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FORKWORD

The lightweight aggregate industry vhich has had such a phenomenal
growth since World War II is based on the desirability and need of re-
duoing the weight of struoture without saocrifiocing strength. Although
there 18 plenty of room for improveaent in praotice through better under-
standing of the problems involved and specifiocally through greater ocare
in preparation of materials, the industry undoubtedly 18 here to stay
and has made only a start in 1ts development.

The Department has had a working interest in the development of
lightweight aggregatea. Its work has been along both geological and
engineering lines in encouraging the industry‘®s growth and it i1e hoped
that some Departmental projects now under way will be of further assist-
ance, The author® of this paper, Mr. Ralph S. Mason, has done field and
laboratory work on most of the materials now used as lightweight aggre-
gates or as building stonea. He has prepared Jjointly with Mr. Norman S.
Wagner of the Department's staff several papers as progress reports on
the industry. The Department has published a report on perlite in
oregon, and has file reporta on deposaits of other lightweight materials.
This Short Paper summarizes Departmental reports and includes new
material.

Experimental results on work done by Mr. Mason in investigating a
new method of treating pumioes are included in the Appendix. This project
was undertaken to determine whether or not pumisce ocould be glazed with
voloanio ash to improve both absorption and strength oharacteristios,

The treatment 18 simple and probably amost pumice deposits would have an
ash suitable for glazing located in their immediate vicinity. FPurther
testing on a larger scale should be done before results may be evaluated,
However, preliminary results of testing work appear to be encouraging.

F. W. Libbey
Director

August 16, 1951
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LIGHTWEIGHT AGGREGATE INDUSTRY IN OREGON

Introduction

Lightweight aggregates were probably first introcuced by the Romans, who used pumice
in the construction of some of their public buildings. Up until a few years ago pumice
was used almoet exclusively as an abrasive in this country. It was sometimes used as a
building material where locally available,but little attention was paid to its special
characteristics as a lightweight aggresate. Within the past five years, however, there has
been a rapid increase in the use of both natural and artificially expanded lightweight
aggregutes and the trend is 1ikely to continue. Public tastes vary periodically, and
at the present time builders strcngly favor using lightweight aggregate. This condition
mey change but the solid core of demand lies in the advantages to be gained by using
these materials.

Present high costs of building construnrtion have made 1t necessary for architects
and builders to economize wherever possible. Lightweight aggregates render a manifold
service by reducing dead weight of the exterior and interior walls which in turn saves
on structural steel and foundation expense. The acoustical and thermal insulation qual-
ities of lightweight aggregates also help to reduce costs by permitting thinner partitions.
Tho inoreased ease of handling results in a further saving on building-construction costs.

At the present time the dulk of lightweight aggregates produced in Oregon is ob-
tained from deposits of pumice with & minor use of voloanio cinders. Tho trend, however,
18 toward the production of artificially expanded shale, and there is 1little doubt but
that this will continue.

Very 1little research has been done on the productiorn of artificial lightweight
aggregates in the State, but it seems likely that study of this problem will become
increasingly urgent as the specifications for building materials are steadily beocming
more rigid.

Unlike many areas, Oregon currently has no furracc slag which may be processed into
lightweight aggregate, but the State¢ has a rich store of natural lightwelght aggregate
materials. Many of these nead only to be examined and analyzed before their potentials
are recognized, Others will require further study and research to discover their best
possible use. The work being conducted by the Division of Industrial Research of the
Washington State Institute of Technolagy at Pullman serves as a good indication of the
soope and nature that research on lightweight agzgregates must take.
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Pumice

Definition

Pumioe is a glassy volcanic rock, which has a very porous or sooriaceous structure
due to the expansion of gases and vapor while in a viscous molten state. Rapid reduction
in pressure upon ejection during an explosive volcanic eruption allows the dissolved
gases in the escaping magma to expand quickly, thus producing a porous mass. Pumice is
light, spongy, and frothlike in appearence; white, gray, or buff in color; hard and
brittle. The cutting or abrasive quality 1s due to the thin partitions of glass com-
posing the walls between vesicles. Numerous voids produce a material having a low bulk
specific gravity and possessing considerable strength with moderate absorption.

