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FOREWORD 

Anticipating the refractory clay requirements of metallurgical 

industries that should be att racted to the lower Columb ia area by 

the availability of elect rical power at favorable rat es from Bonne

ville Dam, this Department carried out an investigat ion of western 

Oregon refractory clay deposits. This was done in cooperation with 

the U. s. Bureau of Mines and the University of Washington in order 

to obtain facili ties this Department does not have, such as adequate 

laboratory equipment and compe t ent technical advice on firing data 

and commercial usability of the clays. 

Results of the investigation ind icate that, contrary to former 

opinion, western Oregon has large deposi ts of high refractory clay 

mat erials and can supply t he future requirements of electrometallurg-

ical and of other industries in t he Northwest. Preparation and 

issuance of this report i s in line w i t h  the policy of the State Depart-

men"L of Geology and Mineral Industries to inform the general public 

and capital of possibilities in t he de velopment of Or·egon's mineral 

resources. 

Earl K. Nixon, Director 
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ABSTRACT -----

This is a preliminary report of some of the tefractory clay deposits of 
western Oregon, prepared in cooperation with the . S. Bureau of Mines' North
west Experiment Station, the University of Washington, and the Oregon.State 

Department of Geology and Mineral Industries. The economic aspects are 
stressed; the quality of clays with fusion of cone 30 or better are considered 
by means of physical and chemical tests of the clay; the estimated q�antity, 
mining and transportation conditions are discussed; and recommendations are 
made for continued work. r�ologic data were secured incidental to the main 
project, but conclusions based on these data must be considered tentative. 
Such conclusions are submitted as contributions to a very complex subject on 
which little work has been done. 

The clays appear to be derivatives of flows, pyroclastics, and gravels 
that were predominately andesitic and rhyolitic in composition and lower Eo
cene to post-middle Miocene in age. Alteration was effected by descending 
meteoric waters and by hydrothermal solutions; similarity of the products 
points toward a common epoch of alteration, probably post-middle Miocene. 
The occurrence of gravel, so thoroughly altered that the entire mass can be 
cut easily with a knife, is noted in the valleys of the McKenzie and Santiam 
Rivers, near Sublimity east of Salem, at Fransen's clay pit west of Rainier, 
and in southern Lewis County, Washington. It may represent the remnant of' 
a series of old gravel terraces. 

Refractory clays are found throughout the area west of the Cascade Moun
tains in Oregon and are characterized by moderately high fusion, high shrink
age, and dark fired colors. Precalcination reduces shrinkage and cracking. 

_Preliminary samples were obtained for firing-test data, and from these results 
four deposits were selected for additional study on the basis of quality, pro
bable tonnage, and transportation conditions. 

The first is the Fransen clay pit in northwestern Columbia County. The 
pit is composed of thoroughly altered gravel, has an average fusion of cone 
30 plus, high shrinkage? dark fired color, 430,000 to 1,720,000 short tons 
available, and transportation can be handled by a 1400-foot tram line to 
deliver clay at railside or to ships on the Columbia River. 

The second is the Ellis deposit in southwestern Clackamas County, typ·
ical of the bentonitoid Molalla clays, with an average fusion of cone 31 
plus, high shrinkage and severe cracking which can be improved by calcin
ation, 31,000 to 73 , 000 short tons available, and requiring a 4i mile truck 
haul to railside at Molalla. 

-Ihe third is the King clay, east of Salem, which fuses at cone 32 plus 
to dark brown. There are 240,000 to 330 , 000 short tons available, and a 
6ir mile truck haul to railside at West Stayton will be necessary. This clay 
is unique for its original white color, large amount of water required for 
plasticity, large dry pore space, cracking, and high shrinkage. The area 
to the north seems to be underlain by similar material. The future value 
is for use as a plasticizer with its own calcined grog or other nonplastic 
refractories. 
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The fourth is the Hobart Butte clay quarry in southwestern Lane Coun
ty, controlled by the Willamina Clay Products Co. The clay is a hard, 
light-colored flint clay with co nc ho idal fracture, fusing at cone 32 plus 
to light colors. Tonnage is estimated in excess of 46,000,000 short tons, 
and a 16 mile truck haul to railside at Cottage Grove is necessary. This 
represents the best clay studied, and tests indicate possibilities of white
ware and a paper filler use for some of the material. 

Although not refractory, a discussion of the Willamina clay is includ
ed; this black material burns to a white v it r ified body at low temperatures 
and is used for light firing face brick and pottery and as plastic material 
for the Hobart Butte refractory clay. 

Recommendations for future work include suggest ions for thorough and 
systematic sampling of all deposits, research to determine a method to over
come high shrinkage, more accurate data on the uniformity of the clay depos
its, and a careful study of the geo logy and petrography of the clay and as
sociated rocks to determine the origin and age of the clay materials. 
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INTRODUCTION 
---

Pl:ffiPOSE AND SCOPE. 

There are no published data on refractory clay deposits in Oregon, 
although for many years some manufacturers of clay products have known 
of several occurrences. The probability of large blocks of electric pow
er being available at Bonneville for industrial use should attract ferro
alloy and other electro-metallurgical plants to the lower Columbia River 
area. These industries will require high-grade refractory clay products 
and the S:tate of Oregon should be prepared to supply any demand that might 
develop, 

The purpo.se of this report, therefore, is to describe certain deposits 
of refractory clay in the Willamette Valley and to present technical data 
showing the commercial possibilities of the clay described. The report 
stresses the economic phases of the clay s tudy and geological relationships 
pertaining to the age and origin of the clay were secured incidental to the 
economic study. 

It was impracticable to visit and sample all the occurrences, nor did 
funds permit tests of all the clays. The most important were selected on 
the basis of existing information and their more favorable transportation 
facilities. The geology and description of the various formations is con
sidered to be of some service by indicating the more favorable areas for 
future prospecting, and data pointing toward the probable age and origin of 
the clay also may prove helpful. 1� unique occurrence of a completely al
tered gravel is described for the first time. 

It appears that refractory clays may be expected in Tertiary rocks of 
lower Eocene to middle Miocene age which were originally o f  andesitic or 
rhyolitic composition, namely, andesitic flows, pyroclastics, or gravels 
composed of felsite pebbles. In some cases, evidence of hydrothermal al
terat ion is ind ic ated , Careful petrographic and stratigraphic studies 
will be necessary before definite conclusions can be drawn. It is hoped 
that the conclusions presented herein will be received in the spirit in 
which they are offered� namely, an attempted contribution to a complicated 
problem on which comparatively little work has been done, 
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TECHNICAL REL\TIONSHIPS. 

This report is a brief study of the refractory and light-colored clays 
of western Oregon , which in general are of rarer occurrence and of greater unit 
value than the more common red� brown and dark-firing clays of lower re
fractoriness. 

Refractory clays of good working prop ert ies have an unquestionable 
value in any district where high temperatures are required, such as used 
in the development of heat, power, or metallurgical operat i ons . Light
firing clays, or those that fire to white, _qream, buff, or light brown 
in ceramic kilns, have varying values, depending upon the color produced 
and the ease with which they can be transformed into ceramic products , 

White·-·firing clays are valuable for ch ina , porcelain, and earthen
ware for the t able , the chemical laboratory, or white floor and wall tile, 
but these articles are not manufactured in the Pacific Northwest. 

The china clays or kaolins that are white or nearly so in their 
original condition are the rarest of all and can be used as fillers in 
paper, kalsomine, paints, cosmetids, etc. Many of these also fire white 
and thus have service in both the ceramic industry and in un1'ired nonmetal
lic products. 

Creflln and buff clays are used in the production of the heavier 
grades of pottery1 J.ncluding stoneware, brightly colored luncheon ware, 
and most art pottery . Stoneware is produced by the Pacific Stoneware 
Co. in Portland, from a mixture of Oregon and Washington buff clays. Some 
art pottery is produced in Washington, and one company uses a sl'lla.ll 
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portion of the white-firing clay from Willamina, Oreg. Light-colored 
structural products, including glazed terra cotta, face brick, and build
ing tile, roof tile, floor and wall tile, require buff-firing clays hav
ing good plasticity and a long vitrification range without excessive 
shrinkage and cracking. Thes� clays are not plentiful and they command a 
higher price than the more common red-brown surface clays or shales be
cause of present ar.chltectural preferences and the ease of adjustment to 
light-colored glazes . . · Buff�firing clays in most cases are more refrac
tory and usually have a longer vitrification range in comparison with the 
red-brown clays. The latter are difficult to hide with a white glaze and 
often soften and· fuse before the better type of glazes can be matured in 
firing. 

Previous Investigati�� 

Three reports have b.een made of Oregon clays. Parks 1/ stated that 
eastern Oregon is liberally supplied with basaltic clay, that the clays 
of the Willamette Valley are principally lacustrine, and gives some stat
istics of production. 

Samuel Geijsbeek 2/ published a description of the clay industry as 
it ex:i.sted 25 years ago. ,He reported the manufacture of c'ommon brick, 
t1le; sewer pipe, and'face brick of the dark variety and the white brick 
of the Pacific Face Brick Co. of Willamina. Some low-grade fireclays 

5 

had been tried� but, he stated, "this material had not equaled the products 
imported from other States." Some stoneware clays were shipped to Port
land for the Pacific Stoneware Co. 

The thesis (unpublished) of Howard Glen Wilcox l/ was invaluable as 
an index to probable localities and quality of the clay and made it pos
sible to cover a large area within the time allotment. 

The United States Engineer Corps y is releasing a preliminary sur
vey of many clay occurrences in the Pacific Northwest, but ao tests other 
than chemical analyses were made. 

Figure 1 gives the production values of clay products in Oregon. 

The chief technical items of historical interest include the improve
ment of manufacturing methods to produce more highly vitrified products 

·with a greater variety of color in structural brick and tile, and the 

� Parks, Henry M., The economic geological resources of Oregon: Oregon 
State Bureau of Mines, �tension Series 5, no. 2 ,  pp. 7 6-77 , 1912. 

� Geijsbeek, Samuel, The clay deposits of Oregon: American Ceramic 
Society, Tran� • •  vol. 15, pp. 644�658, 1 pl., 191J. 

)../ �hlcox, Howard Glen, Fireclays and light-colored clays of western Ore
gon and the commercial development of number 1 firebrick: Univ. of 
V!ashington library, Engineer of Mines thesis; 54 pp., 1935 (unpubs.) 

4/ Hodge, Edl'tln Thomas, Market for Columbia River hydroelectric power us-
ing Northwest m1nerals, section II, Northwest clays; Corps of 
Englneers, U. S. ,\rmy, Office of Division Engineer, Portland, Oregon,l938. 
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Figure 1 

and 

' 
Year Number of Value of 

Establishments products 

1909 64' y $674 ,.520 
1914 43 y 521,368 
1919 25 2./ 386,000 
1921 22 y 471 ,472 
1922 13 y 569,289 
1923 12 y 621 ,385 
1924 14 y 765,.512 
1925 17 y 836 , 679 
1926 20 725 , 188 
1927 16 y 643,445 
1928 14 484,751 
1929 20 tl 624;,765 
1930 18 ' 393,95.5 
1931 16 269,296 
1932 9 197 , 6.53 

'1933 12 1.57,137 
1934 13 136,307 
1935 14 291,022 
1936 1.5 478 , 480 

1/ Does not include value of pf'Oducts reported by three establish--
merits classified in the pottery, terra cotta and fire clay 
products industry because it is not available. 

2/ Does not include value of products reported by one establishment -
classified in the pottery industry because it is not avail-
able. 

· 

3/ Does not include value of products reported by two es tablish-.;;...; 
ments classified in the pottery industry because total is . not available . 

. 
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consolidation of a number of plants into larger companies, and the elimina
tion of many smaller village plants by more efficient methods of transpor
tation, and the reduction in volume of business in the smaller communities. 
Sewer-pipe manufacture ceased when the Denny-Renton Clay & Coal Co. closed 
its Portland factory. 

A small quantity of fireclay brick was made with clay from Grand Ronde 
by the Monarch Fire Brick Co" in Portland during its operation from 1921 
to 1926, but use of this clay was abandoned in favor of clay from La Grande, 
Wash. Operations by this company ceased in 1926. 

Samples Qf fireclay from Hobart Butte were sent by Robert and II. R. 
Philips, near Cottage Grove, to the University of Washington. Receiving 
a favorable report, they communicated with the Willamina Clay Products 
Co., who acquired the Hobart Butte property and started testing this mat
erial for fireclay brick on a commercial scale. This enterprise has prov
ed successful and has been continued with improvements in methods of min
ing and manufacture. The large quantity of uniform, high-grade material 
available and the present marketing success indicate a favorable future 
in the local refractory service. A description of this property will be 
found later in this report. 

The value of clay and clay products. 

The delivered cost of raw clay materials is a small part of the selling 
price of the finished product. It may reach 20 percent in the manufacture 
of china and earthenware pottery wares; it is much lower for structural 
wares, such as brick and tile, where labor costs are over ·50 percent· of the 
total. 

Recent selling prices of the best china clays or kaolins produced in 
the United States and imported from England are given for December 1937 by 
Ceramic Industry i/ as follows: 

China clay, f.o.b. Georgia .$7 . .50 to $8.00 per net ton. 
China clay, f.o.b. Georgia 

washed, dried, and crushed $8 . .50 to $ll.OO per net ton. 
China clay, cr·ude·, f.o.b.Virginia. 0 . $7,00 to $7 50 per net ton. 
China clay, refined, 50-lb.paper bags. •• $10 . .50 to $12.50 per net ton. 
China clay, powdered and air-filtered, 

f.o.b.Virginia � . 0 0 ,,$11.50 to $15.50 per net ton. 
China clay, imported, lump bulk. . . $18.50 to $25.00 per long ton 
China clay; imported, powdered . .$40,00 to $80.00 per long ton 

Such clays are carefully washed free of impurities in water, dried, and 
pulverized at special preparation plants in Florida, Georgia, and North Car
olina, before shipping to the potteries of Ohio or New Jersey. 

The manufacturer of structural or refractory products cannot pay high 
royalties for raw material in the ground and also spend heavily for testing, 
mining, and transportation to his factory. 

y Industrial Publications, Inc., 59 E. Van Burer. St., Chicago, Ill. 
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The value of a clay property is a comparative figure, varying with the 

(1) C).uality of clay. 
a. IncJuded impurities, such as sand, pebbles, iron stain,etc. 
b. Previous laboratory and factory tests. 
c. Previous.commercial 'production from the deposit. 

(2) Accessibility. . 
a. Distance to improved highway, railroad, and factory. 
b. Leligth and type of new road t o  be constructed. 

(3) Methods and cost of mining. 

a. Thickness and type of overburden. 
b. Thickness and area of the clay. 

c. Drainage facilities. 

(4} Competition. 
a. Vlith o ther sources of similar clays. 
b. With other clay-products manufactures. 

(5) Demand for this type of clay products. 

Thus, the valuation of a clay property may vary f rom that of the sale 
price of real estate to a much higher value when it has already been pros
pected and tested. The valuation will be still h igher when the property is 
in successful production and returns a profit on the investment , or will 
drop to lower values either through the financial and marketing troubles of 
the organization or by the discovery of similar clay in that district. For 
further discussion of valuations and general problems connected with clays , 

clay mining, and manufacturine see 1/ the accompanying references. 

Lovejoy y summarizes the values of red--firing clays and shales at 

5 cents per ton unmined in the ground. The National Brick Manufacturer's 
Association in a report, ."The Progress in Clay Mining," shows an average 
royalty or depletion charge of 3.8 cents per ton with a range of from 0.5 
to 13 cents among its membership. 

The corresponding figures for plastic buff-firing clays, not 

l/ Ries, H., Clays, their occurrence, properties and uses: John Wiley & 
Sons, Inc., New York, 1927. 

Greaves-Walker, A. F., Clay Plant construetion and operation: Brick and 
Clay Record , 59 E. Van Buren Sto, Chicago, 1919. 

Claywork ing Problems: Brick and Clay Record, Chicago, 1915. 
Garve, T. W.� Factory design and equipment and manufacture of clay wares: 

T. A. Randall & Co"� Inc., Indianapolis, Ind., 1929. 
Wils on, Hewitt, Ceramics-clay technology: McGraw-Hill Book Co., New York, 

1927. 
Tyler, ?. M., Clay� U. s. Bureau of Mines, Inf.Circular No. 6155, 63 pp., 1929. 

y Lovejoy, E., Fundamentals and economics in the clay industries: Randall 
Publishing Co. , lflellsv:l.lle, N. Y. � 51 pp., 1935. 



PrelimJ.nary Report - Refractory Clays " "  Western Oregon 

necessarily refract ory, is placed by Lovejoy ]J at 10 cents per t on and 
"The Progress in Clay Mining" gives an average of 7 cents , wit h a range 
of from 2 to 17.5 cents per ton. 

Lovejoy 1/ values flint fireclay and some . refrac t ory plast ic clays at 
12.5 cents t o-25 cents per ton. He suggests that a limitat ion of 40 
years! supply be applied to avoid overloading a manufacturing company with 
an excessive clay-property valuation. A clay "property is more valuable 
if a manufacturing company has prospect ed it thoroughly, det ermined t he 
t onnage a vailable, the uniformity, and has successfully devel oped the com
merc ial process peculiar to this clay by the actual manufacture and sale 
of clay products, than a clay depos it of unknown acreage, t hickness, uni
formity, from which a few samples have been drawn and t ested in s ome lab
orat ory. 

The percent recovery of clay in the ground estimated by Lovej oy 1} 
for open-pit mining is 100 percent (for usable material), but ranges from 
20 to 60 percent, with an average of 50 percent for underground m ining . 

For refractory and white-clay products, the percent of usable material 
often falls short of 100, due to iron staining, irregular distribution 
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of mat erial of low refractoriness, and variable content of other impur
ities producing poor color or low fusion. Hefractory and white-firing 
clays are rare, and when such occur, as they do in western Oregon surround
ed by low melt lng lavas that carry a high concentration of fluxes and iron 
·oxides, t he chances for uniformity are poor. A thorough investigat ion 
of the variations should be made in advance of commerc ia1 development. 

The tonnage and volumes of-clay in t erms of brick units are given in 
figure 2 for approximate estimation of clay-deposit values. 

Fig.2 - Weight and volume of elay for brick. 

Tons _i; 
Bulk Pounds Tons per l,OOO's brick per acre foot 

Type of specific per per acre 5--lb. 6-pound 7-pound 
clay gravity cubJ.c ft 0 cu.yd. foot brick brick brick 

Soft 1. 8.5 11.5 l.55 25 00 900 M. 750 M 644 M 

Shale 2.22 138 1.86 3000 1080 900 772 

Hard fire -

clay 2.44 152 2.07 3300 1190 990 850 

1/Love joy, E. , Fundamentals and economics in t he clay industries: Randall -
Publishing Co,, Vlellsville, N.Y., 51 pp., 193.5. 

2/ 

2/Ten<percent loss in weight from the damp ground condition to fired weight -
of brick, includes orJ.ginal moisture with water and carbon losses in firing, 

3/Recommended weiehts of materials g iven by Lovejoy, E., Fundamentals and -
economics in the clay industries: Randall Publishing Co., Wellsville, N. Yo, 
51 pp., 1935. 
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GEOGRAPHY 

LOCATION AND EXTI!..'!-."'T OF AREA . 

The c lay depo s i t s c o ns i de re d in  t h i s  re port l:l e  J.n we s t e rn Oregon 
east o f  t he Coast Range and we s t  of t he High Cascades . S ix general d i s 

t r lc t s  we re s t ud ie d , from nort h to s out h ,  as fo l J ows : ( 1 )  Northw e s t ern Ore 
gon di striGt , of wh ioh t he Frans e n  d e po s i t  near Mayger i n  no rthwe s t e rn 
C o lumb i a  County i s  the o nly known refrac t ory-c lay 1 ooali t y ; ( 2 ) M o l a l l a  
d i s t ric t , s out h and east of t he t own of Mo lal la , in s out hwe st ern C l ackamas 
C ounty ; ( 3 )  Salem d is t r ic t  in nort hwe s t ern Mar i on C ount y ; ( 4 )  EJJ.ge ne d i s 
t r i c t � whi c h  include s s c at t ered oc currenc e s  ne ar t he c i t y  of ta\:F:iJt� i n  
Lane C ount y ;  ( 5 ) Hobart But t e  d is t r i c t , s outh o f  Co t t age Grove in s out h
we s t ern Lane C ount y ; and ( 6 )  sout hwe st ern Oregon d i s t r i c t , wh i c h  i nc lude s 
areas in bot h  nort he rn and s o ut he a s t ern Jacks on C ount y and one in Jo se ph
ine C ount y .  The loc at l on of t he se d i s t r ic t s  i s· s hown in f i gure .5 .  

GEOLOGY 

GENERAL FEATITRES . 

The re frac t ory - c l ay d e po s i t s  of we st e rn Ore gon are der ived f rom an
de s it i c  tuffs , lavas , o r  grave l compo s e d  of and e s it ic pe bble s . Tho r 
ough dec ompo s it i on of t he i nit ia l rock-f orming mine rals w a s  c au s e d  by de s 
c e nd ing me t e or i c  wat ers and pe rhap s  hydrothermal s o lut i ons . S out h of 
C ot t age Grove , t he o c curre nc e s are in Eoc ene fonnat i o ns ; t ho s e  in t he Eu 
gene d ist r i c t  are probab ly O l igo c e ne ; and no rthward t hey are mi ddle Mio 

c e ne or younger .  Rock uni t s  in wh ich c lay i s  found are � 

Ast o:r: :i.a f :>rmat i on ) 
Fern R:l.d ge tuffs ) 
Columb ia Rj;rer bas alt ) 
St ayt on Lavas ) 
Eugene f ormat ion ) 
C alapooya format i on ) 
Umpqua forraat ion ) 

Midd le M i o c e ne 

Middle 01  igoc ene 
Uppe r Eoc e ne 

Low·er Eoc ene 

The humi d  c l imat e  and the phys i cal and c hemi c al nature of t h e  ande 
s it i c t uffs and f lows ha s t e n  rock weathe r i ng ; c o nse que nt ly the who le re 
g i on i s c ove red w i t h a t hi c k  mant le of re s idual s o i l . Thi s c ondit ion makes 
it v ery d iff icult to  f ind fre sh out c rops t hat may b e st ud i ed c l o se ly in or

der t o  d e t ermine t he charac t e r , st ruc ture , and d i st r i but i o n  of t he f o rma 

t i ons . 

The dee p a lt e rat ion t hat gave r i s e  t o  t he c lay depos its  i s  a problem 
v;e ll wor t hy of a more e xt e nd ed s t udy . The re a ppe ars t o  be a s t r iking sim
ilarity in t he phys i c al propert i e s  of t he c lay at the s e  ;rari ous c lay oc cur 
renc e s , a l t hough the parent rocks v ary i n  age from mi dd le Eo c e ne t o  middle 
M i o c e ne , and t he wi de d i st r i but i on of these alt e:r:ed. rocks pre s e nt s many 
d i ff i cult i e s  t o any hypo t he s is of c ont emporane ous a lt erat 1 o n . Many other 

puzzl ing geo log i c  problems in we st ern Ore gon may be s imp li f i ed by i t s  s o 
l ut i on . 
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STRATIGRARIY 

Pre-Eocene Format ions 

Rocks of pre-Eocene age occur in southwestern Oregon , but , having no 
importance in t hi s  investigat ion , are only briefly described . The o ldest 
are t he pre-Cambrian Abrams schist and the Salmon hornblende schist . 1'he 
Paleozoic series cons ists of arg i l l ites interbedded with some fine sand 
stones and conglomerates , volcanic tuffs , and lenses of l imestone ; and all 
have been severely Inetamorphosed . Jurassic sandstones and argillites have 
been i dentified in northwestern Josephine County and Cretaceous conglomer
ates , sandstones , and shales represent remnants of w��t was once a cont in
uous bl anket . A eranito id batholith of Jurassic or early Cretaceous age 
has intruded t he older rocks ? caused s ome metamorphism, and has been re-

' sponSlble for much of the mineralization of southwestern Oregon. 

Eocene 

. Umpqua Formation ( lower Eocene ) !:./ 

The Umpqua format ion consists of 3 , 000 to 12 , 000 feet of sandstone that 
is poorl y cemented , shale , congl omerate ,  and intercalated volcanic flows 
and tuffs . The sandstone is  largely composed of grains derived from vo+
canic material to a degree that at places it c ould properly be called a 
tuff. r�uartz and mica are present in considerable quant it ies , indicating 
t he ac idic composit ion of the original . The gradat ion from sandstone to 
shale is abrupt , the separat e beds standing out distinctly . Shale pre
dominates in t he l ower part of the formation and sandstone in the UJ:pe r .  

PebbJ.es of various klnds , including basalt , quartz ,  chert , sandstone , 
shale ) quartz diorite , metagabbro , and porphyritic felsite make up the 
conglomerate .  The pebbles are rounded t o  sub-rounded and have diameters 
of one-quarter of an inch up t o  seven inches . 1'he presence of acidic and 
metamorphic pebbles and the . absence of andesite pebbles dist inguish the 
Umpqua c ong.l omerate . from the upper Eocene Calapooya conglomerat e .  

The amygdaloidal and e l l i pso idal nature o f  the lavas and t he palagon
ite of the ·turfs cause these rocks t o  be particularly susceptible. to a l 
terat ion . Both the lavas and the tuffs have been altered by later solu
t ions , whi ch were probably contemporaneous vrith the format ion of t.he c inna
bar depos its . 

Calapooya Format ion (upper Eocene ) 

The Calapooya format ion consists of .5 , 000 feet or more of tuff , brec
Cla , c onglomerate ,  and lava flows , and is separated from the Umpqua forma
t·ion by an angular unconformity . The lower port ion of the format ion is dom
inantly sedimentary and composed mainly of conglomerate wit h  rounded and e s i t e  

: 1/ Well s ,  Franc is G., , and Waters , Aaron C . , Quicksilver deposits of south--
western Oregon; U .  S. Geological Survey , Bull . 8.50 , pp. 6-11 1 1 934. 
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fragments from sand s i ze t o  boulders two feet in diameter . Most of the 
pebbles are of hypersthene-augite andes ite . Associated with the congl o 
merates are beds havine a tuffaceous matrix with large rounded or angular 
blocks o f  ande s it e . Mud flows are characterist i c  of the upper portions 
of this lower phase . 

The upper portion of the Calapooya format ion c ons ists princ ipally of 
igneous flows that show l it t le pet rographic var iation and for t he most 
part are hypersthene-augite andesit e s .  Glassy flows resembl1ng dac ites 
are present at certain localities , for example , northeast of Black Butte .  
The conglomerat es of t he l ower fac ies frequently grade upward into the 
upper ser ies ,, 
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Dec omposition of the lower part of the Calapooya format ion , t o  an un
usual depth and completene ss , by descend ing surface waters is characteris
t i c .  The well�c emented phases of c onglomerate have gypsum as t he c emeht
ing mat erial ; however, locally thi s c ement has been removed , and conunonly 
nothing but decomposed c onglomerate of about t he consi stency of cheese is 
to be seen in cuts. as much as 20  to 30 feet dee p .  J:./ 

There was little c hange in volume dur ing decomposit ion , so t he struc
ture of the pebbles has been . preserved . In s ome cases the feldspar pheno
crysts retain their original outlines even t hough completely altered to clay 
minerals . The exceed ingly porous character of t he format ion was doubt less 
an import�t factor in the decompos1t ion of these c ongl omerates . , 

The Calapooya formation is upper Eocene and it has a thickness of 
5 , 000 feet plus . 

Oligocene 

Fisher Format ion ( lower Oligocene ) y 

The F isher format ion i s  r. non-nnrine sandstone c omposed of rhyolite 
tuff , agglomerate ,  clays , sand , and gravel , wh ich has been ident ified in 
the Eugene area . Here it i s  underlain by Eocene sandstone . and overlain 
unconformably by the Eugene format ion , and may represent the t ime i nter
val ' between t he retreat of Eocene an� the advance of t he Oligoc ene seas . 
Its age is considered to be lower Oligocene , 

'}} Wells , Franc is G . ,  and 11Taters , Aaron C . , Quicksilver deposits of south
western Oregon: U .  S .  Geological Survey , Bull. . 850 , pp . 6-16 , 1934 . 

2 /  Schenck , Hubert C . ,  Marine Ol igocene of Oregon: University of Califor--
nia Publicat ions , Bull . of Dept . of Geological Sc ienc e s , v .  1 6 ,  
no . 12 , p . 451 , 1927 . 

- - · - � · - - - - - - - - - ·  · Strat igraphJ.c relat 1ons of western Oregon Oligocene 
format ion s :  University of California Publ).cat ions , Bul l .  of Dept . 
of Geol ogical Science s ,  v ,  1 8 ,  no , 1 ,  pp . 8-9 , 192 8 .  
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Eugene Format i on ( middle Oligocene ) 

The Euge ne formation cons ists of mar ine sandst one , sandy shale , c on
glome rat e ,  and t uff ,  all cut by basalt ic dike s  and s ills t hat have been 
ide nt ified i n  t he Eugene quadrangle by Schenck . l/ Minor fault s occur 
throughout t he format i on , although no ev idence of fold i ng  has bee n f ound . 
There is a prevai l ing dip o f  10 degree s  t o  the northeast , and t he format ion 
apparent ly d i ps under t he Miocene volc anic s ,  The e s t imat ed thickness is 
.500 feet ., 

Illahe Format i on ( mi ddle Oligoc e ne ) y 
The Illahe format ion i s  ident if i ed in t he Salem area by Thayer as a 

mar ine format ion made up of f�irly we ll bedded tuffac eous s e d iment s vary
i ng in c oarse ness from pebble c o nglome rat e t o  chalky mas sive whit e ash ;  
s i lty s andstones are mos t  abundant . The grains are mainly of plagioclase ,  
quart z ,  and small r ock fragme nt s  o f  ande s it e  or bas alt , with pyroxene and 
amphibole i n  minut e  amount s , and o c cas ional mic a  flake s - all in a f i ne 
matrix cont a ining s ome c arbonat es .  In the c o arser be ds � rhyolite pe bble s 
are loc ally plent iful . Mar ine foss i ls charac t e r ist ic of Pit t sburgh 
Bluffs and Eugene be d s  are abundant "  The base of t he f ormat ion is prob
ably not far southwest of t he Salem Hi lls .  The th ickne s s  loc ally i s  of 
t he order o f  2000 t o  2.5 00 feet . 

