,4-202.0 30.2 7 ,7 10.4 15-23 do. Brown Fr Brick-red ss 19+ do, Low ha!!.t 
202.0-212.0 25,9 3.8 9,4 19-24 do, Buf'f ss Lt. brown ss 19-26 Oe.rk brown Do, 

,.. 
HOW: 2 

o.o-s.o 32.1 9.0 l.2.0 15-24 Flint Red Fr Brown Fr 26- Black !.aw'he«t 
5-10 35,2 3.2 12.6 17-29 do. Pink F~ Gray Fr '12+ Speckled brovn High haat 

10-15 33,2 7.0 12.0 16-27 do. Dk. pink Fr Tan Fr 26-31 Black Inte 
15-20 22.7 4.6 8.4 19-26 do. Pink ss Buf'f ss 19-26 Speckled brow-n Low beat 
20-28 24.7 3 .7 9,0 21-29 do. Lt. buf'f Fr Lt. tan Fr 26- Speckled tan Do. 
28-32 25.9 2.5 9-3 20-29 do. Pink ss Buf'f ss Black specks at 4. 26+ do. D:lte:MDedia 
32-40 26.5 6.7 10.6 17-29 do. do. Fr Tan Fr White specks at 4 26-31 Dark brown Do. 
40-45 31.9 4.1 10.9 18-26 do. do. Fr do. Fr do. 19-26 do. 
45-53 27 .9 13,l 10.9 17-26 do. Lt. red Fr Brown Fr Black specks at 4 19 Black ., 53-59 29.0 21.0 11.4 17-22 do, Red Fr Gunmetal ss -12 Gunmetal 

' 59-69 35.6 2.7 12.2 17-26 do. Lt. gray ss Lt. buff Fr ]Uack specks at 4. 31+ Speckled tan 
f: ! 69-SO 25.5 6.2 9,4 17-24 do. Lt. red Fr Brown Fr 19- Blar-k 

--:: 80-90 24.s 2.6 8.7 16-25 do. Lt. gray - ss Buf'f ss Sandy at 4 26+ Speckled tan 1, 
!, 

HOW: 3 1; ., 
f ! 0 .0-2.0 27 .6 3 .4 10.3 18-26 Flint Gray ss Lt. buf'f ss 26,. Speckled brown 

2-10 31.6 2.7 11:1 16-25 do, Lt. gray ss do. ss 31+ Speckled tan 
1·. 10-20 18.l 3,7 8.o 19-26 do, Gray ss Lt. gray ss 19-26 do. 
~ 20-27 29.1 1.6 11.2 19-28 do. do. ss do. ss 31+ do. 

~· 
27-35 32.1 2.8 12.3 21-27 do. do. Fr Gray ss 31+ Speckled brown 
35-43 26.1 8.5 14.5 21-25 do. do. Fr Dk. gray Fr 12-19 Dark brovn 
43-49 24.9 5.9 12,5 16-22 do, Lavender Fr Brown Fr 12-19 do. 

j 49-58 17 .5 2.3 8.7 21-27 do. Gray Fr Lt. buf'f Fr 26- Speckled tan 

! 58-65 16.7 1.7 6.6 22-28 do. Lt. gray p do, • Fr 19-26 Gray; brown specks 
65-73 22.8 0.7 8.4 17-26 do. White Fr White Fr 26 White; tan specks 
73-80 30.6 1.0 11.0 16-22 do. Lt. gray Fr do. Fr 31+ do. 

1 80-88 27 .3 10.5 15,7 16-22 do. Gray ss Gray ss -l.2 Black 

f. 
88-96 29.6 9,6 16.2 15,-21 do. Lavender Fr do. ss 12-19 do. 
96-102 30.3 5.6 14.o 15-23 do. Gray ss do. ss 19- do. 

102-109 28.5 5,9 12.8 16-25 do. do. Fr do. ss 12-19 Da.rk brovn 

t 
109-117 31.0 3.9 12.4 15-25 do. Lt. gray Fr Tan Fr 26-31 Speckled brown 
117-130 3i,.,9 0.7 12.0 16-23 do. do. ss White ss 32+ White; tan specks 

I 130-138 34.4 1.1 12.2 15-24 do .. do. ss do. ss 32 White 
I 138-146 .5 29.8 1.0 11.6 17-24 do. do. Fr do. ss 31+ .White 

' 146.5-153 28.4 1.0 11.0 17-24 do. do. Fr do. ss 31+ do, 
153-160.5 29,5 1.9 11.2 16-25 do. Gray Fr Lt. gray ss 31-;_/2 Gray; tan specks 

HOW: 4 

0.0-10 25,5 7 .6 9,7 18-27 Flint Gray Fr Brovn ss 19- Brown 
10-16 29,2 1.2 10.6 16-24 do, White Fr White Fr 31+ White; tan specks ... 16-21 26.9 0,7 9,9 20-26 do . do. Fr do. Fr Tan specks at 4 31 White 
21-23 25.0 3 .o 10.5 16-25 do. Lt. gray Fr Tan Fr 19-26 Speckled brown 
23-36 · 31.9 1.7 n., 15-25 do. do. Fr Buf'f Fr 31-1/2 Gray; brown spec~s 
36-44 28.5 11.7 16.7 13-20 do. Lavender Fr Gunmetal Fr -12 Gun;metal 
44-52 30.5 2,4 12.l 16-22 do. Lt. gray Fr Tan Fr Gray specks at 4 19-26 Gray; brown specks 
52-59 30,5 5,2 12.4 16-22 do. do. Fr do. Fr do. 19-26 Brown 
59-67 .6 32.8 7 .2 15.0 14-22 do. Gray Fr Brown ss do. 12-19 do. 

67 .6-75.6 25.8 10.J 15.6 16-24 do. lavender Fr do. ss l.2- do. 

~ 75.6-82.4 28.0 5,5 12,8 16-23 do, do. Povd ian Powd White specks at 4 19+ Dark brow 
82.4-91.6 30.1 1.8 11.6 15-26 do. White Fr Whit..e Fr Tan specks at 4 31-1/2 Gray; brown specks 
91.6-99 32.4 3 .9 13.0 16-25 do, Gray Fr Tan Fr 31+ Lt. brown 

99-107 32.8 3,0 12.4 16-23 do. Lt. gray Fr do. Fr 26-31 Speckled tan 
107-123 30,5 4.3 12.5 18-24 do. Lt. pink Fr Lt. brown ss Black specks at 4 26- do. 
123-131 27.1 2.4 10.6 13-22 do. White Fr Buf'f Fr Black specks at 04 26-31 do. 
131-140 23.3 1.9 9.5 16-25 do. do. Fr Tan Fr 26-31 Gray, tan specks 
140-144 18. 1.1 7.6 19-28 do, Lt. gray Fr Lt. gray ss 26+ White, tan specks 

I 
Seefootnotes at end of table. 

~" 
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TABLE 8.- Test data f'or drill-core samples frcm the Hobart Butte deposit, Lane County, Oreg. (Cont'd) 

Fired properties 
Chemical anal.vsis tiercen1 Plasticity test Cone 04 Cone lj. Refractoriness 

Interval, Available Ign. loss, Indicated !:~.ii =~.ii P.C.E., Fired cone c1a!:i~~~~ feet Al2'l3 Fe2')3 7000 c. Range clay type Color Color Remarks cone color 

HOLE 5 

61-70 24.9 3,3 11.6 16-25 Flint Gray Fr Lt. brown Fr - 19+ Brown, bloated Low heat 
70-78 26.7 3,2 22,1 15-23 do, Tan Fr do, Fr - 19-26 do, ll:,, 

78-86 27 .2 3,8 19,8 15-23 do. Lt. brawn Fr Brown Fr - 19-26 Dk. brown, bloated Do, 
86-94 24.1 1.9 11,4 16-26 do, Gray Fr Tan Fr - 19 Brown Nonrefractor,' 
94-102 24.8 1.7 11.1 13-26 do, do. Fr do. Fr - 19-215 do. Lov heat 

102-108.5 26.8 2.4 11,9 16-26 do, do. Fr Lt. brown Fr - 26-31 Speckled tan Intermediate 
108,5-119,8 28.0 2.2 15,4 20-29 Semi-flint Brown p Brown p - 12-19 GUDilletal Nonrefractory 
u9.8-128 27.9 3.2 15,0 21-31 do, do, p do, p - 19- Dark brown Do. 

128-134,5 22,9 1.4 10,1 18-30 do, Gray Fr Tan Fr White specks at 4 26-31 Speckled tan Intermediate 
134 ,5-142 22.2 1.9 10.1 16-30 do, do, Fr Gray Fr Tan speckll at 4 26-31 do. ll:,, 

142-155 23.6 2.7 10,4 17-29 Flint do, Fr Bun ss - 26-31 do. Do, 
185-191 21.3 2.2 8,5 21-32 Semi-flint do, ss Tan ss - 19-26 do, Low heat 
191-199 20.5 1.3 8,2 26-36 do. do. ss White ss Tan specks at 4 26-31 do, Intermediate 
199-207 22.8 1.7 8,7 27-35 do. Lt. buff Fr Buff Fr - 26-31 do, Do. 
207-213,5 21.9 1.3 8.4 27-38 do, do. Fr Buff Fr - 26-31 Gray; dark specks Do. 

213,5-224 20.1 1.9 11,7 21-32 do, Tan p Red-brown Fr - 19-26 Dark brown Lew heat 
224-233 27 .o 2.8 11,3 

,, 
27-36 do, Gray Fr Tan Fr - 26-31 Brown Intermediate 

233-241,5 22,9 3,3 9,2 35-37 Kaolin Lt, tan Fr do, Fr - 26-31 Speckled tan Do, 
241.5-250 20.2 2,2 8.1 25-36 Semi-flint Buff ss do. ss - 19-26 Brown Lcw heat 

:150-258 21.1 2,1 8.4 24-38 do, Tan Fr do, Fr - 19-26 Speck.led tan Do. 
258-266 23.0 3,2 9,2 26-37 do. do. Fr do. Fr - 19-26 do, Do, 
266-274 23,5 1.3 10.7 28-37 do, Gray Fr Brown Fr - 19-26 Brown Do, 
274-282 22.3 2.1 10,9 26-36 do, do. Fr do. Fr - 19+ Dark brown Do. 
282-290 24.6 1.9 9,8 25-34 do, Lt, buff Fr Lt. tan Fr - 26-31 Speckled tan Intermediate 
290-299 20.8 1.4 8,3 24-34 do, Gray Fr White Fr Tan specks at 4 26-31 Gray; tan specks ll:,, 

299-307 27 .4 2,2 11,0 25-35 do, do, Fr Lt. tan Fr - 26-31 Speckled tan ll:,, 

307-315 20.8 7 .6 12,6 20-34 do, Lavender p Red-brown ss - -12 Gunmetal Nonrefractory 
315-323 23.6 7 .6 14,1 21-31 Flint do. p do, Fr - -12 do, Do, 

369-375 22.6 2.6 9,6 22-36 Semi-flint Gray p Buff p - 19-26 Speckled tan Low heat 
375-384 20.0 3,5 9,4 20-33 do, do. p Lt. tan Fr - 19-26 do. Do. 
384-393 24.4 11.8 9,9 21-34 do, Red Fr Red Fr Light specks at 4 12-19 Gunmetal Nonrefractory 
393-401 27 ,2 9,8 10.8 20-31 Flint do, Fr do, Fr - 12+ do, Do, 
401-409 26.8 12.2 10,4 23-35 Semi-flint do, Fr do. Fr - 12-19 do. Do, 
409-419 ,5 25.9 7 .8 9,8 24-36 do. - - Brown Fr - 12-19 do, Do, 

419,5-428 23.5 12.2 9,5 26-40 do, Tan Fr Red-brown Fr Gumnetal specks at 4 12-19 Brown Do, 

HOLE 6 

0,0-5.0 32,7 2.2 10.8 20-26 Flint Tan Pr Tan Fr - 31+ Speckled brown High heat 
5-11 27 .3 1.4 9,3 18-26 do, Lt, buff Fr White Fr Tan specks at 4 31+ White; tan specks ll:,, 

11-17 30.1 1.0 10,5 20-26 do. do, Fr do. Fr - 32 Lt. gray; tan specks Do, 
17-20 31.1 1.8 10.8 16-23 do. Lt. pink Fr Tan Fr - 32- Speckled tan Do. 
20-30 29,1 1.1 10,1 18-24 do, White Fr Lt. buff Fr - 32- Lt. gray; tan specks Do. 
30-40 29,8 0,9 10.2 19-25 do, do, ss White ss - 32- White; tan specks ll:,, 

40-52 32.8 o.8 11.2 18-23 do, do, Fr do, Fr - 33+ White Super-duty 
52-6o 29,4 1.9 10,4 - - - - - - - - - -
6o-70 33,2 1.3 11,6 17-22 Flint Lt. buff Fr Buff Fr White specks at 4 33 Light buff High heat 
70-Bo 36,5 1.0 12.6 15-24 do, do, Fr Lt, buff Fr - 33+ Lt. gray; tan specks Super-duty 
Bo-87 35,1 1.0 12,2 17-24 do. do, Fr Lt. gray Fr - 32+ White; tan specks High heat 
87-95 31,3 3,0 11.1 18-28 do. Lt, pink Fr Tan Fr - 31+ Speckled tan Do, 
95-100 27 .2 3.9 10,7 18-22 do. Reddish-gray ss Lt. brown ss - 19-26 Duk brown Low heat 

100-110 26.o 5,4 10,7 17-24 do. Pink Fr Brown ss Bl.a.ck specks at 4 19+ do, ll:,, 

ll0-116 25,9 2.3 9,4 19-24 do, Lt, buff ss Lt. gray ss - 19-26 Speckled tan Do. 
l16-123 23.4 5,9 9,1 16-23 do, Lt. red Fr Brown Fr - 19- Black Nonref'ractory 
123-129 27 .4 5,9 11.5 17-23 do, Lt. lavender Fr do, Fr Gunmetal specks at 4 19-26 do. LOW heat 

HOLE 7 

0-5,8 25.2 4.1 9,5 21-26 Flint Pink-gray Fr Tan ss 'Wh1 te specks at 4 26+ Brown Intermediate 
5,8-15 28.7 8,7 11,2 21-26 do, Pink Fr Brown ss Gunmetal specks at 4 12-19 Brown, bloated Nonrefractory 
15-27 29.9 9.2 14,6 14-21 do, do, Fr do, ss Black specks at 4 19- do, Do. 
27-32 29.7 2,3 10.6 16-26 do, Lt, buff Fr Tan Fr - 31 Speckled brawn Intermediate 
32-38,9 28.5 8,7 14.2 17-24 do. Lavender Fr Brown Fr - 12+ Brown Ncmrefractory 

38,9-49 29.3 9,0 14.1 15-23 do, Lt. pink ss Gray ss - 12-19 Brown, bloated Do, 
49-54,2 27 .9 10,3 15,6 17-21 do, Pink Fr do. ss - 12-19 do, Do. 