Location and extent

Large deposits of pumice oocur in Klamath, Jackson, and Deschutes counties in Central
Uregon (see map opposite page 1). The deposit whioh originated from the oaldera, now
Crater Lake, covers approximately 3,500 square miles as a sheet which varies in thickness
from a few inches to as much as 30 or 40 feet, depending on the contour of the land;
amount ¢f drifting caused by wind, and the distan¢e from the source. Crater Lake pumice
erupted from Mt., Mazana, the name given posthumously to a volcanic cone which collapsed
during an eruption about N,OOO years ago.

The Crater Lake deposits are by far the largest and most extensive of all the Central
Oregon pumice beds which include deposits located at Newberry Crater, Devils Hill, and the
Bend-Tumalo &rea. Of these, only the Crater Lzke and Bend-Tumglo areas have produced any
lar;se amounts of pumice aggregate. 4 small deposit near Burns and another near Bly are
also being worked. 4 small amount of abrasive punice is produced annually from the
Newberry Crater deposit-

Coanosition

p-airtAALRLAALL

Chemical analyses of Central Orezon pumice samples vary somewhat, depending on size
of the lumps, proportion of orystuls to glass, amount of weathering, and other factors.
The following table by Fahey (1937)* shows the analysis of e lump of dacite pumice from
near Chemult swhich i1s typical of Crater Lake pumice.

S105 « + « . . 68.565
Al04 o ... 122
Feplg o« » 4 o Luh2
FoO % s s #'w 1.49
Mg0 . . . .. 0.83
Cab . + + « & 2.35
Nay0 . . . . . 5.18
K0 e w 2.47
HpO#+ 4 v 4

HoO= « v o o & > it

Ti05 « =+ - 0.58

PpO -« o« o 0.10

Mn0 . . . . . 0.03

Ba0 . + . . . EE T
Total 100.55%

*3ibliography at end of this report.
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The pumioe deposits of Central Oregon are composed for the most part of pale buff
or brownish, nearly equidimensional subangular lumps having a spongy texture. 1In the
larger luaps numerous vesiocles ococupy muoh of the volume, which results in a relatively
low apparent specific gravity ae compared to the smaller pieces which contain fewer voids
and a greater proportion of heavier mineral orystals. The pumice lumps conaist of a porous
matrix of volcanic glass in whioh numerous mineral orystals consisting of plagioclase,
hypersthene, augite, and hornblende are embedded.

Lumps of pumice range in size from masses measuring a foot or more in either dimension
down to small piooes the size of rioe grains. Material smaller than this, which is oalled
pumicite, grades on down to dust. Sinoe the bulk speoifio gravity of pumice is due to the
presence of voids, the larger lumps tend to be lizhter than smaller ones, and finely divided
aaterial differs little in weigzht from other mineral grains.

DGEOHitB

Crater Lake area (1)'

The Crater Lake pumice beds lie exposed on gently rolling ground which Supports
a meager forest cover of lodgepole pines and underbrush. PFor the most part the removal
of the brush and timber i3 all that is reci:ired to prepare the deposit for production.
The town of Chemult is the center of pumice production in the Crater Lake area.

Most of the land near Chemult is public domain. Muoh of the more suitable pumice-
oovered land, from a standpoint of favorably situated areas lying along the railroad
rights of way, has been taken up by various interests who have filed mining olaims.

Cenerally speaking, the pumice ejooted from tho throa% of now extinoct Mt. lUazanma
shews a gradual downward grudation in sizc with distanoe from thc souroe. Thaere is also
s vertiosal variation in particle size resulting from differences in the rante of eruption,
ochanges in the winds during eruption, and sorting while fzlling to earth. The volume of
Crater Lake pumioe beds has been computed by Williams (1942) to be in the neighborhood
of 3.5 oubio miles. This figure does not include other types of ejeota spewed forth from
Mt. Mazama during the various stages of ita growth and destrustior.

The area i3 characterized by a semiarid olimate with long dry summers and cold winters
during which the ma jor part of the annual precipitation falls as snow. Elevation of the
area 18 approximately 5,000 foot above sea lovel. Two railroads traverse the length of
the deposit; the main line of the Southern faoific 1s Joined by the Great Northern Railroad
at Chemult. U.S. Highway 97 and State Highway 58 also pass through the area.