Mehama Vo lcani c s  ( middle Ol igoc ene ) y 
The Illahe forma t ions t hi cke n and c ont ain no mar ine foss i ls east of 

the Salem d ist r i c t . Alt hough i t  is impo s s ible to t rac e t hese format i ons 
cont i nuously , they appare nt ly grade i nt o  t he t e rre st r ial Mehama volcanic 
depo s i t s ,  which in t his s e c t ion are c omposed of f i ne whi t e  or greenish 
t uffs , some o f  which c onta in f os s i l  wood and agglomerat e s . The tuffs are 
dominant ly and e s itic , but more ac id rhyolit ic type s are found locally . In 
t he c rest o f  t he Mehama ant ic l ine t he maximum t h i ckness of t h i s  series i s  
about 6 00 feet . 

Mioc ene 

The lowe r port ion of the Miocene i s  miss i ng in Oregon and Was hingt on , 
indic at ing erosion during t hat epoch " The re is  a po s s i b ility t hat t he 

� Schenck , Hubert C . , Mar ine Ol igo cene of Oregon : Univers ity of California 
Publ icat ions , Bull . De pt . Geol . Sc ienc e s , v .  16 , no . 12 , p .  4.51 , 1 9 27 . 

- - - -- - - - - - - - - Strat igraphic relat ions o f  we st ern Oregon Ol igo c e ne 
format i ons : Un ivers ity of Californi a  Publicat i ons , Bull . Dept . Geol . 
Sc ie nc e s ?  v .  18 , no . 1 ,  pp . 8 ,�9 , 19 2 8 . 

2/  Thaye r ,  Thoma s P . , St ruc t ure of the north Sant i am  River s e c t ion of t he -
Cascade Mount ains in Orego n : Journal of Geo logy , v .  4 4 , no . 6 ,  pp . 
701 - 7 16 , August -Se ptemb er 1936 . 

- - -- -- - - - - - ·· - - - - - The general geology o f  the nort h  Sant iam River s e c t ion 
of t he Oregon Cascade s :  Cal ifornia Inst . Te ch . , Div . of Geol . and Paleo ., , 
Ph . D .  the s is , 9 1  pp . , 18  pls . , 1 9 34 ( unpublishe d ) . 
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upper portion of t he Blake ley format ion { Oligocene ) may c ont inue int o t he 
lower Miocene . 

Ast o r ia Format i on ( middle Miocene ) l/ 
The Ast o ria format ion near Astoria , Oregon , is made up of a lower 

sand st one membe r ,  a mi ddle membe r c ons i st ing o f a thick series of sandy 
shale s , and an upper sands t one member . The latter s t rat um ·  is dominant ly 
marine and re prese nts one of t he earliest f os s i l  local it ies  of t he Pac ific 
Nort hwe st . Eas t of Astoria , in C olumb ia C ounty , the format ion i s  c ompos 
ed  o f  thi ck flows o f  basalt p agglomerate ,  and tuff , with lens e s  o f  sand 
st one and sha le . Trac ed s t i ll farther eastward , t hese volc ani c s  appear t o  
merge int o lava flows known as the C o lumb ia River basalt s . The t hickne s s  
of the Astoria is  given as l p 500 t o  5 , 000 feet . 

St ayt on Lavas (middle Mio c ene } £1 
The Stayt on lavas are d omi nant ly black and aphanit ic t o  finely por 

phyri t ic basalt s ,. Porphyr it ic var ie t ie s  c ontain phenocryst s  up t o  one 
mi llimet er i n  length an d are s omewhat porous where not ve s icular " The 
f iner flows are glassy and charact erized by blocky st ructure . The black 
basalt s have a d iabas ic t ext ure of labrador ite feldspar lat hs and granu 

lar aug it e in t he groundma s s , t he gray l avas are almost ident ical in min
e ral compo s i t ion t o  the black lavas . There are s ome andesite flows , of 
which the hypersthene -bearing augite  and e s i t e  near We st Stayt on is  an ex
ample . 

The St ayt on lavas c over t he Illahe f ormat i on in t he Salem hi lls , but 
in t he foothills of the Cascade Mount a ins t hey underlie d i p s lopes up t o  
1 , 500 feet in e levat i on o  The re i s  a marke d unco nformity b etween the Illa 

he -Mehama and St ayt on fonnat i ons . 

Fern Ridge Tuffs { lat e midd le Miocene ) y 
Fern R id ge tuffs , cons is t ing of bot h t uffs and agglomerat e , are expos

ed in t he north Sant iam reg ion and pre sumably in t he area east of Salem . 
The basal beds of t he series � whe re not t uffaceous , are pebble agglomer
at e s  and eve n sand s t one , whereas most of the c onglomerate h i gher up c on
t ains large boulders . Some foss i l  le ave s  have been rec overed and foss il 
wood is  qui t e ple nt iful at cert ain point s . 

The f ormat i o n  l i e s  c o nformably o n  St ayt o n  lavas and has a thickne s s  
of 0 t o  1 , 2 00 feet . 

1/ Weaver , Charles Edwin , Tert i ary s t rat igraphy of we st ern Washingt on and -
nor t hwe s t e rn Oregon : Un ivers it y of Washingt on Publ i cat ions i n  Ge o l 
ogy , v .  4 ,  pp . 1 8 2 ·= 18; , 1937 . 

£1 Thaye r , Thomas P . , St ructure of t he north Sant iam River sect ion of t he 
Casc ade Mounta ins in Oregon : Journal of Ge ology , v .  44 , no . 6 ,  pp . 
7 01�7 16 , August -September 1 9 3 6 . 

- - - - - - - - - - - - - - - The general ge o logy o f  the north Sant iam River s e c t ion 
of t he Oregon Cascade s : Cal iforni a Ins t . Te ch . , Div , of Geol . and 
Pale o . , Ph . D .  the s i s , 91 pp . , 18 pls . , 1934 ( unpublished ) . 
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Pliocene 

Rhododendron Formation (Upper Pliocene to Early Ple istocene ) �· 

The Rhododendron formation i s  a coarse c last ic , in which the ./felsite 
pebbles are frequently so well rotted that a sharp blow c ompletely shat 
ters them. Hodge 2/ ment ions Thayer ' s  class ification of the Fern Ridge 
tuffs and states that these same beds are a part of the Rhododendron for
mat ion and are early Pleistocene in age . 

IGNEOUS NJTIVITY 

Virtually all the pre-middle-Pliocene format ions are intruded by 
s ills and batholithic masses . The country rock frequently is altered ad
jacent to these intrus ions , and some mineralization has result e d .  

In the north Sant iam i s  an intrusion o f  Halls Diorit e .  2) It is a 
fine-graine d ,  purplish-gray porphyry at t he edge and changes t o  a medium
grained almost white porphyry at the cent e r .  �uartz and orthoclase do not 
amount t o  over 5 percent each , and the rock is classed as a t onalite or 
pos s ibly a quartz dior i t e , 

This plug of Halls Diorite intruded but d id not part icularly d isturb 
the Miocene lavas in the base of a syncline near ·the t own of Halls . The 
intruded lavas were epidotized and chlorit ized , and where there was more 
intense alterat ion sec ondary quartz j seric ite , pyrit e ,  and hemat ite were 
introduced . In hand spec imens t he main effect of the alterat ion appears 
to have been a bleaching without destruct ion of the original texture of 
the roc k ,  

Bre itenbush Springs indicates cont inuing igneous act ivity i n  th:l.s 

� Hodge , Edwin T . � Age of the Columbia River and l ower canyon: ( abst . )  
Geol. . Soc . America , Bull . v .  44,  p .  15 6 ,  19} 3 .  

Allen ,  John Eliot , Contr ibut ions t o  the struc ture ) strat igraphy and 
paleont ology of lower Columbia River gorge : Univ . of Oregon �. Master ' s  
thesis , 1932 ( unpublished ) .  

Barne s ,  Farrel F . ; and Butler , John W .  Jr . ,  The structure and strat igraphy 
of the Columbia River gorge and Cascade Mountains in the vic inity of 
Mt . Hood : Univ . of Oregon , ��ster ' s  thes is r 19}0 ( unpublishe d ) .  

Sheet s �  M .  Merideth ,  Contributions to the geology of Cascade Mountains 
in the vic inity of Mount Hood : Univ . of Oregon , Master ' s  the s i s , 1932 
( unpublished ) .  

2/ Hodge , Edwin Thomas , The Cascade plateau province : Geological Society of -
the Oregon Country , Geological News Letter , v .  4 ,  no . 2 ,  Port land , 
Oregon , January 25 , 1938 . 

:3/ Thayer , Thomas P. , Structure of the north Santiam River sect ion of t he -
Cascade Mountains in Oregon : Journal of Geology , v .  44 , no . 6 ,  pp . 
?01-?16 , August -September 193 6 .  

- - - - - - - - - - -- -- ·· - - - The general geology o f  the north Sant i am River s e c ·  
t i on of the Oregon Cascades : California Inst itute o f  Technology, 
Division of Geology and Paleontology , Ph . D o  thes i s , 91 pp. , 18 pls o  s 
1934 (unpublished ) 
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part of t he Cascade Range . The Bre i t e nbush Bot Spr ings are east and s light 
ly sout h  of t he King ' s  c lay i n  t he Salem are a . 

STRUCTURE 

The pre -Cret ace ous format ions of s out hwe s t e rn Oregon were mainly de 
po s it e d  paral le l , if not c o nformable , t o  e ach ot her and we re aff e c t e d  by 
t he s ame deformat ive movement s . The y  were folded , overturned , and fault 
ed by t he great Juras s i c e poch of mount a in -bu i ld ing .  The o lder rocks and 
t he Cret ac e ous format ions were furt her deformed by moveme nt s at t he c lose 
o f  t he Cret ac e ous . The hiatus be tween the Eocene Umpqua and Calapooya de 
pos it ion re pr e s e nt s  a t ime int e rval dur ing wh i ch t here was le s s  intens e 
fold ing . All t hree o f  these def o rmat ive period s produc ed folds with 
northeas t - southwe st t re nd i ng axe s r 11 

A st ill lat e r  pe riod of defo rma t i on produc e d  a s erie s o f  four nort h
east -southwest t rend i ng f o lds in Miocene and older rocks . � From we st t o  
east the se are t he Wi llame t t e  sync l ine , t h e  Me hama  ant i c l i ne which ne arly 
c o inc ide s  w it h  t he Eagle Creek a nt i c l ine of t he C o lumb ia Gorge , t he Sardine 
syncline , and t he Bre i t enbush ant i c l ine whi c h  may pro j e c t  northward t o t he 
Ortley and B ingen ant i c line s  of t he C o lumbia Gorge . Thayer as sume s  t hat 
t he f olding i s  upper Mio c ene and lat er t han t he int rus i o n  of Balls d i or ite . 

A f aul t of t he Bas in-Range t ype c an be t rac e d from C rat er lake t o  
Mount Hoo d , ac c ord ing to Cal laghan . 2/ I t  s eparat e s  the Cas c ade Mounta ins 
into t he We st ern Cas c ade s o f  folded volcanic s and pyroc last i c s , and t he 
High C as c ad e s  of young lavas whi c h  form t he  higher pe aks . 

The Wi llamet t e  Va lley appare nt ly is eroded i nt o  t he northe ast -dipping 
flank of a gao -ant ic line , t he axi s  o f  which may be ne ar t he c re st o f t he 
Coast Range . A sync l inal ax i s wh ich approx imat e ly c o inc id e s  wit h  t he 
C o lumb ia River nort hwe st f rom Port land is post ulat e d  by We aver � . but it s 
re lat ionship t o  t he  ma j or fo ld i s  not c lear . 

1/ D i l le r , J .  S o , and Kay , G .  F . , Riddle folio no . 2 18 :  U .  S .  Geo l . Survey , -
Ge olog i c  At las no . 2 1 8 , p .  6 ,  1 9 2 4 . 

£1 Thayer , Thomas P . , Structure o f t he north Sant iam R i ver sec t ion of t he 
C a s c ade Mount a i ns in Oregon : Journal of Ge o logy , v .  44 , no . 6 ,  pp . 
701�·716 ,  Augus t -Septembe r  1 9 3 6 . 

- - - - - - - - - - - - - ·- - ·- The general geo logy of t he no rt h Sant i am  River s e c t ion 
o f  the Ore gon C a s c ade s : C al if orni a Inst . Te ch . , Divis ion o f  Ga o l , and 
Pale o . ,  Ph . D .  t he s is , 9 1  pp , ,  1 8  pls . , 1 9 3 4  { unpubl i shed ) .  

3 /  Cal laghan , Eugene , Some fe ature s of t he volc anic s e quenc e  in t he Cascade -
Range i n  Ore gon : Am .  Geophys i c al Union , Trans " , 14t h Ann . Mee t ing ,  
pp . 2 4 3 - 2 49 , 1 9 3 3 . 

Thayer , Thomas P . , op . c it . 
4/ We ave r p Charles Edwin , Tert i ary s t rat igraphy o f  we st ern Washington and -

northwe s t ern Oregon : Univers ity of Washingt on Publ icat i o ns in Ge o logy � 
v .  4 ,  pp . 182 -18; , 1 9 3 7 . 
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CORRELATION OF CLAY DF�ITS 

ORIGIN OF THE CLAY . 

The two standard theories of the origin of c lay materials in general 
are that ( 1 )  the original rock was altered by descending meteoric waters , 
and ( 2 )  that it was altered by hydrothermal or pnewnatolyt ic act ion. The 
meteoric -wat ers theory probably explains the greater proport ion of the 
occurrences and is frequent ly adopted when i t  is difficult to find suffi 
c ient evidence of hydrothermal alterat ion. 

The stat ement by McKitrick (see page 22 ) that the weathered gravel 
at the Fern Ridge dams ite on the Wi llame t t e  River i s  f irmer and more re
s i stant below ground water leve l ,  would tend to support the descending 
waters t heory o 

The Fransen weathered gravel is 1.5 to 2.5 feet thick and c omplet ely 
altered . The overlying soil is "residual from the basalt " p  according to 
the Department of Agriculture soil survey , and has a heavy iron content , 
yet the underlying clay is remarkably free from iron staining as the anal
yses show . These data are difficult t o  adjust to a descending -water theory. 

In the Molalla and Salem districts the clay occurs above basalt and 
is apparently the lower part of a tuff bed .  The rest of t he tuff is cer
tainly not altered to t he same degree as the c lay . 

At Hobart But t e ,  Wells and Waters y state that the alterat ion of the 
conglomerate now refractory clay material has been caused by descending 
surface waters . At Black But t e , a short d istance southeast ; c innabar was 
deposited by hydrotherraal solut i ons that altered the country rock t o  such 
a degree that portions of it are suitable for refractory purposes . Fault 
ing , mineralizat ion , alterat ion , and " iron r ibs" are characterist ic of 
Black But t e . S imilar cond it ions prevail at Hobart Butte , where the rock 
i s  impregnated with the sulf ides , realgar , and cinnabar. There i s  ev idence 
of fault ing , and " iron r ibs" are present . It would appear t hat Hobart 
Butte has been subject t o  similar condit ions to those at Black Butte , and , 
on this bas is p at least a port ion of t he Hobart Butte alterat ion must be 
hydrothermal . 

The above statements indicate that an hydrothermal hypothe s i s  may be 
satisfact ory for the origin of certain of these clays . Before the mat ter 
is settle d p  more careful study and some pet rographic work must be done . 

}} Wells , Franc i s  Go � and Waters , Aaron C .. � Quicks ilver depos its of south
western. Oregon : U .  S .  Ge o l .  Survey , Bullet i n  8.50 , 1934. 
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AGE OF THE CLAY MATERIALS 

Over an area extending from southern Jackson C ounty , Oregon , to cent
ral Lewi s  Count y ,  Washington , are occurrences of fire c lay in which the pa
rent rock ranges in age from middle Eocene to middle Miocene , or younger . 
The altered material usually is andes i t i c  flows , tuffs , or gravels . Any 
hypothesis based on similar condit ions of alteration over such a wide area 
has many difficul t ie s , e specially as the age of t he parent rock i s  lower 
Eocene to post-middle · ·Miocene , yet the similarity of the altered material 
cert ainly gives t he impres s i on t hat the alteration generally was accompl i sh
ed under similar cond itions and probably during one epoc h .  Descending 
meteorio waters have been effect ive in some case s .  

This geologic study of the clays i s  of a reconnai ssanc e nature , and 
all conclusions are offered t o  st imulate further study in the area . The 
tentative hypothe s l s  favored by the writers i s  that of c ont emporaneous 
alterat ion some t ime after middle Miocene , with alteration from both des
cend ing meteoric waters and hydrothermal solut ions be ing effect ive . 

THE WEATHERED GRAVEL 

A gravel ,  composed of pebbles that s t i l l  retain their original shape 
and mineralogic texture , although so thoroughly altered t hat t hey can 
eas Hy be cut Wit h a knife , is an unusual format j_on to be observed in the 
study of refractory fire c lays . Published geologlc data on this weath
ered gravel apparent ly are lacking , so it is deemed advisable to record 
herewith observ·at ions and inferences . The altered gravel was studied 
at two locali t ie s  .. Fransen no . 1 and Subliml ty no , 2 6 ,  as a probable 
source of fire clay , and it has been observed at several other points in 
t he McKenzie and Sant iam Valleys , Oregon , and the Cowl it z and Lewis Valleys , 
Washingt on . 

LITHOLOGY 

The gravel , as it occurs at the Fransen loca11ty no . 1 ,  is t aken as 
typical ( see fig , 7 ) .  The pebble s �  ranging in d iameter from l to 8 in
ches , are chiefly fels it e  with a small percent derived from metamorphic 
rocks , usually quart zite . The matrix was originally coarse ... grained arkose 
containing , in addition to felspathic minerals � quant i t i e s  of quart z grains 
and wh it e mi ca . At one point a lens of quartz sand with a maximum thick
nes s  of four feet was observed .  

Alteration has proceeded - to such a degree that igneous pebble s and 
matrix can be cut with a knife with e qual ease , the metamorphic pebbles 
alone be ing resistant . The 1gneous pebbles retain their original shape 
and can be separated intact from the mass . In s ome cases the mineral 
texture and color are preserved ;  in others , t he pebbles are altered t o  a 
structureless cream-colored clay . The feldspars of t he matrix have been 
changed to clay �  thus providing the plast ic binder to hold together the 
quartz and mica grains . A fresh exposure of t he c lay presents a striking 
appearance .  It appears to be an ordinary gravel ,  and t he inve st igator 
must dig into 1t to convinc e · himself it actuall y is as soft as reported . 
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Figure 4 .  Age of Clay Mat erials 

Locality 

Southwestern Oregon 
Dead IncHan ,  
#44-45.:.46 . 

Gaines , #}8 
Rogers , #39 

Hobart But t e  
Hobart But t e ,  #35 

Bl.ackbutte , ,#36 

Elkhead , 1?37 

Eugene 
Localities #29-34 

Salem 
Localities #11-25 

Sublimity ,  ;'/26  

Mac leay, #27 

Molalla 
Localities #6-10 

Northwestern Oregon 
Fransen , #l 

Eocene ? 

Eocene ? 
Eocene Umpqua 1/ 

Upper Eocene , lower 
Calapooya y' 
Upper Eocene , upper 
Calapooya Y 
Lower Eocene , 
Umpqua y 

Ol igocene , Eugene 
format ion y 

Middle Miocene , 
Fern Ridge 3/ 
Middle Miocene ? 

M1ddle Miocene , 
Stayton Lavas 3/ 

Middle Miocene , 
Fern Ridge ? 

Middle Miocene or 
younger 

Kind of Material 

Volcanl.•) S and tuffs , associat 
ed with basic igneous intrusions . 

Altered rhyol ites and tuffs . 
Altered flows and tuffs , associat 
ed w1th c i nnabar . 

Alt ered tuffs , flows , and con
glomerates 
Altered igneous flow . 

Altered zone in Umpqua forma
t ions 

Altered clast i c s  of marlne 
or1gin 

Altered tuffs and pyroc las-
t ic s  
Weathered gra·vels , overlying 
Stayton lavas . 
�lleathered basic igneous fl ows . 

Altered tuffs and pyroclast ics 

Weathered grav·els overlying 
Astoria volcanic s .  

Toutle River ,Washington Eocene or Mioc,ene Altered f lows or pyrocl as t ic s .  

�-

Southern Lewis County Post Ol igocene 
Washington 

'}/ Wells and Wate.r.s , o p .  c 1 t . 
. ?../ Schenck, Hubert G. , op. c i t e 

Weathered gravels overlying Ol 
igocene sediments and underlying 
Vashon outwas h .  

_2/ Thayer , Thomas P . , op . c it . 
±( Weaver � Charles E . , op. c it • 



Pre l iminary Re port - Re fract ory C lays - We s t e rn Oregon 2 1 

STRATIGRAPHIC POSITION 

The weathere d  gravel at the Fransen loc al i t y  l ie s  on bas alt t hat 
i s  ident if ied as middle Mio c ene age , JJ ,  a port ion of the i nt e rc alat ed 
bas alt in t he Ast o r ia forma t ion . At the Sub l imity local i t y  no . 2 6 , one 
half mi le nor th of t h e  t own o f  t hat name � t he base o f  t h e  we at hered gravel. 
is no t expo s e d . A s hort d i st ance northward , at a s l i ghtly lower e levat ion , 
an out c rop of Stayt on lava (mi ddle M i oc ene ) o c c urs ,  which woul d  j us t ify t he 
c onc lus i o n  t hat t he we at he re d  gravel l ie s  on St ayt on lava . 

The age o f  the we at he red grave l  i s  e i ther t hat of the upper port i o n  
o f  t he basalt f lows o r  younger t han t hem , and it i s  t hought t o  be post - ml.ddle 
Miocene . 

F i e ld part ie s of t he U. S .  De partment of .Agr i c ult ure .Y have recorde d 
t hat t h e  Salkum and Winlock so i l  s e r i e s  of s out hwe s t e rn Was hingt on and t he 
Salkum and Ve ne t a  s o i l  ser i e s  o f  Oregon are und erlain by we at here d grave L 
In two i nst anc e s part i c ular me n t i on i s  made o f  t he e xt reme weat hering , in 
one , t hat t he grave l c an b e  c ut by a s pade in wells and exc av at i ons y � and 
in anot he r c ase that it c an eas ily be c ut wit h a knife or s pade y .  In oth
e r  o c c urrenc es t he references st at e  t hat t he mass is very dee ply weat he re d , 
part icularly in areas underly i ng  Salkum s o il . Weat here d gravels found under 
Winlock and Ve ne t a so il s  are no t as c omplet e ly altered as t hose under Salkum . 

Areas ment i o ned i n  t he se referenc e s  i nc lude t hose in the McKenz ie Val·  .. 
ley ,  in Lane C ounty , in the s out h Sant iam Valley in Linn C ounty, ne ar Sub 
l imity in Mar ion C ount y , in Po l k  C ounty , and al� o  in Lewis C ount y , Washingt on ,  
from Toledo Winlock t o  ChehalJ. s and e astward . 

Bre t z  3/ rec ords the pre s enc e of " t i l l " , which under l i e s  Admiralt y Hill 
in t he Puget" Sound an d  Li t t le Rock ( Thurston C ounty ) areas , and he also 

1 /  We aver � C harle s Edwin : Te rt iary s t rat i graphy of we s t ern Washingt on and -
northwe s t ern Oregon : Unive r s i t y  o f  Wa shingt on Publi c at i ons i n  Ge o logy , 
v .  4 , pp . 182 -183 , 1 9 3 7 . 

2 /  Mangum , A .  W . , and Party , Re c o nna i s sanc e s urvey of s out hwe st ern Washing -
- ·  t o n ;  U .  S .  Dept . of Agr i c ulture � Bure au of So i ls , Advanc e She e t s , 

Fie ld Operat i o n s  for 1 9 11 , pp .  7 3 =77 � i s sued May 15 ) 19:t'J . · 

Torgerson , E .  F . , and Hartmann , C harle s Jr . ,  So i l  survey of Po lk C ount y , 
Orego n : U .  s .  De pt c of Agr i c ul t ure , Bure au of So ils , Advanc e s hee t s , 
F i e ld Operat ions f or 19 2 2 , pp . 1?01=1702 , 1 9 2 7 . 

Torgerson ,  E .  F . ; and Glas sey , T .  W . P So il  s urvey o f  Mar i o n  C ount y � Ore 
gon � U .  S .  De pt . of Agr icult ure , Bure au o f  Chemi st ry and Soils , Se r i e s  
o f  1927 , no .  3 2 1 p ,  2 3 p 1927?  

· 

Koc he r � A .  E . , Carpent e r , E .  F . , and Harpe r » \f .  G . , So i l  survey o f  Linn 
C ount y , Oregon : U .  s .  De pt , of Agr ic ult ure , Bure au of Chemi st ry and 
So i ls 1 Se r ie s of 19 2 4 , no . 2 5 , P o  6 1 , 1 9 2 4 ?  

Car pe nt e r , E .  J , , and Gla s s ey ,  T .  W . � So i l  survey o f  the Eugene are a , 
Oregon : U .  S .  De pt , of Agr i culture , Bure au of Chem i s t ry and So i l s , 
Ser i e s of 1925 , no . 3 3 , pp . 2 4 ·, 2 8 ,  1 9 2 5 ?  

�/ Bre t z ,  J .  Harlan , Gla c iat i o n  o f  t he Puge t  Sound Reg ion : Washingt on 
Ge olog i c a l  Survey , Bull no " 8 ,  PP o 17 6 -177 , 1913 . 
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refers to a weathered till in a conglomerate near 1\Yers Point on Hood Canal . 
Only mere mention is made of the occurrences . 

CONDITIONS OF DEPOSITION . 

A careful study was not made of the evidence bearing on the original 
deposit ion conditions of t his graveL In the McKenzie area Y and in the 
south Sant iam, mention is made that the underlying weathered gravel ap
pears to be a port ion of an old , high terrace . Piper makes a similar 
suggestion � · The di stribut ion o f  the localities suggests that the for
mation represent s remnants of old valley fills now recognized as a series 
of terrace deposits . 

CONDITIONS ACCOUNTING FOR ALTERATIONS . 

In the Hobart Butte area, in southwestern Lane County, Wells and Wa
ters 2/ discuss the alterat ion of the c onglomerate in the lower portion of 
the Calapooya formation. "Commonly nothing but decomposed conglomerate 
of about the consistency of cheese is to be seen in cuts as much as 20 or 
30 feet deep,. Despite the complete alteration of t he andesitic pebble s ,  
there has been no large change in volume during decomposition and the or
iginal structure of the once resistant . conglomerate is well preserved .  � 

In many places feldspar phenocrysts that have been altered entirely to clay 
minerals retain their original sharp outlineH .  Although t he Calapooya 
formation is upper Eocene and the weathered gravels considered here are 
post-middle Miocene � the description by Wells and Waters could be copied , 
word for word , as a description of the later gravels . They conclude that 
the Calapooya conglomerate was altered by descending surface waters . 

In the McKenzie area ,  McKitrick .� observed that test pits at the 
Fern Ridge damsite on the McKenzie River , 18 miles northwest of Eugene , 
exposed weather gravel .  Above permanent ground water level the gravel 
was altered completely , whereas below , the pebbles were harder and reas
onably resistant , so that it was necessary to use a pick to drive through 
them. 

In the Chehalis ,  Wash. ,  area , the Soil Survey states that in their 
opinion the gravel is an old ghcial t1ll , but they give no opinion as to 
the method of alteration. All of the deposits (Fransen , Subl im�ty,  
McKenzie , Hobart Butte ,, Chehalis ) invest igated by the writers and ot hers 
are above the present permanent water levels . On this basis p  the assump
t ion that alteration is the result of descending ground water is the more 
reasonable . 

11 Carpenter ,  E .  J . , and Glassey , T. W. s Soil Survey of the Eugene area,  
Oregon : U .  S.  Dept . of Agriculture : Bureau of Chemistry and Soils ,  
Series 1�2.5 , no . 33 ,  PPo 24·�28  s 192.5? 

Kocher , A. E . � Carpenter ,  E .  F . s and Harper , W. G . , Soil Survey of Linn 
County , Oregon: U .  S .  Dept " of Agriculture � Bureau of Chemistry and 
Soils , Series of 1924,  no " 2.5 , p.  6 1 ,  1924? 

� Piper , Arthur M. � personal communicat ion , January, 1938 . 
21· Wells , . Francis G , � and Waters , Aaron C . , Quicks ilver deposits of south

western Oregon: U. S.  Geol. Survey , Bulletin 8.50 , 1934 . 
!/ McKitrick, W .  E . , personal communication, January 20 ,  1938 . 



Prel iminary Report - Refractory Clays Western Oregon 23 

AGE OF THE WEATHERED GRAVEL 

The weathered gravel is post �middle Miocene in age , as it lies either 
on top of middle Miocene basalt or is intercalated with it . The upper 
limit for its age is not determined at present ; the degree of weathering 
is greater than t hat of Admiralty t ill � the oldest recognized in western 

Washington, and it is greate� than Satsop and of Troutdale and observed 
Rhododendron . "JJ Rhododendron is late Plio_cene to early Pleistocene .  
There are se:d.ous ob_ject ions to fixing the age of any rock on its degree 
ot weathering , as conditions may vary c onsiderably within a small are a .  
The most ambitious statement possible at this t bne is t o  say that the 
weathered gravel is probably post -middle Miocene and pre--glac ial . 

J4ETHODS OF TESTING 

Prel iminary sampl e s  were shipped t o  the ceramic engineering labora- -
tory of the University of Washington, dried , ground finer than 65 me sh, 
molded into the standard pyrometric cone shape , and fused according to t he 
specifications of the American - Society for Testing Materials , standard 
method for "Pyrometric Cone Equi. vaJ.ent for t he lire Clay and Fire Brick , "  
A .  s .  T .  M .  p des ignat ion C 24· -35 . The original color , hardnes s �  plas-
ticity, impuritie s ,  melted color , and general character of the c lay were 
noted , and those that gave P .· C -. E .  vaJ.ues above cone �0 or light-colored 
me.lts were separated from the low-refractory and dark-colored materials for 
further sampling and study" 

After the above classification test s ,  larger samples of t he better 
c lays were tested tor behavior in manufacturlng product s .  These tests 
consisted of the produc t ion of 1 by 1 ·oy 8 inch test bars for the determin
ation of drying and firing shrinkage , vitrification range , warping , crack
ing , and other t�oub.J e R �  f.ired ' � olors a.t d U'ferent temperatures ,  and the 
general indications tor success or fallure in manufacturing . Special tests 
were made on several t ypical c lays , and private reports were drawn upon for 
the result.s of other determinations . 