54,2-61.6 29,9 8.0 15.4 19-24 do, Gray Fr Brown sa Gray specks at 4 12+ Gunmetal Do, 
61.6-69 .6 30.1 7 ,1 14.4 17-24 do, Lavender Fr do. ss Tan specks at 4 12-19 Brown Do. 
69,6-78. 7 30.2 3,9 11,7 20-27 do. Lt. gray Fr Tan ss Gray specks at 4 19+ Dk. gray, bloated Low heat 
78,7-92 31.3 2,3 12.0 17-28 do, do. Fr do, Fr - 31+ Speckled tan High heat 

92-97 34.2 2,0 12.6 20-27 do, do. Fr do. Fr - 31-1/2 do. Do. 
97-108 34.2 1.8 12.3 17-25 do. do, Fr do, Fr - 31+ do, Do, 

108-116,2 34.2 2,0 12,5 16-24 do, do. Fr do, Fr - 31+ Gray; brown specks ll:,, 

116.2-124 34.o o,8 11.7 18-25 do. White Fr White Fr Brown specks at 4 31+ Lt. gray Do. 
124-132 32.6 0.7 11.8 16-24 do. do, Fr do, Fr - 31+ Wh1 te; tan specks ll:,, 

132-140 34.3 o.8 12.0 16-20 do. do. Fr do, Fr - 31-1/2 do, Do, 
140-146.4 33,9 1.1 12.0 14-21 do, Lt, gray Fr Gray Fr Tan specks at 4 31+ White; b'f'OW'.b. 11pecks Do. 

1"6,4-153,4 34.7 1.3 12.2 16-22 do. White Fr White Fr do. 31-1/2 do, Do, 
153,4-161.6 33.7 3.4 13.2 14-20 do. do, Fr Tan ss - 31- Tan; brawn specks Intermediate 
161.6-1&,l.6 28.6 3.0 11.8 16-25 do. do. Fr do. :rr - 26 Speckled tan Do, 
169.6-173.5 21.6 2.5 8.4 22-29 do, Lt. gray Fr do, Fr White specks at 4 26+ Tan; brawn apecb Do, 
111,5-186.2 21.5 4,9 8.8 16-24 do. Pinkish gray Fr Lt. brown ss - 19-26 Speckled brawn Low heat 
Bee footnotes at end a! table. 
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TABLE 8. - Test data f'or drill-core samples from the Hobart Butte deposit, Lane Cormty, Oreg. (Cont'd) R.I, 4449 

Fired nronerties 
Chemical anal:vsis percent Plasticitv test Cone 04 Cone"- Refractoriness 

Interval, Available Ign. loss, Indicated !::ii !::!ii P.C.E., Fired cone c1a!:i~~!:7cmY feet A120, Fe~, 7ocP c. Range clay type Color Color Remarks cone color 

HOLE 8 
Interval, 

feet 

72-78 24.1 3.0 8.5 19-24 Flint Lt. red Fr Tan ss - 19-26 Speckled tan Low heat 
78-86 28.9 3.0 10.2 16-23 do. Salmon Fr do. Fr - 31+ do. High heat 
86-95 28.8 1.9 10.2 17-23 do. Lt. buff Fr do. Fr - 31+ do. Do. 
95-100 23 .8 1.8 8.7 17-23 do. do. Fr Buff Fr - 26-31 Buff'; tan specks Intermediate 

100-109 24.o 2.1 8.7 16-22 do. do. Fr Lt. tan Fr - 26- Speck.led tan La., heat 
109-113 26.4 1.8 9.6 16-23 do. Pink Fr Buff Fr - 31+ Gray; tan specks R1gh heat 
113-120 23.5 4.3 9.0 19-26 do. Lt. red Fr Brown Fr Tan specks at 4 19-26 Speckled brown Lew heat 

44.8-54.5 32.8 
54.5-66 30.3 

66-73-5 32.7 
73 .5-77 30.4 

77-85 31.5 
HOLE 10 85-93 32.5 

93-101 33.2 
63.6-68.0 26.3 3.0 9.9 20-26 Flint Grey ss Buff Fr Mottled at 4 19-26 Speckled tan Low heat 
68.0-75.3 29.8 2.0 11.0 22-28 do. Lt. gray ss Lt. gray ss Brown specks at 4 31+ Gray; tan specks High beat 
75.3-85.0 26.6 2.2 10.l 24-28 do. do. ss do. ss do. 31+ do. Do. 

101-109 26.2 
109-117 29.0 
117-L23,5 23.1 

85.0-90.8 25.2 1.1 9.5 22-26 do. do. Fr do. Fr do. 31+ Lt. gray; tan specks Do. 
90.8-98.8 28.5 1.3 10.2 24-28 do. do. Fr do. Fr do. 31+ do. Do. 
98.8-105.2 25.9 2.1 9.8 22-28 do. Gray Fr Buff ss - 19-26 Speckled tan Low heat 

105.2-114.o 24.o 1.2 9.2 20-26 do. Lt. grey ss Lt. grey Fr Brown specks at 4 31- do. Intermediate 
114.0-122.0 23.8 1.4 10.2 22-26 do. do. Fr do. SB do. 26-31 Lt. gray; tan specks Do. 
122.0-130.0 19.8 2.1 8.4 22-28 do. Gray ~4 Fr Tan ss - 19-26 Speckled brown Low heat 
130 .0-139 .o 25.0 0.9 9.0 20-26 do. do. ss White ss Brown specks at 4 31- Lt. gray; tan specks Intermediate 
139.0-146.8 31.9 0.9 11.l 22-28 do. Lt. gray Fr do. Fr do. 31-32 do. High beat 
146.8-154.8 29.7 0.9 11.6 22-26 do. do. Fr Lt. gray Fr do. 31-32 do. Do. 
154.8-162.8 32.5 1.6 11.7 18-28 do. do. Fr do. Fr Tan specks at 4 31 Gray; brown specks Intermediate 
162.8-167 .o 34.5 1.0 12.2 16-24 do. do. Fr White Fr do. 31-1/2 Lt. gray; tan specks High beat 
167.0-174.6 35.4 0.7 12.6 18-24 do. do. Fr do. Fr - 32+ White; tan specks Do. 
174.6-182.0 35.5 o.6 12.2 16-24 do. White Fr do. Fr - 32+ do. Do. 
182.0-189.6 36.3 o.6 12.3 14-24 do. Lt. grey Fr do. Fr - 32-1/2+ do. Do. 
189.6-194.o 34.4 o.6 11.5 14-24 do. do. Fr Lt. gray Fr - 32 Lt. gray; tan specks Do. 
194.0-201.5 32.1 o.6 12.9 16-26 do. do. Fr do. Fr - 32- White Do. 
201.5-209.5 29.0 4.o 12.2 18-24 do. Pink Fr Brown Fr Mottled at 4 19-26 Brown Low heat 

0.0-2.0 29.9 
2.0-11.6 31.3 

11.6-20.0 31.7 
20-27 29.7 
27-35 26.9 
35-45 29.4 
45-50 29.2 
50-59 31.3 
59-67 31.8 
67-75 31.6 
75-84 28.6 
84-92 21.3 
92-96 25.4 
96-100 27 .6 

100-109 27.5 
HOLE 11 

0.0-5.0 23.5 2.9 8.8 25-33 Semi-flint Lavender Fr Brown Fr - 19- Dark brOWll Nonrefractory 

5-13 21.5 2.5 9.4 22-33 do. Lt. gray p Lt. tan p - 26+ Speckled tan Intermediate 
39-47 26.0 2.5 10.2 20-35 do. Lt. tan Fr Gray Fr Tan specks at 4 26-31 do. Do. 
47-55 23_4 1.8 9.9 19-34 do. Gray p Buff Fr White specks at 4 26+ do. Do. 
55-62 29.4 5.9 13.4 21-33 do. Lavender p Brown Fr - 19-26 Black Low heat 
62-69 25.6 o.6 9.5 23-33 do. White Fr White Fr Brown specks at 4 26-31 Lt. gray; tan specks Intermediate 
69-8o 24.4 1.4 9.6 23-33 do. Gray Fr do. Fr - 26-31 Speckled buff Do. 
80-88 22.8 3 .0 9.1 21-34 do. Lt. tan Fr Tan Fr - 26+ Light brown Do. 
88-96 24.l 1.5 9.0 29-40 do. Lt. gray Fr Buff Fr - 26-31 Gray; tan specks Do. 
96-104 22.2 4.6 8.9 25-38 do. Tan Fr Tan J/r - 19- Dark brown Nonrefractory 

104-112 19.0 7 .3 12.5 22-34 do. Dk. grey Fr Gtmmetal Fr Crumbled gray at 4 -L2 Black Do. 
112-120 19 .7 7.0 13.2 21-32 do. do. p do. Fr Gray specks at 4 12-19 do. Do. 

0-9-5 33.6 
9-5-17 .o 33.6 

17-20 33.4 
20-24 33.9 
21>-33 33.4 
33-41 35.4 
41-1>9 35.2 
1>9-57 35.3 
57-65 .Jl,.o 
65-70 31.6 

L20-128 23.8 4.3 11.0 26-36 do. Gray Fr Tan Fr - 12-19 Dark brown Do. 
128-136 16.2 5.9 9.6 25-38 do. do. Fr do. ss White specks at 4 19- Black Do. 
136-144 18.1 6.0 10.5 - - - - - - - - -

194.5-205 27.9 10.6 16.5 24-34 Semi-flint Lavender p Red Fr Gray specks at 4 -12 Black Nonrefractory 
205-210 22.2 4.o 9.0 25-37 do. Red Fr Tan Fr - 26-31 Brown Intermediate 
210-218 20.7 13.3 13.3 19-30 do. do. Fr Red Fr - -12 Black Nonrefractory 
218-222 25.1 5.2 11.2 20-34 do. Lt. red p do. Fr Gray specks at 4 19-26 Speckled brown Law heat 
222-230 22.l 8.5 12.4 20-34 do. Red Fr Red-brown Fr - -L2 Black Nonrefractory 
230-239 24.2 7 .6 13.0 16-28 do. do. ss Bed ss - 12-19 Dark brown Do. 
239-246.5 27 .2 6.3 11.6 19-30 do. do. ss do. ss - 12-19 do. Do. 

246.5-252 22.9 10.6 15.9 22-30 do. Brick red ss Brick red Fr - -L2 Black Do. 
252-258.5 25.6 6.6 13.8 22-36 do. Pink Fr La.vend.er Fr Gray specks at 4 12-19 Iark brown Do. 

ai.-92 28.o 
92-100 26.9 

100-110 31.6 
110-120 32,7 
120-125 31.8 
125-132 31.0 
132-lliO 33.4 
lli0-150 32.0 
l50-l.6o 20.8 
160-167 28.8 

258. 5-263. 5 29.2 5.8 13.8 20-35 do. Red ss Lt. brown ss - 12-19 Black Do. 
263 .5-275 27 .3 7.4 14.6 19-35 do. Gray Fr Grey SB - 12- Dark brown Do. 

275-283 26.2 8.7 13.8 20-34 do. Brick red Fr Dk. brown ss - 12-19 do. Do. 
283-291 26.0 7.7 12.9 24-38 do. Bed Fr Brick red ss - 12-19 do. Do. 
291-301 23.2 7 .1 9.7 26-39 do. Brick red Fr Red Fr - 19- do. Do. 
301-308 25.4 5.2 10.2 21-40 do. do. Fr Brick red Fr - 19+ Black Lav heat 

27-35-5 26.2 
35,5-liO.o 25.4 

li0-43 26.o 
43-50 28.6 .. HOLE 13 50-58 28., 
58-65 27.1 

0.0-10.0 25.2 1.5 8-9 22-28 Flint White ss Lt. grey Fr Tan specks at 4 31+ Lt. gray; tan specks High beat 
10.0-20.0 27.0 1.1 9.5 20-26 do. Lt. grey Fr do, Fr do. 3f- do. Do. 
20 .0-24 .0 26.0 o.a 9.4 18-26 do. White Fr White Fr - 3 + White; tan specks Do. 

65-69 31.2 
69-Tl 27.2 
77-83 22.6 
83-88 26.6 

HOLE 16 88-96-5 29.9 
96.5-99.5 22.9 

0-13,5 31.9 1.3 11.0 26-40 Flint White Fr White Powd Powd on firing at 4 31+ Gray; brawn specks High haat 
13 .5-21 34.8 2.9 12.2 28-48 Semi-flint Grey Fr Grey Fr Some kaolin 31-1/2 Speckled tan Do, 

21-29 32.2 1.4 11.3 29-42 do. Lt. buff Fr White Fr do. 31-1/2 Speckled buff Do. 
29-34 33.6 1.0 12.0 26-40 do. Buff Fr do. J'r - 31+ Speckled tan Do. 
34-44.8 ,1.1 8.2 12.0 28-42 do. Lt. brown Fr Tan J'r Brown specks at 4 19+ Dark brown Lov heat 

See footnotes at end of table. 
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99-5-103 25.9 
l03-lo6 27.8 
106-110 23.1 
ll0-ll4 21.7 
lllo-ll8 22.3 
118-~ 23.4 
~-l ~-4 
3 -142 2~.3 

142-150 27.3 
150-1511 27.4 
1511-158 is., 
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TABI.J!: 8. - Test data for drill-core samples fran the Hobart Butte deposit I Lane County, Oreg. (Cont'd} 

Chemical analvsis nercent 
Interval, Available Ign. loss, 

feet Al:f)3 Fe203 700° c. 