Bend-Tuaalo area (2)

The Bend-Tumalo area lies 65 miles north of the Crater Lake pumice beds at an
elavation of 3,500 feet and hae a more moderate climate than that at Chemult.

Lump pumice found in the Bend~Tumale area resembles that of the Crater Lake deposits
to the south. There 18 a distinot difference in the nature of the two deposits, however.
The Bend-Tumalo deposits are generally covered with an overburden of transported material
as much as 20 feet thick. The pumice has been carried to its present location from a dietant
source by stream action. The Bend-Tumalo deposits are remarkably olean and well sorted,
although there is some contamination with both the overlying material and an underlying stratum
of pumice of poorer grade whioh is not used. Areal extent of the deposits ir difficult to
determine without the aid of drill holes or test pits, and past operations at the numerous
pits reveal that the areas of pumice having sufficient thickness and a favorable stripping
ratio are quite irregular in outline and frequently of limited extent. Apparently the lenses
of pumice now being mined represent material that was once washed into stream ohannels or
topographic lows and deposited there. Operators have had to abandon otherwise excellent
deposits of pumice when overburden increased to more than an eoonomio thiokness., Stripping
operations are carried on commonly only a short distance in advance of mining.

*Nuabers are the same as key numbers on index map opposite page 1.
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The land in the Bend-Tumalo area is a mixture of state, federal, county, oity, and
private ownership, and many of the traots are quite small. Some of the operators do not
own the land outright but are operating under a lease and royalty agreement. Shipping
points for the area are either in or near Bend or at Deschutes, a siding on the Oregon
Trunk Railway a few miles north of Bend. Material from the pits is generally trucked
to these sidings for shipment. Processing plants are located either at the pit or at
the siding.

Burns pumice (3)

A small deposit of lump pumice located near Burns in Harney County has been
worked for several years. The pumice lumps are unweathered and harder than the pumice
in either the Crater Lake or Bend-Tumalo areas.

Bly pumice (U4)

Shipments of pumice plaster aggregate have been made since 1946 from a deposit
located 8ix miles northeast of Bly in Klamath County. Operation is discontinued during
the winter months.

Newberry Crater area (5)

Although considerable tonnages of pumice occur in the general vicinity of
Newberry Crater (see map opposite page 1), the more readily aocessible areas were with-
drawn from mineral entry in December 1945. A small quantity of abrasive pumice is
shipped annually from a pit #ithin the crater. This deposit was located prior to the
wvithdrawal order and was not affected by 1it.

Production

Hiétorx

Although several sporadic attempts to ship pumice, mainly as an abrasive, had
been made sinoe as early as 1929, no real continuous operation occurred until 1945, when
several producers started shipments of pumice for lightweight aggregate from both the
Chemult and Bend-Tumalo areas. Prior to that time there had been a small production of
pumice blocks from a plant near Chemult,and an operator shipped some lump pumice from a
deposit at Beaver Marsh south of Chemult.

In 1930 the Pacific Portland Cement Company at Gold Hill leased a deposit 10 miles
east of Trail in northwestern Jackson County and truoked lump pumice to the Company's
plant where it was used as an additive in the production of a '"Special'" oement. Pro-
duction from this pit for this purpose oontinued until 1945 when the company discontinued
its use to concentrate on manufacturing standard cements.

Since 1945 production of pumioe aggregate in the State has increased greatly as
shown on the accompanying graph. Greatest produotion has been from the Bend-Tumalo area.
At the present time four of the eight producers in the State are losated there., The
Chemult aree is more ideally situated than that at Bend from the standpoint of reserves,
eagse of mining, and proximity to ¢wo railroads, but Chemult is in a very sparsely pop-
ulated area and operation during winter months is difficult 1f not at %imes impossible.

Prices

Pumice aggregate prices during 1949 ranged from $1.25 to $1.62 per cubic yard
f.o.h. oars at plant for blends and as much as $1.80 per cubic yard for sized aggregate.
These prices reflest a downward revision from about $2.00 per cubic yard for material
which was merely crushed and screened during 1948. The downward trend in price has been

4



due to increased competition ooupled with e tapering-off in demand as numerous small blosk
plants whioh sprang up at the height of the boom closed down as demand slacked off. Pumise
is also oxporienoing competition from expanded shale whick 18 now being produced by two
plante in the Portland area. Preight inoreases during the past few years have raised the
delivered cost of pumice considerably, but the increase has been absorbod partially by

the producers.