Chemical analyses were made by Lerch Brothers � Inc . , Hibbing, Minn . , 
and by Crowell and Murray , Cleveland , Ohio . 

More tests will be made with these clays in the future , sine� t he 
indicated values or many are high. The quant it ies available �nd · the ac 
cessibility of t he deposit s are satisfaet ory for eommercinl service when · 
the market warrants t he ir development . 

1/ Hodge j Edwin T . : Age of the Columbia River and l ower oanyon: (abst . )  
GeoL Soc . Jun . , BulL v .  4 4- ,  p .  1 5 6 , 1933 . 

-------- Hist ory of the Columbia River Gorge : ( e.bst . )  Geol .  
Soc . Jun . , Bull . v .  43 , pp , l;l-1 3 2 , Marc.>h J.932 . 
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Figure 6. Fransen Clay Pit 
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Figure 7. Detail of Fransen Gravel 
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Figure 8. Diagrammatic Sketch, Cross-section of Fransen Clay Pit 
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Figure 20. Ellis Clay Ad it 

Figure 2 1 .  Interior of Ellis Clay Ad it 

Figure 22. Ellis Clay Ad it Contact of Clay and Tuff 
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CLAY DISTRICTS 

NORTWNESTERN OREGON DISTRICT 

There is only one c lay deposit known at present in northwestern Ore
gon t hat - has the proved characteristics of high-refractory clay. The Sig 
Fransen deposit in northwestern Columbia County apparent ly has quality 
and quant ity suffi c i ent t o  justify commerc ial development , and is described 

· in detaiL The P .  C .  E .  values of t he other depo s i t s  v i s ited were t oo low 
for classification as high-refractory clays . 

Sig Fransen Deposit, Locality No . 1 

Locat ion . 

The Sig Fransen c lay deposit is l ocated in northwestern Columbia 
County in t he NEi sec . 33 ,  T . 8  N. , R . 3  W . v-tsee fig . lO . ) Raiuier , 6  miles 

· east , is the nearest town , and Mayge�o .5 miles west , is the nearest 
railroad station of the Spokane , Portland and Seattle Railway . The ��! 
sec . 3 3  has been subdivided into thirds in the form of east -west rectangles 
each having t he length of the quarter--sec t io n ,  and the Sig Fransen third 
is t he middle one . Details are shown on f igure 9 .  No puhlished topo
graphical maps of t his area are available . 

Topography . 

The Columbia R iver bounds the area on the northeast at virtually sea
level e l evat ion . From the southwest bank of the river the land surface 
rises .500 to 600 feet in a quarter of a mile to form a plateau-like sur
face , which has rounded hills and wide valleys typical of late mature 
topography . As t his mature surface i s  perched well above sea leve l ,  head
ward-cutt ing streams erode V-shaped youthful canyons through the hard under
lying basalt . Thus , the normal cycle of erosion has been reversed and the 
streams re j uvenated . Rock outcrops are usually vre ll concealed under a 
heavy soil cover or a dense growth of underbrush , or both . . 

Cllmat e .  

Climat ic cond i t ions are characterist i c  of western Oregon i n  that the 
annual range of t emperature .is moderate ,  the winters are "open" , and rain
fall is princ ipally confined t o  the co lder months of t he year . The annual 
prec ipitation is about 6 0  inche s ,  and snow is seldom an interfer-ing· agent . 
Fog , which rolls up from the Columbia River vall ey ,  becomes a handicap t o  
transportation at t imes .  

F:ront Pit . 

The Front Pit l ie s  200 feet s outheast of Fransen ' s  house and 60 feet 
below it , near the crest of a .500-foot bluff overlooking t he Columbia riv
e r .  The c lay was d i s c overed when c ounty engineers started a quarry for 
road metal in the underlying basalt . A " c oyote11 hole was driven into the 
basalt , and a large powder charge was exploded with the expectation that 
the basalt would be completely shattered . The charge caw out at the 
back, removing enough s o i l  overburden to expose the c lay .  
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Small amount s of c lay were sold to the Pacific Stoneware C o .  over a 
period of time , and a 25 -foot vert ical face was maint ained in the quarry . 
The Denny-Renton Clay & Coal Co . c ontemplated devel opment o f  th is clay 1'or 
their Portland plant in 192 2 , but a decis ion against the manufacture of re
fractories in the Portland area caused the matter to be dropped. }} 
Since t hat t ime , Mr .  Fransen has not worked the deposit , as the expense of 
keeping t he pit in c ondit ion for small , intermitt ent sales i s  t oo great . 

Descript ion of the Clay Pit : 

The clay pit i s  80 t o  100 feet wide , 40 feet from front t o  bac k ,  and 
has a vertical height of about 30 feet . Overburden c onsists of 3 feet 
of soil and impure clay ; but as the quarry face extends fart her into t he 
hills ide , the overburden doubt less will increase t o  a max imum of 60 feet 
under Fransen ' s  house .. (See fig o 6 . ) 

The clay material is formed from gravel that has been weathered · and 
altered s o  thoroughly t hat the pebbles are . soft enough to be carved with 
a knife . A c omplete description has been given in t he sect ion on Weather
ed Gravel .  The clay is quite uniform in quality except for a lens of 
quartz sand t hat occurs 15 feet below the top of the clay. This lens rs 
4 feet t hick at the south s ide of the pit and pinches out at the north. 

The attitude of the clay bed was not determine d .  The clay i s  under
lain by basalt , and the overlying soil is reported as a res idual deriva
t ive of basalt o � Weathered basalt i s  ident ified at both ends of the 
quarry some 18 feet above the floor of the pit <· These condi�ions may in
dicate that t he c onglomerate was originally deposited in an old river chan
nel eroded from the basalt . 

The c lay was sampled over a vertical distanc e · of 3li feet , as shown 
in the c olumnar section, figure 12 . The f irst or t op 15 feet of clay was 
channel-sampled and then 2 feet of quartz sand was encount ered. An auger 
hole (A)  was started below the sand and c ont inued through 14 feet of clay 
plus 2 feet of weathered basalt at t he bottom. Hole B was started at the 
quarry floor and only weathered basalt was recovered. 

Q.uality: 

Tests on Fransen clay from t he front pit : The preliminary samples 
from the s oftened gravel in the present working face were divided into 
three parts : A-1 ,  a gray plastic clay; A-·2 ,  a light-cream moderately plas
t ic clay; and A-3 , a hard quart zite mass with no plasticity , representing 
some of the quart zite pebbles . All � as shown in f igure 8 ,  gave P .  C .  E·. 
value s near c one 32 . However , with t he l arger channel . sample ( 1-d ) 
taken from the upper 15 feet ( see f1g . l 2 ) of the exposed gravel ,  represent
ing a mixture of all variet ies of t he softened pebble s ,  the P. C .  E .  dropped 
to cone 3 0 .  Analys i s  of this sample showed only 25 . 6  percent alumina , 

1/ Lemley , w .  G . � personal conununicat ion, Dec ember 2 9 , 1937 . 
� Harper , W .  G . , and Torgerson, E .  F . , Soil Survey of Columbia Count y ,  

Oregon : U. S .  Dept " of Agriculture , Bureau o f  Chemistry and So ils , 
Series 192 9 , number 35 , p .  13 ( 1934? ) 



I Ill � I  " I  ... I � I  l! l  � I  • I  !> I  � � l 
-:: I I  - I  � l j -4'z$� '" 

,.,. 

N 

.$'-q, <J'? 

LOCALITY MAP OF FRANSEN AREA 
I t O I 2 3 4 

Figure 9 

T. 8 N. R. 3 W. 

' 

! 
\ 

' . 
,, \. \ \ 

\ \ '� \. 

\ ',.. \, '\ ......... 
... ... \ 

\ ' \ � '� � 

STATE OF ORE.OON 
DEPARTMENT OF GEOLOGY AND M-.ERAL lf'OJSTRIES E•rl K. NlXon1 O .... ctor 

FRANSEN AREA 
COLlHBIA COUNTY 

Scot• 
toO so 0 100 200 300 400 aoo F••• 

Ccntow lnt..-v•l 5 Feet o.Mn IS ,._.. ... lev.t 

U!X>END 
A&CM> Teet ma.s * * *  PropOMd tr.mwev 

XV Llmlta of proftle 
Topo<Jrophy by C.O.Grft'n,..� • J.A Ross � .Jon. lfJ6 

500" I 
PROfiLE � ALor«' PROPOSED tRAMWAY LINE 

Horizontal Sc.ae = Vef"tloal Scale 

F"lture I I  

y 

I� 



30 Preliminary Report • ·  Refractory Clays - Western Oregon 

6 3 . 6  percent silica, with 2 . 55 percent iron oxide . The auger sample in 
the floor of the pit ( 1 -f ) ,  from 17 . 5  t o  } 1 . 5  feet , had a fusion o f  cone 
3i�minus , wit h a higher alumina c ontent of 39 . 8  percent and lower s ilica , 
39 . 4  percent with 6 . 7  percent iron oxide . 

· 
The spe c ial t est s of ( 1-d ) , ,'.shown in f igures 46 and 47) indicated a 

highly plast ic material requiring a high percentage of tempering water . 
It gave a high shrinkage on fir ing but remai ned soft and o therwise unaf
fected by t he high t emperatures unt i l  above c one 15 , bec oming steel hard 
at cone 2 0 ,  with 6 . 7  percent l inear shrinkage and 10 . 2  percent absorpt ion. 
A high degree of vitrification was developed at cone 2 9 ,  with a l inear 
shririkage of lL5 percent and an absorpt ion of 1 . 6  percent . The brown sur
face covered a white�spo�ted black interior wit hout vesicular deve lopment 
or deformat ion. 

A s imilar test of ( 1-f ) fired t o  c one 20 showed 3 . 3  percent absorpt ion 
after 14 . 5  percent shrinkage . The greenish-gray surface covered a black 
interior and the samples showed evidences of softening and deformat ion.  

·� hese data indicate a possibie usefulness in refract ory serv ice if 
t hese clays are properly mixed with grog ( the preheated,  preshrunk c lay ) 
to reduce the shrinkage t o  commercial limit s .  The ir resi stance t o  high 
temperature is not the best , according to the present firebrick standards , 
s ince many bricks on the market now will give P .  C .  E values o f  cone 33 
and above . The uniformity of t he clay when large quant ities are t o  be 
mined and t he c ontent of t he hard quartzite pebbles are unknown factors 
that require further study , '  But , despite the peculiar appearance and 
apparent variat ion of t he weathered gravel face , the tests indicate that 
further invest igation is well worth while . 

Quantity: 

Top of the clay seam in the quarry is at an elevat ion of 490 feet . 
A well 50 feet north of Franse n ' s  house was dug t hrough soil , and clay 
was struck at elevat ion 490 feet . (See fig . 9 . )  A latrine excavat ion 
300 feet northeast of the house exposed this same clay at elevation 490 
feet . · Louis Fransen opened a pit on his land south of Sig Fransen ' s  
property , and similar material was expose d .  Two shallow auger holes lo
cated between; the Louis Fransen and the Sig Fransen clay occurrences show
ed .indicat ions of the same clay. It is concluded , therefore , that t he 
clay body bas a • .linear extent of at least 1000 feet across Sig Fransen ' s  
land ( see f ig "  9 ) ,  a . m,inimum width of 250 feet� and a depth of 25 feet . 

The minimum quant ity , on t he basis o f  the f igures g iven above , is 
c omputed t o  be 430 , 000 short t ons . There is reason t o  bel ieve t hat the 
c lay has a greater width t han 250 feet and probably extends c lear through 
the hill , in \Vhich case t he dimensions would be 1000 feet by 1000 feet by 
25 feet , making a t otal of 1 , 720 1 000 short tons on Sig Fransen ' s  proper
ty . Further explorat ion may reveal t hat t he cJay has a st ill greater 
linear extent . The locality should be c hecked by core drill ing . 
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lateral extent into the 
hill of over 20 ft. 
plus 33 ft.adit length 
or a total of 53 plus 

feet . 

Fig.l4 

F.llis,Locallty //6 
Hole C 

Ol 

31 
3 . 5 '  

6 . 7 5 1  

9 - 75 ' 

14.25' 

17,0 I 

18.5 I 

3 ft.soil and slump , 
no sample 

± ft . cone 28 plus . 
3{ ft . c lay ,mixture 

of light gray and 
green gray,earthy 
clay, cone 28-

3 ft . clay similar 
to sample above 
but iron stained. 
Cone 20. 

4� ft. clay similar 
to s�ples above . 

Cone 1 5 .  

.75 ft.cley similar 
to samples above, 

Cone 2 3 .  
·t ft.c ley,grey-green 
with small white 
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PI  
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pact cley containing 
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Mining : 

The c lay could be m1ned by open-pit or underground means , or a c omb i
nat ion of bot h .  With open-pH or quarry operat ions , the soil overburden 
3 t o  60 feet thick could 'be st ripped with a drag1ine scraper or bulldozer 
e.nd dumped below t he quarry , A quarry face from 25 to 30 feet h1gh may 
be maintained throughout the length of the depos it and drainage effected 

· by gravity. The cla-y con.ld be tranuned to a bunker built on the steep 
slope below the quarry floor , the bunker intake at e levat ion 4.50 feet , 
and t he chute gates at 425 feet , where t he foundat ions would rest on basalt . 
A 1 " 400 foot tram l i ne would del i-ver the mined clay either to the railroad 
or to boats on the Columbia river . (See fig . l l . ) 

Underground m1ning will requ1re some c onventional type of underground 
equipment suHable for such material . 

The P .  C .  E .  tests indicate t hat t he entire mass , 2 5  to 30 feet thick, 
can deliver a product uveruging abov·e c one 30 . Should the sand lens be
come t hicker thun 4 feet , it would be ne cessary to make some segregat ion ; 
however, t here might be a market for t he sand as molding sand . 

Transportat ion� 

Cheap t ransportat ion :l.s one of the more favorable features connected 
with t he Fransen depos it , for the clay can be moved e ither by bar-ges ,  
deep-draft vessels , or by ra1 l ,  The truro l ine ( see figs , 9 und ll ) is 
Jaid out so that it crosses t he railroad, and cduy may be dumped into 
bunkers at a railway sidetra0k or carried to the t ram terminus and dump
ed into bunkers built over deep water . 

A channel with a minimum depth of )0 feet extends northwestward into 
the main channel of the Col umb ia River ,. except for a 700 foot shoal area 
at the downstream end of l'lalker Island . This shoal is covered with 12 
feet of water at high t ide , and dredging will pernut deep-draft vessels 
to dock at the proposed bunker . It is e s t imated t hat t he clay c ould be 
delivered on board the ship for 75¢ to $LOO per ton. 

Rail shipment from t he tram- l lne locality would require the construct·-
ion of a side track and bunker s "  The rail d l.stance to Port land :i .s 50 mile s . 

The c lay can also be del ivered by trucks over 3 . 5  miles of graveled 
c ounty road to the railway s id1ng at Mayger . The rail distance to Port -
land i s  5 6  miles .  An alternate route i s  t o  Rainier ; 2 . 5  miles by coun-
ty graveled road and 6 miles of hard -surfaced state highway , Wlth only 
about 1 mile of adverse grade . F:t•om Rainier t o  Portland the rail dis-
tance i s  46 miles .  

Back Pit . 

The "Back Pit'' is 1 ,  400 feet west of and 1 2 5  feet lower in elevation 
than t he Fransen house and lies in a tributary valley of Green Creek. 
(See fig . 9 . )  It was discovered and worked before the Front Pit was 
opened , and c lay from lt was shipped to the RJ C ).fic Stoneware C o ., It has 
been idle for a number of years , 
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The clay-soil overburden seems to grade into refractory clay, and 
auger-hole data imply that the top of the refractory clay is about at the 
present pit floor level . The clay is  greenish-gray but contains no sof
tened pebbles ,  and pieces of thoroughly weathered vesicular lava are mix-

33 

ed in the mass .  Five feet below the pit floor a thin layer of metamor
phic pebbles and cobbles occurs in a manner that suggests deposition on an 
uneven surface . Then, pending became effective and reworked clay was 
deposited . It is assumed , therefore , that the deposit is a pocket cover
ing an area of s ame 200 feet by 100 feet , and that the thickness is not 
much over 5 feet between the pit floor and the layer of metamorphic pebble s .  

Addit ional pockets may be located by core drilling. 

Q.uality: 

Slumping of surface material undoubtedly caused the variation in fu
s ion of the preliminary samples 1-b , cone 16-·minus , · and 1 -c , cone 32 ·- plus . 
The latter probably represents the material formerly mined for stoneware , 
and showed 37 . 6  percent alumina and 43 . 6  percent silic.a with 5 , 3  percent 
iron oxide . The ignition loss was high, indicating high fired shrink
ages . No large samples were obtained for the bar test s .  The clay, when 
free of overburden ,  apparently is similar in refractory properties to the 
clay in the front pit . 

Transportation : 

There is a graded but ungraveled roud from the pit t o  the county 
highway , and usable clay could be trucked to the proposed bunker below 
the Front Pit . It is recoiil!llended that such clay as can be economically 
salvaged, be so handled and added to the tonnage from the Front Pit . 

Summary of the Fransen Local ity . 

The clay in the Fransen Front Pit fuses at cone 30 , requires grog 
to reduce shrinkage , has a spotted fired color . and an available tonnage 
of 430 ,000 to 1 , 720,000 short tons . Low transportation costs are possible 
by construction of a tram line from the pit to deep-water or railside 
bunkers . The tests indicate that further investigation of this deposit 
is worth while . 

P. M. West I.ooal1ty No . 2 

Clay is reported about 2 miles south of Seaside , Clatsop County, 
and half a mile west of the Seaside-Tillamook road. (See fig. 5 . )  A 
sample was submitted by the owner, who reported that it had been used 
in pottery manufacture at Warrenton , Oreg. This light , cream-colored , 
soft material is  buff-firing c lay of low refractory value , giving light 
gray , vesicular, glassy fusions below cone 16 .  The analysis showed 2 3 . 4  
percent alumina , 63 . 2  percent silica , only 1 " 86 percent iron oxide , but 
also contained comparatively large quantities of alkalies ( by difference ) 
and alkaline earths . It is therefore more valuable for the light colored 
pottery and structural wares than for refractories . 
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Willett and Rudolph Clay, Local ity No . 3 

George i'f111ett and H .  Rudolph submitted three samples from Washington 
County, northwest of Cherry Grove ( see fig . .? . )  "A" sample was a light
gray clay of weak plast icity, which gave a whit e ,  glassy, slightly vesicu
lar fuslon at cone 20-minus . Further study may show that it has a value 
for the J ight -Golored structural wares or pottery, but i:t is not refrac 
tory enough for firebrick. Flintlike sample "B" was d1vided into three 
portions , according to color, but all gave p,ray glassy fusions below cone 
16 , indicat ing low refractoriness , a high flux content with low iron ox
lde , and hght f1red colors . Gray , fl intlike sample "C" also had a fus
lOn below cone 16 , but gave a brown glassy melt that indicated dark fired 
colors if made into clay products . 

Willamina Clay Products C o .  Locality No . 4 

The Will amina property i s  located in Yamhill County , ln the SWiSEi 
se0 . 3 6 ,  T . .5 s . , R . 7  W. , on Willamina Creek , 0 . 8  mile north of the town 
of Willamina . (See fig • .? . )  

This depos1t is  not c onsidered as a source of high refractory fire
olay ,  although the c lay has been blended with various refractory clays 
to produce a good grade of firebrick ., The only light-colored face brick 
manufactured 1n the State is  made from these c lays at the local plant . 
An unusual feature of the clay is  that although its original color is  
black, 1t  fires white , and at common brick temperatures .  

A casual examinat1on of the property was made , and no detailed work 
was done . Washburne � reported on the geology of the area ,  as follows : 

''The next exposure *** is in the deep cut of the Pacific 
Coast Face Brick Co , , half a mile west of Willamina post office , 
where there is about 70 feet of shale , mostly dark c lay shale but 
of variable character . Some layers are black and carbo.naceous 
and turn white when burned , and s ome are dark green (glauconitic? ) 
and burn red_ There i s  also a little light -gray or white shale , 
w1th soapy feel , which is mixed with the black carbonaceous shale 
to make brick. Calcareous concretions from this excavat ion fur
nished a small collection of fossils , which were not spec ifically 
determinable but which indicate probably an Oligocene or 1ower 
�.Hocene age , The structure is irregular , probably from creep
ing movements downhill , a sort of slow landslide , which is common 
1n the clay rocks of western Oregon during the wet season. The 
shale is sl1ckens1ded on most of the joints and bedding planes ,  
and the d1p is  irregular and in various directions , so that in 
spite of the excellent exposure the normal inclinat ion of the 
rock c ould not be determined . "  

1/ Washburne , Chester W . , Geology and Oil prospect s  of northwestern -
Oregon : U. s .  Geological Survey ,  BulL 590,  pp . 84-8.5 , 1914 . 
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It is believed that the unusual character of the clay - its origin
and fired color, its low fusing point , its use with fireclay grog -
t0gether with the fact that there are few published data on the property , 
justify· - the following quotat ion from Wilcox: y 

"The clay deposit and plant of the_ Wlllamina Clay Products Co . 
is located one mile north of Willamina. Clays are obtained 
with fired colors ranging from a pure whit e ,  through the creams 
and buffs , to a dark brown . The only light -colored face brick 
in the State is produced at this plant . The unburned colors of 
the light -firing clays are white ,  mottled-gray , gray , and black. 
The black color is due to the high carbon content . It appears 
as if these clays were originally all light firing, as the tan 
and brown color is due to the presence in the clay of f inely 
disseminated iron pyrit e .  The white and gray-colored clays do 
not carry any apprec iable amount of pyrit e ,  and some of the car
bonaceous clay also is free from pyrite . The heavy pyrite is 
in c arbonaceous c lay only, which might indicate that the clay was 
deposited in water c ontaining iron sulphate and t hat the sul
phate was reduced t o  sulphide by the organic material in the 
clay. Some of the c lay carries a small amount of limestone in 
the finely disseminated condit ion , and there are some places 
where calcite crystals are of sufficient size to cause trouble 
in the fired ware . Most of the c lay from this pit is quite 
plastic ; two d ifferent types of clay that occur in the upper 
part are only slightly plast ic and do not break down readily in 
water. The clay that -�carries heavy pyrite has a fusion at 
cones 3 to  5 ;  the plastic white·-firing clay has a fusion at 
cones 8 to 9 ;  a slightly less plastic clay has a fusion at cone 
12 ; the hard , slightly plastic black clay has a fusion at cone 16 ; 
and a slightly plast ic , mottled-gray clay has a cone-26 fusion. 
The drying shrinkage ranges from 4 to 5 percent and the total 
f ired shrinkage from 9 to 11 percent" . 

"The light -firing plastic c lay is used in making face brick 
and a bond for the nonplastic slightly weathered basalt in 
making common brick; it is  also shipped to Portland and used in 
the manufacture of stoneware by the Pacific Stoneware Co . The 
light - and dark-burning clays are used for a bond in a f irebrick 
mix . "  

"The clay measures in the pit are at least 5 0  feet thick but 
have iSeen so mixed by slides that their true relat ionships are 
not shown. The underground workings show the beds t o  have a dip 
of about 10 degrees to the northeast . The beds are on the east 
limb of a gently dipping anticline , the crest of which is about 
half a mile west of the plant . The beds are overlain by a green
ish-colored tuffaceous sandstone , which is covered , in turn, by 
a brownish-gray shale and a basalt flow . "  

3 .5  

lJ Wilcox, Howard Glen,  Fireclays and light-colored clays of west
ern Oregon and the commercial development of number 1 firebrick: 
Univ . of Washington Library , Engineer of Mines thesis , pp, 25 ·31 , 
193.5 . ( unpublishe d )  
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Te st s . 
Two s ample s from t he Willamina p it we re t e s t e d  by Wilson !/ in 19 2 2 , 

and s inc e t he s e  t e s t s are more c omple t e  t han any of this st udy , t hey wi ll 
be quot e d : 

"No ., 2 2 8 . - A l ight -gray s ample of soft c lay from t he Pac if i c  

Face Br i c k  C o . , Wi llamina , Ore g . Wet t ens ile s t re ngt h w a s  2 .  4 
pound s per s quare inch . Fired c olor s : Pi nk-gray c o ne 012 -1/2 , 
l i ght -cream c one 07 t o  3 4 ,  l i ght -gray c one 5 t o  8 .  St e e l  hard 
ne s s  i s  f ound at c one 02 -01 , a ve s i cular st ruc t ure at c o ne 8 ,  and 
fus i o n  at c o ne 8 .  Be st f i r ing range , from c o ne s  06 t o . 4 .  Samp
le s f ired t o  c one s 012 -1/2 and 07 d i s i nt e grat e d  in wat e r , ow ing t o· 
l ime c o nt e nt . An unusual c lay mat erial be c aus e of t he c omb ina 
t ion o f  l ight f ired c ol ors and low fus ion . Now used for a high 
qual i ty of fac e br i c k . "  

"No . 2 2 9 . - A  soft : dark , c arb onac eous sample o f l::a11 "··C layl ike 
mat erial from the Pac ific Fac e Br ick Co . ,  Willamina , Oreg . Wet 
tens i le st rengt h was 3 . 2  pounds per square inch . St rong dry 
s t rength . F ire d c olors : Very l ight gray , c one s 012 -1/2 t o  02 , 
l ight -gray cone s  1 t o  3 plus , l ight blue -gray c one s 5 t o  8 .  St e e l  
hardne s s  was f ound at cone 06 -05 , a v e s i c ular s t ruc t ure a t  c one 5 
and fus ion at cone 8 . .  Be s t  f iring range c one 0 8  t o  01 . Th i s  
mat e r i a l  i s  u se d  f or a po rt ion o f  a st oneware b ody ( Pac if i c  St one 
ware C o . , Port land , Ore g . )  and mixe d with No . 2 2 8  for a high 
qua l i ty of buf f f ac e brick . A remarkab l e  l i ght c olor for the low 
t emperature of f i r ing . "  

At t he present t ime t he so ft , c arbonac e ous , plas t i c  W i llamina c l ay 
i s  u se d  at t he Pot lat ch Pot t e ry of Seat t le , Wash . , as a port ion of t he ir 
s i ngle -f i red , wh it e ,  s emiv i t re ous , art -pot t e ry body , be ing mixe d w i t h  
Engl ish c lays , felds par , and fl i nt . Some d i ff i c ult y was experienced 
at f i rs t  when the c lays were d i s pe r s e d  i n  wat er by b lung ing or st irr i ng 
only ; but t he part i c l e s  of harde ne d  c lay and t he smal l  amount of c alc ite 
i nc lu s i ons are now t horoughly i nc orporat e d  by b all -mi l l  gr ind i ng  in 
wat e r . Such c omme rc ial t e s t s , wh i c h  t hus inc lud e wh it e f ac e  br i c k , 

s t oneware , and art pottery , are far be t t er indi cat ions of t he quality and 
pro pert i e s  of t he c lay t han any laborat ory t e st s .  

C hem i c a l  propert i e s � 

The c hemi c al a na lys i s of t he 11Ti llamina c lay g ive s a c l ue t o  t he c ause 
of t he  wh ite f ired c olor pr oduc e d  at remarkably low t empe rature in c ompar i 
s on wit h the us ual c hina c lay o r  kaolin , t he c ommon repre s e nt at ive s o f  wh it e 
c lays . :Many of t he lat ter are soft , open , and porous as h igh as c one 15 
( 2 " 61.5° F .  ) , and v i t r i fy only at c one 2 0  ( 2 ,  786  ° F .  ) . The plast ic English 
ball c l ay  is c loser i n  phys i c al prope rt ie s to t he Willamina b lack c lay and 

l/ Wilson , Hew itt , The c lays and s hale s of Washingt on : Univer s i t y  of Wash--
ingt on , Engine e r i ng Expe r iment Stat ion , bull . no . 18 , P o  2 04 ,  192 3 . 
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· likewise is found often in a similar dark carbonaceous condition. The Eng

lish ball clay may vitrify at cone 5 with a gray or dark-cream color , and 
maintain this condit ion without vesicular development to  high temperatures .. 
Howeve r ,  it s shrinkage is so great that it cannot be used without other 
clays and nonplastic materials . Its composit ion is simi lar to t hat of 
an impure kaolin. The Willamina clay and the Hobart Butte clay analyses 
are given in figure 17 for comparison with typical commercial kaolins and 
feldspars now in use for whiteware bodies . 

Figure 17 . 

Chemical analyses of Oregon cloys in comparison with commercial white 
ware and feldspars � 

Calculated 
alkalic 

Si02 Al203 Fe203 CaO MgO K20 Na20 Ignit ioil feldspar 

*'tlillamlna 
soft black 
clay 65 . 6  18 , 5  0 . 4  1 . 4  1 . 0  3 . 0  3 . 1  5 . 0  43 . 2  
*Hobart Butte 
flint clay 46 . 3  35 . 7 0 . 3  0 . 3  0 . 3  None 1 . 4  1 3 . 4  11 . 8  
English ball 
clay 46 . 4  35 . 5 0 . 8  0 . 2  0 . 4  1 . 0  0 . 1  15 . 1  6 . 8  
English china 
clay 47 . 0  3 7 . 7  0 . 9  0 . 2  0 . 2  1 . 6  0 . 2  12 . 4  11 . 2  
Kentucky ball 
c lay 49 . 9  31 . 4  0 . 6  0 . 2  0 . 3  L 2  0 . 2  14 . 7  8 . 8  
Tennessee 
ball clay 50. 3 3 1 . .5  0 . 6  0 . 2  0 . 3  2 . 0  0 . 3  13 . 6  14 . 4  
Florida 
kaolin 46 . 3  37 . 7 0 . 8  0 . 5  Tr. 0 . 2  0 . 0  13 . 7  1 . 2  
Georgia 
kaolin 4.5 . 7  38 . 7  0 . 3  0 . 2  Tr . 0 . 0  Tr. 13 . 7  Trace 
North Carolina 
kaolin 47 . 9  37 . 4  0 . 4  0 . 1  Tr . 1 . 0  0 . 1  13 . 2  6 . 8 
Maine 
feldspar 72 . '7  15 . 1  0 . 1  0 . 3  Tr. 8 . 3  3 . 1  0 . 3  75 . 2  
Canadian 
feldspar 66 . .5 1 8 . 2  0 . 1  0 . 2  0 . 1  1 2 .j 2 . 0  0 . 3 90 . 2  

1/ Meyer , W .  W. , and Klinefelter , T .  A. , Subst itution of domestic for -
imported clays in whiteware bodies : Nat ional Bureau of Standards , 
Research Paper lOll , 1.5 pp . ,  1937 . 