44.8-54.5 32.8 2.1 12.0 
54,5-66 30,3 l.5 10,9 

66-73,5 32,7 o.8 11.8 
73,5-77 30.4 1,7 10,9 

77-85 31.5 1.2 11,6 
85-93 32,5 l.5 11.4 
93-101 33.2 l.6 12.0 

101-109 26.2 4.o 11.5 
109-117 29,0 1,9 10,8 
117-123,5 23,1 2.0 9,2 

0.0-2.0 29,9 l.l 10,5 
2.0-11.6 31.3 l.5 11.7 ,., 

11.6-20.0 31.7 l.3 12.0 
20-27 29,7 l.l 11.7 
27-35 26.9 1,0 11.6 
35-45 29,4 2,4 11.6 
45-50 29.2 l.l 10,4 
50-59 31.3 l.4 11.8 
59-67 31.8 3,3 13,1 
67-75 31.6 1.0 11.5 
75-84 28.6 3.9 13.3 
84-92 21.3 7,3 12.8 
92-96 25.4 6.o 12,2 
96-100 27 .6 6.o 11.8 

100-109 27,5 7,0 12,5 

0-9,5 33 .6 2.0 11,9 
9.5-17 .o 33.6 2,2 12,0 
17-20 33.4 0.6 11.8 
20-24 33,9 1.5 11,9 
24-33 33 .4 1.1 11.6 
33-41 35,4 0,9 12.5 
41-49 35,2 0,8 12,2 
49-57 35,3 0.7 12,1 
57-65 34.o 0,5 11.7 
65-70 31.6 0.7 11.0 

84-92 28.0 3.6 11.7 
92-100 26.9 1.6 10.5 

100-110 31.6 1.8 11.9 
110-120 32. 7 2,1 11.6 
120-125 31.8 2,9 11.4 
125-132 31.0 1.0 12.2 
132-140 33,4 2.0 12.4 
140-150 32.0 2.2 12.2 
150-16o 20.8 13,4 9,6 
160-167 28.8 6.4 10.4 

27-35,5 26.2 4.6 9,7 
35,5-40.0 25,4 5.2 9.3 

40-43 26.o 1.8 9.3 
43-50 28.6 2.3 10.0 
50-58 28.5 1.1 9.7 
58-65 27 .1 1.3 9,4 
65-69 31.2 1.3 10.5 
69-77 27.2 o.8 9.3 
77-83 22.6 0,5 8.1 
83-88 26.6 2.4 9,4 
88-96.5 29,9 6.2 10,7 

96,5-99.5 22.9 3,6 8.9 
99,5-103 25.9 4,7 10,0 
103-lo6 27,8 4.9 10.8 
106-110 23,1 9.4 10.4 
ll0-114 21.7 8.6 9.0 
114-118 22,3 3.1 8.6 
118-12, 23.4 3.4 8.8 
~-13 l?.4 6.o 9.6 
3 -142 24.3 2.8 9.6 

142-150 27.3 1.6 10.0 
150-154 27 .4 1.3 11.8 
154-158 18.5 2.1 7.0 
1S8-166 -.o.o 1.3 10.8 

See footnotes at end r::rt table. 
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Plasticitv test Cone o 
Indicated 

Range clay type Color 

27-39 Semi-flint ~ 
24-4o do, !Burr 
26-44 do, 1/hite 
30-43 do. IBurr 
22-40 do. do, 
14-22 lrlint do, 
15-23 do. Gray 
17-24 do. do. 
20-27 do. Buff 
20-28 do, do, 

19-25 !Flint White 
17-23 do, Gray 
17-24 do, do. 
16-23 do, do. 
18-23 do. do. 
18-23 do. do. 
18-24 do, Lt, gray 
17-24 do, Gray 
17-21 do. Pinkish-gray 
16-24 do. Gray 
15-24 do. Pinkish-buff 
16-23 do. Red-brown 
15-23 do. Gray 
14-22 do, Brick-red 
15-22 do. do. 

18-23 ,lint Buff 
16-23 do. do, 
18-24 do, Lt. gray 
16-23 do, Lt. buff 
15-23 do. White 
15-22 do. Gray 
16-22 do. White 
16-22 do. do, 
17-22 do. do. 
19-25 do, do. 

16-24 !Flint Gray 
16-24 do, do, 
18-24 do, do, 
18-24 do. Reddish-gray 
16-26 do. Tan 
16-24 do. Lt. gray 
14-22 do. do. 
18-24 do. Lt. pink 
16-22 do, Rose 
14-20 do. Red 

22-30 l:,lint Pink 
22-26 do. do, 
18-26 do. Buff 
20-26 do. PiDk 
22-28 do, 1/hito 
22-28 do. do. 
20-28 do, do, 
21-28 do. do. 
22-26 do. do. 
16-23 do. Buff 
19-27 do. Rod 
16-24 do. Pinlc 
16-24 do. Lt. pinlc 
17-23 do. Lt. red 
13-21 do. Lavender 
17-24 do. Lt. rod 
21·25 do. Lt. buff 
18-23 do. Pinlc 
17-24 do. Orq 
16-23 do. Lt. gray 
17-23 do. do. 
19-24 do. White 
16-22 do. Lt. gray 
18-24 do. !luff 

J'ired nro......,rties 
Cone 4 :Refractoriness 

!lard- !lard- P.C.E., Fired cone 
nessY Color nesa!/ Remarks cone color 

11oiz 16 (Con~'d) 

Fr ILt. gray Fr - 32+ Speckled tan 
Fr do, Fr 31+ Gray; brown specks 
l!'r White Fr Isome kaolin 32 Gray; tan specks 
l'r do. Fr do. 31+ Speckled tan 
Fr ILt. gray Fr - 31+ Gray; brown specks 
Fr do, Fr - 31+ Speckled tan 
Fr Lt. tan Fr White specks at 4 31+ Gray; brown specks 
Fr Tan Fr - 19+ Dark brawn 
l!'r IBurr Fr - 26-31 Speckled tan 
Fr Lt, buff Fr Gray specks at 4 26-31 do. 

II0LE 17 

Fr !White Fr - 31-1/2 Lt. gray; brown specks 
ss Tan Fr - 32- Speckled tan 
ss do, Fr - 31+ do. 
ss do. ss - 26+ do. 
ss Lt, brown Fr - 19-26 do, 
Fr Lt, gray Fr - 31- do. 
Fr do, Fr - 31-1/2 Lt. gray; tan specks 
Fr White Fr - 31+ White; tan specks 
l!'r !Brown Fr - 19-26 Dark brown 
Fr Lt, gray Fr Porous at 4 31+ Lt. gray; brown specks 
Fr Brown Fr Mottled at 4 12-19 Dark brown 
Fr Dark brow: ss Gunmetal specks at 4 12+ do, 
l!'r !Brown Fr - 19+ do. 
Fr Dark browi Fr - 19-26 do, 
Fr do, Fr - 12+ do. 

IIOLE 18 

Fr Buff Fr - 32-32-1/2 Speckled brown 
Fr !Brown Fr - 32- Brown 
Fr Lt, gray Fr Brown specks at 4 33- Speckled tan 
Fr Tan l!'r - 32 do, 
Fr White Fr Brown specks at 4 32-1/2 Gray; but'f specks 
Fr do. Fr Black specks at 4 32- Gray; tan specks 
Fr do. Fr - 31+ Lt. gray; tan specks 
Fr do. Fr - 32-1/2 White 
Fr do, Fr - 33- do. 
Fr do, l!'r - 31-1/2 White; tan specks 

II0LE 20 

Fr Gray Fr BuN' specks at 4 31+ Speckled brown 
Fr Lt. gray Fr - 31+ Lt. grayJ brown apecks 
l!'r Gray Fr Dark specks at 4 33 Speckled tan 
l!'r )luff l!'r - 32- do, 
l!'r Tan Fr - 31+ Speckled brown 
l!'r !White Fr - 32-32-1/2 Lt. gray; tan specks 
Fr !Burr Fr - 32-1/2 Speckled tan 
Fr do. l!'r Brown specks at 4 31-1/2 Speckled brown 
Fr !Brick red ss J'uaed in spots at 4 -12 Black 
Fr Dk. red 88 - 19+ Brown 

IIOLE 21 

Fr Tan Fr - 19-26 Dark brown 
'/Ir do. Fr - 19-26 do. 
Fr Buff Fr White specks at 4 31+ Lt. gray; tan specks 
Fr Lt. buff Fr - 31-1/2 Speckled tan 
Fr Lt. gray l!'r - 32 Lt. gray; tan specks 
Fr Whito rr prawn specks at 4 32 White; tan specks 
Fr do. Fr do, 32 do, 
Fr do. Jl'r - 31-1/2 do. 
l'r do, Jl'r - 31+ White 
l!'r Tan Fr - 31+ Speckled tan 
Fr Dk:. brown Fr White spots at 04 19-26 Brown 
Fr Tan Fr Black ape~k• at 4 19-26 Speckled tan 
Fr Tan BS - 19-26 Brovn 
Fr Brown Pr - 26- do, 
Fr Dk, brown l'r - 12-19 Dark brawn 
Fr Brown l'r . 19• do. 
Pr Buff Pr . 19•26 Speckled tan 
J'r Dk. buff l!'r . 26- do. 
rr Brown BS Clumlet&l specll:1 at 4 12-19 Dark brown 
l'r Tan Fr - 26- Bpecltlod tan 
SB Buff Fr . 31+ Lt. gray; tan specks 
BS Lt. gray Fr 11"""'1 ■pecks at 4 31+ do. 
BB Tan BB . 19-26 Speckled buff 
Fr Lt. buff Fr Tan specks at 4 32+ do. 

- 33 -

Refractory 
classi.ficati"'ar21 

High heat 
no. 
no. 
Do. 
n,, 
Do. 
no. 

Lav heat 
Intermediate 

no. 

High heat 
no. 
no. 

Inte:me:iiate 
Low heat 
Intermediate 
High heat 

no. 
LOY heat 
High heat 
Nonrefractory 

n,, 
LOY heat 

Do. 
Nonrefractory 

High heat 
n,, 
no. 
Do. 
no. 
n,, 
no. 
Do. 
no. 
no. 

High heat 
no. 
Do. 
Do. 
no. 
no. 
Do. 
no. 

lfonrefractory 
Low- heat 

Law heat 
Do. 

High heat 
Do, 
no. 
no. 
fu. 
Do. 
Do. 
Do. 

Latr beat 
Do. 
Do. 
Do. 

Nonrefractory 
no • 

Lav heat 
Do • 

IOI1Nfract027 
Low heat 
lligh hoat 

Do. 
Lov heat 
lligh heat 
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TABLE 8. - Test data :for drill-core samples f'ram the Hobart Butte depasit, Lane County, Oreg. (Cont'd) 

Fired 1>rorerties 
Chemical anal:vsia percent Plasticitv test Cone QI Cane Het'ractorineae 

Interval, Available Ign. loss, Indicated Bard- oard- P.C.I., J'ired cone cia!:i;~!~ f'eet Al203 Fe20, 700° c. Range clay type Color neesl! Color nee;.y Remarks cane color 

HOLE 22 

o-4.5 34.6 2.9 12.4 18-24 Flint Buff Fr Tan Fr White specks at 4 32 Brown High heat 
4.5-10.5 34.3 1.1 12.4 14-20 do. Lt. gray Fr White Fr !Brown specks at 4 32+ Speckled brown Do. 

10.5-20 35.3 1.3 12.7 16-23 do. White Fr do. J!r do. 32+ Lt. gray; brown specks Do. 
20-27 32. 7 o.8 12.7 ih:22 do. do. Fr do. Fr do. 32-1/2 White; tan specks Do. 
27-33 34.4 o.8 12.4 16-21 do. do. Fr do. Fr - 32-1/2 White Do. 
33-39 28.1 6.2 12.5 16-22 do. Lt. brovn Fr Lt. brown Fr Tan specks at 4 26-31 Dk. brown Intermediate 
39-44 25.3 9.9 14.9 16-23 do. Rose Fr Dk. brawn ss Gunmetal specks at 4- 12-19 Black Nonrefractory 
44-55 25.7 8.1 12.8 16-21 do. Brick red Fr Gunmetal ss Brown specks at 4 19+ do. Low heat 
55-64 25.8 6.8 11.8 17-22 do. do. Fr do. ss do. 19-26 do. Do. 
64-75 25.2 8.8 9.4 16-20 do. Ilk. red Fr Red brown Fr - 12-19 do. Jfonrefractory 
75-82 26.4 7 .2 9.2 14-20 do. Brick red Fr do. Fr - 12-19 d·O. Do. 

HOLE 23 

o.o-6.o 21.8 15.6 8.8 18-24 Flint Red Fr Red brown ss - 12-19 Dk, brown Nonrefractory 
6-11 19.3 8.2 7.6 21-27 do. Salmon red Fr do. ss - 19+ Black L(7,I' beat 

11-16 24.9 3.7 9.2 19-28 do. ~pink Fr Pinkish gray SS - 26-31 Gray; brown specks Intermed_fdt8 
16-20 26.9 4.5 10.0 22-29 do. Fr Pink gray Fr Mottled at 4 26-31 Brown Do. 
20-27 26.7 1.3 9.4 18-26 do. White Fr White Fr - 31+ Lt. gray; brown specks High heat 
Z/-35 27 .9 1.6 9.5 20-28 do. Buff Fr Lt. buff Fr - 31-1/2 do. Do. 
35-40 28.2 1.4 9.8 19-26 do. Lt. buff Fr do. Fr White specks at 4 31-1/2 Gray; tan specks Do. 
4o-46 28.5 1.3 9.6 20-27 do. Gray Fr White Fr - 31-1/2 do. Do. 
46-52 34.2 o.6 11.4 16-26 do. Lt. gray Fr do. Fr - 33+ White Super-duty 
52-61 33.7 o.6 11.6 16-26 do. do. Fr do. Fr - 33 do. High heat 

m a .., m 
-" k 

:::: I ~ "' m 
"' 61-71 33.8 1.4 12.0 16-28 do. do. Fr do. Fr - 33 White; brown specks Do. m 

71-Bo 35.0 o.8 12.2 18-28 do. Gray Fr do. Fr - 33 White; tan specks Do. 
80-90 29.7 4.2 10.5 16-25 do. Tan Fr Lt. tan Fr - 26-31 Speckled brown Intermediate 
90-100 29.9 3. 7 10.7 18-26 do. Pink Fr Buff ss - 26-31 Speck.led tan Do. 

100-103 27 .7 3.5 10.8 17-26 do. Buff Fr Tan ss - 26-31 do. Do. 
103-111 24.1 2.3 8.8 16-26 do. Lt, gray Fr Bu1'f Fr Gray specks at 4 26-31 do. Do. 