Cubic Yards

S 250,000
— $300,000 $305,000 =% /
P4
rd
, £311,101
ol $278,000 7 200,000
//
7
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- $200,600 /. o d’
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r4
\ / 170,300 yds. 138,668 yda.
/ 97,140 yds.
(Estimated) 100,000
- $100,000
/ \ PRODUCTION
$43,649 s - 50,000
¥—26,614 yds.
T T T T
1945 1946 1947 1948 1949 1950

Producars

Several pumice producers have not been able to trim their costs sufficiently to
meet the reduction in aggregate prices and have gone out of business. The more firmly
established operators have been able to pare their sosts by enlarging their plant faoilities,
which has enabled them to reduce unit costs, Experience gained over the past few years
has also helped them to operate their plants more eff{iciently. The outlook for the future
seezs to bs one of a few, well-organized, efficiently run plants serving the industry,
rather than a relatively large number of small operaters working on a semipermanent basis
wita poor equipment. At the olose of 1950 eight pumice producers were active ‘n the State.
Production statistics were obtained from the six operators 1listed below. Produotion by the
two plants not roporting is beiieved to be small.

Chester T. Lackey, Deschutes Concrete Products Company, Redmond, Oreygon.

William E. Miller, Contral Oregon Pumice Company, 644 Franklin Street,
Bend, Oregon.

Thomas Philipsen, W/estern Pumice Sand Company, 2321 Eberlien Street,
Xlamath Palls, Cregon.

pon Robbins, Harney Conorete Tile Company, Burns, Oregon.
Merle Sleeper, Pumice Engineering Company, 3ox 808, Bend, Oregon.

Lloyd A. #illiamson, 114 Oregon Avenue, Bend, Oregon.

5=



Uses

Originally the pumice industry produced almost exclusively an aggregate for preocast
concrete blocks. More recently, the producers have diversified their production some-
what in utilizing the inheren% value of the lightwoeight material, and today they are
supvlying not only block aggregate but roady-mix aggregate, poultry litter, florists?
bedding material, and plaster aggregate. The unit value of plaster aggregate is, of
course, much higher than that of the other products and accounts lurgely fer the nearly
12 percent increase in walue of products sold despite the 16 percent reduction in yardage
during 1950, Production of ready-mix aggregate increased to roughly 15 times the 1949
level und that of plaster aggregate to more than 2% times.

Pumice aggregate concretes are finding increasing use in the construction of sub-
floors for buildings using radiant heating. The low thermal-transfer qualities of the
pumice oonorete prevent escape of heat downward while a thin layer of standard sand-
cement-gravel concrete poured on top of the heating coils serves as a good conductor
for tha heat upwards into the room.

Pumlce has buen syggested® as the benst chexp material that has been found so far to
ward off harmful atomic radiations. If this proves tc be an accurate statement, pumice
producers should find a rsady market for their product for some time to come.

Trade specifications

As the demand for lightweight conocrete blocks increased, it was inevitable that
many operators would enter the field with the production of inferior blocks. Consumer
dissatisfaction, wvith, in some cases, outright failure of these substandard blocks,
resulted in s demund for more rigid requirepents. This demand came principully from
builders and agencies underwriting loans on domestic construction. Block manufacturers
have met this demand for standard-sized blocks by perfecting their mixes, tightening
down on specifications for lightweight aggregates, and conducting periodic tests on their
finished products. Specifications for lightweight aggregate blocks have been established
by the American Soclety for Testing Materials and the National Board of Fire Underwriters,
The Pederal Housing Administration, which underwrites muoh domestic construction, insists
that lightweight blocks meet the A.S.T.M. standards for orushing strength and the "u»
factor for heat loss (see glossary). The i.5.7.M. specifications for hollow load-bearing
concrete masonry units require a minimum crushing strength of 1,000 pounds per square
inch of gross area and a minimum "U'" coefficient of .25. The city of Portland oode is
the sazme for crushing strength, and in addition the absorption must not exceed 15 pounds
of water per cubic foot of volume.