* Analyses by Crow·ell and Murray , Inc . ,  Ceveland , Ohio . 
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The soft Willamina black clay showed a calculated mineral compo s i 
t ion of 43 . 2  percent alkalic feldspar , 2 6 . 2  percent kaolinite , and 24 .4  
percent free silica, with 6 o r  7 percent of alkaline earth and volat ile 
matter .  It corresponds t o  a whiteware body of very high feldspar con
tent which, if compounded by mixing commercial feldspar, clay, and f lint 
would have a fusion near cone 15 . This natural clay combinat ion with 
a fusion near cone 18 gives the phys ical propert ie s of a mixture o f  very 
soft feldspar , ball clay, and silica in a finer state of subdivision 
than the ordinary potte r ' s  flint . 

The high content of K20 in a district of low potassium rocks is un
usual . Its low softening t emperature gives trouble when the carbon
aceous material i s  not c ompletely removed during the oxidation period 
or by fast fir ing , causing the c lay to bloat like a carbonaceous red brick 
shale . However ,  s ince no special precaut ions are necessary with the 
slowly heated commercial kilns in the firing of brick and t ile , trouble 
from this d irection i s  not expected with the thin-walled pottery ware s . 
This clay is recommended for further research in low-temperature whiteware 
bodies where a plastic f lux can be used . 

Grand Ronde Clay Locality no . 5 

The Grand Ronde locality mentioned by Wilcox 1/ is in Yamhill County 
in the SEi sec . 5 ,  T . 6  S . � R . 7  W . , and is reached as follows ( see fig . 5 . ) :  
from t he Grand Ronde Agency one travels easterly a distance of 2 . 3  miles 
on hard-surfaced highway to a sharp corner where the h1ghway turns sout h .  
Walk easterly t o  the creek, .and follow the creek northeasterly to a .  pri
vate bri dge , cross bridge , and up a slope in an easterly d irection to a 
rail fence . Cross fence , and c ont inue east-southeast t o  an abandoned 
road ; up this road to the forks , and tU+n sout h .  The clay is below (west ) 
of the road. The distance walked is one - quarter to one-half mile . Aneroid 
elevation at t he pits was about 575 feet . 

Several pits were worked 25 years ago but are now full of water and 
s lumped clay. In order t o  secure samples of value , it would be necessary 
to drain the pits and c lean out some of t he slump or else do some core 
drilling . Wilcox describes the locality on page 31 of his thesis , as 
follows : 

"About four or five miles west of the Vlillamina clay pits , and 
north of the Tillamook road , near Grand Ronde , the same type of 
clay is encountered. This c lay was shipped to Portland and 
used 1n the manufacture of firebrick a numbe r  of years ago • Noti 
the pit i s  full of water and the surface of the c lay is covered 
by broken materia l ,  making it impossible to determine the strike 
and dip.  �is exposure lies at a higher altitude t han the Willa
mina c lay and indicates that the beds must have been e levated by 
folding or fault ing . "  

lJ Wilcox, H�rard Gle n ,  Fireclays and light -colored c lays of western Ore
gon and the c ommercial development of number 1 firebrick: Univ . of 
Washington Library , Engineer of Mines thes 1 s ,  54  pp . ,  1935 {unpubli shed ) 
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MOLALLA AND SALEM DISTRICTS 

Location 

The Molalla-Salem districts are in northwestern Oregon, in southwest
ern C lackamas , and northwestern Marion Count ie s ,  in the general vicinity 
southeast of Moialla, and east and northeast of Salem . ( See fig • .5 . )  

Topography 

These districts ure s ituated in what i s  called the Western Cascades y· , 
a port ion of the Cascade Mountain physiographic province that terminates 
at the west , ad jacent to the V/illamette Valley , in a rather steep slope 
of 300 feet within one mile . This slope may represent an erosional scarp, 
and t he amount of deepening the YTillamette Valley has had since the latest 
deformat ive movement . 

East of the erosional scarp the general surface rises at the rate of 
100 feet per mile over a d istance of 12 miles , with gentle , rolling hills 
characteristie of late mature topography . It is deeply incised by head 
ward-cutting streams adjusted ·to the Willamette Valley as a temporary 
base level . Figure 30 is an east-west profile across the Stayton quad
rangle to show t he  sloping surface ,  and a north-south profile at right 
angles to it to illustrate the deeply incised streams , which have a common 
300-foot elevat ion. 

Some of the streams , as Drift Creek and S i lver Creek, have a series 
of structurally controlled waterfalls ; the streams have cut through the 
soft overlying rocks , to become temporarily base-leveled on harder bas
alt . The underlying softer sediments have been eroded , and the waterfalls 
tend to retreat by a process of sapping . The larger valleys are flanked 
by terraces 2.5 to .50 feet above the stream and a suggestion of older ter
races above t he flood-plain terraces . 

Virtually all of the land of the Western Cascades in t hese districts 
is t i llable . The soil is fertile and , according to agriculturist s ,  is 
excellent for raising stone fruits . Timber i s  chiefly fu , with the 
usual salal, alder , and devil ' s  club underbrus h .  Logged-off land soon 
reproduces alder and soft wood if the land is not c leared for agriculture , 
and if fire i s  kept out . 

!( Callaghan, Eugene , Some features of the volcanic sequence in the Cascade 
Range in Oregon: 1�. Geophysical Union, Trans . ,  14th Ann. meet ing , pp . 
243-249 , 193 3 .  

Thayer ,  Thomas P . , Structure of the north Sant iam River section of the 
Cascade Mountains in Oregon : Journal of Geology , v .  44, no . 6 ,  p p .  
701-71 6 ,  August -September 1936 . 

- - - - · ·· - - - - - - - - - - The general geology of the north Santiam River section 
of the Oregon Cascades : California Inst . Tech . , Division of Geol . and 
Paleo . ,  Ph. D .  thesis , 91 pp . ,  18 pls . ,  1934 ( unpublished) 
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. Climate 

The climate i s  typical or the Willamette Valley; the winters are 
mild and rainy, the summers cool, dry , and comfortable . The "rainy 
season" extends from October to May, inclusive , and accounts for 8.5 
percent of the total precipitation of 45 inches per year . The mean 
annual temperature is about 52° ; the absolute maximum is about 100° , 
and the absolute minimum i s  about -10° . The winters are open, with 
very little snowfall , and working conditions are favorable the year round . 

General Geo logy 

Oligocene sediments are i dent ified · i n  the lower Santiam River area 
south and wes t .  of the Salem district . The marine Illahe format ion is ex
posed at the west and grades eastward into the Mehama formation, which is 
c omposed of terrestrial pyroclast i c s .  Sediments of supposed Oligocene age 
are exnosed in the bed of Silver Creek some d i stance below the Fall s .  1/ 
In the

-
Marquam area � between the Molalla and Salem district s ,  is an im-



pure limestone t hat contains quant ities of shell fragment s .  This material 
may be of Oligocene age . Miocene volcanic s �  presumably Stayton lavas , 
unconformably overlie the Ol igocene rocks , and are . in turn , c onformably 
overlain by Fern Ridge pyroclast ics . More recent mud flows and volcanics 
of High Cascade t ype are found in some of the larger stream valleys , cap
ped with gravels result ing from Pleistocene glaciation " 

The clay of t hese d istr1cts appears t o  lie at or near the base of the 
Fern Ridge tuffs and above the Stayton lavas , and to have been altered 
from the tuffs.. The contact of clay and tuff is usually quite dist i nct 
and the gradat ion affected within narrow l.imits . This may indicate that 
the c lay was altered and then buried by subsequent tuff s .  Other poss i 
bilities might inc lude alteration below a stable water table o r  a type of 
alteration confined to certain strat a .  

Structure 

Thayer y suggested that there is a series of fold s :· trending northeast 
southwest and c orrelating with folds exposed in the Columbia Gorge . The 
northwest f lank of t he Mehama antic line would c over the Molalla-Salem d i s 
tricts ,  and our brief field studies confirm h i s  hypot hesis i n  t ha t  there seems 
to be a general west or northwest dip t o  the strata .  

Molalla District 

The Molalla district is located in southwestern Clackamas Count y ,  
southeast and east o f  Molalla , within the Molalla R iver dra inage bas in, 

}j Mac kay , Donald K. • personal conununicat ion. 
2/ Thayer , Thomas P . , Structure of t he north Sant iam River section of the -

Cascade Mountains i n  Oregon: Journal of Geology , v .  44 , no . 6 ,  p p .  
?01-716 , August-September 1936 , 

--------------- The general geology of the north Sant iam River sec-
tion of the Oregon Cascades : California Inst Tec h . , Division of Geol . 
and Paleo . , Ph . D .  , t he s 1 s ,  91 pp . ,  18 pls < , 1 9 34 ( unpublished ) .  
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in T . 5  and 6 · s . , R . 2  and 3 E.W.M . (See fig . l8 . )  Topographic and geolog
ic condit ions have been outlined previously , except that a basalt -porphyry 
containing feldspar c�stals up to a quarter of an inch in length overl1es 
the tuff series at the Ellis and Dibble localit ies . Mud flow or agglom
erate is exposed along the Molalla River and may have been associated with 
late volcanism, A heavy conglomerate or boulder bed , probably of glacial 
origin, is the uppermost format ion.  

Ellis C lay Locality no . 6 

Locat ion: 

The Ell is clay is adjacent to the Molalla River in the northeast 
corner of the NEiNEi sec .. 2 7 ,  T . 5  S . ,  R . 2  E .  (See fig . l8 . ) The near
est town is Molalla , and details of the h ighway route are : south through 
Molalla on the Silverton paved road ; after crossing railroad tracks t ake 
first left turn onto pavement , then next left turn onto graveled road ; 
thence east t o  the Ellis ranc h ;  t hrough barnyard and down a private road 
t oward the river; total distance 4 . 3  miles , of which 2 miles is graveled 
and 2 . 3  is hard-surfaced . The clay mine is above t he road near the bot
tom of the private road. The llolalla River enters sec .27 , as the sec
t i on corner i s  on the northeast bank. All c lay at this lo�ality i s  ovmed 
by Mr . L. L .  Ell:l.s , of Molalla , Oreg . 

Topography : 

The Molalla River occupies a valley a quarter of a mile wide � flanked 
by a 30-foot flood ·plain terrace and a persistent , 150-foot t errace from 
bedrook. This upper terrace is deeply dissected by a t r ibutary stream 
that heads near the Ellis house ( see fig. 19 ) ,  and t he clay is exposed on 
the flanks of thi s tributary. 

History: 

Small amounts of clay from the Ellis property were used by the Wil
lamina Clay Products C o .  for experimental purposes and also by the Denny
Renton C lay � Coal C o ,  A rumor that this clay had been used for pott ery 
manufacture could not be confirme d .  

A road was built to the c lay deposit b y  the owner from the county 
road at t he quarter·ncorner see s .  27 and 2 2 ,  on an approx1mate grade of 
10 percent . An adit was started in the upper portion of the clay seam 
.50 feet above the road and c ont 1nued to a total length of 33 feet . A wide 
chamber was excavated just inside the portal and is just to t he left of 
the port ion illustrated in figure. 2 1 .  C lay and tuff have caved from the 
roof and part ially blQckcd the portal, and t he original height of the adit 
is est1mated at 11 fee t .  No clay has been mined in recent years . 

Descript ion of the Clay: 

The clay is bluish-gray to purplish-green whe n fresh jand bro\vn after 
exposure , and assumes a hard , hornlike mass when dried. Certain portions 



STATE of OREGON 
DEPARTMENT of GEOLOGY & MINERAL INOOSTRIES 

E.n K. Nllcon Director 

--+- 7 - Locality Number 

e Cone Fu•lon 

Mile• 

Fleur- 1a 

� 
N 

I 

/ PGE Power pole 
o o s a  2� 1 2 9  22 

27 :::::::....._ 

SKETCH MAP 

of the 

ELLIS CLAY LOCALITY 

contour interval 1 0  feet 

50 100 160 

I 
N 

320 480 640 

Fiiuro 19 
H a nd level and brunton traverse 

800 feet 

� 
CD 
> 

[( 
0 

0 
0 

� 
� 
0 
-8 

'o 
(") 
::3 0 

..Q 
0 
Q) 
0 
� 
.... 

� 

I�  



Preliminary Report - Refract orY Clays - Western Oregon 43 

have white "porphyritic" inclusions that may be kaolin; otherwise it 'ex
hibits no textural differences disce�nible in megascopic examination.-_ It 
could •Nell be an altered tuff. and there is virtually no evidence of ferro-· 
magnesian minerals . It is a fire clay with an unusually high iron content , 
and in s ome cases contains an equal percentage of alumiha and silica, which 
indicates weathering and dissociation beyond that of the kaolinite stage . 
Joints ,  striking N. 45° W. , dipping 56° N.E. , break the mass into layers 
from 1 to 6 inches thick. 

Above the c lay , a tuffaceou.s sandstone shows -rude banding or bedding , 
that is practically horizontal in att itude , and has a P . C . E .  of cone 27 . 
Th� thickness of the tuff stratum is est imated to b.e 70 feet plus , and 
it · is overlain with soil and clay. Basalt -porphyry was found at an e l 
evation of 825 t o  1 , 000 feet , or 125 t o  300 feet above the tuff, o n  a hill 
east of the Ell is property. 

The c lay was sampled by channel and auger methods , and the location 
of the hole s is ind icated in figure 19 . A channel s ample , represent i ng  
the upper 11 feet of clay, was taken inside the adit ; hole A was drilled 
vert ically downward at the mouth of the adit from the floor elevation t o  
a total depth o f  clay o f  2 4 . 7  feet , or 13 , 7  feet o f  auger hole ( see f ig .  
13 ) .  Hole B was drilled 20 feet horizontally at t he breast of the adit 
( fig . 14 ) .  This c lay i s  very hard ; it took two men six hours t o  drill 
the 20-foot hole with a 1-3/4-inch .hard-pan auger o  Hole C is about 
300 feet north of A (see fig . 15 ) ;  the sample represents clay t hat has 
been exposed to t he weather for a long t ime , and it is possible t hat bet
ter result s would have been obtained had it been possible to get back 
into the hill several feet before drilling. Hole D was drilled through 
the soil and clay on top of the terrace and on top of the tuff stratum 
overlying t he fire c lay ( see fig. 16 ) .  This c lay i s  not of refractory 
grade and was t aken to show t he alterat ion that had taken pl.ace on top 
of t he t uff . 

Quality: 

Ellis clay tests:  The numerous samples from the Ellis mine were 
s imilar in color , ranging from a light bluish-gray , greenish .. gray , to 
brown , with a: variable amount of iron staining in the concho.idal frac
tures . The blue and green colors �hange to brown on weathering. The 
light -gray weakly plastic tuff overlying the clay showed a fair refractor·· 
iness with a P . C . E .  of cone 27 , and various samples from the adit walls 
and floor gave fusions from c one 30 to 3 3 ,  The channel sample in the mine 
gave the remarkable analys is of 3 9 , 0  percent alumina, 3 9 ,. 0  percent 3 i l
ica , 4 o 5  percent i ron oxide , and 0 . 8  percent l ime. An analysis of sample 
D··30 from t he horizontal hole B ,  showed 3 9 , 2  percent alumina, 36 o 4  pe r ·· 
cent silica ,  .5 .. 9 percent iron oxide , and o " 7  percent llme �· and another 
analysi s  indicated 1 . 9  percent sodium oxide and no potass ium oxide . 
But at the bottom of hole A, 2 3 . 5  feet from the. top of the clay, samp+e 
D�2 8 was t aken and analy�ed only 3 1 . 7  percent alumina , 4 3 .. 7 percent 
s ilica, 7 o 9  percent iron oxide , and 3 . 6  percent J. ime . This more slli
ceous clay with high iron and lime fluxes gave a fusion of only c one 17 , 
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and apparent ly represents the bottom of the refract ory clay , The weighted 
cone fusion for 2 3 . 5  feet of c lay . in hole A, · inc luding t he c lay in t he mine ,  
was cone 31-plu s .  (See columnar .sect �on , figs . 13 to 16 . )  

The dried sample s ground in the laboratory gave some resistance to 
dispersion on first working by hand ; but when t horoughly tempered , a re
markable degree of st iCky plasticity was developed . Over 5 8  percent of 
water was required , the highe st of all the clays in the special test s .  
The shrinkage -water t o  pore-water rat io was normal , 1 . 1 ,  but with a dry 
linear shrinkage of 14 . 6  percent t he bars c racked in drying or early fir
ing . Therefore , a cont inuous series of firing tests was not made on 
D-42 and D-43 , the channel samples from t he min� . One set of tests fired 
to cone 20 gave the following result s :  Linear shr inkage , 12 . 9  percent , 
weight loss 17 . 7  percent , absorpt ion 4 . 4  percent . A black, vitreous , 
slightly vesicular body was developed at this high temperature , but the 
vesiculas resembled the cavit ies formed by the early removal of volat iles 
rather t han the swelling due t o  fusion. Owing to the great shrinkage , 
this c lay could not be used alone or without t he admixture of grog, flint 
clay , or sandy clay. 

A complete f iring series of a grogged body was made , consist ing of 
equal portions of the most refract ory sect ions of hole B, samples B-2 9 ,  
D-30 , DT31. Eighty percent of t he same mixture was calcined to cone 16 , 
ground f iner than 28-mesh , and made plastic with 20-percent raw clay. 
While weakly plas t ic , t he mass had suffic ient working propert ies for re
fractori�s and required a normal amount of. tempering water , 2 6 . 5  percent . 
The drying shrinkage was low, 2 . .5 percent , and t he shrinkage-water-to-

· 

pore-water ratio was only 0 . 2  The firing shrinkage remained low be-
yond cone 1.5 , but s ince the grog was calcined to only cone 16 , 6 .  3 per·
cent linear shrinkage was found at cone 20 and 13 . 6  percent at cone 29 . 
The absorption remained near· 20 percent to beyond c one 15 , was 13 . 4  at 
cone 2 0 ;  and 1 . 1  percent at cone 29 . At low temperatures ,  such as cone 
02 , the body was very soft and colored brown t o  purple , which changed t o  
a raw umber c olor a t  c one 1 0 ,  a burnt umber at c one 15 , a chocolate brown 
at cone 2 0 ,  and black at cone 29 . Steel hardness did not develop unt il 
above cone 20 , but at c one 29 a ves icular structure was found in the in
terior , although the test bars were not badly deformed . 

Conclusions : This clay has been tried in commercial lots for fire
clay brick· by two c lay manufacturers and abandoned because . o f  t he troub
les with high shrinkage . At that t ime , compet ition had not forced the 
use of as large quantities of grog in refractories as is the pract ice at 
present . But 'it is very quest ionable if a successful firebrick manufac
ture could be developed with the use of the Molalla plas t ics combined with 
their own grog , in competition with better-act ing f ireclays from other 
local districts . 

The problems for future investigation i nclude the following : 1 .  The 
cost of mining 2 3 . 5  feet or less of t he fire c lay under. the roof of tuff; 2 .  
The amount of clay having a P.C .E.  as close t o  c one 3 3· as possible; 3 .  
The uniformity of t he c lay seam, whose dependability has been questioned 
by the c ommercial operators . ��ile the colloidal plastic nature of this 
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clay interferes with i t s  commercial developme nt whe n used alone , this �proper
ty can be made of service in developing the workabil ity of the flint c l ays 
defic ient in plastic ity from other local itie s .  The quant ities used will 
not be large in t he latter case , but they would provide a very valuable 
accessory to other refract ory materials without materially lowering the P . C . E .  
values of the final produc t . Plastic · ref:ractories , ramming mixtures re
quiri ng the minimum of plastic material and the maximum bonding power, are 
other possible out lets for these clays . Any refract ory requiring the 
minimum of sil ica , the absence of free qual'tz , and high plasticity may be 
able to use t he Molall a fireclays . 

Q.uant ity: 

Considering t he length of the clay exposure along t he bluff as 800 
feet ( see fig. 19 ) and the depth as 11 feet ( e xpos�d in the adit ) and the 
width as 5 3  feet ( 33 feet of adit and 20 feet of auger hole ) ,  the deposit 
will contain about 500 , 000 cubic feet , or 31 , 000 tons . If t he depth is 
c onsidered as 25 feet ( adi.t plus hole A ) , t he amount would be one million 
cubic feet , OI' 62 , 000 tons . There is reason to bel ieve t hat the c lay has 
a greater width than 53 feet , which can be proved by core · d T.' 5  lling . 

Transportat ion: 

Under exist ing cond it ions , it :l.s necessary t o  truck the c lay t o  the 
railroad siding at Molalla . The route covers a quarter of a mile of pri
vate dirt road with an adverse 10 percent grade , 2 miles of county graveled 
road , and 2 . 3  miles of county hard-surfaced road , a t otal of 4 . 5  miles of 
truck haul . Rail transportation to Portland , Vla Southern Pac ific Rail
road , is 35 miles ; via Willametta Valley Southern Electric it is 3 l o 5  �iles . 

Will iam Vincent Depos it . 

There is another adit in clay in the v.icini.ty of the Ell1s deposit 
from which N .  W .  L. Brown , Wenatchee , Wash . , reports having secured a 
carload sample at one t ime for the Denny-Renton Clay & Coal C o .  in Seattle . 
No other data were available . 

Dl3wey Miller . 

Mr . De\'tey Mille r ,  Route 1 ,  Molalla , Oreg . , who owm:: l and in the NW� 
sec . 27 , T .  5 S . , R .  2 E . , states that he has clay similar t o  Ell i s '  material 
underlying his �lace . It was exposed in a well ex�avdt i o n ,  from the grass 
root s to a depth of 50 feet . No spe� imens were seen1 and the occurrence is 
mentioned here for future refe�ence . 

Molalla ResArvoir, Locality no o 7 

This deposit is ln the SEi SE* sec . 15 , T .  5 S . ,  R .  2 E . , ( see f i g .  
18 ) . I t  is reached as foll ows : start ing from the center of Molalla , fol
low t he paved highway to the east 2.ine of t b.A towns:� t e : then turn south 
( r ight ) for one -quarter mEe , then. left ( east ) fo!' one-ha l f'  �i.le , then 
right ( south) ont o graveled road about one-quarter mile , to the H .  C .  
Robbins ranc h ,  a total distance of 2 . 4 miles . From t he ir house , walk 



46 Preliminary Report - Refr-actory Clays - Western Oregon 

to t he Molalla reservoir, thence east to the bluff overlooking the Molal
la River . Clay is exposed in a small cut about half-way down the bank , 
40 feet below the top of the terrace .  

Weathered tuffaceous sandstone overJ.ies t he clay; underlying rock 
is obsoured by talus , and the clay thickness is estimated as 25 feet . 
It is s1m1lar to the Ellis clay, so its description 1s not ·repeated here . 
The land is owned by H .  C .  and D .  H .  Robbins . 

It 1s stated that 5 0  acres were sold a number of years ago to the 
Ca.scade China Co,  and the title was later regained by the Robbins brothers . 
Some c lay must have been removed ,  but there is little evidence at present 
of any such operations . 

Reservoir clay test s :  This clay sample was similar to that from the 
Ell1s property ,  showing a gray , compact clay with conchoidal fracture , 
some iron staining with the brown color developing on weathering . The 
preliminary samples showed the high P . C . E .  values of cone 32-plus and 
cone 33 with tan and black-colored fusions . Analysis showed 36 . 7  percent 
alumina , 43 . 5  percent silica , 5 o l  pe�cent iron oxide , and 0 . 7  percent 
l ime . High �hrinkage and cracking accompanied drying and firing , and 
1t 1s apparent that only small amounts of this material can b� used in 
c.lay products  wit hout precalcination. . It is not desirabl e· for the light 
colored wares because of the iron content and dar.k fired colors , and for 
general p7oducts ber.ause of the exgessive plast icity and shrinkage . 

It would be necessary to obta1n right -of-way from the Robbins bro
thers and construct a road over a distance of about t to t mile . Truck 
haul to Molalla would be 2 , 4 m:\.les , of whic'h one-quarter. of a mile would 
be over gravel and the remainder over pavement . Shipm!.'\nt from the ra1lroad 
wouJd  be as for Ellis clay. 

Dibble ' s  Clay, Locality no . 8 

The deposit lies in the SEiSEt sec . l ,  T. 6 S . , R .  2 E . ,  southeast 
of Molalla and east of the postoffice of Trout Creek. Route shown on 
fJ.gure J. 8  is the most pract 1caL Travel southward up the Molalla River, 
turn west aoross the covered bridge just beyond ,Trout Creek postoffice . 
Inquire at Dibble ' s  house fo� further directions. The clay is about a 
quar"ter of a mile north of the county road . 

D1bo.le 1 s clay was the first of the Molalla series to be discovered. 
The occurrence is similar to t hat of the Ellis and Robbins deposits ,  ex
�ept that t he terrace is 450 feet above the river . The similarity of 
occur:ren<:'e may mdicate a northwestward dip to the rock formations of .500 
feet 1n 4 to 5 ml le s ,  or about 1�0 feet to the mile . 

The clay is overlain by a series beginning with tuffaceous sandstone , 
followeci by a streak of limon1tlc mater1al about l to 3 inches thick, then a 
1ower grade of clay about four feet thick , and then the high-grade f ire c lay , 
m descending order. The limonitic seam is reported to carry gold. The c lay is 
-'-r,enerally J.lsht-colored , nearly white , with a suggestion of blue and pink. 
ir ,; ends to have fl intlike characteristics when dry but is highly aolloid-

.....AL- Down the slope , to the southeast , a bluish to violet-colored clay, 8-b ,  
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was sampled; it was quite gritty, and proved t o  be quite inferior in re
fractoriness . A rock quarry operated by Clackamas County is 165 feet 
above the Dibble c lay and has a thickness of at least 50 feet . Megas
copically , the rock is a basalt-porphyry with large feldspar phenocrysts .  

At one t ime extensive workings were developed in the c lay. Accord
ing to Mr . Dibble , there were several adits and at least one shaft or 
raise that indicated a thickness of 150 feet for the c lay with no change 
in quality. The adits are now caved completely and only surface ind i 
cat ions exi st , s o  it was not possible to check these st atement s .  Commer
Cial production was not indicated. 

Preliminary samples showed two types of material from this property . 
That from the surface above the old mine , 9 - a ,  was a smooth ,  gritless , 
light bluish-gray c lay of excellent appearance and free from iron stain
ing . It showed the usual compact structure with conchoidal fracturing 
and cracking common t o  the Molalla c lays , a P . C . E .  of cone 3 3 ,  and the 
lowest iron-oxide content , 2 .  8 percent,, found in the Molalla series . The 
alumina content was 3 8 . 8  percent , the s ilica 45 . 9  percent , and the l ime 
was 0 . 7  percent . ( 9-b ) from an adjo ining deposit carried the highest 
iron-oxide content , 14 . 1  percent , found in any clay of this study and 
gave a fusion of only cone 2 3 ,  probably due to the fluxing action of the 
iron, since the other oxide percentages were normal . It was a s andy , 
deep-blue c lay when wet and brown when weathere d .  

A comple te firing series of a grogged body was made , consisting of 
17 percent raw Dibble c lay, 9-a , with 83 percent grog , previously calcined 
to c one 15 of this same clay and ground finer than 20 mes h .  This semi
plastic mass required 22 percent tempering water and shrank only 1 . 3  per
cent in drying. The bars remained soft beyond cone 20 but were steel hard 
at cone 2 9 .  There was no shr inkage to beyond cone 20 and only 7 . 8  percent 
linear shrinkage at c one 2 9 .  The bars remained porous , with between 16 
and 17 percent absorpt ion to beyond c one 20 , but. this dropped to 6 .  7 per
cent at cone 2 9 .  The color at cone 10 was a light-brown topaz matrix 
with many fine darker specks that spread on further heat ing unt i i ,  at 
cone 2 0 ,  a l ight ly mottled gold-brown was produced , which , in turn, chang
ed at cone 2 9  to a chocolate brown with s ome vitreous black just beginning 
to form. 

This sample , therefore , represented one of the best prospects for a 
high type of refractory material from the Molalla area , subject , of course , 
to the l imitat ions and troubles in manufacturing, described for the Ellis 
clays . Great care should be exercised ac curately to determine the quan
t ity and uniformity of the material represented by sample 9-a in contrast 
to the inferior material 9 - b .  

The distance from Molalla is more than 1 0  miles by highway, plus one
quarter of a mile of dirt road badly in need of repair. While the upper 
portion of the c lay seems t o  be of excellent quality , the deposit i s  
handic;apped by the fact t hat similar deposits are more advantageously 
s ituated . 
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Zahar C lay Locality no . 9 

Krammerer Clay, Locality no . 10 . 

W .  E .  Krammerer ,  Route 1 ,  Colton, Oreg . , submitted a sample which he 
reports as occurring southeast of Colton in sEt sec . 12 , T . 5  S . , R . 3  E . , on 

h�s property ( see fig. 1 8 ) . The property is known as the old Hunter place , 
He states that similar material underlies a c onsiderable portion of his ranch .  
The sample submitted was taken from the bed of a small creek and is undoubted
ly contaminated with surface leaching . The P . C . E .  was cone 27-plus , and no 
further tests were made . 

�eported Localit ies . 

N .  W .  � ·  Brown reports t hat samples similar t o  Dibble ' s  were taken from 
the Hall Brothers property near Dibble ' s .  Other locations of Molalla clay 
are outcrops along road junction in north-central sec . l4 ,  in which the c l ay 
was irregular , and the Molalla Electric Co . 1 s property in the northwe st 
corne r of sec . 1 1 ,  which i s  a small deposit . 