+> 
!l 

m "' m 
t: i ., 
'cl 
"' HOLE 24 m ,., 
+> 

0-11 34.5 3.3 12.6 22-28 Flint Pink gray Fr Tan ss Gray specks at 4 31 Brown Intermediate 
11-20 33.8 3.3 12.1 18-25 do. Gray Fr Brown ss do. 31- Speck.led brown Do. 
20-28 28.6 9.3 11.6 19-26 do. Red Fr do. ss Dk. gray specks at 4 12-19 Black Nonre:fractorJ 
28-36 26.4 21.0 11.4 18-32 do. Brown Fr Dk. brown ss - -12 do. Do. 
36-42 28.2 7.0 12.2 18-25 do. Red gray Fr Lt. brown Fr - 19- do. Do. 
42-43 31.0 2.4 11.6 19-26 do. Grayed tan Fr Lt. gray Fr - 26-31 Speckled tan Ir.termed1ate 
43-47 .5 28.9 4.1 11.0 20-24 do. Lt. brown Fr Lt. buff ss - 19+ Brown Low heat 

47 -5-50 24.8 3.9 9,2 17-24 do. Lt. red ss Bu1'f ss - 19-26 do. Do. 
50-60 24.7 1.0 9.0 17-27 do. White Fr White ss - 31+ White; tan specks High heat 
60-70 30.3 1.1 11.3 18-27 do. Lt. gray Fr Lt. gray ss Brown specks at 4 31+ White J bl"CJW'Jl specks Do. 
70-Bo 25.9 3.1 10.5 19-24 do. Lt. bu1'f Fr Lt. tan ss - 19-26 Speckled tan Low heat 
80-87 29.3 1.7 12.4 16-23 do. Lt. gray Fr Lt. gray ss - 31 Gray; tan specks Intermediate 
87-91.5 30.4 4.8 12.8 17-24 do. Gray Fr Lt. tan ss - 19-26 Dark brawn Low heat 

!I 
k ... 

,-;:;i m 
m ·o .... 

! ,U 
0 

m m 
k k a g 0 

c., .... 

3 
0 
u 

k 

"' 
91.5-100 31.3 2.4 12.1 17-24 do. Gray Fr Buff ss - 31+ Speckled tan High heat 

100-108 31.3 2.5 12.2 17-26 do. do. Fr Gray ss - 26-31 do. Intermediate 
108-116 30.5 1.9 11.7 18-24 do. Lt. gray Fr do. ss - 31+ do. High heat 
116-124 27 .7 3.1 11.4 18-23 do. Lt. pink Fr Bu1'f ss - 19-26 Speckled brown Lav heat 

124-133 25.1 9.1 13.2 17-22 do. Lt. red Fr Tan ss - -12 Iark brown Nonrefractor, 
133-141.2 33.0 3.6 12.6 16-22 do. Gray Fr do. ss - 26-31 Brown Intermediate 

141.2-152.5 31.8 3.9 12.5 16-21 do. do. Fr do. ss - 26-31 do. Do. 
152.5-158.7 27.1 2.8 10.3 16-23 do. Pinkish gray Fr Buff SB - 26-31 Speckled brown Do. 
158.7-167 32.6 1.4 11.4 17-24 do. White Fr White BS - 31+ Speckled tan High beat 

167-171.5 20.0 3.2 7 .4 20-26 do. Tan Fr Tan Fr - 19-26 do. Low heat 
171.5-179.5 34.4 1.9 12.4 22-28 do. Gray Fr Gray Fr - 31-1/2 Speckled brown High heat 
179.5-187.5 35.6 1.9 12.5 17-25 do. do. Fr do. ss - 31+ do. Do. 
187 .5-195 .5 34 .o 3.2 12.8 16-24 do. do. Fr do. Fr - 31+ do. Do. 
195.5-204 34.2 1.4 12.0 14-22 do. do. Fr Lt. gray ss - 31+ Speckled tan Do. 

204-212 21.3 4.6 9.2 17-23 do. do. Fr Gray Fr - 19- Brown Nonrefract017 
212-220 24.1 1.6 8.8 15-23 do. Pink Fr Lt. brown SI! - 26- Grayed tan LC5I' heat 

k 
0 
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+> 
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m 1;; m .. ., l .... ... 

,x:i 1, 

i ~ ~ . 
kOU 
m .-< 

0 
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HOLE 25 

112-120 25.5 1.3 9.5 19-26 Flint Lt. pink Fr White Fr Tan specks at 4 . 31-1/2 White liigh heat 
120-126 31.2 o.8 11.0 20-27 do. White Fr do. Fr do. 32-1/2 do. Do. 
126-135 29.7 0.5 10.8 20-26 do. do. Fr do. Fr - 32+ do. Do. 
l:J5-142.S 26.8 0.7 10.3 18-25 do. do. Fr do. Fr - •31 do. Intermediate 

!~ i.: m 'il ... ........ .,., 
0 ., ,..., 

"'>O S <( N 

.8 ~ 
u 

See i'ootnotes at end of table. 
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Interval, 
feet 

o.o-6 
6-11 

11-16 
16-20 
20-28 
28-35 
35-42 
42-45 
45-52 
52-6o 
60-70 
70-75 
75-85 
85-95 
95-105 

105-115 
115-122 
122-130 
130-135 

o-6 
6-11 

11-16 
16-21 
21-29 
29-38 
38-44 
44-54 
54-62 
62-70 .5 

70.5-78.5 
78.5-86.5 
86 -5-94 

94-100 
100-111 
111-120 
120-128 
128-135.5 

135-5-144.5 

0-9 
9-17 .6 

17 .6-22 
22-30 
30-38 
38-46 
46-53 
53-60 
60-67 
67-75 
75-80 
80-85 
85-90 
90-95 
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TABLE 8. - Test data for drill-core samples from the Hobart Butte deposit, Lane County, Oreg. (Cont'd) 

Fired properties 
Chemical ana.lvsis uercent Plasticitv test Cone Q! Cone 4 Refractoriness 

Available Ign. loss, Indicated Ha.rd- !:!:ii P.C.E., Fired cone 
Al203 Fe2') 3 700° C. Range clay type Color nessY Color Remarks cone color 

HOLE 26 

28.9 1.3 10.4 18-28 Flint ;,t. gray ss White ss - 32-32-1/2 Buff 
32.1 1.3 11.4 17-25 do. do. Fr do. Fr - 33+ White; tan specks 
35.6 1.4 12.5 18-29 do. do. Fr do. Fr Brown specks at 4 34 do. 
31.3 3.4 11.2 21-31 do. do. ss do. ss do. 31+ Speckled tan 
34.8 1.8 12.l 18-29 do. White ss do. ss do. 32-1/2 do. 
35-5 1.3 11.7 24-31 do. do. ss do. ss - 33- do. 
28.9 9.5 11.l 20-25 do. Lt. red Fr Dk. brown Fr Speckled 19-26 Black 
28.3 4.3 11.0 20-29 do. Lt. pink Fr Brown Fr White specks at 4 ~ 31- Speck.led brown 
22.4 7.6 10.8 16-25 do. Gray Fr do. ss Black specks "19- Brown 
24.6 6.8 9.1 19-26 do. Lt. pink ss Lt. brown ss do. 19+ Black 
26.2 3.4 9.6 16-27 do. Lt. gray ss Buff ss White specks at 4 26-31 Speckled tan 
26.7 5.1 10.0 20-26 do. Pink ss Tan ss - 26-31 Brown 
30 .5 2.3 10.6 16-23 do. Buff ss Buff Fr - 32-1/2 Lt. gray; tan specks 
29-3 1.3 15.5 18-25 do. White ss Lt. gray Fr Speckled at 4 33 White; tan specks 
25.1 1.9 10.6 19-26 do. do. ss do. ss Brown specks at 4 31- Lt. gray; tan specks 
27-9 5.5 14.9 15-25 do. Gray ss Brown ss Speck.led at 4 19-26 Brown 
22.5 9.0 11.4 18-23 do. Lavender ss Dk. brown s Gunmetal specks at 4 -12 Black, bloa.ted 
29.6 3 .5 11.0 17-26 do. Lt. lavender Fr Buff Fr - 31+ Speckled brown 
32.4 2.9 16.0 15-24 do. Lt. gray ss Lt. gray ss Speckled at 4 26-31 Speckled tan 

HOLE 27 

24.3 9.4 9.5 20-26 Flint Lt. red ss Brown ss Black specks at 4 12-19 Black 
24.1 4.3 8.9 18-25 do. Lt. pink ss Buff ss do. 26-31 Brown 
24.3 9.4 8.9 18-24 do. do. ss Tan ss Speckled at 4 19-26 do. 
23.2 1.1 8.3 19-26 do. White ss White ss - 26-31 White; tan specks 
24.9 2.0 8.6 22-28 do. do. ss do. ss Brown specks at 4 26-31 Speckled tan 
27.4 1.8 9.4 18-27 do. Gray Fr Lt. gray Fr do. 31- do. 
26.3 1.7 9.1 20-24 do. Lt. buff ss do. ss do. 31 Lt. gray; tan specks 
27 .o 5.8 9.8 22-29 do. Pink ss Brown ss Black specks at 4 19-26 Black 
30.5 4.5 10.7 17-26 do. Tan ss Tan ss do. 26-31 Brown 
23 .1 3.6 8.4 17-23 do. Buff ss do. ss do. 26- Speckled brown 
20.5 J,Q.6 8.4 19-25 do. Red ss Dk. brown ss do. 12-19 Black 
26.8 10.3 10.2 17-24 do. do. Fr do. ss do. 12-19 do. 
27 .4 5.1 10.0 16-24 do. Tan Fr Brown Fr - 26-31 Dk. brown 
30.7 8.7 10.2 14-20 do. Red ss Dk, brown ss - 19- Black 
32.3 5.1 11.6 14-23 do. Pink Fr Tan ss - 31 Dk. brawn 
30.0 1.8 10.7 16-23 do. Lt. pink Fr Lt. gray Fr Brown specks at 4 32-32-1/2 Buff; tan specks 
25.3 3.2 9.4 18-24 do. Gray ss Buff ss Tan specks at 4 26-31 Gray; brown specks 
26.0 1.7 9.5 18-26 do. White ss White ss Brown specks at 4 26-31 Lt. gray; tan specks 
25.9 1.9 9.6 17-23 do. Lt. gray ss do. ss do. 26-31 Lt. gray; brown specks 

HOLE 40 

35.8 1.7 12.9 10-H Flint Lt. gray Fr Buff Fr - 31+ Speckled brown 
35.0 2.4 12.3 12-2( do. do. Fr do. Fr Brown specks at 4 31 Brown 
35.4 0.8 12.2 10-18 do. do. Fr White Fr Tan specks at 4 32-32-1/2 Speckled buff 
34.8 1.2 12.0 16-20 do. do. Fr Buff Fr - 32+ Speckled tan 
33.9 1.7 11.7 14-18 do. do. Fr do. Fr - 31- do. 
34.o 1.4 12.0 14-18 do. do. Fr do. Fr - 31+ Buff; tan specks 
32. 7 4.6 11.8 14-20 do. Buff Fr Tan Fr - 19-26 Black 
32.9 1.9 11.9 18-24 do. Lt. buff Fr Buff Fr - 31+ Speckled tan 
28.7 1.3 10.4 18-22 do. Lt. gray Fr do. Fr White specks at 4 26-31 Buff; tan specks 
26.7 l.5 9.8 16-22 do. do. Fr do. Fr Black specks at 4 31 Speckled tan 
28.1 1.7 10.5 16-22 do. Gray Fr Lt. gray Fr - 32 White; tan specks 
29.6 2.6 11.4 16-23 do. Pinkish gray Fr Buff Fr Tan specks at 4 31 Speckled brown 
28.4 4.o 10.1 14-20 do. Red Fr Tan Fr - 19-26 Da.rk brown 
27 .o 7 .2 11.6 16-20 do. do. Fr do. ss Black specks at 4 12-19 Black 

"f/ A.S.T.M. designation by P.C.E. only. 

2849 - 35 -

Refractory 
classificatio-oY 

High heat 
Super-duty 

Do. 
High heat 

Do. 
Do. 

Low heat 
Intermediate 
Nonrefractory 
Low heat 
Intermediate 

Do. 
High heat 

Do. 
Interm.edia te 
Low heat 
Nonrefractory 
High heat 
Intermediate 

Nonrefractory 
Intermediate 
Low heat 
Intermediate 

Do. 
Do. 
Do. 

Low heat 
Intermediate 
Low heat 
Nonrefractory 

Do. 
Intermediate 
Nonrefractory 
Intermediate 
High heat 
Intennediate 

Do. 
Do. 

High heat 
Intermediate 
High heat 

Do. 
Intennediate 
High heat 
Low heat 
High heat 
Intermediate 

Do. 
High heat 
Intermediate 
Law heat 
Nonrefractory 
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TABLE 9. - Test data for drill-core samples from the Five-Mile Prairie deposit, Spokane County, Wash. 

Chemical analysis percent 
Interval, Available Ign. loss, 

feet Al203 Fe2o3 700° c. 

3-8 7.5 4.6 -
8-13 18.0 4.8 -

13-17 9.2 2.0 -
17-22 12.0 1.5 -
22-27 11.3 1.1 -
27-32 9.7 0.9 -

5-10 9.3 2.4 -
10-15 9.0 3.6 -
25-27 7.8 3.5 -

5-15 15.0 4.7 -
15-17.5 12.5 5.0 -

17 ,5-20 12.1 5.1 -
20-40 14.3 12.9 -
40-42 15.2 12.4 -
42-48 13.2 3.8 -
48-49 12.2 3.1 -

800° c. 
0-10 13.6 7.1 ~ 

10-15 15.8 4.o ·7,4 
15-17-1/2 16.3 5,3 8.2 

17-1/2-19 13.2 15.4 6.3 
19-23 7.8 6.2 4.0 
23-27-1/2 10.0 4.4 4.4 

27-1/2-33 9.7 3.3 4.4 
33-36-1/2 8.5 3.3 4.o 

o-4 2.5 0.3 o.8 
4-11 12.8 7.4 4.9 

11-28 9,7 2.9 5.3 
28-,1 9.1 3.4 5,2 

' -- - -· .. . - - . 
?_/ A.S.T.M. designation by P.C.E. only. 
Y Montmorillonite. 
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Plasticity test 
Indicated 

Range clay type 

28-48 Shale 
30-44 Kaolin 
29-49 do. 
32-52 do. 
29-46 do. 
27-44 do. 

42-54 Kaolin 
40-51 do. 
46-53 do. 

59-68 Ml.I 
57-64 do, 
48-60 Kaolin 
59-62 M 
58-73 do. 
55-76 do. 
36-58 Kaolin 

47-66 Kaolin +M 
66-72 M 
57-69 M 
28-42 Shale 
27-37 do. 
28-42 do. 
34-50 Kaolin 
33-45 do. 

10-17 Nonclay 
39-53 Kaolin 
37-50 do. 
41-52 do. 

. -

Fired properties 
Cone 04 Cone 4 Refractoriness 

Hard- Hard- P.C.E., Fired cone 
Color nessY Color nessl./ Remarks cone color 

I 
HOLE FM 1-1 

Rust ss Gunmetal HS - 12 Dk. red-brown 
do. ss do. HS - 12-19 Black 

Tan ss do. HS - 12-19 Lt. brown 
Lt. buff HS do. HS - 19-26 Buff 

do. HS Tan HS Green tint at 4 19- Gray; bloated 
Lt. gray ss do. HS - 12-19 Buff; blistered 

HOLE FM .5-5 ' 
Rust ss Gunmetal HS - 12+ Brown; bloated 

do. ss do. HS - -12 Black 
Lt. red ss do. HS - -12 Dk. brown 

HOLE FM 6B-6B 

Tan ss Gunmetal HS - -12 Brown, vesicular 
Rust ss do. HS - -12 Brown, bloated 
Lt. brown ss do. HS - -12 do. 

do. ss do. HS - -12 Dk. brown; bloated 
Brick red s do, s Started to melt at 4 -12 Dk. red-brown; bloated 
Brown HS do. HS do. -:;._2 Black 
Tan HS do. HS do. 12- Brown; bloated 

HOLE FM 7-17 

Rust HS Gunmetal HS - -12 Black 
do. HS do. HS - -12 Dk. brown; bloated 

Tan HS do. HS - -12 Brown, bloated 
Brick red HS do. HS Started to melt at 4 -12 Black 
Red ss do. .HS - -12 do. 
Lt. brown ss do. HS - -12 Dk. browr. 
Rust ss do. JIB - 12-19 Brown 
Lt. brown ss do. :i=rs - 12 do. 

HOLE FM 8-19 

Lt. gray Fr Lt. buff l'r Sand 32- White 
Lt. red ss Gunmetal HS Cracked slightly at 4 -12 Black 
Tan ss do. HS - -12 Dk. brown 
Rust ss do. HS - -12 do. 
·-
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Refractory 
classification.sl 

Nonrefractory 
Do. 
Do. 

Low heat 
Nonrefractory 

Do. 

Nonrefractory 
Do. 
Do. 

Nonrefractory 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Nonrefractory 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

High heat 
Nonrefractory 

Do. 
Do. 



I
ILi 
II.I 
I&. 

~ 

a: 
C 
..J 
..I 
0 
() 

..I 

..J 

~ 
0 

~ 
0 
..J 
ILi 
m 

~ 
IL 
ILi 
0 

HOLE 
MI 14 - 89 

REF. COLOR 
O CLASS 04 4 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

HOLE 
EX, 2 5 

REF. COLOR 
CLASS 04 4 

HOLE 
EX. 2 8 

REF. COLOR 
CLASS _04 4 

HOLE 
EX, 40 

f ,:;:;-, f « I I 

HOLE 
M_l._78 

REF. COLOR 
CLASS O 4 4 

HOLE 
MI. 80 

REF. COLOR 
CLASS O 4 4 

Figure 36. - Refractory classification and fired colors at cones 04 and 4 of clay samples from area I, 
Excelsior deposit, Spokane County, Wash. (See fig. 37 for legend.) 
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Figure 37. - Refractory classification and fired colors at cones 04 and 4 of clay samples from area 2, 
Excelsior deposit, Spokane County, Wash. 
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Figure 38. - Idealized sections showing the refractory classification of clay from area I, Excelsior 
deposit, Spokane County, Wash. 
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. No idealized sections were drawn for this deposit bee-a.use the data were 
insufficient. 

Excelsior, wash., Deposit 

The Excelsior deposit is in the Mica district. of Waerhington, a.bout 15 
miles southeast of Spokane. Clays from this distrfot have been used for making 
ceramics for many years. The district is served by both highway and railroad, 
which are but a few thousand feet from the Excelsior deposit. 

Drilling was done by the Bureau of Mines in two principal areas. Area 1 
is in sect:i.ons 21 and 22 and area 2 in sections 14, 15, 22, and 23, T. 24 N., 
R. 44 E., W .M. More than 100 holes were drilled, but samples from only eleven 
were taken for testing. The average available alumina content of the samples 
was 30.6, with 3,4 percent of available Fe2o3• Overburden was somewhat deeper 
in area 1, averaging 15 feet, compared to an average of 9 feet in area 2. The 
depth of clay per hole was likewise greater in area 2 than area 1. Depth of 
clay averaged 32 feet· in area 2 and 16.6 in areal. 

The bulk of the clay in this deposit has been formed by the decomposition 
of the basalt capping. It is disposed in flat-lying seams interbedded with 
white, sedimentary clay, quartz sand, and altered basalt. The beds are under
lain with u.~altercd basalt. 

P .c .E. values and fired colors. - The best refractory clay is a 5-foot 
bed of high heat-duty clay cut by hole MI-41 about 30 feet below the surface. 
However, considerable intermediate-duty clay is found often interbedded with 
low heat-duty and nonrefrc.ctory materials. These intermediate beds range from 
5 to 30 feet in thickness ancl are covered with 1 to 10 feet of overburden. 
The most continuous strata is thirty feet of intermediate-duty clay cut by 
hole MI -42 about 15 feet below the surface. Th:i.s bed ia also found in holes 
MI-39, MI-41, MI-42, and MI-47, (See figs. 35 through 39 and table 10.) 

Fired coloro are gray, buff, and tan at cone 04, but at cone 4 they become 
to.ns and brown. 

Olson, Idaho, Deposit 

The Olson clay deposit is in L~tah County, Idaho, about 8 miles northeast 
of Troy and 22 miles northeast of Moscow, Idaho. The deposit underlies some 
928 acres in section 30, T. 40 N., R. 2 w., and section 24, T. 40 N., R. 3 w. 
It is d:i.sposod on a gently rolling plateau betwe,en Big Bear Creek and its west 
fork. The plateau is ah)ut 2,800 feet in elevation and rises 200 to 260 feet 
above the creek bottom. The Washington, Idaho & Montana Railroad is 2-3/4 
miles from the deposit. 

The cle.y beds range from a few inches to 126 feet in thickness and have an 
average thickness of 26.4 feet. Overburden is principally loess and averages 
15.8 feet in thickness. The clay beds were believed to have been formed by 
weathering of the Thatuna mountain granites and subsequent transportation of 
the weathered products to its present site. Kaolin is the principal clay 
mineral, and it iB associated with quartz, mica and iron oxide in varying 
amounts. 

2849 - 37 -
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TABLE 10. - Test data for drill-core samples from the Excelsior area 1 deposit, Spokane County, Wash. 

Fired properties 
Chemical anab sis. Percent Plasticitv test Cone 04 Cone 4 Refractoriness 

Interval, Available Ign, loss, 
feet A1203 Fe2o3 700° c. 

35-41 31.8 3,4 11.2 
41-47 32.1 2.4 10.8 
47-50,5 32.0 3,4 11,0 

12-14 29,0 2,7 10,0 
14-18 31.7 1.5 11.0 
18-22 32,3 1.6 11.1 

1-7 31.6 3.25 11.4 
7-12 30.9 • 6.7 11,2 

12-17 30.8 '7.2 11.4 

7,5-17,5 31.0 2.0 11.0 
17 .5-24.5 25,3 5,9 9,7 

24-29 30,2 2.4 10.9 
29-34 31.5 1.8 11.1 
34-42 a9,9 2.2 10.6 

12-17 29.9 2,7 10.6 
17-22 31.8 2.6 10.8 
22-31,5 30.2 2.2 10.1 

5-10 31.5 6,3 12.0 
10-15 30.2 ~-2 . 11.1 
15-20 32.'J. 2,7 11,2 
20-24 31.4 3.4 11.2 
24-26 29,6 5,4 11.0 
26-31 29,8 4.8 10.0 
31-36 28.6 7.1 10.6 

17-21 30.4 4.o 11.0 
21-26 32.2 2.2 11.0 
26-31 27 ,5 7,8 10.7 
31-36 32,8 1.2 11,7 
36-41 30.0 1.7 10.4 
41-46 29.3 1.3 10,2 
46-51 28.8 2.4 9.8 

See footnotes at end of tab1e. 
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Range 

43-50 
42-51 
4o-46 

42-47 
4o-44 
34-48 

43-53 
38-46 
48-59 

34-42 
34-44 

36-42 
32-40 
34-38 

38-42 
36-42· 
38-44 

53-61 
56-66 
49-58 
48-57 
50-60 
50-58 
42-48 

52-64 
44-52 
40-46 
38-46 
50-60 
52-60 
50-6o 

Indicated Hard-
clay type Color nes;;y Color 

HOLE Ex. 25 

Kaolin Tan ss Olive-dral 
do, Gray ss Dk, tan 
do. do, ss Tan 

HOLE Ex, 28 

Kaolin Gray ss TaR 
do. do, ss do. 
do, do. ss do, 

HOLE Ex, 40 

Kaolin Gray s Brown 
do. Tan ss do, 

Kaolin+~/ . do. ss do,. 

~OLE MI 14-89 

Kaolin • Coray_ ss 
'Tan do, do, ss Brown 

HOLE MI-78 

Kaolin Gray ss Brown 
do. Buff ss Tan 
do, Tan ss Brown 

HOLE MI-80 

Kaplin Gray ss Brown 
· ·do. Tan ss do. 

do, Gray ss. Red-brown 

A,rea 2 - HOLE MI-39 

Kaolin +M Lt, brown s Brow,, 
do. Gray s Dk. brown 
do. do, ss Tan 
do. do, ss Green-tan 
do, Olive-green s do, 
do. Tan ss Dk. brown 

Kaolin do, ss Red-brown 

HOLE MI-41 

Kaolin +M Dk. gray HS Dk, brown 
Kaolin Gray s Lt. brown 

do. Tan ss Tan 
do, Lt, gray ss Buff 

Kaolin +M do. ss do. 
Kaolin do. s do, 

do. Lt. buff' ss Lt. tan 
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Hard- P.C.'E., Fired cone 
ness:!:/ Remarks cone color 

.. 

HS Cracked 26- Brown 
HS do, 19-26 do, 
ss do, 19-26 do, 

HS Cracked 19-26 Dark brown 
HS do. 19-.26 do. 
ss do. 26- do, 

HS White specks 26-31 Brown 
HS Brown sp'ecks at ~ 19 Dark brown 
HS Cracked at 04 19+ Brown 

ss - 26-31 Black 
HS - 19-26 Brown 

s Black specks at ~ 19-26 Dark brown 
HS Badly cracked 26-31 Brown 
HS Cracked 12-19 Black 

HS Cracked 26 Black 
HS Badly cracked 19+ Dark brown 
HS Cracked _12-19 do •• 

HS - 26-31 Black. 
HS Cracked 19-26 Brown 
HS do. at 4 26-31 do, 
HS - 26-31 do, 
HS - 19-.26 Black 
HS Cracked 19..:26 Dk, brown 
HS do. 19,+ Brown 

HS Cracked 19-26 Dk. brown 
HS' Black specks 19-26 do. 
ss - 12-19 Black 
HS Cracked 31+ do, 
s · White specks at ~4 31 do. 
HS White specks at 31 do. 
s Fine cracks 19-26 do. 

TABLE 10. -· Teet data for lirill-core samples from the Excelsior area 2 deposit, Spokane County, ·wash, (Cont'd) 

Chemical analysis, percen1 Plastici!Ltest 
.Interval .l Avail.ahlA I Ta,, . , .......... I * Coile 

Fired properties 
Cone 

Refractory 
classificati~ 

Low heat 
Do. 
Do. 

Low heat 
Do. 
Do, 

Intermediate 
Low heat 

Do. 

Intermediate 
Low heat 

Low heat 
Intermediate 
Nonrefractory 

Intermediate 
iow heat 
Nonrefractory 

Intermediate 
Low heat 
·Intermediate 

Do. 
Low heat 

,:Qo. 
:Iio. 

Low heat 
Do. 

Nonrefractory 
High heat 
Intermediate 

Do. 
Low heat 
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c/02 
C/10 

0/15 

0/20 

C/29 

e•r uaa AltarP\&a 

17. 

11.2 

9.4 

6.4 

o.6 

fhe cla7 but tenlop a fine nbloal 1vtaoe oncktag aanowr11Uo ot llU.7 

ooauro1al ltaollnt bat \he color Nmiu white w1,i.011, •p•ckinc IULUl c/20 .._ 

a Yer, 11gn.\ cream Unt appeare with a few light brown apecke. A tmifol"l!l light 

gre1 color aa4 Tttritled te~\flre 4evelopa at 0/29. 

Ch•ioal AMl79i1 (Mi~&\1) 

w.a ... 
Al203 40.20 ,S.42 

1102 49.68 45. 60 

1•aO, 0.74 O.J? 

f102 .50 O.lJ 

.. OaO .50 0.37 

M,O .. 22 0.1, 

latJ 1.70 1.00 

Lo•• on ignition 14.90 10.92 
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k&ol1n• •••pl Georcta lat.olln. AlMlAA qon,\•a) ii low, but the liU.oa cont.eat 1• 

ao, coneepoa<UacJ.1 bi.ch. 

at. -..iud felUpal' ooateat, is dmilar to that ot ball clay rather thaa 

kaolla au \b.1• flu h 1Uld.ou'btedl7 the cauee ot the lower P.c.:1., aYeragiag tor 

\he bea\ pori1ona bet.ween 0/)"J-J4 u4 troa one \o two oonea lowr \ha.u \he beU•I' 

Jcaoliu. 

'brlek •cer. HowTer, a be\\•r article aan be pro4:ucecl aor• eae1l7 if a 'bou. cla7 

ls ad.d.14. 

It a )')Ol'Uoa of the fiint 0187 lt elven a hip t•ap•ra\ure oalolne tor IJ"OI, 

\lie prod.1:Lct vou.14. ahov l••• Yoltiae ohanp in original tiring•• well as leH 

trnble 1a 1Ju-i~ am\ tpalllng in op•ntlon. 

h.tf1e1eat pla1t1eii7 can be d.eYeloped b.Y wet pan grin.ding for use ia a 'brick 

near. lloWTer, a )e\\er arUcle can be pro4:ttoed more easily if a Jasu:aa, Sl1t.t, 1• 

add.et. 

lf a :U&l&AI of the 11.ia\ IJaz. 1• given a hich temperature calcine tor grog. 