Conclusions for Molalla Area. 

Clay of no . 1 refractory grade oc,curs in an area south and east of Mo
lall a .  It tends to be bent onit ic in · natur,e , and fire to brown colors , has 
hl.gh shrinkage and bad cracking. The quant ity found at any of the localit ies 
examined is suff ic ient to just ify further studies for · commercial operat ions . 
Transportation requires truck hauls of 2 . ,5  to 12 miles to a railroad siding 
�nd t hence 35 miles by rail to the Portland area .  Should the c lay be found 
commercially suitable for firebrick , condit ions should just ify detailed ex
vioration by compani es who intend to manufacture such products .  

T�e distribution o f  the loca l i t ies cited herein indicates a good pos
:. b 't 1 lty of other deposits be ing discovere d .  The c lay underlies a tuff 
"'n t at i vely correlated with Upper Miocene Fern Ridge tuffs , and overlies 
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basalt that i s  presumably Middle Miocene . Outcrops of clay would be ex
pected in stream channel s  t hat cut int o the basalt where the overlying tuffs 
have not been removed by erosion. An att empt should be made , in sampling , 
t o  secure spec imens as far removed from t he present zone of weathering as 
possible . 

Salem District 

The Salem district is roughly bounded by t he t owns of Salem, Silver
ton , and Subl imity , and , except for the more easterly "local i t ies , is cov
ered by the Stayton quadrangle sheet . The topographic and geologic con
ditions have been outlined previously . The most important locality is 
that o f  R. E .  King , locality no . ll , a quarter of a mile west of Union 
Hill schoolhous e ;  the area along the Victor Point road northward t o  Silver-· 
ton was sampled extensively and may prove t o  be a cont inuation of local
ity no . 11 .  

King ' s  Clay Locality no . 11 . · 

wcat ion : 

The King Y s  locality is a few miles northeast ofSubl imity in the . 
SW:iSE! sec . 18,  T .  8 S . , R .  1 E .  ( see fig.  23 ) ,  in a saucer--shaped val
ley bounded on the north and south by ridges 150 feet above t he valley . 
Highway no . 214 parallels t he base of the north ridge and clay is expos- . 
ed in r oad cuts between highway stat ions 850 and 870. lf .  Wilcox � 
first reported this c lay as his Sublimity locality and in t he fall of 
1937 the Willamina Ol.ay Products Co ." removed several truc,kloads from the 
highway r ight -of-way for experimental purposes 3/ , ( see fig . 3.5 . ) Sket.ch 
topography ( see fig, 39 ) was controlled by aneroid elevations checked by 
higm�ay profiles , and a few Brunt on shots were taken for alignment . Con� 
tours represent the general shape of the t opography but were not accurate -.. 
ly scale d .  A general view of the area is shown in f igure 40 . 

Descripti on o f  "the clay: 

1'he c lay usually is chalky white , fine-grained , and contains small 
clear grains of quart z .  Near the surface it i s  l�monite-stained als>ng 
jo 1nt planes t hat separate the mass into small blocks ; deeper, the blocks 
are larger and the percentage of l imonite is les s ;  and in each case the 
c lay itself is relatively free of stain . The overlying t�f , however , is 
heavily iron-stained in a manner that suggests the solutions originated near 
the surface and migrated downward through t he voids without particula:r refer
ence to joint cracks . Perhaps the c l ay was not formed by the same surface 
weathering that gave rise t o  iron-bee.r1ng solutions that stained the -tuf f .  

l/ .Oregon State Higlltlray Alignment Map , 5 B ·- 12 - 5 .  
y Wilcox ,  Howard Glen ,  Fireclays and light -colored clays of western Ore-

gon and the connnerc. ial development of number l firebric k :  Univ . of Wash
ington Library , Engineer of Mines the s i s ,  54 pp . ,  1935 ( unpublishe d ) . 

2./ Edwards ,  0 .  K. ? personal connnun.icat ion , January , 1938 . 
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Prel imi nary Re port - Refract ory C lays - We st ern Ore gon 5 1  

The t uff c ontains pumic e fragme nt s up t o  a n  inch i n  d iame t e r , and 
many of the se are alt ered t o  a ske le t al sys t em of plane s sugge st iv e  of 
pet ri f ie d woo d . Pe t r i f i e d  wo od doe s  oc c ur ; s everal twigs we re re c overed 

in wh ich t he s t ru c t ure of t .he or iginal wood is exc ellently pre s e rve d .  Tuff 

and clay have s imilar appe aranc e ,  e x
.
c e pt for c o lor ; t he t uff i s  gray i s h  t o  

browni sh and t he c l ay i s  dead wh it e . 

Basalt under l ie s  t he c lay ,  it was f ound , in plac e , in a dug we ll o n  

the Ra lph W. Mo lle t ranc h a few f e e t  s out hwe st o f  Ho le D ( see f ig . 2 9 ) and 
in the va l ley of Dr ift Creek , a quarter of a mile t o  t he e a s t . The basalt 

and c lay c ontac t is no t expos e d but re lat ionsh i p  of o ut c rops c o nf :trms suc h 

a c o nt ac t  and a ge neral we stward d i p  of a few degre e s . 

Q.ua l it y : 

The loc a l i t y  was s ample d with one c hanne l cut and s eve ra l auger hole s 
( see fig . 2 9 ) ,  and c o lumnar s e c t i o n s  for t he ·var ious hole s are s hown i n  

f igures 2 4  t o  2 8 . 

A c hanne l sample , no . 11 , was t aken in t he cut mad e  by t he W i l lamina 
C lay C o . in 1 9 3 7 . It was a so ft , whit e , but c ompac t  c lay ·g iving a fus ion 
of c o ne 3 2 . 5 , and an analys i s  s howed 3 2 . 3  pe rcent alumina , 46 . 2  perc e nt s i l 
i c a , 3 " 8  perc e nt ferric oxide , 1 . 9  pe rc e nt soda , 1 2 . 4  perc ent i gnit i on l o s s , 

wit h minor amount s of l ime  and magne s ia . Ano t he r  analys i s  s howed 37 per 
c e nt a lumina , 45 . 2  pe rcent s il i c a , and 3 . 4  pe rcent ferr i c  oxide . The 
s ample was dr ie d , ground f i ne r  t han 2 0  me sh , and t empere d t o  p:x:oduc e a 
pla s t i c  ma s s  having a h igh c onte nt of temper ing wat e r .  1Jlhile t he dry 

shrinkage was not large , t he pore spa c e  remained high , c aus i ng a rat he r 
high firi ng shr i nkage even ut c o ne 0 2 . In general , t he s t r o nge s t , mo st 
plas t i c  c lays develo p h igh dry ing s hr i nkage s and form suc h  dense , c om-
pac t , t hough oft en c racke d ,  dry mas s e s t hat l i t t le pore spa c e  is left for 

t he cont rac t i o n  in f i ring " 11. smal l  number of shrinkage c r acks deve lope d 

in "Ghe King ' s c lay bars d ur i ng d ry i ng , but int ense c ub i cal c racking was 
fo und in f ir i ng . A light buff c olor was not ed at c o ne 02 , whi c h  c hanged 
to a dark c re am w i th many f i ne s pecks and a br own , iron--st ained surfac e 
at c one 10 . At c one 14 the int e r ior was a speckled l ight brown or raf -

f ia c o lo r  wit h a dark -brown ext er i or . At c o ne 2 0  t he i nt erior was a 
speckle d golden wheat or orange br own with a c i nnamon surfac e ,  The 
black spe cks had s pr e ad throughout

· t he c lay ma s s , no t as fused slag spot s 
but me re ly as a d e e pe r  broWn c o lor w i t hout fu s i o n . Thi s i s  a d iffere nt 

act ion t o  t hat of i ro n  s pot s in t he o rd i nary s il i c e o u s  c lays . 

\rh1 l e  t he l i ne ar shr inkage rema ine d  betwe e n  11 . 4  and 12 " 4  perc ent 
from c o ne s  10 t o  2 0 , 8 . 1 perc ent pore spa c e  ( perc e nt absorpt ion } rema ine d  
in t h e  b o d y  at the lat t e r  t emperature , ind ic at ing i nc ompl e t e  shr inkage . 

The unusua l wh ite or i g i nal c olor , t h e  d e e p  b rovm f ired c olor , t he large 
amount of wat er re qu ire d f or plast ic ity , t he large dry pore spa c e , t he 
cracking and hlgh shr i nkage in f ir i ng wh ic h is not c omplete at c one 2 0  
i nd i c at e  a pe cul i ar c lay w i t h  manufac t ur ing t ro uble s ahe ad . The fus ion 
of c one 3 2 " 5  showed a re frac t orine s s  wo rt hy of furt her e xperime nt , po s 

s i bly no t alone but mixe d wit h more st able c l ays o f  l ower s hrinkage . 
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Ho le A was dr ille d at t he c ut made by t he Wi llamina C lay Produc t s 

C o . The f irst e i ght feet of c lay was s oft , whi t e ,  and c ompac t , c o n 
t a in ing darker pe bble s of vary i ng s i ze in a partly d e c ompos e d c ond i t i on , 

and giv ing a fus ion o f  c one 3 2 -rninus . The 3 feet at t he bot t om of t he 

ho le was c ompo s e d of buff e ar t hy c lay wit h t an and brown mat er ial , some 
sma l l  pebble s . It s fus i o n  was only cone 2 7 . 

Hole B was s t ar t e d  15 0 fe e t  t o  t he e as t  but was d i scont inued at a 

de pt h of s ix f e e t  as t he fl ov1 o f  wat er d i d  not pe rmit a s ample t o be re 
c overed . An i nt ere st ing s i d e  l ight on t h i s  s pot c o nc e rns the flow of wa 
t e r . Wat er was d i s c harg i ng from cracks in the c lay above t he ho le . Twe lve 

hours lat er , d i s c harge from t he c rac ks had prac t i c ally c e as e d  and wat e r  
was bubbl ing o u t  of the auge r ho le . Th i s  would i nd ic at e t hat it was not 
surfac e drai nage from d i re c t ly ove r  t h is spot ; that t he wat e r mus t have 

e nt e red t he c lay s ome d i s t anc e away . The d e s c r i pt i on o f  t he c lay from 
t hi s hole is shown i n  f i gure 2 5 . 

Ho le C was d r i l le d  a c r o s s  t he road t o  g ive dat a expe c t e d  from B .  
Ho le D wa s dr i l l e d  on land owne d by Ral ph W .  :Mo ll e t . The we ll ment i one d 

in a previ ous paragraph , i n  wh ic h ba s alt was expo s e d , is ab out 100 feet 
s out hwe st of D,  and basalt was reac he d  at a depth o f  3 5  feet , e qu ivalent 
to 40 f e e t · be low t he surface at D .  Ho le E was s t art e d  in t he st re am val 

ley j ust nort h of �!o lle t ' s  hous e ; t he auger pe ne t rat e d  6-iJ fe e t  of r ic h  

blac k s o i l  before c l ay was re a c he d , but t oo muc h wat e r  made i t  impo s s ible 

t o  r e c over a sample . 

Ho le F was s t art e d  ne ar t he summit of t he h i l l  nor t h  of t he valley 

and 150 feet highe r in e l evat ion . The f i rst 12 fe e t c ons i s t e d  of a mix

t ure of soil and c lay and wa s not s ave d ; the next 5 f e e t  o f  c lay had a 
P . C  . E .  value of c one 2 7 . The s urface was c overed wit.h sma ll  basalt 

boulder s , but no basalt could be f ound at an e levat i o n  t hat would a l 1  ow 
i t s  de po s it i on at t hi s  e levat i o n . It was c onc luded t hat t he r o c k  i s  t uff 

c ont a i n ing basalt boulde rs ; t hat t h is c lay re pre sent s a h igher s t rat um of 
c lay t han t he o ne s ampled in hole s A, B ,  C ,  and D .  Ho le G was s t art ed 
on a t e rrac e just above and 2 5  f e e t  north of hole A, prov i ng t hat t he ma 

t er ial over t h e  c l ay is t uff . 

Pyro c la s t ic s  of Fern Ridge tuff age we re l a id down on St ayt on lavas 

to a thic kne s s  of 2 0 0 - pJ.us f e e t  at t h i s v i c init y ,  and t hat port ion j ust  
above t he basalt was c omplet ely alt e re d  t o refra c t ory c lay .  The refore , 

it i s  a s sume d  t hat t h i s loc a l i t y i s  underJ a:l.n by t he whi t e  refract ory c lay 
in t he form of a bed or s e am . C e rt a in h ighe r s e ams were local ly alt e re d  

but not as i ntensely . C o nd it i o ns of a lt e rat i o n  were probably s imi lar t o  
t hos e  d e s c r i be d  a t  t he Ell i s  l o c a l it y , 

Quant i ty : 

Dr i l l  ho le s d id not p rove a wide area and quant it y i s  d i ff i c ult t o  
c omput e . C o ns ider ing t he length a s  8 0 0  fe e t  parall e l  t o  t he h ighway , a 

width of 400 fe e t  between ho les A and D ,  a t hickne ss  of 15 fe e t , t he quan
t i t y  is 3 3 0 , 000 s hort t ons . Should the a s sumpt i o n  pr ove c orre c t  t hat t he 
s t ratum i s  ext e ns ive , t he t onnage e s t imat e s  would be incre a s e d  mat e r i a l ly . 

C ore drill i ng w i l l  be ne c e s s ary t o  prove t he body 



HOLE A 
Elev. top '1' ft. 
0' 

2 '  

5 ' 

3 ft .  clay, impure , 
iron staine d ,  not 
eampled 

21 ft.clay, channel 
sample , cone 32! 

8 ft.clay, auger 
hole ,white , soft , 
compact,with 
dark pebbles .  
Cone 32-

3 ft. clay,buff, 
earthy. 
Cone 27 

Fis. 24 

HOLE B. 
Elev.top '26 ft. 

0 

9 ' 

3 ft. clay, 
not sampled 

6 ft.clay,auger 
hole ,light gray
tan and "Khite 
clay with some 
tan staining. 
Cone 33-

Auger hole discontinued , 
too much water. 

Fig. 25 

C O L U M N A R  S E C T I O N S  ---

King's Locality No. 11 

HOLE C 
Elev.top '24 tt. 

0 ' 

1 . 2 '  

6 . 6 •  

17.6 

1 .2  ft. impure 
clay,discarded 

5 .4 rt .clay, 
like that in bole 
A ,  8 ft.section. 
Cone 32 

11 ft. clay,like 
above , sornewha t 
staine d .  
Cone 3 2  

Hole discontinued. Too 
difficult to hand drill. 

Fig. 26 

HOLE D 
�tev .top 930 tt. 

i' ,---r i ft . Soil 

4�' 

7i' 

12i' 

l6t• 

4 rt.clay,similar 
to that in Hole A, 
8 ft . section 
Cone 31 

3 ft.clay,brown 
with tan stains <l 
white <l butt specks . 
Cone 19 to 20. 

5 ft. clay,gray
brown ,compact 
wi tb small in
clusions of iron 
and organic 
matter. 
Cone 31 to 32 

4 rt. clay,badly 
stained ,earthy 
gray. 
Cone 29 to 30. 

Hole discontinued. Too 
difficult t o  hand drill. 

!'ig. 27 

HOLE F 
��ev.top 1064 ft. 

12' 

17 ' 

9 tt.or very 
impure ,clayey 
soil 

3 ft.reddisb 
to grayish to 
bluisb,mottled, 
not saved. 

.5 ft.clay,ligbt 
gray ,earthy,witb 
small partially 
decomposed pebbl� 
Cone 27 

Fig. 2 8  
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Transportat ion: 

Hard-surfaced roads connect the locality with the S. P. Hailroad as . 
shown in the following tabulat ion : 

Truck haul via 
hard-surfaced roads 

To West Stayt on 
To Aumsville 
To Shaw 
To Salem 

- 7 .  7 miles 
- 8 . 7  miles 
- 9 . 9  miles 
- 26 miles 

Railroad haul via 
S .  P. R .  R. to Portland 

From West Stayton - 65 . 5  miles 
From Aumsville - 6 1 . 7  miles 
From Shaw - 5 8 . 8  miles 

Local ity no . 12 North of King ' s .  

This clay exposure ·is 0 . 8  mile north of King ' s  clay by graveled 
road in the NEiNW·� sec . 18 , T .  8 S .  , R .  1 E .  The road leaves highway 
no . 214 a hundred yards west of King ' s  locality , in the south-center of 
sec . 18 , and cont i nues northward through sec . 1 8 .  Near the north l ine , 
the road dips into a small swale , and just after crossing the bridge the 
clay is exposed in a cut on the east side of the road . 

The clay appears t o  be altered tuff ; it 1s white to pinkish, with a 
mottled appearance .  Material near the surface gave a P . C . E .  of c one 
20-minus . An auger-hole sample ( see fig. 3 3 )  gave P . C . E .  cone 27-28 . 
These samples of necessity came from close to surfac.es that have been. 
exposed t o  the weather for c onsiderable periods , and the quality should 
improve as one gets away from such surface s .  It is recommended as sec
ondary in importance .  

Locality no . 1 3 ,  South of King ' s .  

This locality i s  south of King ' s  c lay on the same highway where it 
turns north from the north l ine of sec . 19 into sec . 18 . (See fig. 2 3 . )  
The locality is therefore in the SE*�fll sec . 18 , T .  8 S . ,  R .  1 E . , in a 
deep road cut . 

A thick body of weathered c onglomerate is exposed here , but it is 
not as c ompletely weathered as the Fransen conglomerate .  Cross-bedded 
tuff lenses are common. It is similar to the upper part of the Fern 
Ridge tuffs , 

Tests of No . 1 3 :  This sample was divided into four parts ,  according 
to appearance ,  and each was tested separately . The gray port ion , contain
ing nodules of white clay, showed a brown glassy fusion at cone 30-3 1 ;  when 
this type was iron-stained the fus ion dropped t o  cone 1 8 ;  another port ion 
similar to the first showed a surprislng low fus ion below cone 19 and some 
of t he light --colored port ions surrounding the only partially altered rock 
fragments fused to cream-colored melts below cone 1 6 .  The hard , part ial
ly altered rock fragments still c ontained enough fluxes to soften below 
cone 16 with light-tan glassy fusions . This location contains too much 
unkaolinized material for refractory purposes , but some of the low iron 
portions may have some service in the light -col ored vitrifying structur-
al wares . 
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Local ity No . 14 . 

Th1s locality 1s south of local1ty no . 13 along a graveled road, 
as shown in f igure 23 , in the N'!I� sec . 1 9 ,  T. 8 S . , R. 1 E. The clay was 
sampled vnth an auger and 1s very similar to KlDg ' s  c lay - it is chalky 
white and coni;ains small , clear grams of s i l i c a .  It is exposed for 20 
feet through an elevat1on d ifference of 8 feet . Above the c lay t he soil 
is covered w1th small pwnice pebbles ; which were probably derived from the 
overlying tuff s .  An auger hole was drilled and the results are diagrammed 
in figure 3 2 ;  the P . C . E .  cone fusions are 30-plus t o  3 3 .  

A small fl ow of water was struck at a depth of 11 . 5  feet just above 
a hard , purpl ish-blue c lay , and some difficulty was experienced in recov
ering t he sample .  BeJ ow this point the clay was hard and compact . 

The area j_s reconunended for further prospecting with a core drill . 
There is a good poss ibllity that this locality and the King locality are 
part of t he same c lay seam .. 

Locality no ,. 1 5  . 

Clay occurs on the north side of the highway no . 214 , half a mile 
west of locallty no . 13 , on the south line of the SVli-SEi,: sec . 13 , 
T .  8 S � ,  R .  1 W . , by highway statlon 795 1/ ( see f ig . 2 3 ) . The c lay 
is mo re iron-stained than at King ' s ;  the upper 2� feet of auger -hole 
sampl e gave a P . C . E .  of cone 30- , and t he l ower portion cone 16- .  Con
tact w1t h overly1ng tuff is rather well def1ne d ,  and at the west end of 
the cut the c lay grades laterally into tuff . ;i.s the deposit is under 
lain b y  tuff instead of basalt , i t  i s  c onc luded that i t  represent s one 
of t he seams stratigraphically higher than KlDg ' s .  A columnar sect ion 
is g1ven in figure 31 . 

Locality no . 16 . 

This clay deposit 1s 1 . 2 miles east of the intersection of highway 
no . 214 and the Drift Creek Falls road, near highway station no . 6 3  y,  
in the NE�·NE� sec c 21 , T .  8 S,. , R "  1 E .  

The c l ay lS a white , soft , compact mater1al containing dark inclu
slons of varying s ize , some being partly decompose d ,  and may represent 
a port ion of the stratum at King ' s .  Tuff with approximately hor izontal 
att 1tude overl ies the clay , and the contact 1s irregular . The P.C .E .  
is cone 33-34 ,  

Locality no . 17 . 

A s 1 zeable stratum of clay 1s exposed in a road cut 2 miles east of 
the i ntersection o f  the Drift Creek Falls road and highway no . 214 , in 
the N#iSEi sec , 2 1 ,  T. 8 S . , R. 1 E . , near h ighway station 109 . 2/ 

1/ State Hiehway ll.l ignment Map , 5 B - 12 - 5 .  
2/ State Highway Alignment Map , 5 B - 3 - J.O , 
}/ State Highway Alignment Map , 5 B - 3 - 10. 
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i ft. Impure, 
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� ft.clay, gray
brown,compact with 
smell inclusions or 
iron 4 organic matter 
Co:�e }tr. 

2 tt.clay,gray
broND,iron stained 

Cono 16. 

1't .altered turf 
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4 ft.clay,blue 
to p:ray,under 
turr .Slightly 
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Cone 29 to }0. 

1 tt.clsy. 
Cone 28 to 29. 
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o• 

'/.0 ' 
7.75' 

15.5' 

� ft.clay,eurthy to 
light cream,compect. 
Cone }2 

}t ft .clay,l!ght cream 
fairly compact, iron 
s�ained. 
Cone }2 to }}. 

.'/5 ft.l!ke 3bove 
Cone }1 

}.'/5 ft .white,soft , 
fairly compt\ct ,some 
!ron � orc�n!c r.at
ter. Cone }2-

,4 ft.Cl'\y,P:rey,fair
ly co�p.ct,w!th white 
ol tan we�t�ered in
clusions. Cono }1. 

Hole dtacont!nued. Too dif
ficult to ���� drill. 

Fig. }2 

Local! ty /112 

4 ft.clay. buff. 
eartby with white 
ol gre.y oolites or 
eltered material. 
Cone 20-

7 ft.clay,cretm 
colored, similar 
to above. 
Cone 27 to 28. 

11 

Fig. }} 

Figure 35. Ktng'$ Clay in Road.eut 

Figure 36. Locality No. 18, 
Clay Dike 
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Figure 40. King's Clay locality, looking South 

Figure 41,  Hobtrt Butte Quarry 

Figure 42. Carboni:ed log in Clay at Hobart Butte. This log 
shows at right-center of Figure 41 
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Five feet of clay is exposed in the lower portion of t he road cut and 
four feet more in a culvert ditch. It. is overlain by 2.5 feet of Fern Ridge 
tuff s imilar to that at King ' s .  The tuff is QUit e massive , but there are 
a few planes that may represent bedding . If such is the cas e ,  the tuff has 
a low angle dip t o  the west , Two or three seams of impure clay occur above 
the seam samples and may be eQuivalent t o  the upper,  impure seams at King ' s .  

There are three phases of the clay - an upper 4 feet of bluish c lay, 
1 foot of yellowish blocky clay that has a bluish color at the center , and 
4 feet of yellowish-cream t o  white clay. This lower portion has some black 
stain like manganese and contains weathered felsite pebbles similar to those 
in the weathered c onglomerate at Fransen' s .  The bottom is not exposed . A 
columnar sect ion, figure 3 4 ,  shows P . C . E .  of cone 28=30 , the lower phase running 
cone 30- . The locality might well just ify further explorat ion by core drilling. 

Locality No . 18 . 

Samples of this clay were collected west of Silver Creek Falls on the 
r idge road between Silver and Drift Creeks in the SW�Wt sec . 3 ,  T. 8 S . , 
R .  l E , , in a road cut . ( see fig.  2 3 . ) It is the most northerly and 
the lowest of a series in which red so ll,  tuff , and clay are exposed . 

Four dist inct zones are represented , beginning with a clayey red soil 
at the top. Fresh, unaltered tuff lies below the soil and on weathered 
tuff in a manner that suggests it is a younger pyroc last ic . Clay under
lies t he weathered tuff and grades into it . Two c lay "dikes" cut the 
clay and older ? tuff , but not the unaltered material above . (See fig . 36 . )  
The dikes are composed of very fine-·grained , hard clay with a cone fusion 
of 34-35 , which approaches that of pure kaolinite .  It i s  poss ible that t he 
agents of alteration passed through them and produced kaolinite in a manner 
suggested by Goodspeed and Weymouth !( , for the alteration of pegmatite t o  
kao l wite . 

Sample "A" of no . 18 was divided into three parts .  The first , show
ing a gray-tan clay with small weathered white oolites gave a dark choco
late brown melt at only cone 2 8 .  The iron-stained buff portion rose t o  
cone 3 2 . 5  while the clean buff part showed cone 34-plus with a speckled 
brown fusion. The composite sample of "A" had a P . C . E .  of cone 32 -minus 
and a light cream-colored fusion. 

Sample "B" or that below the roadside ditch was uniform in appear
ance and gave a fus ion of cone 33-34 . A mixture of half portions of "A" 
and "B" showed an alumina content of 36 . 1  percent , silica 4 3 . 2  percent , 
and ferric oxide of 4 . 5  percent . 

Sample "C" from t he small "clay dikes" was very refractory, with a 
fusion of c one 3 4 ;  the one portion of gray clay without iron-staining 
showed cone 34 to 3.5 , while the stained portion dropped to c one 3 2 < 5 .  

lf Goodspeed , George E . , and Weymouth ,  A .  A. , Mineral constituents and 
origin of a certain kaolin deposit near Spokane , Washington: Am .  
Ceram. Soc . ,  Jour . , vol . 11 , pp . 687-695 , 192 8 .  
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The predominance of high fus ing material from this locality under tbe 
stained overburden ind icated a source of high refractory material worthy 
of further invest igat i on .  

Victor Point Road LocaJ it ies . 

W i l c ox 1/ records a number of clay localit 1es sampled south of Sil
verton al ong-a road known locally as the Victor Point Road . Almost every 
cut along t his road contains s ome kind of clay materials .  The better 
of these were sampled in a reconnaissance manner and are briefly described . 
(See fig.  23 . )  

Speedometer 
read ings, miles 

0 . 0  

4 . 9  
6 . 0  
7 . 4  
7 . 9  
8 . 5  
9 . 1  

Silverton,  intersection of i'fater and Main Street s .  
Go south on Sublimity h ighway . 
Turn east ( left ) onto Victor Po1nt graveled road. 
Cont inue ahead . Left hand ( east ) road leads to 
Drift Creek Falls and locality no . 18 . 
Locality no . 19 . 
.ljocality no , 2 0 .  
Locality no . 2 1 .  
Local1ty no . 2 3 .  
LocaUty no , 24 . 
Loc ality no . 25 . Cont inue south on th1s road , 
and intersect h ighway no , 214 about 100 yards 
west of l ocality no .. 1 5 .  

Local ity no . 19 is 4 , 9  m1les south of S1lverton in the SWi_N11i sec . 24 , 
T .  7 S . , R .  1 W . , near the bottom of a minor swale . Clay is exposed in 
t he h1ghway d i t c h .  The upper port ion is heavily iron stained , P . C . E .  
fus1on of c one 30-31 ; a foot lower i t  i s  more gri t t y ,  with a P . C . E .  
fuslon of cone 28-2 9 .  

T oc al l ty no , 20 is 6 .  0 m 1 l e s  south of S i lverton in the SEl SWi: sec . 25 , 
T .  7 S . , R .  l .  �·r . , a road cut . 'rhe deposit i s  overlain by weathered 
arkose or tuff . The c lay is very fine graine d ,  somewhat plastic but 
heav ily iron � t a ined . The sample represents mater1al one foot below the 
highway d itch Vllnch is equivalent to 8 feet below the surface o The P . C . E .  
c one fusion was 31-32 . Analys i s  showed 3 1 . 1  percent alumina , 5 1 . 7  per
cent s i l i c a ,  and 2 . 9  percent ferric oxide . Further i nvestigation should 
be made for larger quant it ies below this depth. 

Locahty no. 2J  is 7 .1 +  miles south of Sl1 verton b the NEiSEt sec .. 3 6 ,  
T .  7 s . , R .  1 W . , a road cut immed iately north of Victor Point School ; and 
0 . 2  mile south of Krenz ranch house . The material seems t o  be an arkose 
or tuff \'lith a cone fusion of 19 , and therefore represented only part ially 
altered c lay containing t oo high a c ontent of fluxes .  

};/ Wilcox , Howard Glen , Fireclays and light -colored c lays of l'iestern Ore
gon and the c ommercial developme nt of number 1 firebrick: Univ. of 
Washington Library , Engineer of Mines t hesis , .54 p p . , 193.5 ( unpublished ) 
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Locality no . 2 2  is located on a s ide road, east o f  the Victor Point road 
in the NEiNErt sec . 3 6 ,  T .  7 S . , R .  l W .  The material appears to be a 
badly weathered , iron-stained arkose or grit conglomerate .  Many of the 
small pebbles can be crushed to f ine clay and a few of the gritty par
t icles seem t o  be quart z .  The sample produced a speckled-gray glassy 
fus ion at cone 2 7 -plus . 

Locality no . 23 is 7 . 9  miles south of Silverton in the NvlfiNE� sec , l ,  
T .  8 s . , ! L  1 W . , a road -cut on the west side of the road . The clay is 
very plastic and heavily iron-sta ined and gave a dark-brown fusion at 
c one 30 plus . 

61 

Locality no . 24 is 8 . 5  mlles south of Silverton in the SE! sec . l , T .  8 S .  
R .  1 W . , a road cut . The clay i s  gray, plast ic , and s omewhat iron-stained 
on joint cracks with brown clay, and is so plastic that it had to be cut 
from the tools with a knife . The P.C . E .  was c one 31 plus . 