\he pl'0411ct. woul.4 ahow leH volttme ohAA«e 1n original fll"ix:i.g a, "1811 aa le .. 
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ttu.• t,a1lon. tea\a iwUca\e \hat the 140 acre,, controlled b.r lid ward.• and. h11 

a11001at••• are underlain by ola7 of refrac\or~ ~•ll\7 vlih a Jd.a1mm th1c1tne11 

ot 200 teet, '?he avence apeoitlc O'A'fii1 of the ma\erial 1• 2.4; \herefore 13.J 

ct1.'bie tee\ per toa. on \hai bade the extimated qnaati tr preHni 11 1n the amou.t 

of appnxi•t•lT 40.ooo,ooo tons. 

the 11.S. :Bllz-eau ot Mi.D.ea and the u.s. Geological Survey 6.14 exploraUon work 

on the Holtari 119.\t• depoeit during the war a1ae4 at determ1aiag Al2o3 con\ent tor 

po111'bl• ••• a, a 1011roe of al1Ullna, lmt, prolabl7 th87 did not do &D.T ceramic t••Uac 

ot aaaplet. 
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The Bob&rl Bll~te lu.~a clay 4e,ee1t 1• located l6 aUea hr 
road aouth et the raUro&d at Cot.ta&• GroYe, ir1 Lane Couty, ON&oa• 
fhU 11 a Nlion ot ll1l.4 and ha1d cl.1m&t.. The depoait bu be-, m.iDed 
tor re!notory olq 'by the 1'illuiaa Clar OoapaaJ. Si.De• S.P'\•ba-, 
1942, the Colwlbia Kei,&la Corporation bu bad a leue Oll the properv. 
In A1:1guat, 1942, a. L. liehola, of tu red.eral G-1ogical lun-ey, upptMil 
the depoait and. r..,_.mded uploratioa 'by the Fed.val Bunau of KiDea. 
ltaee JanU7' 161 1943 the lurea of tin•• bu put down 24 dJamond clr1ll 
bol .. , tot.allng 6896 ten. The pllrpO•• ot tbia report 1a to ftllll&l'iH 
th• econotd.e 1eola11 reYealed b7 thia wn. 

fh• rq1onal c•J.oa 18 pruented 1D lull.riia 8,0 ot th• v. •• 
Geolo&i,oal hn-e,-. fh• Be-.rt. d.epHli 1a 1n the CalapNra tonatioa ot 
.,,_. looae ..,.., 'lfhiah 1a eoapoeetl or ..-. \bu ''°° teet ot ftl.aaie 
brHeiM, coagJ.eavate•• lllld.tl.on, and l&ft t1o1r1. The ~ .._ 
poa1t1 et ua.U.:oite are toad ta 'bed9 raging troa ooarl•.-ate to tine 
Ibale or tu.tr. 0•_.allr th• on 1a ooatormabl.• to the lM4cU111. Strue
tvall:T, Hobert Butte aw-ra to 'Na t&lllted a,ac.Uae. Di.pa are gm\le 
but thc-e 1• • abrupt ch&ag11111 attiwde;at the point m--. the fault 
11 Wen-e4, cad the ore boq 1• 41.aplaoetl. laolini te a pnoU.c..U, 
the •11 cl.a, ainenl ot laporiuoe, act thia 11apllc1 ty 1hould. r_.,.., 
the a.tnoUoa of al•i••• Th• sul.pW. ainenll, realpr llDtl .Ulmtte, 
are 'lddelr dlatri'bYted thrO\apeut th• clay mt 1n 111.aor quant1Uu. 

the el.af d.4'J)Nite have been d.1Yi.de4 ato four ana.1. ho ot tuM 
ha.Te bffQ drilled. eutrtc1•tl.J' w1l to be.cluA4 •• meuured ore. fM•• two bodi•• lie-at th• top of Bebe.rt Jutte and are eepanted 'by t.h• 
croaa tault. !he, are called ore boti•• 11 u4 ,a. !be 1'ir8t ie uU.
&'414 to CODtda a -'al of 9,200,000 ton• ot th.,- ore wJ.•h • gnde of 
lt•9' &ftilable llaOJ aa4 " aTaUable ~,. ot \ha WNllt 1\ la .... 
timaW that 6t:'•* tcm• bu DO fffflAln•· On becly II GOntalu 
1,100,000 dry a w.ltb aeari, • equal MlOUllt or~-. Th•...,._ 
age gn.d4t 1• 29.3f aft1la.bh Al~ and ,.,. &TaU&ble l'eaGJ• the •18-
tur• coateat of beth ore bGdiu ua bea ~t•lr detirlllnect •• 
Jj. 1.'bue grade and to!mage utillatu epee 111bakntiall.y with tho•• of 
tu V • •• Bureau of JU.D••• 

.ArM IJ 11•• heln ON body #1 a the aouth'md of the But\e. c ..... 
plete an&l7ae1 have not yet~ receiYed 'tmt it ia ap•ted tha, ftllgbl.y 
2,500t000 tosaa ffengiag a,. an:llabla .Uac,3 ad 10$ aftUable P-,.0, 
will be indicatld. .Area II. 1• situated below on body 12 at the Mnh
•at end ot the Butte.., The apeoted grade 1a rtj .......U.bl.e AlaOt wt 
the oYvblard• ld.11 be large. A prograa iDYolYing JCX)O .f' eet ol m-illJ.a& 
ta just atart.lq 1ll thie ana.. 

Ihm the currct dr11.lin& procr&11 1a eoaplated. 1 t 1• ncoueraded ' 
that no further 1nt••1•• drUling be at&rte4 at Hobart Butte until it 



-. ... , no• d.etin1\el1' t'bat a.bart •lay ... be ••• ..... flfullr u 
a IOV06 ot alumJ.u.. lleanwbil•, aeologia .tf'oru abould be ooatimaect 
to locaw oth• •lmlar cl.at~-- .ill th• aur~ .... 

IIDOJJJCIIOI 

PJmN• 11.4 ean 
Th• ilffeatiption of~ o1ay at. BoDll't. latte bu oe.m a 

jo1at proJeot iaitiaW 1tJ th• reun1 Geolo,S.oal ,11arv., aa4 drilled bf 
the fedctnl lurN11 of JWa••• Th• p.irpoee of th• -,loratica WOJ'k1 u 
a part of th• •trategic 111:aeral FO~ •• to pi,r,e w dia,nY• po► 
eibh large tormaa .. ,.,.of b1&b-&Lwaina clq. A repot"t, lJy •• L. ltAhola J,/, 
dat-1 Aquat •• 19.42, ••tiated a. ,....1.1.e NHffe et ,,m,ooo ... 
of iadicated ON &Dd b,aoG,000 WJ:18 of J.atvred. •r.• ru. •ttiaale bu 
~ substantiated or drilliaa. 

lh• ,.,.,.,_., or th1a reptrt, u • n•••t a ~ .... ..,o.r 
tu •coaoai• a-1Ac7 att.r ab moat.ha opl.on.t,la which eoat. approa:i.Mtely 
tJ5,000. t'b• 4rlllJ.ag hu been rc8Wlld lilt 11 •-- adYiaaala to _ _... 
1•• present Wonatioa now, bee&\lae Vie ffl\c-, be traui'arrecl w 
anethtcr aa11paent ad beca.uae the apl•a,1• ot the ••t taTOrabu ere 
anu bu~- ••••\t.Ur ~. 

A tat.al of 6196 tee~ or diaaoQd 4r1l1S.a& ua eoapuW the ,ntlilda
uy exploration of the uppm- port.ioa •f Robar\ Butte. Th• writer·i.a
all tM con and M11Pled ih I• alN ...,__.+-eel a1tu tor lJO 'M8' pit.. 
aa4 •-,led th•• :bl add.t.tion M toot U2 napl.n fra ,r....xi1'\1Dg 
GpOIUNI• 1'1th th• help of' D. L. s.n.,der1 et th• V. 8. ~ of Id.a .. 
611 nidua, i. topogn.pld.o up of' the Jutte - pr•,-nd• I\Jrta.e• &•l.oa 
~d. a,aays wwe poaW oa the-,. Duriae the latter halt of the tln1.1-
J.ng th• wri.\c a1lft 1"at.ed the drill bolM bJ t.rauit. _,,....,.. 8"'1oae 
and_,. WN drawn up cont.-,oi-&neo'Wll.J Wlta the drillJ.ag, u the b&aa 
tor auu.Ung addit.i--1 drill ui. l.Hat.ioaa. 

• hr1Aa thi• ti.id won aiu-Ncoplo 1twU• wre not at.tapW to 
la.ok of UM. lftffW,. apeoilleu or OOff nr• '\aka at ai1 av--.ge·td 
8-foot 1atfll"ftla ad nre presefffld tor ftlture,re!erenoe. Thea• C).e\ll4 
be Tal:11abl• 1a labofttor, taveatiptiona or ■wuotv. and origin, bllt u. 
would haft been pre£41n.ble to have apt a coaplite file of apllt aon. 

katzla eat hMI• 
lobu't Ja\te 18 located iD the CalapoOJ't, Mounta.inl of 80lltb ... tern 

Oregon about 16 aUu aouth ~f Co•tac• Cmn'e. The greater part ot tu 



_,_ 

area li• 1D IO\lthern Lane Ooun\J although a amall ~ utetld8 into 
nortbe:rn D<NgJ.u Count,. fh• bu• ot the 11.ltte is reached by dJ-1"1.ng 
"PPl"Oxiae.\eJ.1 lJ Jllil.ea lrQll Cot"8ge 6roTe OYW a bard-aurfaeed rt'>M of 
lo• gradient trom there it 18 3 ail•• along a narrow mount.a.in road ot 
perhaps lQj BH4•• Cottage Gro•• ill on the lialdyou line or the Southftl"D 
Paoif'ic .Railroad, 144 mil• t.ra Portland, Oregon. 

%1RiliAPV1 Y•UIYan and '!J Smail 
Hobart Jutte i• a pJ'OJlinent, elongate, topographic fe&ture which 

riaea IIOl'e t.b.8ll 1500 .t .. t from the Yalley of the Coast Fork of the Wil
luette River t.o a Rlll&it elnation of 24'9 f'Mt. I\a l\'lltllit ar• 1• 
ria:rrow, extendiDI about l/2 mile 1D a northeuMoUthwut dil'ee'Uon and 
tera1.natiug aba:rplJ 1D all cU.recU... !he aides of the Butte alepe tor 
the ao•t part over ,00 ud ere h•Til.r timbwed on the north •ide. The 
&NU tree troa dcQ.,•tillbsr an OOYared either bra eecond grewth timbu' 
or by heaYf bru•h• rua, in acld.iUon to a pff9'uive o,,Uunal mantle, 
lilli.ta outCl"OJNS• J.rtitici.&l cut• give the beat espoaures of the rooks. 

Th• Cf'C'ageaz:mual 'bot.al precipitation ia over 50 inchu, baNd. on 
a com.pariaon wit.a f'i&t,lNa tor adjacent area.th Precipitation ia uinlr 
in the form of raia, although aow oooa.sionallr aoeumulat.ee to a d~th 
of a foot or two. 

AcoordJ.Dg to I'~ and Trea.sher 1/ Jtobert PhUlipa cliawt'Ol"ed thi1 
elay depoa1'1in19,01lhile pnapecting for cinuabl:r. lallples were sub
ldtted to Hewitt. l'Uaon, of the Un1Teraity ot Washington, and he proTed 
them to b4t a hip-cn,4•, retractor, clay .. In the apring ot 193, the 
lfillam.in& Ola7 Product. Coapanf obtained a leu• on the property and 
later purchased it • .l road waa completed to th• property and 12,000 to 
151000 ton• he.Te ainc• bee ained and ahipped to the oera.mica plant ot 
the 'Jillamina. Capany .t"or use in the manufacture of refra.ctorr material.a. 
In September, 1942 the Colmlbia Ket.ala Corpo.ra:~ion, of Seattle, Wuhia,-

. ton, secured a leu• on the propvtJ with th• object ot uaing thi.a clay 
a.a a source of alumina. 

lrtYHYI Ia•t1Met1gn• ond AeknOJl!MPs\l 
W•ll• and l'ate-n JI 1a 19)0 im'ut.icated the q:uickailvv depo11ta 

ot the nearby Blackbatte and llkb.u aioea &nd gave an excellent account 
or the regional 1eolo17, Th-, bri.n, meat.ion Bobe.rt lutt4. The firet 
published reference to Hobut. Butte u a clay deposit was .made by Wilson 
and Treasher in l9JS in their 1urTey of refractory clays for the State 
of Oregon• J/ fhia pa.per included 6 cheaieal ana.lyau ahowing ktal 
al.uaiD.a 1'rom ~ to JIJ1,,. It na these ana.lyaes that led Robert L. lichola 

-



of the United ltatu Geologi.Gal Survey to in'Yeetigate Hoba.rl Butte ae 
a poasible 11ouree or hip-alumna clay 1n the INlllllff of 1942. In the 
course of aweral wMka field work numerous test--,it• and surface saaplu 
were t.kea by iichola and analysed by the v. 8. Bureau of Mines tor 
available alwdna. As a renlt JU.cbola NC0111umdecl Hobart Jutte in a 
report dated J.uguat 28, 1942, a.a a depoai\ or aufficieirt ai•• and crad• 
to warrant drilll.rli by the tJ. s. Bureau of tines. Subaequent 'to licholat 
exuillatioa the U. s. Bureau of JU.nea examined the dep0ai ta and their 
analyse• appear in War Mineral.a Report. »o. ·175. J,,/ In January 1938 Hodge 
p\ilbllahed a eoapendiUJI on lorthwNt Clay& which deBcribes Hobart, Butte. ,I 

Throughout th• present 1Dvut1pt1.on the writer ha.• benefited by 
numerous field conference& w:1th lobert. L. Nichol.a under whose eupern.•ion 
the work waa undertaken. He al.80 gratetul.l.y acknowl.edges th• help ot 
llr • Michol.l and the Borth•ut Regional Office of the Geologioal Surva, 
in the preparation of thia report. The writ.er alao wianu to n:preaa 
his appreciation to G,orge n. Coughlin, Project Engineer of the u. s. Bur
eau of Mi.nee, and H. G. Ivereoa, District lngineer of the U. &. Bureau of 
w.nes, tor their cooperlltlon in having atimples &nal.fsed, in furnishing 
uaa, data, and 1n extending many court••i••. In particular, Mr. Cougb.lin 
is to be thanked for co:ntributini the eection on miJlJ.Dg to be appended. 
to this geological report. !baa.u are aleo due D. 1,. S111der, &lao of 
the Bureau of llin••• for his uaiatano• u a rodraan and alao tor hi• help 
on mineral identU."icationa ill t.he field. 
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JI Robert L. Rienela, u. a. Geological Sun-er, August 28 1 1942, 

! P,-elhdnUT R-,on on Ho'ba.rt. Butte, Oregoa. 

J/ 'lilaon, Hewitt end TrMaher, R. c., .Preliminary Report of Some 
of the Refl-e.ctory Cla.ye of Weatern Oregon, State of Oregon 
Dept. of Geol. and Kinera.l Induetriea, Bull. Ro. 6, 
PP• 68-75, 1938. 

JI Wells, r. G. and Waters, A, c., ¼.uicltsilver Depoeits of South
western Oregon, USGS Bull. 850, PP• 26-)5, 193.lu 

.. !,/ Clay, Hobart Butte, Lane County, Oregon. tar Minerals Report 
lo. 175, u. I. Dept. Interior, Bureau of Mines, March, 
1943. · 

JI Hod&•, Edwin T., larket for Colwu.bi& River Rydroel.eotric Po•er 
. Using Northwest Mineral•• 8eetion IV - North,...t Cla,a, 

Vol. IV, PP• 87)-883, part;, 19:,S. 