Analysis showed 2 9 . 1  percent alumina , 57 . 2  percent s i l ica , and 3 . 6  
percent ferric oxide. The excess s ilica above t he kaolin rat io may be 
present as free quart z ,  amorphous s i l i c a ,  or some c lay mineral with a 
molecular alumina-silica ratio of l to 3 ., 4 .  

Locality no . 25 i s  9 . 1  miles from Silverton just north of cross roads 
on t he west line of NE� NEi sec . 12 , T .  8 S . , R .  l W .  The c l ay is white 
to red,  intermixed so that it presents a "marble -cake" appearance .  Less 
altered mat erial in the cut 1s either arkose or tuff , and the cone fusions 
are 23 and 32 plus for t he different c lays , with an average for the com
posite sample of cone 27 -plus . There are several cuts between l ocalities 
2 4  and 2 5  that expose s imilar clay. 

Sublimity Weathered Gravel , Locality no " 2 6 .  

This weathered gravel i s  exposed in road cuts 0 . 8  mile north of 
Sublimity on a paved road on t he west line of the NNi SE� sec . 27 , 
T .  8 S . , R .  l W .  The · easterly road cut s hows blue-gray throughout 
its entire length that has a fuslon of cone 3 0 .  Analys

.
1 s  showed 30 . 4  

percent alumina , 5 4 "  9 percent s i l ic a ,  and 4 .  4 percent iron oxide . A 1-f'oot 
laye r of white clay ,  sauce r -shaped and about 20 feet long , occurs near 
the middle of the cut and is underlain by a similar , only vari-colored 
seam. The limited extent of this material did not justify sampl ing . 

A road cut 0 . 2  mile south shows weathered gravel t hat looks like hand
laid rubble masonry . It has the same degree of alteration as the Fransen 
gravel but not the high refract ory fusion. This area i s  c overed Salkum 
soil lf and is .underlain by the weathered gravel .  Dasalt is exposed in . 
the channel of UpPer Beaver Creek 0 . 2  miles north o� loculity no . 2 6 .  
Apparent ly ,  the weathered gravel overlies the basalt , and i n  turn i s  over-
lain by the blue clay. 

' 

lJ Torgerson, E .  F . , and Glassey , T .  W . , Soil survey of Marion Count y ,  
Oregon : U .  S .  � Dept . o f  Agriculture , Bureau o f  Chemistry end Soils , 
no . 3 2 , p. 2 3 ,  series 192 7 .  
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Macleay Area,  Locality no . 2 7 .  

This occurrence is c 1ted by Wilcox 1/ as being of except ional im
portance . It is located 1 . 1 miles west -of Mac leay and is reached from 
Salem as follows ( see fig.  1 9 ) :  

Speedometer 
reading. miles 

0 . 0  

3 . 1  
7 . 1  

S .  P .  R . R .  cross 1ng of State St . �  Salem; take 
highway no . 2 2 2  east . 
Turn left (east ) on paved road to Macleay . 
Local ity no . 27 . 

In the SEiNEt sec . 3 ,  T .  8 S . , R .  2 lfl . , clay overlain by typical 
purplish-red soil is exposed in road cut s .  It is l1ght greenish to 
brown, contains a small amount of grit , and most of the sample s are mix
ed with s o i l  and rock fragments . The parent rock of the J ower fusing 
clays is basalt , probably Stayton lav a ,  and occas ionally the weathered 
product reta ins the original vesicular voids . 

Tests :  "A" sample was a mixture of soft , fine-grained ,  white , gray 
and yellow-brown c lay w1th the white predominat ing . It gave a P . C . E .  
value of cone 3 3  and dark-col ored fusions . The alun:ina content was 
4 1 . 3  percent , the s ilica 42 . 2  percent , and the ferric oxide content was 
2 . 9 percent . "B" sample was divided into two parts - no . 1 ,  or the 
iron-stained port ion , gave a fusion below cone 16 , and no . 2 ,  or t he 
clean buff clay , s howed cone 30-plus . The mixture as rece ived fused at 
cone 28-minus . The fusions were brown , browm.sh-tan , or black , depending 
on the iron content - "C " sample from a d1fferent l o cation consisted of 
a light yellow -brown c l ay and was not us refractory us the others , giv
ing a fus1on of only c one 2 6 .  A gray clay predom1nated i n  the "D'' sample 
from another locat ion , and its fus1on was cone 27-2 8 .  The Wmcleay c l ay 
vo.r1ed in compos i t i on and refractory properties with the lightest color 
the best . The thickness , acreage , and uniformity of t he most refractory 
port ion should be studied for c ommerc ial purposes . 

Alt eration apparently has been effected by descending surface waters 
acting on basic igneous rocks . The refractory c lay 1s of l im1ted extent . 
It is considered a non-commerc ial depos it . 

Scot t s  MUls Loco.l ity no . 2 8 .  

Wilcox 1/ ment ions the occur-rence of clay hav1ng u cone fusion of 
2 8 - 2 9  on the-Scot t s  Mills road near Scotts MiJ J s . Similar clay was found 
in t he NEt sec . 2 3 ,  T .  6 S , R .  1 E .. , along this road � where t he clay is 
exposed at t he surface or "Grass root s " . Its P . C . E .  was only cone 29 and 
the melt was a speckled cream-colored glass , Analys is showed only 

!} \llilco x ,  Howard Glen , Firec l ays and light-colored c lays of western Ore
gon and the c ommercial developme nt of number 1 firebrick : Univ . of 
i'lo.shington Library , Engineer of Mines thes i s ,  p .  23 , 193.5 ( unpubl ished ) 
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2 2  . .5 percent al umina : wit h  6.5 . 1  percent silica and 2 . .5 percent iron oxide . 
The high silica c o ntent , in c omparison with the c lays south of Silvert o n ,  
indicates a difference in origin and l e s s  shrinkage i n  t h e  manufacture of · 
clay produc t s . 

Buena Vista Clay. 

This sample was submlt ted , after the plat e s  vrere prepared for pub
l i c at ion , by VT. B .  Sull ivan of Portland , Oregon ,  act ing for the owner , 
Albert Taylor , of Buena Vist a ,  Orego n .  

The clay i s  found on t h e  east bank o f  t h e  V!il J  amette Hiver a t  the 
Buena Vista ferry , s outh of Salem , in the S'.'Y.;l sec . 2 3 ,  T .  9 S . , R .  4 V L  , 
!.1arion County , and l.S four miles from a Southern Pac ific Railroad sid
ing . The sample represents a 4-foot channel across 1.5 feet of clay. 

It proved t o  be a light -buff gritty clay that developed good plas
t i c it y  after grind ing finer t han 20-me sh and t emper ing in water .  The 
bars did not crack in drying and fir1ng, although the water of plast i c 
i t y  and t h e  shrinkage ·;rere h1gh . A vanilla co.lor developed at cone 02 , 
which c hanged t o  a llght brown at cone 1 0 ,  a dark brown ( Lido ) at cone 
1.5 , and a gray-cent ered , brown-surfaced , vesicular mass at cone 2 0 .  Iron 
spots showed at cone 1. 0  and were magnified at cone 1.5 . 1'he c lay i s  one 
of the buff-firing structural ware c lays not su itable for st oneware un
less the iron spots are removed by washing and not refractory enough for 
firebrick. ' 

EUGENE DIST!UCT . 

Locat ion . 

The Eugene distnct l.S at the head of the WilJ amette Valley ( see 
fig . .5 )  in west-cent ral Oregon, and is c overed in part by the Eugene , 
Elmira , and southeastern Monroe quadrangle s .  

Topography and Geol ogy. 

General topographic and geologic relat ionships have been discussed 
in a prior section . 

The Vlillamette River flows inside natural levees , and l ocal dra inage 
tends to be away from t he master st ream into parallel-flowing t ributar i es . 
Consequent ly, large areas are flooded during the rainy season and conditions 
ure ideal for surface water leach ing . Eugene format ion sandstone of Oligo
cene age is the principal bedrock� intruded and covered in part by Miocene 
volcanic s .  

Bellfountain Locality no . 2 9  

Locat ion . 

The postoff1ce of Bellfountain is south of Corvallis and northwest 
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o f  Monroe i n  t he s out hwe st c orne r o f  the Monro e  quadrangle . 
log is as f o ll ows : 

Speedome t e r  
reading . mile s 

The highway 

0 . 0  C e nt e r  of t own o f  Monroe ; nort hward on Highway no . 9 9  W .  
; . ;  ·rurn we st t o  Bellfount ai n . 
6 . 8  Town of Be llfountai n ;  we s t  on Dawson Mi ll grav e le d  road . 
7 . 7 Turn nort h at t op of small hill ; c ont i nue in a northerly 

d ir e ct i on . 
8 . 4  End of road at Byst rom ranc h in SWi s e c . 2 ,  T .  14 S . , 

R .  6 V L  

The localit y i s  ne ar t he we st s ide of t he V[i l l amet t e  Valley and t he 
east s i de of t he Co ast Range foothills . Ge nt le , ro l l i ng hi lls , whi c h  are 
c haract eris t i c  o f  the borders of t he Willamet t e  Valle y , fo rm t he surfac e 
at a gene ral elevat ion of 400 fee t . Ree s e  Cre ek dra ins the loc ality 

and is f lanke d by a 7 5 -foot t e rrac e . 

The owner , A .  Bys t rom � states t hat in p i oneer days people from t he 
surround i ng  area obt aine d  t his c lay for local use as a re fract ory mat e r 
ial . Clay was dug from t he ba se of t he 75 -foot t errac e , and wit h i n  
2 4  hours t he pit wou ld again be fille d , Apparent ly t he c lay was forc ed 
up from t he bot t om , as Mr .  Byst rom said t hat it was no t a case o f  s lump 
from the s ide s . The p i t  i s  now a quaking bog f i l le d  wit h s o i l  and brus h .  

The Be llfountain c lay und oubt edly i s  s lump mat er ia l and it s qual ity 

i s  not uni form . Ce rt ain port i o ns are i nt e rmixe d wit h s o i l , and it might 
be d i f f i cult t o  mine for t hat r e as on . The s ample t aken from a small 
spr ing near t he prune drier was gray and s andy , with s ome iron s t a i n i ng ,  
and gave a c ream- c o lored f u s i o n  at c one 3 1  minus . It , t he re fore , i s  one 
of t he s e c ond -grade buff f i r e c lays , whic h  would bear i nve st igat ion if t he 
mining and t rans port at ion c o st s were not too high in c ompar i s on with c om
me re ial c lays · ·round f art her nort h .  Analys i s showed 24 . 3 perc e nt alumina , 
64 . 1  pe r c e nt s i l i c a , and 2 . 3  perc e nt ferr i c  ox ide " Buff - c o lored s t ruc t ural 
ware s may b e  po s s ible from t hi s  materiaL 

It c an be t ruc ke d  1 . 6  mile s to Be llfount ain and 104 mile s  t o  Port l and 

by Southern Pac i f i c  Rai lro ad , v ia Al p i ne Junc t ion and C_orvallis . The 
area should be prospe c t ed by c ore drill ing t o  de t ermine whether c lay c an 
be f ound , i n  place , under t he t e rrac e . 

Junct ion C ity , Local ity no . 3 0  

Loc at i on . 

C lay was re por t e d  we s t  of Junct i on C i ty and was reac he d by the fol 
low ing rout e : leave Junc t i o n  C ity on highway no . 3 6 , t rave ling nort h f or 
0 . 9  mile ; tur n left ont o  grave le d r oad , and c ont inue pa s t  Be ar Cre e k  s t a 
t i on t o  a 't ot al d i s t ance of 8 . 1  mile s from Jun c t i o n  C it y . The c l ay oc 
c urs i n  t he SWiNNi sec . :H ,  T .  15 S .  , R .  5 W .  , i n  a road cut j ust beyond 

t he j unc t i on w it h  t he Fergu s on Creek road ( s e e  f i g . 5 ) . 
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De s c, r i pt i on of t he Locality . 

C lay was found t o  be expo s e d  in an exc avat ion nor t h  of t he ro ad . It 

was f ine -grai ned , c ont a ined s ome very 1' i ne gr it , had a s l ight ly " s our" 
t as t e , and was qu it e p l a s t i c  at t he surfac e . A f ew i nc h e s  be low t he sur 
face the c lay be c ame more gr it t y and probab ly re pre s e nt e d  an alt ered arko s e 
in whi c h  t he f e l d s pat h :i. c  mat erial has we at here d t o  c lay . Unfort unat e ly , t h  
s ample was mis plac e d  and no ? o C . E .  was run . However ?  W i l c ox y r e po rt s a s  
fo llows : 

'' The Eugene Br ick & T i l e Pl ant re port ed t hat t hey had 
obt a ine d  a wh it e f ir1ng c lay about 6 mi l e s  e ast of Junc t ion 
C it y  o n  t he Tr iangle li1�e r oad . Th is c lay was obt a ined from 
a pocket about 50 f e e t  in d iame t e r . In t he s ame loc al ity , a 

gray c lay mixed wit h ye ll ow ,  whi c h  was s imilar i n  appe aranc e 
t o  t he Be llf ount a i n  c l ay , had b e e n  f ound . Light - f i r i ng c lays 
i n  t his s e c t i on c ome from an are a c las s if ie d  as of Eoc e ne age , 
and t h e red f ir ing c lay at Monroe ha s been ass igned t o  t he M i o c e ne " . 

Appare nt ly , t he oc c urre nc e  i s  qu it e loc al in e xt ent . The gene ral 
relat i o nsh ips are s omevrhat s im i lar t o  those south of Eugene , and from dat a 
pre s e nt e d by Schenck , t he age of the s t rat a i s  as sumed t o  be Ol igocene . 

Euge ne F1re C l ay Produc t s  Co . , Lo cal ity no . 3 1 . 

Loc at ion . 

The d epos 1 t 1 s  we st of Eugene , 3 . 1  mi l e s from t he Sout hern Pac i f i c  
H . R .  depot o n  l an d  owne d b y  1' : . H .  R i c e  in t he :t:Jit[� s e c . 3 6 , T .  17 s . , 
H .  4 W .  ( Se e f ig .  5 ) . 

H i s t o ry . 

Br ic k of var ious k J. nd s  have be e n  pr oduc e d  here f' or a number of ye ars 
and s eve ral at t empt s we re made t o  market f i re br i c k , At pre s e nt t he c l ay 
i s  sh ippe d t o  Port land as a mo l d ing s and . 

De s c r i pt i O n  o f  t he Lo c a li t y .  

The c lay ts r e move d  from a pit s eve ral hundred s quare f e e t  in area , 
and whi le hand l abor i s  u sed a.t pre s e n t , i t  c ould be obt a i ne d  e as i ly by 
me ans of a drag l in e  s c raper . 

Two s amples o f  s andy c l ay were t ake n from t he c ompany ' s  p i t  near t he 
barn on t he nort he a s t  s i de of the b ank , and anot her sample from t he S:orage 
p i le in t he she d . Analys 1 s  of t he lat t er gave o nl y  15 . 6  pe rc e nt alumina 
and 7 9 . 5  pe rc e nt s i l 1 c a , V.fi th 0 .  '7 4 perc e nt fe rr i c  o x i d e , The c lay c onta i n  

1/ \ITi lc ox ,  Howard GJ.:e n , F i re c l ays and light - c o lore d c lays o f  we s t ern Ore 
gon and t he c omme rc ial deve l o pme nt of numb er 1 f i re br i c k : Univ . of 
Was h ingt on Library , Eng ineer of !Jine s t he s i s , p .  2 6 , 1 9 3 5 ( unpub l i she d 
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t oo much QUart z  s and t o  produc e a strong plas t i c  mas s , but a low grade o f  
s i l ic e ous refract ory mat e r i al was ind icat ed by t he P . C . E .  va lue s of c o ne 
2 8  t o c one 3 0 -m i nus f o r  the thre e s ample s . 'rhe c alculat ed f r e e  QUart z 

c o nt e nt from t he analys i s  was c l ose t o  6 0  perc e nt , and it i s pos s i b le t hat 
a gre at e r  c ommerc i a l  value could be obt a i ned from t h i s  mat e r ial by wash i ng 
t he sand f ree o f  c lay and us i ng i t  for t he pure r forms of s i l i c a  s and , 

wh i ch are not abundant in t h i s  part of Oregon . More permeable foundry 

sands fo r larger c ast i ngs c ould b e made w it h  smal ler c lay c ont e nt s , and it 

i s  pos s ible that t he was he d  QUart z will have suff i c i e nt pur i t y  f or s t e e l  

f oundry s e rv 1c e  •re st s f o r  part i c l e  s ize , part ic l e  s hape , and re s i st anc e 

to abras 1 o n  and t hermal s ho ck should be c o nt inue d . 

Hawk ins C lay , Lo callty no . 3 2  

The Hawkins clay 1s found about half a mile s out h o f  loc ality no . 3 1  
and i s  r e a c he d  f rom ll th St re e t  in Eugene . At t he a irport , turn s ou t h  for 
hal f  a mile , t hen we s t  for half a mile to t he Hawk i ns pl ac e in t he N'l-:iHtNl 
s e c . 2 ,  'f 18 S . , H .  4 W .  ( se e  f ig . 5 ) .  The mat e r ial e xamlned wa s s imilar 
to t hat at loc a li t y  3 1  and no s ample was t aken for t e st s . 

Mabe l Are a  LocaJ ity no . 3 3  

Locat ion . 

The !>!labe l c l ay area i s  l o c at e d  northeast of t he t own o f  Mabe l , wh i c h  
i S  nort he as t  o f  Spr ingf ield ( s e e fig . 5 ) . The h ighway 1 og i s : 

Speedometer 
read 1 ng , mil e s  

0 . 0  C ent er of Spr i ngf ie ld � t ake hard -surfac ed road t o  

Marc ola . 
13 . 6  Marc ola . 

·
Take grav e le d  r oad t o  Mabe l. 

1 8 . 3  Mabe l .  Take grave le d road t o  Ho lley . 
2 3 . 4  Carl Marks ' hous e . Cont inue on road . 
2 3 . 9  C lay are a  i s  100 yards we s t of road . 

De s c r ipt ion of t he Loc a l ity . 

The c lay i s  c oncealed by so i l overburden and no sample was se c ured . 
'Ni lcox lJ re port ed on t h e  are a as fo llows : 

' 'Sample s of a hard , whit e f ire c lay w it h  a c o ne - 3 2 fus ion 
we re o b t a ined about 4 m i le s northeast of Mabel and 100 yards 
we st of t he Mabe l -Ho lley road , Th i s  was t he whit e s t  c l ay en
c ount ered i n  Ore gan o The e xt e nt of t he de pos it c ou l d  not be 

det erm i ned , as it was c overed w it h  s o i l  and brush . "  

�/ Wil cox , Howard Gle n , F ir e c lays and l ie;ht -- c o lo re d  c lays of we st e rn Ore 
gon and t he c omme rc ial d eve lopment of number 1 f i rebr i c k ; Un iv , of 
Washingt on Library , Eng i ne e r  of M i ne s  t he s i s , p .  2 3 , 1 9 3 5  ( unpublished ) 
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Carl Marks , who owns the property,  submitted some samples to Wilcox, 
who tested them and reported to Marks by letter as follows : "Three samples 
from ravine one-half mile above your house were subjected to a high-temper
ature test . The hard , white clay t aken farthest up the stream ran c one 32 
(about 3 , 100° F . ) .  The sample from the bottom of the auger hole farther 
down the stream ran c one 31 ( 3 , 056° F . ) .  The sample from the place where 
you ran your tunnel did not stand up. Apparent ly, the most likely place 
to dig is near the hard white clay. The same material would seem to be in 
the bottom of your auger hole . "  Y 

A quarry just west of t he t own of Mabel shows c lay underlying basalt . 
The c lay is l:i.ght brown in color and semi-flint.l ike , with l ight --colored 
spots l ike phenocryst s ,  and is probably quite siliceous " Below the brown 
clay i s  a softer , greenish --colored clay. The overlying columnar basalt has 
been quarried for road metal . Some of the c lay has been used for road 
patching . 

Trans portation of Marks ' c lay will involve trucking 10 < 3  miles to 
Marcola , a railroad haul of 141 miles to Portland by Southern Pac ific Rail
road via Springfield , or 14 miles to Eugene . This c lay might have economic 
value if refract ory material were manufactured in Eugene . 

Fall Creek Ranch Locality no . 34 

Locat ion . 

A deposit of c lay was reported by Wilcox �/ 10 the SW{;SEi sec . 3 1 ,  
T .  1 8  s . , R .  1 E .  The deposit i s  reached from Springfield . Follow out 
the UcKenz1e highway 2 . 8  miles ; turn south on Jasper graveled road ; at mile 
14 . 3  turn r ight , cross Fall Creek, to Lowell , at mile 16 . 8  turn east , at 
Fall Creek bridge ; ·  at mile 19 . 3  is Henry Page place , large s ign labeled 
''Fall Creek Ranch" . 

Description of the Locality. 

The c lay is across t he creek from the highway and the nearest bridge 
1 s  half a mile west . This bridge is privately owned and carefully guarded 
by "No Trespass" signs . Acc ording t o  Mr . Page , t he c lay lies along the 
s 1de of a 75 -foot stream terrace , concealed by soil and rock overburden, 
and extends westward onto adjoining land . ·Rilcox lf states : 

"A hard , rather white , number 2 fireclay was obtained about 
4 miles east of Lowel l .  This deposit was examined by O .K . Edwards , 
of the V/illamina C lay Products Co . ,  who reported t hat the mat erial 
occurs on t he side of a bluff and is c overed by talus . The extent 
of the deposit \ms not determine d .  The color of the samples varied 
from white to a yellow with chocolate-colored streaks , and the cone 
fusion ranged from cone 30 to cone 2 3 . "  

l/ Letter courtesy of Carl Marks . 
2! \'lilcox , Howard Glen, Fireclays and light -col ored clays of western Ore--

gon and the commercial development of number 1 firebrick: Univ. of 
Washington Library , Engineer of Mines thes1s , p .  2 3 ,  1935 (unpublishe d )  

_2! 'ililcox , Howard Glen, op . c it . ,  p.  2 4 .  
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The l oc a li t y  shoul d j ust ify fur t he r  exp lorat ory work when a ne e d  
for re fract ory clay ar ises  i n  t hi s  area . I t  i s  145  mile s t o  Port l and 
from Lowe l l , v ia J<�ugene , by Sout hern Pac i f i c  Ra ilroad . 

HOBART BtlTTE D ISTRICT . 

Lo c at i o n . 

The Hobart Butte  d i s t r i c t  i s  in s out h - c e nt ral Lane C ounty and nort h
e ast ern D oug l a s  C ount y about 20 m i l e s  sou t h  o f  the t own of C ot t age Grove 
( s e e  f i g , 5 ) . 

Topography . 

'rhe d i st r 1 c t l ie s  a c r os s  t he b ound ar i e s of t he W i l lame t t e  Vall ey 
and C o a s t  Range phys i ographi c prov ince s .  The valleys are narrow and V
shape d , and t he r i dges are sharp and serrat ed . 1'he Coast Fork o f  t he 
W i llamet t e  R iver , whic h f lows nort hward , head s on t he north s ide ; Elk 
Creek he ad s near Hobart But t e  and flows we s tward " H.e l i e f  ave rage s 1500 
feet . 

C limat e  

The 17 - ye ar re c ord o f t he Bl a c k  But t e  met e o r o l og i c a l  s t at i o n , at 

an e le vat i o n  o f  1 ,. 2 00 f e e t , is summa r i z e d  as f o l l ows JJ �  
Annual snowf a ll 

Average pre c i p i t at ion 
Days wi t h  O o O l plus 

inc he s prec ipH at ion 
Ave rage t empe r at ure 

Ave rage maximum t empe rat ure 
Average mi n imum t empe rat ure 

H i ghe s t t emperature 

Lowe s t  t empe rat ure 
Preva i l ing wind 

2 0  inches 
49 . 2 7 inche s 

110 . 
49 . 2° 
6 0 . 40 
3 8 . 2 ° 

100° 5 0  
Nort hwe st 

Cond i t 1ons at t he s tur®it of Hobart Bu t t e  are more severe , a s  it is 
1400 feet  higher , but not e nough to �� nd i c ap operat ions seri ously for 
more t han a few days i n  January " 

Geo logy . y 
Th e ro c ks of t h i s  d i st r i c t  are c hl e f ly E o c e ne in age ; Hobart But t e  

i s composed of t he l ower s e d i ment ary fac i e s  o f  t h e  C alapooya ( upper Eo 
c e ne ) , Black But t e  by upper i gneous fac i e s  of the C a l apoo ya ; and t he Klk
head mlne area by Umpqua ( lower Eoc ene ) rocks , Fault ing is normal , wi t h  
a gene ral nor t heast sout hwe s t  s t r ike , and us ually sma ll t hrow ,  alt.hough 

fault s at Blac: k But t e  are d i s plac e d  s everal hundred fe e t , The last 

l/ Mart w ,  n ,  J .  and C or b i n , E ,. , C l unat l c  s ununary o f  t he Un i t e d  State s ,  Se c --
t i o n  3 ,  ?!e s t ern Orego n ; U . S .  De pt o of Agr i c ulture , �'le at he r  Bure au , 1 9 3 0 " 

2 /  We l ls , �ranc 1 s G ., ,, and V!at e r s , Aaron C . , Qtncks i lver de po s i t s of sout h --
v.re st ern Orego n : U .  S e  Ge o l . Survey , Bul l .  850 , pp . ll - 3 4 , 1934 . 
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major deformat ive period occurred between the depos ition of Umpqua and 
Calapooya format ions , producing northeast-soutm�est t rending folds . 

Hydrothermal solutions have altered the rocks profoundl y  ;11herever 
the solut 1ons have had free c i rculation through rock fractures .  Cinnabar 
was introduced by some of the solut ions , although many of t hem were not 
mercury-bearing , or at least not capable of depos it ing c innabar. The al
tered rocks are frequently cut by hard , s i l ica-carbonate veinlet s ,  which 
stand out as r ibs when oxidized ; thes� are known as iron :dbs . 

A charac ter1st1c of the lo,�r Calapooya formation is the unusual 
depth and remarkable completeness of its decomposition by surface wat ers . 
Commonly nothing but decomposed congl omerate of about the consist ency of 
cheese is t o  be seen in many cut s ,  yet t here has been no large volume 
change and the original structure of the once resistant congl omerate is 
well preserved. In well cement ed conglomerate gypsum is t he cement ing 
material and it is. readily dissolved by surface waters making the andesitic 
fragme nts more eas:Uy access ible to these waters . 

· 

Three �main areas of altered rocks have formed in t hi s  district as 
follows : Hobart Butte , the Black Butte ,  and the Elkhead areas ; and re
fractory gt:ade clays somet ime s are associated with them . 

Hobart But t e  Area , Locality no . 3.5 .• 

Locat ion . 

Hobart Butte is located south of Cottage Grove in the SE� sec . 36 , 
T .  22  s . , R .  4 W . ; the NE� sec . 1 ,  T .  23 S . , R .  4 W , ;  The SWi sec . 3 1 ,  
T .  2 2  S . , R .  3 W . ; and the l\1\'li sec . 6 ,  T .  2 3  S . , R .  3 'II . The highway 
l og is as follows ( see f ig , 37 ) :  

Speedometer 
reading, miles 

0 . 0  Center of Cottage Grove , on Pac ific Highway no. 99 ; 
turn south·. on London-Black Butte hard-surfaced road . 

12 , 3 Store at London; take left hand turn onto graveled 
road . 

1 3 . 4  Turn r1ght ont o private road ; cross cattle guard , 
and thence to the Butte . 

1 6 . 2  Bunkers at Hobart Butte , 200 feet below the crest 
and 50 feet below the clay quarry . 

The elevation d ifference between mile 13 . 4  and mile 1 6 . 2  is 1 , 300 
feet ; the road ts graveled tind has a 9 - percent average grade . 

History . 

Robert Phillips d 1scovered the c lay 1n the latter part of 1930 
vrhile prospect ing for c innabar . Samples were submit ted to Hewitt Vlilson 
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and proved to be a h1gh-grade refractory c l ay .  The attention of 0 .  K .  
Edwards , ·pres1dent , Willamina Clay Products Co . ,  was calJed t o  the de
posit , and in the spring of 1933 an agreement was reached with Phi llips 
to lease the property on a 5 -cent-per-ton royalty basis for 2 5  years ; 
but later this was changed to outright purchase . The property is now 
held by Edwards for seven assoc.iates . 

In the fall of 1933 a road was built part way to the clay quarry 
and clay min1ng was begun . The c lay was dropped from the quarry to the 
road in a chute , the elevation difference being 825 feet . In 1936 the 
road was completed to the quarry , and the clay is now trucked 16 miles to 
Cottaee Grove and shipped 136 miles by rail via Salem, Garl inger,  and 
Whiteson to the plant at Willamina. 

A series of test pits and physical tests have proved that the 140 
acres owned by Edwards , et al . ,  is underlain by high refractory c lay. 

Description of the Clay. 

'11 

There are three phases of the clay ,  each having different physical 
appearances ; ( l )  one at the top of the quarry face is a l :igh-gray , hard , 
flinty mass with a hardness of 3 and conchoidal fracture , and contains 
white bodies that look J ike altered feldspars ;  ( 2 )  below is similar clay, 
except that it has a sl ight brownish cast i ( 3 )  at the bottom of the quarry 
is darker--gray , softer c lay with hackly fracture and a higher percentage 
of "whits bod ies" that are frequently e longated in a parallel direction. 
This eray c lay contains small fragments of carbonized and Sil icified wood 
in addition to some realgar , c innabar ,  and st ibnite .  The gray color is 
due to f inely divided carbon that burned out in firlng and showed a 'sl lght 
ly higher loss on ignition. Realgar r c1nnabar , and stibnite volat ilize 
in the physical tests and do not affect t he refractoriness .  

Small fragments ,  tw1gs , and even 10-foot logs of carbonized and s il
lCJf :ted VIood are found in the gray c lay ( see fig. 42 ) .  Some of the l ogs 
appear to have been fJ attened by �ressure. The presence of small fragments 
of v10od 1ndicates that the altered rock was or1ginally a pyroclastic instead 
of a fJ ow .  To the westward , the clay grades into more impure muterial of 
var ious coJ ors ; some is brick red ,  grading t o  dark tan but otherwise having 
many of the characterlstics of the c l ay in the quarry . The zones of col·· 
ored clay appear to have vertical extent .1 ike strata dipping at steep angles . 