----



- ; -

u.s.a.s. hll.etin 8,0 by Well.a and l'a.tera J/ 1a the basts for this 
IWDBUl?'1 ot the regj.mial geology and l"igure 2 1a a reproduction of their 
geologic up. 

Hol>ut Butte is in the upper Eocene Calapooya formation, which is 
eoapoaed prilllarUy of Tolcanic mate.rial in the form of volcanic breociaa, 
tu.rt1, con1lomerate1, lan tlowa, and mud f'lo••• The rocks do not "f'&ry 
gre.atlr 1D compoai\ion but they are 1trik1ngly 41.e•imjl.ar in a.ppearuc:e. 
!his oharacteriatic prw&118 throughout the foreaU., and rren 1 ta iD
dividl.ial members ahow marked looal Tariationa. In the Tieinity of Hobart 
Butte these attdl.Juntary rocks attain a total thioknue ot at leaat ,soo 
feet, with the top not exposed. wt of Hoba.r'l Butte la-ru predominate 
While net ot th• Butt. tu.t'l' predomin'l.t••• loa•U lea.vu date tha 
formation. lood an(!.ch&rcoal are wo common. 

tmderl.ying the Calapeoya. tormation1 and separated by an an,ul.ar 
uncontoraitf, ia th• Oapqua foraation which consists of a thick nriu 
ot aarille aand.aton .. , ah&l.N, oon~t.••• and int.erbeddacl bualt tlou. 
A etudy ot dipa OD the· geologic map of Wel.la and Waters J/ iadioat•• a 
ant1olli• to th• aonhwut or Hobart Jutte, and a ayncllne utenl.iJla 
through Hobart Butte. The antiolino 11 beat deTeloped in the lo...-r 
loo•• Uapqua .t'onat1on :t,ut it is also slightly dneloped in the uppu 
locene Cala.pooya fol'.lllatioa, which compri••• the a.lay depoaita of Hobart 
Butte. J'ault• tllat h&Ye bee aapped in the Black Butte and other a.i.aing 
areu are normal, with a northeut strike a.nd show diaplacemGte up to 
a few hundred. fut. In the adjacent Black Butte and filhea.d mining 
di.atriet hydnthvul ainen.liu.tiou ie cb.araeteriaed bJ cinnabar, 
real.gar, ud atibrlit. deposits in the Eocene row. 

itDtnl Ygtw;M 
.. 

J.t Hebe.rt iu\te \he high-a.].wl:lna ola.1 occurrences have ~en cliTided 
into .tour areas. Ore bodiea 11 and #2. are at the top of th• Butte and 
are separated by a fault. Aru l'J ocaurs b61o,r ~r• body ll at the eouth 
end of the Butte and Area 14 cropa out at the north end of th• Butte 
belew ere body #2,,. Ore bodies /fl and 1/2 have been sufficiently well de
fined by drilling and test-pitting to be cl.&aaed as measured ore. Th• 
ether areas are not sufficiently well-known to permit an estimation of 
reeenu. Most of ore body #1 hu no overburden. Ore body #2 he.a al.most 
&a much overburden aa ore. All the high-alumina clay at Hoh.1:l.rt hu been 
found to occur at fairly well defined herizona, generall.r parallel with 
the bedding, and terminating against the hillsid•• o:· by lensing out or 
f'aulting. In only a. rew cases doe• the ore body croas the bedding. 



learly all the rocks on Hobart, Butte contain appreciable amounta 
of a.Tail.ewle alUIWla but only a x-elatiTely aull quantity of the rocks 
are of a. high enough grade to merit ecouoaic intereat. Most of the 
rock uterial ie of volcanic origin t.b.at ht.1.8· been dapo11itttd. u brecoiu, 
congl.omera.t.es, u.nd.atozuia, ahalea or Wt• Th• relatiTe U&OUnta of nw
i&l and aubaeri-1. depoait. ha•• not bee determined. There 1• no ffid
cce o! marine depo11tJ.on. Bedding is genorallf obeoure and only in a 
few drill hol•• ia it well developed., Tbrouibout the ••ct.ion :fragment.a 
or aa.rboru.aed wood are COJm'i10D and aoa• logs were found up w a. foot in 
diameter and aeTeral feet in length. Leaf imprint& have been noted in 
afferal widel.1 separated localltiu. 

The roeu coapriai.ng or• bodiea #l ~d #2 a.re ma.inl.y gra,, but in 
aoae plao• they are white, whieh m&)' be a relJ\ll.t of hfdrothermal. bl.eaoh
ing. Red and reddiah purple b«le are COlllltm in ore bodies I) and #4, 
and thNe color• oecur oceaaion&J.l.f in the upper ore . bodiea. Surf ace 
alteration chaagee thca &raf b4au to a ;yeUonah ti.Di bl.it the red bade 
are apparenti, bl.it little atfeow • 

.i. conapicuoua f'eature of eome portion• of ore body #l are white 
rounded to angular, and often oTOid pelleta 0£ nearly pure kaolinite. 
They range from microscopic 1iae to over 1/4• 1n diameter and occur in 
a gray argill&ceou.a ma:iru. Th•T often conat1tut. aa much e.s 75J of 
tne rock and form high-grade areu. J.ecording to v. T • .llleul' micro
•copic atudiea abow that iheae p.U•t• ar• made up ot kaollnit. that 
••• aott at the tin ol depc;>sition and n• aold• around P'ain• of quarta 
and rock fragment,. These are interpreted u being of aed.iaentaJ'Y' fl'ilin• 

In the high-aluai.Da rock:• m.oat of the grains cu be ae.aily acratched 
by a knife, often by the fingernail, but there are aoa• :fine-grained 
rock: .f'rapenta of non-cl&yey aaterial that are generally ha.rd.r than 
ateel or a.re quite dif'ficult to acratch with it. iuw.y of the row rel.
atiTely' low 1n &l.WAilla may "be scratched by a knit'• but this is ma.inly 
the result of t.aruaa apart of poorly ce•ented graius, and a definite 
grittiness ueuall.1 result•• 

Higb-gra.de material neliU'"ly alwaya exhibits « oonchoidal fract.urch 
Thie property 11 one of the moat reliable guides. The fracture always 
breaka across all the grain• \o produce a. alllOOt:b curved aurface. Th• 
low-grade mate.rial. break.a with an irregular, rough aur.f'ace that bu 
been developed by rolling a.part ot moat of the &t-aina. 

The lu8ter oft.he high-alumina. rooks i& eomaonly porcel.ainoua. 
Th••• feature• et b.ardn••• fracture and luster, ae d•acribed aoove, are 
fowid to applf not oulf to the gra.1 and whit. beds l:rut &lso to the red 
beda. 

• Coaodity Geologist, High-ilum.ina Cla.y, u. s. Geological Survey, 
Personal ColDll\Ulieation, February 5, 1943. 
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IMllRiit (ilaOJ•aBit>a•28:aO) 
la.oliait• ia ·the «mlf clay aineral •• yet ducrib.-1 at Hobart Butte. 

Thi• a\a.tce.nt 1a baaed on the results of theru.l analy, .. by D:r. Jo1eph 
A.. Pw, of tJ.le VniTera1t1 of Washington and the Northwest kperiment 
Staticm of the u. 8. Bureau ot iU.nea• and on petrographic v•m1nat1on1 
by Victor!. ille, of the Geological. Survey. Thia siaplioity of min
eralogy should facilitate the extraction of •~waina from the clay. 

Among th• other IUlleral.8 diatributed throughout many of the beda 
at Hobart Butte are ~ hydroth81'JIULl nlpbidu. lost abundant are real.
gar and etibni'k. '!h4Nle mineral.a commonly oe.cur in close anoeiation 
with the high-al.n111na rocks. Real.gar was nearly al.way• .found uaoeiated 
with roclcs .uaa.yin& aor-e than ~ available all111:i1vt. In only a.bout s• 
of the oocurrencea. as the grade of alumina l••• than ~. Th• same i• 
true of st1bnite. These two Jlinfl'ala occur in Tery ldnor quantities, 
probobly not more than a pound to the ton, but they vola.tiliae readily, 
and the araenia ud antimony llight be N1oovered. at an Mrly at.age in the 
metallurgical. proceaa. 

JllikK (A• I) and OrpJ.aent (JBa83) 

Realprtu tw principal modes of occurrence& (l) u irregularl7 
distributed necks 1cattered through the host roekJ and (.2} aa concen
tration& along fractures. In the latter ease the mineral is often found 
coating ffer • or the fracture surface, and where there 1.1:re slicken
aidea the real.gar g1Tea emphuia to tbe grooved structure. In neither 
oaae dou the aineral occur iD eoneentrationa aufficiently large to be 
ot economic illpc.rtance in it.ell. It 1• nearly alwa,a mauive, but & 

few inatancea haYe bee neted where it occ:rure u cryaiaJ.1 in aall ca:v
i ti••• Small aaounta ot orpiaent were aeen but it appara to be lim.ted 
to .near surface occurrencq. 

Stibnite ia characteriaticilly found acattered in the ho&t rock. 
It is alway• cr,at.&lliDe, and ia found either u clusters of radiating 
priamatic needles, or•• group• of needles ilTeculi.rly oriented. In 
some pl.a.a•• inl.ated needles ot atibnit• are •••• A• in the cu• of 
real.gar, atibnit• is aoaetiaea found on fN.cture aurfac••• Here the 
crystal.a are generall)" Tary fine and occur in random orientation. The 
long eat atibni te ueedl.u are rarely over l./S 1neh in l.ea&th• Several 
widaotitied al.tera.1.1.on products of .Ubnite were noMd. 
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ln:A.i! (F~) .ln»enopyrite (Fe.A.as) 

Pyrite and araeoopyrite u-• ocea1iona.l.ly found &esociated with real.
gar and etiblite. 'these two l'dnarala are often f'owd together although 
thei,r characteristicallf small si&e •••timN lli&kes them difficult to 
differentiate. In manf ca.sea, howeTer, they a.re found in auf'.f'icdently 
large crystals to be identilied with certainty. Th•r are coaonlJ found 
distributed. at random 1n th• host rock, but oeca.sional.11 are concentrated 
in veinlet11. 

Ther• are probably &ffertal other aulphide mineral.a, botb metallic 
and non4etalllc, at Hobart But·-• but they- nre not identified during 
this investigation. J.. C. lfe.tera* has reco~i.sed. ci.l:mab&r (.HIS) and 
ca.loael (H&Cl) crystal.a. 

Some minerals were found who•• origin may be either hypo.gene or 
eupergenea 

S1derite is a common mineral at Hobart Butte thour¥~ amall in quantity. 
It characteristically occurs in tiny, honey-colored globulea but occasion
ally in amal.l barrel-ahape forma. Theae ocour u di°'seminat.ed gra.i.ws 
or in clusters. Siderite ie somewhat more cOIUiOD in the rocks of inter
mediate alund:na content. 

Calcite is not often seen but in the core ot hole #10 it wu found 
filling interstic~HI of the bo•t rock. One Tein ne&rly l/4 inch in width 
was noted. The mineral was not found 1n any- or the high-&lumin&. rocks. 

Several ldneral.1 were found of definite aup&:rgene 01·i.,;;in1 

LiaOnite occurs a.s ribs and su..inings in nearl.y a.ll of' the rocka 
Del.ii.?' the ourtace of the .butte. It ia also eo,;won a.t conad.derQble depth 
wht;rte it is thought amrfac• watora bl.ve penetl·atoa. Otten, th• rock ia 
so profoundly oxidized and ath.ined bt lJJaonite th.at it is difficult to 
determine the original. nature of the s2ecimen. In the oxidiHd areas 
caste were found of wb.at were one& radiating ueedlea of stibnite. Also 
small globular-ahl.l.ped llmonite for-.ns occur whicn prob~bly were orii;inally 
sitieri·t• or pyrite. Hematite (Fe2')3) has a similar occurreuce but is rare • 
.... _.,.. ________ ,...., 

* Personal COIIUlt.mioation • 
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§cu:,ditt (:rwio4 .Z1to) 

Seoredi te wu pr«i.oUal1 determined by ReJraold.a M. D8mlin&, ot 
Stan.ford. UniTerai\y ad eonfin-1 -, .a.. 'J • Bopra and J.. c. Wa'krefl'. 
Scorodite 11 cOIIIIOJl in th• clay quarry and appears u green 11onC1'7atal
l1ne cru•t• upeciallf near cr«io•• in the rock. •• r. Rogers and 
A. c. Waters alao recopised pitticite (1eAaSHa()) with the scorodite. 

lm2WI 

lol>a.l"t Butt• ia thought '\O be a faulted a10oli.u•• Th• en.dee• for 
th• 1tnetu:ral ila'Hl'pretatio•• 18 not eoapl•t-17 1&tiate.ctor, aa it de
pend• on oalf •• acevat• dip ra&ding on~• aurfaoeJ and a 40._ other• 
of queationa'ble MG\lr&OT • In add1 t.1oD the drill core ahowa beddial 1n 
afferal ~-- iaa"MUICN but the or1•tat1•• are ot OCNrae in4et1ait•• 
Howffer, '\be nlduoe'doea ooabin• '° .f'ora th• pictun preaented on the 
niae aeooapaafing croa..,..eetion•• Theae .. at.ion• lhow the ffidence for 
& gentle ayncl1ne pitching at a. low angle to the northuat. The ayaclJ..ne 
ia poorl.J' exposed, eepeci&ll.J' a.a ita northweet flank ia mostly eroded. 
However, there doea ••• to be enough ffidence to outline ita trend e.a 
approxillat-1.y north 6S- east with a plunge of 5 or 10 dagreu in that 
directi.OJI. 

lear th• aortheut end of tb.• .htte. there 1• an abrupt change ill 
the dip or the Nd.a and in the loeation of the on bod1. Thia 1a \Ken 
to indicate t.b• preaenoe of a ta.ult~ no nifi•c• wu direct].J 
obtserTabl• on the aurtace. On the aouth •id• of the auppoaed .fault ihe 
bed.a appear to ton a·gentla &J'Della• pitching to the northeut• whereu 
a the north aide of the fault the bedding appear• to dip to the north
west as a boaocllne. Probabl7 the fault strikes northwest and dips 
eouthftat on t.be be.ail o:t the drill hole data and a correlation of aasar 
data on each side ot it on t.he Arl'ue. 

A great. uny of the diaaolld drill oorea and much of the matei·ial in 
the teat pit• showed a considerable degree of elickcmaiding a.nd fractur
ing. Thia could be the reault of alight deformational mo-ve.nent• or of 
Y0.1.wte changes by hydrothermal alteration. 