The extent of fractures in t he clay mass was not determ1ned , and al
though sl ickensides occur frequently, they could properly develop in such 
a mass w1th very little displacement . In some cases , either realgar or 
c innabar , or both,  was deposited prior to the fracturing , as these minerals 
may be smeared along the sl ickensides . 

An iron r1b s1m1lar to those descnbed by Wells and Waters y on 

y '/[ell s ,  Francis G . , and Waters , Aaron C � ,  Quicksilver deposits of south
western Oregon : U. S .  Gaol.  Survey , Bull . 8.50 ,  pp . 29-30 , 1 934 . 
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. Black But te lies "in the saddle at the north end of the Butte about 400 
feet northwest of the clay quarry . It strikes t ransversely t o  t he trend 
of the Butte and dipping S .  45° E . , 850 . This rib was t raced for 60 feet , 
is 6 inches wide , and has deep, black ,  botryoidal incrustat ions . 

In general , the clay appears to be an altered pyroclastic of andesit
ic or rhyolitic compos ition in which some fault breccia has a cement of 
colloidal clay ( see fig. 41 ) .  

Wells and Waters 1/ state that Hobart Butte is composed of a coarse 
conglomerate in the lower and dominately sedimentary facies of the Cala
pooya format ion, with silica-carbonate material oxidized to deep brown, . 

· which forms a cement t o  bind the altered andesite cobbles t ogethe r ,  - that 
no c innabar has been found in it ; but the outcrops show evidence of rock 
alteration s imilar to those at Black But t e .  

The c oarse c onglomerate was not ident ified during the present inves
t igation in the upper 200 feet of clay, but c innabar , realgar , and stib
nite mineralization were identified . However, the large exposure of
fered by the lJTillamina quarry was not available at the t ime of the U. S .  
�ological Survey study, and furthermore , the soil c over is sufficient t o  
mask most outcrops . These observations do not reflect o n  the quality 
of the previous work , but merely add more informat ion toward t he solution 
of a c omplicated problem . 

Vllien certain portions of the c lay are removed from t he quarry face , 
the : ,odor of arsenic is strong enough to be repuls ive , and occasionally 
hinders operat ions . The mineralization certainly indicates the action 
of hydrothermal solut ions , and there is justification for the statement 
that at least a port ion of the alterat ion was due t o  hydrothermal action. 
The effect of descending meteoric waters on the clay body has not been 
det�rmined , but , as stated by Wells and Waters , the iron ribs and the 
staining of the clay west of the quarry indicate that undoubtedly t hey 
had some effect . 

1/ Wells , Franc is G . , and Waters , Aaron C . , Quicksilver depos its of south--
western Oregon : U. S .  Gaol . Survey, Bull . 850 , p .  3 4 ,  1934. 
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Q,uality . 

7 3 

F ig .  43 . A ser ie s  o f  P . C . E .  te st s on hand sample s  o f  Hobart Butte c lay 
i llust rat ing all po s s ib le variat ions in t he pre s ent work ing fac e gave t he 

following re sult s : 

Cone Locat ion 

fus ion 

Top pit 
27  ..., 2 8  It 

32i " 

3 3  plus II 

31 plus " 

3 2 II 

34 " 

32! Top p i t , 
3 22 We st pit 

33 ,_. 34 II 

33 tl 

32� " 

3 213- tt 

3 1 � 3 2  II 

30 plus Cent e r , 

east s id e 

lower p it 

De s c r i pt ion 

White , granular mat e r ial , at gras s root s . 
Hard , fl inty , whit e c lay with gray s t ringers . 
Gray c l ay  with whit e u o o l it e s " . 

Gray c lay wit h  whit e " oo lit e s " , ve s i c ular 
struc ture . 

Darker gray wit h more " oo l it e s " and some 
red material ( realgar } . 

Lighter gray wit h  f ewe r and smaller " Ool-
i t e s •• . 

Cream- c o lore d flinty mat erial . 
Light gray wit h white " o o l i t e s " . 

Darker gray wit h  whit e  "oolit e s " . 
C ream- c olored , waxy c lay hav ing a semi-

concho idal fract ure . · 

Light -gray c lay with s parse d i st r ibut i o n  
of large r whi t e  " oo l it e s " . 

Dark gray with wh it e " oo l i t e s " .  

Light e r  gray t han t he one above , but s im-
ilar t o  f irst sample in We st Pit . 

Light -gray c lay with large number of whi t e  
" o o l it e s " . 

Trac e s  o f  gree n , s e c ondary , c hert like inc rust at i ons were f ound , whi ch 
fuse d be l ow  c one 16 . 

The t abulat i on shows t he c omparat ive ly un ifo rm quality of the c lay from 
t h i s  quarry . Chemi cal analyse s  shown in f igure 45 al so indicate t he uni 
formity of t he c lay . 

Th i s  f l int l ike mat e r ia l  devel oped but we ak pla st ic it y ,  even t hough ground 
wet in a ball m i l l  t o  pas s  a 2 00 -me sh s i eve . The sample was t aken from t he 
lower port ion o:t: t he quarry and showed a very l ight gray c o lor from c arbona
c eous mat t er and was no t as whi te as t he upper port ions of t h e  working fac e . 
The t e st s  shown i� f igure 47 gave a low d ryi ng shrinkage and a c omparat ive ly 
h:l.gh dry pore spac� . Tlie bars , on f ir ing , deve l ope d a f i ne cub i cal surfac e 
c rack i:rig c harac t er ist i c  o f  many c ommerc ia l kao lins , but the c olor remained 
whi t e , wit hout s pe c ks , unt i l  c one 20 , whe re a very light c re am t int appeared 
wit h a very few l ight - brown s pe cks . A uniform l ight -gray c o lor and a v it r i 
f ie d  t exture deve loped a t  co ne 2 9 . St eel hardne s s  was f ound at c one 10 , 
and t he absorpt i on dro�pe d b e low 10 percent between c ones 10 and 15 . 
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The analys i s  s hown in f i gure 17 ind i c at e s  a clay of high purity , with 
t he exc e pt ion of t he l arge alkal i content , 1 . 40 Na20 .  The ferr i c -oxide 
c ont e nt is le ss tha n all of t he ot her kaol ins or c hina c lays exce pt t he 
Georgia kao l i n  sample of f i gure 1 '7 .  The alumina c o nt e nt was low , but the 
s il i c a  c o nt ent was not c orre s pond i ng ly high . The calculat e d  alka l i c  feld 
s par , based on t he s oda , i s  s imi lar t o  t hat o f  t h e  b al l  c lays rat he r  t han 
t he ka o l ins ,  and t h i s  flux is undoubt e d ly t he cause of t he lowe r  P . C . E .  
value , averag i ng for the best port ions between c ones 3 3  and 3 4  and from 
one t o  two c o ne s lower t han the be st kao l ins . 

Expe r ie n c e  at t he Willamina Clay Product s  C o , has shown that whi le 

suff i c ient plas t i c ity can be developed by wet -pan gr ind ing for t he mo ld ing 
of f ir e br i c k  in t he auger mac hine , a better art i c le can be produc e d  more 
eas ily whe n a plast i c  bond . c lay is adde d . A h igh t empe rature c alc inat ion 
of the f l i nt l ike lumps o f  c lay from t he bank f or grog , likewi se has been 
f ound to g ive a re fract ory mixture with l e s s  v olume c hange s  in t he orig inal 
f i r ing a s  we ll as l e s s  trouble in s hr inkage and spall ing in t he  c onsume r ' s  

furnac e .  Such a pro c e dure re quire s a hi ghly refract ory bond c lay for plas 
t i c it y ,  and such mat er ials are found in c ommerc ia l quant it i e s  in t he Molal
la R iver d i s t r i c t  and near S ilvert on and Sublimi t y  east of Sale m .  The re 
fore , by proper treatment a no , 1 f irebr ick i s  und oubt edly a s sure d f or 
we s t ern Oregon . � 

Pre liminary t e s t s  at t he Univer s it y  o f Washingt on ind i cate that t he 

Hobart But t e  c l ay c an be used as t he kaolin c onte nt o f  a wh it eware pot t e ry 
body c ons i st ing of t he ba ll -mill ed flint c lay ,  t he Willamina black plas 
t i c for bond i ng ,  and fe ldspar fr om De er Harbor , Wash . Th i s  would produc e 
a whit eware mixture from we st of t he Casc ade Mount ains . It i s also be 

l i eved t hat the whit e s t  c lay at the t o p  of the Hobart But t e  quarry c an 
be u s e d  as a pa int f iller and pos s ibly for paper f illing .  

Quant ity . 

( prepared by John A .  Ross ) .  

C one fu si on t e s t s i nd i cat e t hat the 140 acre s c o nt ro lled by Edward s  
and hi s as s o c i at e s  are underlain by c lay o f  re frac t ory qual i t y . The 
quarry floor is 200 f e e t  be low t he t o p  of t he h i ll whi ch shows a minimum 
of 2 00 feet for t he thickne s s o f  t he c lay . The average s pe c if i c  gravity 
of the c lay was d e t e rmined a s  2 . 4 ;  t he refore , 13 . 3  cubic feet of t he mat er 

i a l  we ighs one t on .  On t he ba s is o f  t he above figure s , t here is an e st i 
mat ed quant ity of 46 , 2 00 , 000 s hort t o ns . 

Th i s  t o nnage i nd i cat e s  that t here i s  a supply o f  refract ory c lay t o  

sat isfy t he ne e d s  o f  indust ry for many ye ars . 

Be ll , J .  W . , Refract o r i e s  from Hobart But t e , Oregon � f ire c lay ; 
Univers i t y  of Washingt o n ,  t he s i s , 1 9 3 8 . 
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Quarrying . 

( prepared by John A .  Ros s )  

The topography of the quarry is shown on figure 39 . (See also fig . 41 ) .  
Two benches are maintained in the quarry , t he lower bench be ing divided 
into an east and a west pit . The clay i s  drilled by hand and broken with 
low�strength dynamit e .  So�ng? other than the throwing out of heavily iron
stained material, is unnecessary, as the gray , whit e , and c ream-colored clay 
all behave s imilarly in the kiln. The c lay is hand-trammed about 50 feet 
to a chut e ,  which discharges into a bunker .  Trucks are loaded by gravity 
directly from the bunker . . The haul to Cottage Grove is 16 miles . Rail 
distance , via Southern Pacific Railroad to Portland , is 144 mile s .  

Should ns much as 250 tons a day be quarried , it might be advisable 
to erect an aerial tramway from the quarry to the base of the hill . The 
horizontal distance is nbout 1 mile , the vertical distance is 1300 feet , 
and the tram length would be about 6 , 000 feet . Allowing for cable-sag 
and minor irregularities , the cable length would be about 7 , 000 feet . 
Against the present truck-haul of 2 .  8 miles from the quarry t o  the base 
of the hill , t he saving would be about 10 cents per t on on transportat ion 
charges .  

Black But te Area, . Locality. no . 36 

Location: 

Black Butte is about 2� miles southeast of Hobart Butt e  in the MVi 
sec. 16 , T. 23 �, R .  3 W .  It i s  reached from Cottage Grove by a route 
similar to that f8neHobart Butte ; but instead of turning onto the private 
road at m1le 13 .4 ,  c ontinues on the main graveled road to the mine . It 
has a sharp crested butte , the summit o f  which is 1 , 450 fe�t above the 
val l e y ,  The mine buildings and reduction plant are in t he valley . The 
lov1est mining level during October 1937 was the 900 level , from which ore 
was delivered to the mill by aerial tram. 

Geology ]J 

Black But t e  is composed of andesitic lavas and breccias of the up
per facies of the Calapooya format ion which have been so profoundly whit � 
ened and bleached by hydrot hermal solutions that the original character 
of the rock is almost unrecognizable in t he field . The se altered rocks 
are cut by silica .. carbonate veins related t o  fault ing. The leaching 
action of surface waters has converted the silica-carbonate veins into 
iron r �bs , one of which forms the crest of the Butte .  

Although hydrothermal alteration has thoroughly altered the andesites 

1/ ':/ells , Franc i s  G. , and Waters , Aaron C . , Quicksilver deposits o f  south--
western Orego n :  U .  S .  Geol. Survey, Bull . 850, pp. 29-33 , 1934. 
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and breccias , the outlines of altered phenocrysts of feldspar or ;hypersthene 
are still visible . Occasionally , however ,  volume changes have c ompletely 
destroyed this texture . Oxidation and leaching by surface waters have per.
etrated to a depth of nearly 1 , 000 feet . 

Zones of folding and fault ing have influenced the location of the al
tered zones , but instead of being long and narrow , the zone at Black Butte 
is 2 miles long by l mile wide . The permeable nature of the andesites 
may account for the widespread alterat ion. 

Description of the Clay Format ions . 

The Black Butte mine was visited to ascertain possible relat ionships 
that might help t o  explain the alterat ion on Hobart But t e ,  and to deter
mine if fireclay similar to that found at Hobart Butte occurs in this 
operat ing mine . The rocks are severely altered and stained by meteoric 
waters carrying iron solutions . One characteristic of this altered rock 
�s that it can stand in openings like stopes and drifts for indefinite 
periods without requiring t imber and with no apparent spalling. The llOO 
stope is an excellent example ; it has been open for many years , its size 
is breath-taking , but not ·a stick of t imber is in · sight . This competency 
was noted in all the c innabar mines visited . 

All levels are numbered as be ing so many feet below t he surface or 
hilltop leveL Clay is here· associated with c innabar and probably has 
some relation to faulting ,  as the ore body at this point is somewhat con
trolled by a major fault . The stopes from the surface are open through
out , and 1t gives one a most peculiar feeling to  prowl around the upper 
level and realize that a slip will mean that the next stop is 900 feet 
down. Actually ,· however� the slope of the stope walls changes so that 
one would not skid over 50 feet before coming to a stop. 

Tests of c lay from the Black Butte Mine : Hand samples were taken from 
the upper surface workings , the 200-fo'ot· · leve l ,  the 900-foot level , and 
� te 1 , 100- foot level. 

Upper level ,  top of ·mountain: A tan-colored plastic clay, sample A, 
taken from t he hanging wall , gave a P . C . E .  value of cone 31-minus and a 
tan-colored , speckled melt . But two other samples from the same vicinity 
gave very loVl refractory values .  Sample B, consist ing of light -gray , 
part ially altered rock,  fused to a brown slag below cone 16 . This likewise 
was true of a pink s ample of another partially altered roc k ,  sample C ,  
from t be footwall near the upper surface . Analysis of A showed a high 
alumina c ontent , 35 , 4 percent ; low silica ,  5 0 . 1  percent ; and low iron oxide , 
2 .  2 percent . 

Sample H was taken from a surface outcrop near the mine entrance of 
the 200--foot leve l .  It consisted of a pink to wh!te flintlike clay 
having a conchoidal fracture and weak plasticity, and which produced a 
spotted . tan-colored fus ion at cone 30. Sample H3 , consist ing of bluish
gray matrix mottled with white inclusions , gave an ivory-colored fusion at 
cone 32 -plus , and analysi s  showed 27 . 4  percent alumina , 62 . 1  percent silica,  

1 �  1 . 5  percent iron oxide . 



Prel iminary Re po�t - Refract ory Clays - We s t ern Oregon 77 

A number o f  hard , rocklike , we akly plas t ic c lay s ample s were taken from 
t he s i de walls and roof of t he We s t  Tunne l of t he 9 00-foot leve l , but all 
s howed low refrac t o r ine s s . The best v c o ns i s t i ng of whit e no dul e s  sur
round e d  by gray c lay , gave a speckle d ,  ne arly whi te fus i on at c one 2 8 , but 
the c re am - c olored , t an ,  and purp l i s h  vari e t i e s  fused t o  dark - c olored me lt s 

be low c one 18 . Several large inc lu s i on s  or balllike mas s e s  from 6 inc he s 
t o  2 feet i n  d i ame t e r  o f  whi t e  very plast i c , kaol inl ike c lay we re found in 
t he mat rix o f  hard c ount ry r oc k  in t he C openhagen tunne l . The se proved 
to be very refrac t ory , g iv i ng a P . C . E .  of c one 34 plus and a melt nearly 
wh it e in c olor . The ind i c at i ons were no t favo rab l e  for pro duc ing c om
merc ial t o nnage in t hi s  l oc at ion , but su ch valuable mat eri al may be found 
concentrated at ot her pla c e s  ih t he mine . Other s ample s of t he s oft 
whit e c lay mixed w it h  l ight - c o lore d ro c k  found i n  the Copenhagen tunne l 
gave cho c o lat e -brown fu s i ons be low c one 2 6 . 

A s ample of light - c olore d , f l i nt l ike c lay s t ained by iron c ompounds 
was t ake n  from no o 2 c hut e on t he 1 , 100-foot lev e l . This gave a plas t i c  

mass when t empered wi t h  wat er and a P . C . E .  o f  c o ne 3 2 . T he  me lt was a 

s peckle d buff . The ana lys i s  showed 30 . 0  percent alumina , 5 8 . 1  percent 
s il ic a ,  and l o 8  percent ferr i c  oxide . A large pile of wast e  ma t e r i a l  
from t he calc iners has a c c umulat e d  in a st ock pile near t he plant . Th i s 
re pre sent s  a mixt ure from a ll part s of t he mine and is us e d  by t h e  c ount ry 
fo r road-surfac ing . The predominat i ng  c olor is a dark p i nk or red ·"·brown , 
but t he mat er ial prov e d  of low re frac t ory value , c one 16 , and poor f ired 
c olor . 

C o nclus ions : Kaol inl ike c l ay  was found i n  the Bla c k  But t e  mine , but 
t he s ample s  t aken on t he pre l imim ry inspect i on i nd icat e d  c ons iderable 
var i at ion i n  re fract o r i ne s s  and d iff i c ulty in obta i n i ng c ommerc ial quan
t it ie s of h i gh-·grade fire c l ay e qua l t o  t hat in Hobart But t e . 

Although alt e rat ion at Hob art But t e  i s  more c omplet e and more uni -, 
forill , t he presence of iron r ib s  a nd minera l i zat ion i nd ic at e d  a s imilar 
hydrot he rmal or igin . 

P . C . E .  dat a are given in f igure 44 . 
in f i gure 4.5 . 

Mining . 

Chemical t es t s are shown 

As Black But t e  is be ing o pe rat e d  as a qui c k s i lver mine , c lay mining 
would probably be inc ident al t o t he " st oping of ore " , and it s mining would 
depend on t he demands made by c innabar mining . 
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P . C . E .  

31-

l tt 
I 

3 4  plus 

! 3 2  

27 -28  

2 6 -27 

*34 plus 

3 2  

16 -

16-

16-
16-

18-
2 8  

3 3 
3 2 -

16 

F i g . 44 Refrac t o ry t e s t s  of Black Butt e  c lays . 

Locat ion 

Upper Leve l , hang ing wall 
" " ne ar surfac e 
11 " under fo otwall 

200 level 

t t  n 

" t1 

" II 

C ope nhagen tunne l 
tt II 

If II 

II II 

900 we st t unne l 
II II 

II  
II II 

1 , 100 s t ope , no n 2 chute 
tt If 

Miscellane ous road mat er i al and 
was t e  ro ck from ret ort aft e r 

me r c ury is removed . 

De s c r ipt ion 

Ye llow ,  plast i c  c lay .  

Gray clay w i t h  whit e " o o l it e s " . 

Reddish-brown rock w i t h  whit e 
s pe cks s c at t ered t h roughout . 

Large " oo l i t e s " of whi te , flinty 
clay in p inkis h  ro ck .  

Purple ro c k  wi t h  small , whi t e  

s pec ks . 
Same as above , but wit h  t an 

iron st ains . 
Alt ered rock , purple ,  s imilar 

t o  above . 

�r.hi t e ,  s o ft , kaol i ni t i c  c lay .  

V'lhit e c lay and l ight -pink rock 

with bla c k  s pe c ks t hroughout . 
Light -pink rock w i t h  t an sur

fac e weathe r i ng . 
S imilar t o  abQve , but with 

" oo l it e s "  of whit e  c l ay . 

Tan , e art hy mat er ial . 
Purpl ish-c o lore d , hard mat erial 

w i t h  inc luded whi t e  no dule s .  
Light -cream , roc kl ike mat erial . 
Gray c lay surround ing whit e 

nodule s .  

Whit e , f lint l ike c lay . 
Light -purp le c lay wit h  small 

whi te nodule s .  

*Cone 34 plus and a whit e c one ind icate t hat t he 

clay must be ne ar t he c ompo s i t ion of pure kao l in . 
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Elkhead Mine Area, Locality no , 37 

Locat ion. 

The Elkhead mine is 6 rn1les east of Yoncalla , which is on the Pac ific 
Highway no . 9 9  and the main line of the Southern Pac ific Hailroad . The 
mine is in the NEi· sec . 2 1 ,  T .  23 S .  , R .  4 W . , and was originally worked as 
a c innabar property .  It has not been operated in recent years . 

Geology ·�; 

The ore body at the Elkhead mine is situated in altered tuffs , wh1ch 
lie between upper Umpqua tuffaceous sandstone and lower Umpqua amygdaloid
al basalt ; The condit ions of alterat ion and t he format ion of iron ribs are 
s imilar to t hose at Black Butte and Hobart Butte . 

Description o f  t he Local ity . 

The mine has been abandoned for a number of years ( exact date unknown ) ;  
rails have been pulled from t unnels and drift s ,  and the workings are in bad 
condit1on,  charac teristic of abandoned workings . Extensive sampling was 
not attempted , as it was considered unwise and unsafe to attempt entry 
with the crew available . 

The altered rock exposed at the portals of �he t unnels is similar to 
that found at the 200 level at Black Butte . A sample gave a P. C . E .  fusion 
of cone 23 minus , with a light-green fusion that conta ined a few specks . 
The resul t of t his test did not warrant further investigation at t his t ime . 

Conclusions for Hobart Butte District . 

The quarry at Hobart Butt e  is the most promising of all the localities 
vis �ted during this investigat ion. Certain port ions of the Black Butt e  
qu1cks ilver might b e  used to produce refractory clays of high quality. 

Field and laboratory work indicate that the areas of altered rock 
ident ified by Wells and i'laters y offer very good prospect ing poss ibilit ies 
for refractory clay. It is recommended t hat t heir maps be used to guide 
future field parties in these areas , and that careful sampling and labor-
atory work be d one for each of t hem. iVhere new workings have been opened 
s ince their quicksilver study, a careful invest igation of the geologic re.
lationships should be made . Additional areas include the Bonanza-Nonpare il 
and the Tiller-Trail d istrict s .  

1/ Wells , Franc is G. , and Waters , Aaron C . :· �uicksilver deposits of south--
western Oregon: U. S .  Geol.  Survey , Bull. 8.50, pp. 34-3.5 , 1934 . 

ij - - - - - - - - - - - - ·- - - op. c it . , pls . 7 ,  14 . 
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SOUTHWESTERN OREGON DISTRICT . 

A brief re c onna i s sanc e t r i p  was made int o  southwe st ern Oregon t o  c h s t' k: 
several loc alit i e s , The l imi t e d  t ime and budget allowanc e s  d i d  not pe rrLit 
o t her t han a hurr ie d c ollect ion o f  sample s .  

Tra i l  Area . 

Gain.es Prope rty , Loc alit y  no . 38 . 

Wilc ox 1/ des c r l b e s  a clay depo s i t  nor t hwe s t  of Trai l ,  for whi c h  a 
search was made . His locat ion i s  g i ven as t he SWi s e c . 2 8 � T .  3 3  S , , 

R .  l W .  Thi s  depos it c oul d not be f ound , but as a re su lt o f  t he search 
c l ay was found in t he mvt s e c . 2 0 , T ,  3 3 S .  , H. 1 W .  , on t he Ga ine s prop
erty ( s e e f ig . 5 ) .  

The c o unt ry rock appe ar s t o  be alt ere d t uff or rhyolit e . The c lay is  
expo se d near t he we s t  fork of Tra il Cre e k  and was sampled in  a road c ut 
ad j ac ent t o  t he stream be d . The P . C . E .  of c one 2 7 -plus i s  not sat i sf ac -
t ory for a high refrac t ory f i re c lay , a lt hough t he laborat ory t e st ind i cat e d 

a pos s i b i l it y  of it s use as face·  br i c k . Refract ory c lay o c c urrenc e s  in 
T, 3 3  S o , R .  2 lfL are re port e d , but c onf irmat ion c ould not be obtaine d . 

Roge rs 1 C innabar Pro pert 1es , Loc ality no ,, 39  

The Rogers c innabar c laims are r e port ed b y  We lls and Wat ers y as . t he 
Poo le Pro spe c t  in t he SE% sec . 2 5 and NE:i s e c . 3 6 , T .  3 3  S ,  ,, R "  l W .  
A .  G .  Roge rs , o f  Je nn ings Lodge , Po rt l and , Ore g . , i s  t he pre sent owne r 
( s e e  f i g ., 5 ) .  The c l a ims are reac hed from t he s t o re at Rogue -Elk with t he 
aid o f  a guide . 

The c i nnabar c la ims are o n  t he s out hwe s t , sout h ,  a nd s out hea st flanks 
of a c o n i c al - s hape d  hill about t mile nor t hwe s t  of Rogue -Elk .  Produc t i on 
of me rcury is evidenc ed by ore t ake n from t he 7 5 -foot ad it on the sout hwe st 
s ide of t he h i l l  a nd a very c rud e ret o rt whi c h  l s  st i ll t here o The roc k 

i s  alt ere d , very r e s i st ant , and st and s wit hout t imber ing as it do e s at 

Elkhead and t he Black But t e  mine s . A few grab s ample s were t ake n ins ide 
the adi t � and a P . C . E .  of c o ne 2 8  to 29 plus was obtaine d . The analysi s show-
ed 19 , 8 perc ent alumina , '7 1 . 5 pe rc ent s H i c a , and 2 .  3 per c e nt iron oxide . 

Wells an d Wat ers 2J re por t e d  on t hi s  pr operty as f ollows :  

"The c ountry rock c o nt iguou s t o  t he ve in has be en alt ered t o  
a wh it e friable ma s s  cut b y  a network o f  narrow l imonit e ribs . 
The alt e rat i on fade s out in a s hort d is t anc e , t he whi t e  fr iable 
rock grad ing int o  a gray-purp le rock , _  somewhat i ron-st a ine d , 
whic h  in t urn grad e s  i nt o  t he fre sh bas alt . n  

· 1/ Wi l c ox , Howard Glen , F ire c lays and light � c olored c lays o f  we st ern Ore --
gon , and t h e  c ommerc ial development o f  nwnb er 1 f i rebr ick : Univ . of 
Washingt on Library , Eng i neer of Mine s t he s i s , p .  2 5 , 1935 ( unpubl ishe d ) 

2j' We lls , Franc i s  G o ,, and Wat ers , Aaron C . , Qui c ksilver depos it s of south
we s t ern Oregon � U. S .  Ge o L  Survey , BulL 3SO , pp . 48 -49 , 1934 . 

}./ - - - - - - -- - - - - - ,_ op o c i L , pp . 48-4-9 . 
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Otl t he ba s i s  of t he examinat i o n  and t he above s t a t ement , it is doubt ful 
if_ t hi� c lay will hav e v alue as f i re c lay or othe r  c lay produc t s  in c ompe t i 
t i on "!ith purer mat er i als c l o s e r  t o  t he market s .  

Rogers ' T i ll e r -Trai l , Lo cality . no .  40 . 

A .  G .  Rogers submit ted  s ample s of mat erial t aken from a t unnel near 
t he summit of t he Tiller-Trail road , but t hi s  was not v i s it e d oy t he f ield 
party . An apple -gre e n , hard , f ine -grained c l ay ,  s ome of wh ich waa .miner.;.. 
alized and some unmineral i zed , gave a P . C . E . of c one 16 and black fus ions ; 
however ,  s ome s i l ic e ous chert , t int ed blue and re d ,  from this  same loca
t ion s howed c one 3 3 . 

Brovmsbo�o Loc a l i t y  no . 41. 

Advi ce r e c e ived from 0 .  K .  Edwards ind ic at e d  t hat t he depos it s ought 
at the Ga i ne s  loc al ity in re ality i s  in t he v ic in it y of Browns boro , which 
i s  6 -·.:He s e ast o f  Ea gle Po int in Sec . 3 or 4 ,  T .  36 S � , R .  1 E .  Wilc ox ' s 
d:escuption 1/ i s  as f ollows : 

- · � · ,  . 

••A s hort drift wit h two cros s c ut s  has been dr iven. in t he 

c lay , and a shaft has been sunk 20 feet b e low t he t unnel l evel . 
. . . - �  . This · c lay was not uniform in c harac t er t hroughout 
the t unne l . Small l ight -c olored pat che s , yellow iroh- s t ained 
areas , a nd hard i ro n - c ement ed pat che s were s o  �ixed as t o  make 
mining of the b e s t  mat er ial ext remely diff i c ult . A sample 
fr�Th , nineteen sacks of t he l ight , iro n - s t a ined material fused 
at c one . - 3 2 � The he avy i ro n - b e ar i ng c lay w a s  below f ire c l ay 
spe c i f ic �t i ons . The c lay from t h i s  d e pos it is fairly plas 
t ic and ha s a drying shr inkage of 4 percent and a t ot al f ired -
shr inkage of 7 pe rcent . "  

Medford Area , Loc al i t y  no . 4 2  . 

. C l s.:i was re port e d  e a s t  o f  Me dford , but i t was not found . In t he 
hill}�- se c · . _ 25 , T .  37 S . , R .  1 TJL ,  t he s o i l  has a �ecul iar spongy appear
anc e and. a purpl i sh-re d c o lor . A sample o f  t lli s  mat e r i a l  fused below 

c one. 16 and was not s at isfact ory for ceramic ware . 

W .  C .  Hurst Clay , Grant s Pass , Loc ality r1o . 43 . 

A s aM'Ule o f  c l ay was s ubmi t t e d  by t he owner , W .  C .  Hurst , 5 2 1  
We st L .  Street , Gre nt s Pas s , Oreg . The c lay wa s t aken from t he head 

- of Wa:te;r-... Jre.ek _in Jos e phine C ount y , in T .  3 6  S . , R .  · 7  W . , but no more ac -
curat e l�cat ion c ould be obt a i ne d . It s P .  C .  E .  was minus 1 6 , w it h  t an t o  
buff an d  black fus i ons . The mat e r ia l  appe are d t o b e  a n  alt ered t uff or 
rhvol i t e  but was not refract o ry .  