9D Mr ll. 
Or• 'bodr lo• 1 lin alceg the 8Ultld.t of Hobert Butte end atenG8 

f'roa it nutlrnet an4 northeutward to ~ on•• fault. It :ta compoaed 
mainly ot gr&J u4 whit. Nd.a. It bu b"n penetrated DJ' ll diMoDd drill 
holN, mmbffed u, a, 10, as, 7, 17, 16, ,, 22, u4 4. It 11 teraia
ated in all direoti•• by 1;he hUlaid• exc•pt to the northeast "here 1 t 

................... -.,. ........... 
• Peraor;al. OOIUll,Ulioation, March 281 1943 
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ll&Y be faulted against low-grade rock and exc•pt to the nat where the 
a'N.1l&bl• al"Uld.aa OOIIMnt is below m. The total outcrop lcaph of ore 
body #1 is nearly 1600 feet and the average width of ite bue ia OTer 
500 .feet. Ita gree.teet •tratigrapbic'tbicimua a at l.eut 200 feet. 

Ott.Mr I& 
Or• bod.1 lo. 2 lie• to the nonheaat of ore bo4f ll, extending from 

the erou tault to th• northeast aide of the lk.ttte. It 1a l1~1ieall.T 
aia:U.ar to ore body 11, but correlation 11 not certain. It. 1• terminated 
1n ill direction• 'by the hillaide except to the aouthweat where it ia 
otfaet by the fault. It 1e oovered by aeuly an equl qwmtit1 ot low
gra.d• material fora1.D& • ratio Qt overourden to or• ot nearly 1 to l. 
&aad on a 45° al.Dpe oalf a ILUlJ. .1•ripural area woul.4 have 11. ainiD& 
.ratio of lua than l to l. Tb• on bo4y ia about 80 .te.t. 1a t.hiclaleu 
ud dip• about ad' to-·t.h• nortb•~•t.• It .b&I b4teu prupected by 8 dbaoDd 
drill holea mmbvedt a, 11 20, 81 61 2.J1 21 and 26. 

Ar• #3 lies wader the southerly' ed. of ore body :/11 lffVal mmcired. 
fe•t atr..u,ra.,hieallr ud t.pographieally below ore body #1. It bu 
a ••'l.iR\111 thicaua ot a.'bltut lCO feet ud ia coa,poaed. u1a1,' ot reel beda. 
It baa beer.a p.ro•pected b1 I. d1•aoad drill. holu nuaberedl 11, 14, 12 
ud 19, for which all UN¥ r•turn• have not r•t bee received. 

Area 14 ilea to the northeast of ore body 12 and several hUDdred 
feet lower both atratigraphie&UJ Md topographicall.y. It is composed 
of Yaricolored bed.a. Under the renewed exploration program this area 
will be prospected bf aom• 3000 feet of dr1ll1ng. 

on,a 
.. fiMJ pnbl• r-1.a.Ung to the origin of the kaoliDite 11Net of neeea-

1ity oe treated 1a a pert'ullotory manaer bNavae time hu not been e:rail
able durini th.1• field work to study the rock• aieroaoop1cui,. Four 
principal hfpotbe••• have bNn conaidered.1 tir•t,·th• ola.f 1a a r"1llt 
of reaidu&l wu.therina in eitl&J ••CODd., the deposit con•iau ot tru► 
por\ed claJ•J third., th• clay ia t.h• reault et··b.J'drothuu.1. alteration 
of Nd.iaeatary roc1ta ill ait11J tow-th, the depoait. oona1at.• ot both trana
port-4 and b.Jdroth•nul glay. 

Recent, drillirl6 suggea\a that the tl:u1017 ot r••idu&l. weathering ia 
unaatia.t'aetory, £or the Glay ia too thiok ad no profile of wea:therinc 
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ia apparent, neither conform.able with the present t.opogra.phv nor •ith any 
pre-exiating topographr'. 

That the kaol.1nite 1• of eediaentary origin 11 favored by the petro,. 
graphic atudi•• or f. T. Allen, who a'\at•• that f'latter;ad pell•t• ot 
kaolinite, which an COIIIIOD 1n certa.1:n ore bed.a, are •l"iginall1 aediaat
ar, atNoturu. lor..,.er, it the p.Ueta wn originally kaollaite, •om• 
et the •trix wat alto have been orig1nall7 kaolinite. ll•U•r p.U•u 
oeCW!" in t.h• clar• at Caatle lock, 1fuhingtoa, and 1D the lliaa1aa1pp1 
falle1, and in boih oa••• th•T are conaidered u being ot aedilaen'tu7 
origin. 

Tb.at••• of tb kaolinite 1• ot hydrothermal origin ia auggeat.ed 
by the occurrence ot the by'drothermal aulphide min•rals, chiefly rMlgar 
and atimi:te. lot .ir do th••• sul.phid., ooou.r in general aaao.ciation 
with the ore, but it oa M Mid '\hat 1D m11117 cu• the quant1t1 of real-
1ar o:r at.ilm1t•• lxoeJ)t1oua bave ~- noted in the ••cticm on aineralegy, 
but it W0\114 not be ua\lsual to ba•• erratic depoaition troa hydrotherul 
10lutiona. Another point in taTOr of a hydrothermal origin of some ot 
the kaolinite ia that on aectiona D-l)t and E-E' the ore body ia shown 
to croae the bed.ding at a sharp angle. 

In Yiew of apparently valid e.rguaente in favor of both the aedilleat
ary and bydrotMrmal origin tor the clay mineral at Hobart h\t.e, 'th1a 
field .l.lrY .. tigaUon oan 11111' conolud• that bo~ MJ have bND operative 
an4 nageat 'that at aoae oonTen1eot tiae detailed aioroaeopie and f'iel4 
atucU.•• 'be u.de ill • atta;,• to decide the :relat1Ye ettut ot \he two 
proceaau. 

Ullll'l8 

The .method• used are not detailed becauae the deposit is in general 
uaiton and beoauae thia 1• only a preUa:Snvy field eet.i.Mt.. ilao1 
by a.r1n1 t:lon, wnrect ore ,-1'1111 ta a meX1-. eJ"TOr ot ~, and the•• 
estiutea u-e beliffed to be wit.bin t.h1a lJ,1d:t. 

J"or calcl&latillg vsmagea th• ore bodi•• ._. di.Tidd. iate e&aily 
meaaurable geoaetrio ah&p•, which •er• e&lcw.a.ted and added to ebtain 
a tot.al •olun r1pn. !hi• was diYided bJ 14.S, the number ot e1ab10 
feet J>ff ton ot orwie ore, baMd on apeoitic p-ant.y ct.teninatioaa by 
the U • S. ~u •f Min••• 1roa 1t'i thin the ore botliu J9 apeoitie part ty 
hllpl.•• ot dl'ill core w.-e found t,o have an a••raa• d.aaitJ of 2.2 u4 
the auiarua Ta.riation -. onl.J ].U. Thea• f1pr .. appl.J to natural rock. 
The Bureau's moisture determination on 32 aupl•• from within the ore 
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bed!•• indicate an &Terage of ,_ B2'). Theae also were drill oore eam.ple• 
and hence ar• subject to some 4ueai1on, but no important. diacrepanc1 ia 
u:pected. 

J.Terage grade• were obtained f'roa u. a. Bureau of Min••' uaar• by 
uaing a c:u~f't of :tr/, aTaila"ble .Ua,GJ &a a miniaua, with &Tail.able 
Ff201 unreatr1cted. The· ore intenal 1n each hole waa aYeraced and. then 
the nolea in Hoh ore bod1 were- combined to reach the average grade of 
the clepoait. The holes were not Nighted by their area ot influence be
cavae the grade• are 80 uniform. !he m.u:iaum 4ffiat1on from the average 
... oaly 11$. !be distance betwNll holes rao,;ee fl"Oll.200 to ,00 r .. ,, 
1::Nt again the un1.f'orm. grade ie the capeneatin& factor. 

The District lngineer of th• u. s. 8'1r•u of Min•• used different 
1b&pee ill prelillia-.r, •••uremeata of the depoai\ but. the :reaulta are in 
1untactial agrNllentysi\h the tigur.a in this re?Qrt. The dif'.terencu 
are expected. to be nll witb.in the 20% error pemitted in the definition 
of mea.aured ore. 

Ore 'body 11 i• describe in general cm pqe 14• It ie thought ta 
have bHD drilled. autf1ci•~ •ll to be OOll81dered aa aeuuN4 ore. 
A total or approxiu.tely lJ'l,800,000 eu. tt ..... eal.culat.eci. On a baaia 
ot 14., cu. tt. to the toa there mould ti. approziatel.J ,.soo,ooo wet 
tona, or allghU, OTer 9,200,000 toaa of dry ore. or tbia ......t at 
lea.at 615001000 tons could be ained wi'tbout. 1tri.pp1Dg any OTerbllrda. 
Another 11 ,001000 •• might nave a ratio ot over'burden to ore of lea• 
than 1 to 1. The raeia:blg 'l,ormag• ha• a ratio sreater th.an l to 1. 
The average grad.ea iD ll drill holes range froa rt.ti% to 34.1% aTaile.ble 
&l.M:lne.. The average grade ia 29.9% a.vaUa..ble ila()J and 3.~ available 
re,p,. . 

Ql:1 BtdJ: I& 
ON body #2 bu wo been drilled 1Uffic1enti, to be eouidered. a.a 

aeuured ore. The average grade.a in 8 holes range from rt.ii to J2.~ 
aYallable ilJ.OJ• The average grade ia 29.3j &Tail.able il2')J &Dd J.6% 
aYailable 1•r'J• Tbe great.eat u:tr_. in &rad• u only- lt5% from the 
average. The total vol.wae he.a beetl calculated u approxiaatel.T 
-42,000,000 eu. ft. On a 'bui1 of 14.s cu. rt. to the ton thil 1f0Uld 
equal agproxi.matelf 2,7so,ooo wet ton• or 2,100,000 dry ton• rougbl,J. 
The uxiJlull thieknua ot overburden ia about lOO ft. and th• total ton
nage of overburden 18 nearly equal to the tonnage of ore. On the north 
aide ot th• Butte aoa.e ore is aTaila'ble at. leas than al to l stripping 
ratio but it aaounta to onl1 a few hundred thouaand ton•• 
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Area 13 hu not l>HD calculated u usa., data a.re not complete. 
Hctwever, it can be &aid ttiDta.tively that the drilling may indicate a.bout 
2, 5001000 to.a a't'eraging a,j aY&il&ble .UaOJ and 1~ aftilabl.e 1ftfPJ 
with & large &IIO\Ult ot OYerblal'd.•. the hip 1rol1 eentent alao mak. .. 
thie are& ot •~ interest at preseut,'but overburden mq be excea-
•1••• 

AiMl4 
Area. #4 baa not been drllled but on th• buia of a f• surface 

a1aays a't'ailable aad a mowl.edge of tbe geoloa, it can be inferred that 
the proposed drUUng pngru would define Nf'er&l million tone averag
ing peater tJlU :trJ, anilable alaia ... 

On the basis et preaeot expoaure no addi Uonal ore bodies are appar
ent on Hobart Butte. However, it ia intended to make a geologic recoa
nai.aunc. of the region in the hope of fi.nding other depoaita ai.mUar to 
Hobart Butte. 'lbe ao•t promiaing are& is the group of hill.a lying u•t 
of the Cottage Grove Do extending froa Cottage Grove to London (figure l) 
amd poaaibly' th• area or altered. rocks 1u.rrounding the Elkhead 111.ne 
(figure l and fJ.pre 2) • The Bhckbu.tte (tUicltailver •in• appeare unfaT
orable as only 4 out of ~ auple1 ehowed more than m aY-&ilable al:wnin&, 
and no particular put of th• aine loelted proaiaing aa a poaeible locatioa 
tor tut.ure dffelAJaent (figuru l and 2). • 

OOBCLUSIONS AJ.l,ID RE~DA!IOMS 

The Hobart Butte clq depoait ia being ooaaidered ae a source of 
alumina under the 'far Minerue Program. Th• :point• 1D taYOr of thie de
i,osi ta.res 

l. A to\al of lO, 7001000 ciry tons aYer~ ~ available 
Ala')J and~ &Y&ilibl• f•a?J With a·ax1at11 ratio ot 
overburden to ore of l to l.. · , 

2. 6tSOO,OOO dry tone ot the above grade with no OTerburden. 

J. Th• moisture content of the crude or• is only 3%. 
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s. The grade in the •e.rioua drill holes dffiatea from 
the average grade of th• ore bodiea by a ll&XiJlwa of 
1/$. 

6. Kaolinite ie p:ractioall.J the only cl&y mineral which 
ahould make the extraction of alumina comparatiYely 
aimple. 

7. the rock is non-plastic and homogenou11. It should be 
easy to l!Wl& in wet ••ather and should have uni.form 
gri.Dding properti••• 

a. Topographic relle.f ia adequate to ob'riate any pi-oblem 
ot draiDJ.ng an open pit mine. 

The point• again1t the Hobart Butte clay depoai t ae a source of 
alumina ares 

1. Transportation. It ia U miles from the nea.reet r&.il.
road at&tion at Cottage GrO'f'e which is l.44 mil.es by 
r.U from Portland.. 

2. It ia dubioua that M&h-grade reserve& can be increased 
aubsu:n tiallr • 

). The rock ia hvd enough •o th&t aome blasting will be 
neceaaary. 

Whtm the pretsent drUling progr• 1& completed, it is recommended 
tha.t the.re be no !u:rthflr intanaive drilllng at Hobart until it becom•• 
kno11n definitely that Hobart clay CaD be used sueceaaful.ly s.s a source 
of alumina. Meanwhi.l.e, geologic efforts and possibly reconnauaanee 
drilling ahould. be continued to looa.te other similar cla.7 deposit• in 
the surrounding area. 

Cottage Grove, Oregoa 
JuJ.r 2), 1943 

l«tapectf'l.illy aubmitt.ci, 

John s.Loofbourow, Jr. 
Field Geol.ogiat 
Hi&h-A.lwai.n-1. Clar 
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Hobart Butte) 

Minor elements, as determined by a complete spectrographic analysis 

(E.W. Miller, department spectroscopist) are as follows: 

Over 10% 

Silicon 
Aluminum 

10% to 1% 

Titanium 
Strontium 

¥. Sulphur 

1% to 0.1% 

Iron 
Calcium 
Barium 

0.1% to 0.01% 

Zirconium 
Chromium 
Vanadium 
Lithium 
Boron 

0.01% to 0.001% 

Magnesium 
Manganese 

11111 
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