1/ Vlilcox , Howa�d G;Len , Firec lays and l ight -colored c lays of we s t e rn O;r-e --
_ gon and .the c ommerc ial development of number 1 f i rebrick : Univ . of Wash

iligt on Library , Eng i ne e r  of Mine s t he s i s , p .  2 5 , 19;; ( unpublished ) 
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Dead Indian De pos it s , Localit ie s nos .  44 , 45 , 46 . 

Locat ion . 

The area i s at the ext reme e ast ern s ide of the Me dford quadrangle in 
Jacks on C ounty , e ast of Ashland . The be st  material was found one -e ight h 
of a mile s out h o f  t he summit o n  the Dead Ind ian road , in t he sout h  cent ral 
part of s e c . 19 , T o  }8 S . ; R. } E .  

De scri pt ion o f  t he local ity . 

Wilcox lJ refers t o  t his loc a l i t y  as follows : 

"The re i s  a broken mas s  of no . 2 f ire c lay on t he De ad Ind ian 
road about e ight mile s e ast of Ashland . This clay is a hard , 
nonplast ic mat erial , rat her porous . At o ne t ime it was shipped 
t o  Port land and used in mak ing f irebr i c k . About a mile beyond 
t he mas s  just ment ioned , near t he crest of t he r idge , thi s mat er
ial i s found in plac e as an out c rop . The le dge i s  15 t o  2 0 feet 
high and has the appe aranc e of a flow . The c harac t er i s t i c s  of t he 
c lay and t he pos i t ion of the out crop ind i c at e  an alt ered rhyo l it e . 
1'he mat er ial has a c one - 2 8  fus i on ,  a 2 - pe rc ent dry ing shr inkage , 
and a t o t al f ired s hr inkage of 4 pe rc e nt . It wou ld be c la s s if ie d  
as a s emifl i nt c lay , and though it cannot be ma d e  i nt o  br i c k  by 
it s e lf , it is a s ui t ab le nonplast i c  for a number 2 br i c k . "  

The out c rop t rends S ,  300 W .  for a le ngt h of 1 , 000 feet we st of 

( be low ) t he Dead Ind ian road . A whi t e  por c e lainic mat er ial t hat gave 
a P . C  . E .  t e st of c one } 1 ·--plus o c curs at it s northeast e nd . East of 
t he ro ad the mat e rial � if pre s e nt , i s  c overe d by a fre sh ,  c omparat ively 

unalt ered , amygdaloidal f e l s i t e , 

Quality . 

Te st s of t he De ad Ind ian mat er ials : Sample no . 44 , taken from t he 
upper e nd o f the out crop , was an impure flint or c he rt . Analys is showed 
only 3 . 4 pe rcent alumina , 8 9 . 5  perc e nt s i l ic a , and 2 " 3  percent ferr ic ox
ide . It i s , t hus , t o o  s ilic e ous to be c las s e d  as a c lay and does not con
tain suff ic ient s ilic a fo r  the hi ghe s t  t ype of s ilica br ick , whose re quire 
ment has b e e n  t ent at ively s e t  at about 94 perc ent s il i c a . The hard � c on

c ho idal , nonplast i c  mas s was s t a i ne d  t o  a d e e p  cream wit h iron oxide and fus e d  
t o  a glas s y ,  light -gray , s pe ckle d me lt a t  c one 31-plus . The P.C . E .  t e st , 
t herefore � i nd i cat ed t hat if t here were a marke t for s i l ic a brick , and if 
commerc ial quant i t ie s  of unif orm chert could be found f, at tempt s s hould be made 
to use t h i s  mat er ia l in v i ew of t he l ac k  of h igh-grade quart z it e s  in we s t e rn 
Oregon and Washington . 

1} Wilcox , Ho\vard Gle n , Firec lays and light - c olored c lays o f  we st ern Ore 
gon and the c omme rc i al d eve lopment of numbe r 1 f irebr i c k : Univ . of 
Washingt on Library , Eng ineer o f  Mine s  t he s i s , p .  } 2 , 19 35 ( unpub l i shed ) 
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Sample no . 45 , taken t o  represent the entire outcrop, did not indicate 
uniform material . The first portion of cream color gave a high fus ion of 
cone 31-plus ; the mottled purple colors showed only cones 2 6 - 2 7 ; t he white 
material dropped to cone 2 3 ,  and the brown and maroon porous samples gave 
a chocolate-brown fusion below c one 16 . The porous ves icular portion con
tained too great a quant ity of fluxing materials , and their presence ·in 
this outcrop presents too much variation for safe and e conomical indus
trial service . 

Sample no . 46 , taken from a roa.dcut a mile below no . 4.5 , was divided 
into three part s :  non-mineralized white c lay , �ineralized blue-gray mater
ial , and a mixture of white and iron-stained clay . The separate port ions 
and t he c omposite sample gave black t o  brown fusions at cones 19 to below 
cone 16 . The material , therefore , is worthless for the purposes of this 
invest igat ion. 

SUHMARY. 

Western Oregon presents a most unusual variety of c lays . Those stud ied , 
in the order of their importance are : 

( l )  High refractory semi-flint clays , as at Hobart Butte , where it oc
curs as a 200-foot camp rock for the But t e .  The c lay has high fusion, low 
shrinkage , l ight to moderately dark fired c o lors , and an estimated t onnage 
of 3.5 , 000 , 000 short tons , It is be ing operated for the Vlillamina C lay Prod
ucts Co . 

( 2 )  High refractory plastlc c lays , as the Fransen clay near Mayger .  
This clay is a weathered gravel t hat has been altered unt il all the water·
worn aluminum silicate pebbles have softened to plastic clay without move
Jnent . It :1as high fus ion, moderate shrinkage , moderately dark f ired col
ors , an estimated tonnage of 430 , 000 short t ons . Transportation fac ilit ies 
are 1Jart icularly favorable , especially with reference to deep water shipping. 

( 3 )  High refractory bentonitoid c lays of the Molalla area. These c lays 
have high-iron content , brown-firing colors , bentonitoid plast ic ity ,  s ilica
alumina ratios of 1 : 1 ,  and alumina contents of 36 t o  2 8  percent . Shrinkage 
is great but can be overcome t o  a certain extent by pre -calcinat ion. The 
available tonnage is great and transportation i s  favorable . 

( 4 )  Pottery and stoneware c lays as at Willamina where a white-firing ,  
plast ic , c arbonaceous c lay occurs t hat vitrifies at c one 1 ( 2 , 120° F . ) .  It 
has a calculated mineral c omposit ion corresponding to 43 percent feldspar , 
26 percent kaolin, and 24 percent free s i l i c a .  

Lateritic weathering has been pronounced i n  certain areas producing low 
c; ilica c lays us well as lovt -grade iron ore s .  Free quart z  i s  pract ically ab
sent in large areas now covered by weathered red clay which has formed from 
the Tert iary basalt flows . The underlying unde s i t ic , tuffaceous lllD.terials 
have also altered to refractory c lays with a minimum of free s i l ic a .  

The study indicates t hat there i s  a n  abundant supply o f  raw materials 
·.J supply a refractory c lay products industry ia t ile �ower Columbia lUver are a .  



84 Fig. 45 CHEMICAL ANALYSES WES'l'ERN OREGON CLAYS 

Locality Alumina Silica Ferric Titanium Lime Magnesia Ignition TOTAL 

Field Description Oxide OXide Lose 

Number Al203 Si02 Fe2o3 T10 CaO MgO 

1 c Fransen, Baok Pit 37.56 43.62 5,31 1.07 0,39 0.22 12.63 100.80 

1 D Fransen, Front Pit 25.58 63.58 2,55 0.13 0,47 0.29 8.00 100 .60 

1 1' Fransen, Front Pit 39.82 39.40 6,68 0,32 0.21 0 . 14 13.88 99.85 

1 G Fransen, Front Pit 40.10 38.10 8 , 82 0,47 0.35 0.15 12.20 100.19 

2 P .  M. West 23.36 63.20 1.86 0 . 34 0,92 1.07 4.64 95.39 

5 .A. Willamina 22.86 63.46 0 , 56 0 ,13 1.39 1.47 8.72 98.59 

5 B Willamina 20,27 69,40 0.46 0.14 1 . 58  0 . 59 5.10 117.54 

6 D 30 Ellie 39.22 36.38 5.85 0 .28 0 . 67 0 .31 17.36 100 .07 

6 D 28 Ellie 31.72 43.74 7 .85 0 .27 3.60 0.42 12.61 100.21 

6 X l  EHh 39.04 38.96 4.54 0 .17 0,84 0 .34 16.28 100.17 

7 Molalla Reservoir 36.78 43.52 5.10 0.66 0,65 0.21 13.10 99.96 

8 A Dibble 38 . 78 45.86 2.79 0 . 21 0.70 0.24 12.40 100.98 

8 B Dibble 32.50 35.84 14.10 0 . 20 0 .61 0.26 17.46 100 .97 

9 B Ze.har 30.38 54.14 3.90 0 .27 0,52 0 ,28 11.35 100.84 

11 King 36.96 45.20 3.43 0.16 0,79 0,31 13.13 99 . 98 

14 South of King ' s  no . 11 35.87 46.58 5,06 0,10 0.76 0 . 28 11 . 78 100.43 

15 West of Kings , HJry Sta. 795 34.71 44.88 7 . 71 0 .28 0 . 23 0 . 28 12.74 100.83 

16 East of Kings , Hwy Sta. 63 37.95 44.80 3.62 0 .29 0 .42 0.18 13.10 100.36 

17 East of Kings , Hlfy. Sta. 109 33.89 46.04 7 .34 0.33 0.54 0,27 11.95 100.46 

18 Near Silver Creek Falla 36.12 43.20 4.46 0,43 0 .41 0.37 15.02 100.01 

20 Victor Point Road 31.08 51.72 2 . 87 0,14 0 .47 0.66 12.46 99.40 

24 Victor Point Road 29.06 57.16 3.62 0.17 0 .56 0 .33 9.23 100.13 

26 Sublimity 30.38 54.86 4 .36 0.15 0.44 0 . 56 9 .73 100.48 

27 Macleay 41.30 42.16 2.87 0,55 0 .26 0.30 13.37 100.81 

28 Scotts Mille 22.53 65.10 2 , 50 0 .25 0,65 0.46 8 . 08 99.57 

29 Bystrom 24.33 64.12 2.31 0.13 0,34 0,36 8.49 100 . 08 

31 c Eugene Fire Clay Products Co. 15.63 79 , 54 0 . 74 0.13 0 . 32 0.31 3.23 99.90 

35 c 1 Hobart Butta 39.86 46.98 0.46 0.17 0,47 0.19 12.46 100 .59 
35 c 2 Hobart Butte 39.20 48.40 0.74 0 .19 0 .50 0.22 10.92 100.17 
35 F 2 Hobart Butte 40.20 46.98 0.37 0.50 0,47 0 .17 11.38 100.07 
35 G Hobart Butte 38.42 49.68 0,56 0,13 0 .44 0.15 11.18 100.56 
35 H 2 Hobart Butte 38.75 45.60 0 . 57 0.34 0 . 37 0,19 14,90 100 .72 
35 I 1 Hobart Butte 39.82 4?.20 0 , 47 0.25 0 , 43 0,16 12.40 100 .?3 

36 A B1ackbutte 35.43 50.12 2 .23 0 .22 0.37 0 . 15 11.52 100.04 
36 H 3 Bleckbutte 27.44 62.06 1 .48 0 . 22 0.40 0 .1? 8.83 100.60 
36 G Blackbutte 29.68 58.10 1.76 0 , 44 0 .21 0 ,20 9 . 61 100.00 

38 Gaines 19.45 68.02 3.90 0.13 1 .91 0 .40 6 . 26 100.07 

39 Rogers 19.77 71 .48 2.27 0 .30 0 . 70 0.18 5 . 64 100.34 

44 Dead Indian 3.40 89.46 2.31 0.71 0.38 0.33 3 . 32 99.91 

Analyses by Lerch Brothers, Incorporated, Hibbing, Minne sota. 



Fig . 46 
FIRED TEST DATA , AMER IC.AN CERAMIC SOCIETY' S METHODS 

Temperatures cone 02 { 2 057°F ) 

Shrinkage 1.1 Volume 1.1 Line ar �/ 
percent per cent 

Buena Vi sta 5 . 7 1 . 9 

Hobart But te 11 . 6  4 .0 

Ki ng ' s  Clay 16 . 3  5 .8 

D i bble , 
grogged 1 . 6 0 . 5 

Frans en , top 4 . 8 1 . 5 

Elli s ,  
grogged 1 . 9 0 . 4 

Absorp tion 3/ percent 

Buena Vi sta 12 . 8  

Hobart But te 17 . 0  

Ki ng ' s Clay 1 9 . 5  

D i bble , 
grogged 1 7 . 2  

Fransen , top 21 . 1  

Elli s ,  
grogged 22 . 0  

cone 10 { 2381°F) 

Volume 1.1 L i near �/ 
per cent percent 

18 . 1 6 .4 

28 . 3  10 . 5  

30 . 5 11 . 4  

o . o o . o 

10 . 5  3 . 6  

2 . 4 0 . 8 

5 . 3 

11 . 2  

12 . 8  

16 .8 

16 . 1  

20 . 5  
-------- -�- - -----

cone 15 { 2615°F )  

Volume 1.1 L i near �/ 
per ce nt pe rce nt 

21 . 2  7 . 6  

29 . 0  10 . 8  

31 . 6  11 . 9  

o . o o . o 

10 . 5 3 . 6  

2 . 9  1 . 0 

2 . 1 

9 . 4 

10 . 8  

17 .4 

1 5 . 4 

20 .4 
--

1/percent dry volume !/percent dry length �/percent fire d we ight 

cone 20 ( 2786� ) 

Volume .!L Linea r �/ 
pe rcent percent 

Fuse d Fused 

35 . 0  13 . 3  

32 . 8 12 .4.  

o . o  o . o  

18 . 7  6 . 7 

17 . 8  6 . 3 

Fused 
6 . 4 

8 . 1 

16 . 8  

10 . 2  

13 .4 

cone 2 9 { 2984°F )  

Volume 1.1 Line a r �/ 
percent percent 

Fused Fused 
41 . 3  16 . 3  

42 . 5  1 6 . 9  

21 . 7  7 .8 

30 . 6  11 . 4  

35 . 6  13 . 6  I 
i 

Fused 
0 . 6 

0 . 7  

6 . 7 

1 . 6 

1 . 1  I& 
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Fig. 47 . Plastic and dry test dat a ,  American Ceramic Societ y ' s  methods . 

! 17rater of 1Shrinkage 1Pore 2Dry Volume 3nry linear 

I Clay plasticity water,  water,  shrinkage , shrinkage , 
Samples percent percent percent percent percent 

! 
l \ 

3 8 . 1  1 Buena Vista 19 . 4  18 . 7  35 . 1  10 . 6  

! I Hobart Butte 27 . 8  6 . 2  21 . 6  10 . 7  3 . 4 

King ' s  clay 39 . 6  11 . 7  27 . 9  16 . 3  5 . 3  

Dibble , grogged 2 1 . 9  - - 4 . 0  1 . 3  

Willamina , hard 47 . 4  3 3 . 0  1 4 . 4  67 . 6  18 . 8  

Willamina , soft 56 . 6  39 . 4  17 . 2  7 3 . 9  20 . 3  

Ellis , raw 5 8 . 5  31 . 1  27 . 4  49 . 2  14 . 8  

Ellis , grogged 2 6 . 5  4 . 4  22 . 1  7 . 6  2 . 5  

Fransen , upper 4 3 . 2  2 1 . 9  21 . 3  37 . 9  ll . 4  

Fransen,  lower 40 . 3  16 . 1  24 . 2  2 6 . 9  8 . 3  

1Percent dry weight . 

2Percent dry volume . 

3Percent dry length.  
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F igure 48 

KXf T O  ABBREVIATIONS USED IN TABLES . 

COLOR OF :FUSED CONES : 

Symbol 

w 
Vib 
LG 
LGT 
lJ) 
LI 
I 
PB 
EBe 
RBe 
T 
Bz 
s 
CBr 

Bl 
so 

Pure Whi t e  
Whi te  wit h brownish cast 
Light gray 
Light gray - t an 
Light drab 
Pale Ivory 
Ivory 
Polar be ar 
Ecru be ige 
Ro s e  b e ige 
Tan 
Bronze 
Sep ia 
Cho c olat e Brown 
Black 
Slat e olive 

C olor De s ignat i on* 

14 C -D 2 - 3 . 
10 A 1 
10 B-C 1 - 3  

9 B 2 - 3  
11 B-C 2 -3 

5 A-B 9 - 1 0  
12 L 1l 
14 G-L 6 -· 9  

8 A-E 10-12 
8 C -H 2 · ·4 

2 3  A 3 
* " D i e t  ionary o f  C o lor " . Maerz & Paul , 

McGraw-Hill Book C ompany , New York , 1930 . 

'rEXTURE OF FUSED C O};'ES :  DEGREE OF PLAST IC I'rY : 

G 
Sa 
D 

Glassy 
Sat in 
Dull 

AMOUNT 01<' SPOTS IN FIRED C ONES �  

f Very few 
F Few 
!tl Moderat e 
�1 Many 

DEGREE OF FIRING S:'ffiiNKAGE : 

Low 
Me d 
Hi 

Low 
ille d iwn 
High 

N Non --plast ic 
W Weakly plas t :tc 
M Moderat e ly plast i c  
P Plast 1c 
.s St i cky 

CHARACTER OF POWDER ; 

G Gr i t t y  
g Sligllt .ly gr J.t ty 

DEGREE OF BLOATING : 

Sl S l 1 ght 
Se Seve re 

indi c at e s  absence of property 
? ind i c at e s  lack of dat a .  

8'7 
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F i gure 48 . 

,. DATA OBTAINED FROM C ONE FUSION , P .  c .  E .  
1--

Lo cality T} . C � E .  Color Text -- S pot s Shrink- Bloat - 7lork-
Number ure age ing ab i l ity 

Fransen 
1 -A- l 3 '' " 2 

s Sa ? Hi � p 

i 1 -A-2 32 EBe Sa F Low - M 
1-i�-3 3 2 z - LG " f Low - N " 
1 -B -16 I G f' ? Se M 
I-C 32 Bz D ? Low , .. , p 
I -D 30 EBe , ,  m :Jed - p •. :.a 
1 -E 30 LI G f Low � \'l 
1 -F 31- so D f' Hi - M 
1 -G 2 9 -30  so D ? Hi - I.I 
I <O?J 30- Bl D ? :Me d - p 
l-K 1 8 - I G m Low - M 

'i1e st 
2 -16 LG G - Se lil 

;'[ i l le c t  &: 
Rudo lph 
3 -16 ? G ·� '? ? 'N ' 

3 ,, 2 0 - LG " f Low - w -,� \.r 

3 -B -16  ill G f Low - Vf 
3 ·-C -16 LG G - Se Vl 

�'I i llam:i.na 
5 -16 B l  G ? Med - M --
EJ 1 i s  
6 -A-l 34 ·r Sa F Hi - s 
6 --A- 2 3 1 - T SFJ. G Med - SM 
6 -B 2'1  (" Sa ? Low - l\·! o::> 

Dr ill Hole s 
6 -D-24  2 9  Bl Sa ? Hi - M 
6 -D - 2 5  3 0 - Bl D ? Me d - p 
6-D- 2 6  3 3 - Bz Sa }!' lii -.. p 
6 -D- 2 7  31 Bz: Sa F Med - p 
6 -D-2 8 l'l Bz Sa �;1 Me d Sl M 
6 -D - 2 9  3 2  Bi D ? Hi - p 
6 -D-3 0 3 3  s Sa ? H i  - p 

I 
6 -D -31  3 1 - 32  Bl D ? Hi - s 
6-D-32  3 0  s Sa ? Me d - p 
6 -D-33  2 8  t"'l Sa F H i  - s ,;:, 
6 -D - 3 4  2 8-- s Sa ? Med S l  s 
6 -D- 3 5 2 0  Bl Sa ? Hi - s 
f> -D- 3 6  15 Bl G ? l.ied - s t � -D-37 I 

2 3  s Sa ? Me d 81 s 
-· 

Grit t i-
nes s  

g 

g 
G 
g 
g 
G 
G 
g 
g 
g 
G 

g 

G 
g 
G 
G 

-

-
-
-

g ... 
-
g 
g 
g 
g 
g 
g 
g 
g 
g 
g 
g 
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· · - -

'Locali t y  P . C . E .  C olor Text - Spot s Shr ink- Bloat - i'lork- Grit t i -
Number ure age i ng ab i l i t y  ne ss 

. ,  

'6 -D- 38  2 3 + Bl Sa ? Hi - s g 
6 -D- 39 2 8 -29  Bl D ? Hi S1 s g 
6 -D - 4 0  1 8 - B1 Sa ? Hi Sl s g 
"6 -n.:.4l 1 8 - s Sa ? Me d S1 s g 
"6 -D.,..42  3 3+ Bz Sa F Hi - s g 
6 -D�43 30 Bl Sa ? Hi S1 s G 

Molal-la Re s -
ervoir 
7 -A 3 2 + I3l D ? Hi - M g 
7 -B 33  T Sa - Me d - s g 

D ibble 
8 -A 33 EBe Sa F Hi - s -

8 -B 2 3  C Br Sa ? Hi - s G 

Zahar 

Kranunerer 
10 2 7+ Bz Sa ? Me d - M -

King ' s 
l l 3 2 2 LD D M Med - p G 
11 -.A 3 2 2 T D m Med ' �  3 G 
ll -B -16 ? ? ? ? Se w G 
ll-D- 8 3 2 - Bz Sa m Med - p G 
11 - D - 9  2 7  Bl Sa ? Me d - p G 

l l ·�lJ-10 33- EBe Sa F Me d - M G 
ll -D-11 32 Bz Sa F Hi - M g 
ll-D-12 3 2  T Sa m p G 
Lk·D-13 31 + Bz Sa m Hi - M G 

' 1 1 -D-14 19 - 2 0  Bl Sa ? Med - w G 
11-D-15 3 1 ·· 3 2 Bl Sa m Me d - w G 
ll-D-16 2 9 -30 Bl Sa ? :t!e d  - M g 
11 -D·- 17  27 Bl Sa ? Me d - s g 

1Jorth of King ' s  
12 -A 2 8 - Bl Sa ? Low -

Vi G 
12 -B 2 0 - C Br D ? Me d Sl iV G 
12 -D-1 27  Bl Sa ? Hi - w G 
12 -D-2 27  B1 Sa ? Hi - w g 
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Locality P . C . E .  Color Text- spots Shrink- Bloat- Work- Gri t t i-
Number ure age ing ability ness 

Big Cut , South 
of King ' s  
13-1 30-31 T Sa m Low - M g 
13-2 18 CBr Sa ? Low Sl w G 
13-3 -19 Bz G M :Med - w G 
13-4 16- I G F Med - w G 
13-5 -16 Bz G F Hi - w G 

South of King ' s  
Hi grade 
14 34+ EBe D m Hi - p G 
14-D-3 32 Bz D m H i  - M G 
14-D-4 32 -33 Bz Sa m Hi ·- p G 
14-D-5 31+ Bz Sa m Hi - M G 
14-D-6 30+ s Sa ? Med - M G 
14-D·�7 32- T Sa m p G 
14-D·-7� 31 Bz Sa F Hi - s G 

;v . of King ' s  st 
63 

1 5 -A 30- B1 Sa ? Med - M -
15-B -16 B1 D ? Med - M 

E .  of King ' s  st . 

63 
16 33J34 EBe E m hi - M g 

7 .... . of King ' s  
B:i.g '�ut 
17-A 29-30 Bz Sa F Hi - w -
17-B 28-29 B1 Sa ? Hi - p g 
17-C 30- s Sa ? Low - s g 

Between Silver 
& Drift Creeks 
1 8 -A 3 2 - s Sa ? Med - w G 
18-A-1 2 8  Bl Sa ? Hi - w g 
.: 8 -A-2 32 2 Bz Se. F Med - VI g 
18-A-3 34+ T Sa F Hi - w G 
18-B 33-34 Bz D F Hi ... w -

18-C 34 EBe D - Hi - p -
18-C-1 34· ·35 I D .. Hi - s -
18-C-2 32+ T Sa - Hi - M -

Victor Point 
Road 
1 9  2 8 - Bz G ? ni - \'{ G 
19-1 30-31 T Sa F Hi - M -
1 9 - 2  2 8 - 2 9  T G m Med - �'i G 

' ·  
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Loc a l i t y  P . C . E .  Color Text - ·  Spot s Shr i nk - Bloat - Work- Gr i t t i -
Number ure age ing ab ility nes s  

! V ic t or Po int 
· . Road 

2 0  :H - 32  I Sa - Med w G 

;vic tor Po int 
Road 

• 2 1 19 T G M Med - w G Jn c t or Po i nt 
Road 
2 2  2 7+ IJ) G m Med - w G 
V i c t o r  Po int 
Road 
2 3 30+ s Sa m Me d - p G 
V ic t or Po int 
Road 
2 4  31+ EBe Sa m Low - p G 

V i c t or Po int 
Road 
2.5  2 7+ s G F Low ,.._,.. M G 
2 .5 - 1  3 2+ I Sa F · Me d - p G 
2.5 - 2  2 3  s G F Low - w G 

Subl imi ty , N . of 
2 6  30  Bz Sa M Me d - p G 

:Mac :< e ay 
27 --A 33  B l  D ? Med - M -

2 '7 -B 2 8 - Bl Sa ? Me d - s G 
i 2 7 · ·B - l  2 3  s Sa ? Med - s G 
I 2 7 -B-2 30+ so D ? Hi ,. p -

! 2 7 -C 2 6 s Sa ? Med - w g j 2 7 -D 2 7 - 2 8  B1 Sa ? Med - w g 

Bystrom 
2 9  31 I Sa F Low � p G 

I Eugene F i re 

C lay 

3 1 -A 2 8  I G m Med - M G 
; 3 1 -B 2 8  LI G - Med =· M G I 3 1-C 30 - w G - Low M G 
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Loc ality P . C . E .  Color Text - Spots Shrink- Bloat - Work-
Number ure age ing ab i l ity 

Hobart Butte 
3 .5 -H-1 32 2 PB D m Low - w 3.5 -H� 2 3 3-·34  PBe D M Low - w 
3.5 -H-3 33 PB D m Low - Vi 
3.5 -H-4 3 2 2 PB Sa F Low � i'i 3.5 - I-1 32 Wb D F Med - M 3.5 -I-2 31- 32  PB Sa ·. m Lovr - M 35 -J 30+ Wb Sa m Med - M 
3.5 -A- 1 -16 ? G ? ? ? N 
35 -A-2 3 1  Bz Sa M Low � M 
35 -B 2 7 - 2 8  Wb G m Hi - VI 
3.5 -C -1 32 2 PB D F Me d ""' w 
3 .5 -C - 2  3 3 + PB D F Med - M 
3 5 -D 31+ RBe D M Med - M 
35 -E 2 9+ RBe Sa M Low = M 
35 -F-1 32 PB D M Low - M 
3 .5 -F - 2  34+ WB D ,.,_, Low - w 
35 -G ' •  32l' Wb D f Med - w 
Black But t e  

( 
3 6 -A . 31- EBe Sa M Med - w 
36 -B ·-16 Br G F - Sl M 
3 6 -C 16 Br G ? Low ·- w 
3 6 -D- 2 34+ I D F Med p 
36 -D - 3 32 I Sa F Low - p 
3 6 - D --4 -16 ? '? ? ? ? p 
36 -D-5 -16 ? ? '? ? ? p 
36-E �l -1 6 Br ? ? '? Se w 36 --E-2 �16 Br ? ? ? ? w 
36 -E-3 18- C Br Sa ? Med - p 3 6 -E-4 2 8  Wb G �· ? - N 3 6 -F-2 33 EBe D f Me d - p 
36 -F-3 32-·  I G f Hi = p 
3 6-G 16 Br G ? Low - N 36 -H-2 · 34+ EBe Sa m Me d - M 
3 6 -H- 3 3 2+ I Sa F Med - p 
36-H-4 . 2 7 - 2 8  CBr Sa ? Med - w 
3 6 -H·=5 2 7 -28  CBl: Sa ? Me d .,. w 

Elkhead 
37 2 3 - EBe G M Low - w 

Ga.ine s 
38-A 27+ I G F Low S1 s 
38-B -16 ? ? ? ? Se s 

Rogers ' ,  Ti lle -

Tra i l  

: 3 9 - 1 2 8  'LI G F Low - M 
; 3 9 - 2  2 9+ LI G F Low � M 

Grit t i -
ne s s  

g 
G 
G 
G 
g 
G 
g 
G 
G 
G 
g 

g 

g 
g 
G 
G 
-

G 
G 

! G ; 
g 
G 
-

G 
' G 

-

G 
-

g 
G 
? 
-
G 
G 

g 

G 
G 

G 
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Loc ality P . C . E .  C olor Text - Spot s Shr i nk- Bloat - Work- Gritt i 
Number ure age ing ab i l it y  ne s s  

Rogers ' ,  Poole 
40-1 16 + Bl G ? ? - w g 
40-2 -16  ? ? ? ? ? w g 40'-3 3 3 - Wb G F Med - N G 

' ,, _  

Medford 
42 1 6 - Br G ? Sl p -

Hurst , Grant s 
Pas s  
43  16 - Bz G Med Med S1 M G 
Dead Ind ian 
44 31+ LGT G M Med - N G 

De ad Ind ian 
45 - 1 31 LG G f Med - N G 
45 -2 2 6 -2 7  LGT G m Low - N G 
45 - 3  2 3  LI G " Med - N G 
45 -4 ·-16 Br G ? Me d - N G 
4.5 5 16 - Br G ? Med - N G 
4.5 "� 6 2 6  LI G m Med - w G 
45 -7 16 Br ? ? ? ? N G 

Dead Indian 
4 6 -1 1 9 - 2 0  LI G f Low S1 M G 46-2 -16 Bl G ? S1 M G 
46 -3 -16 Bl G ? Sl M G 
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