Oregon pumice producers supplied the trade with a variety of blends, mixes, and sized
aggregate during 1950. Some producers prepared a ready-mix consisting of 3/4-inoh minus
materizl while others shipped aggregate having a mazimum size of 3/8-inoh and 8till others
sold a carefully sized aggregate which was blended in definite proportions to meet the
specific needs of their customers. Although the principal market for pumice aggregate
was in the concrete block field, a considerable portion was used in monolithic concrete
construction,

The concrete block industry, like the pumice aggregate industry, has undergone a
change from one of many small producers to one of a relatively few efficient plants
using correct mixes and checking their product with periodic physical tests.

*Rock Products, p. 106, Pebruary 1950,



Washington State Institute of Technology, Division of Industrial Researoh, Pullman,
13 currently engaged in a rescaroh program on pumioo oonorete.‘ This program was initiated
because of a request from concrete products manufacturers and is being carried on in coe
operation with them. The Institute is attacking the most important problems in oonneotion
with the pumice block industry first, but nearly every phase of the problem has been
tentatively outlined for future investigation.

The causes and control of shrinkage in walls constructed with pumice concrete blocks
i8 receiving the Institute's attention at the present time. Although no final results
are yet available (June 1951), preliminary work indicates that excessive shrinkage of the
blocks after boing laid up in a wall may be minimized by using a properly cured block
containing (a) a minimum of moisture, and (b) the inclusion of steel reinforcing in the
wall.

An investigation of the weathering abilities of various paints for use on exteriors
of pumice concrete masonry i3 also being oarricd on. Pulnts aro applied to walls of
about 10 square feet area, and tostod at an accelerated rate in a specially constructed
weathering cabinet. All typos of suitable coatings are being checked, particularly
transparent types.

The problem of correct mix ratios for pumice concretes 1s ulso being investigated
by the Institute and a large number of test cylinders are being prepared and strength
tested. Tests on Oregon pumice are included in the present program since the bulk of
oumice used by Washington block manufacturers originates in Orogen where large, easily
ascessible deposits of excellent material are available.

*Partiully repertoed on in a paper "Dimensional change studies of unit masonry,' by
J. J. degner, Chemical Engineer, read at the AIME Northwcst Industrial Uinerals

Conference, Portland, April 27, 1951.



Volcanic Cinders

Location and extent

Like pumice, volscanie cinders, or scoria, are ejected from volcanic cones. Many of these
extinct oilnder cones are scattered over the eastern portion of the State. 1In the Bend area
they are numerous and contain a total of meny thousands of yards of scoriaceous material.

The location of some of the oinder deposits 18 suoh that they cannot at present be classed
a8 ¢ommercial. On the other hand, the deposits at Laidlaw and Abbott buttes in the Bend
area are ideally located near paved highways. Some deposits, such as the Birch Creek in
Baker County, although readily accessible, are poorly located with respec¢t to markets.

Cngosition

Oregon cinders have a groater bulk density than pumice and produce a block having a
higher crushing strength than pumice block. Colors range from red to black with some deposits
containing some beautiful iridescent masses. Size of the individual pleces ranges from 6 inches
or more in diameter down to fines. Many of the deposits in the State contain evenly sized
material three-quarters of an inch or less in diameter. Chemical composition of some vol-
canic cinders (Sample P-9205)* tuken from Laidlaw Butte near Tumalo in Desohutes County is as
follows:

S10; « « 4 .+ . 38.04 %

HyO owovw v 0.14
Loss on ignition 1.50
Cal 5 3 = = 7.3%
ME0 . . . . . 3.77
A1203 e s 19.00
Fe,03 + o s 8.23
KoO o o o 4 8.50

Na,0 .« o o o o 12.76

Deposits

One of the largest deposits of cinders in the State is the Birch Creek cinder deposit (6),
Tps. 13 and 14 S., R. 43 E., Baker County. It is located 13 miles northeast of Huntington on
deeded land., The deposit contains thousands of yards of material weighing about 70 pounds
per cubio foot and of a 8ize ideully suited for block manufacturs.

Laidlaw Butte (7), located in sec, 36, T. 16 S., R. 11 E., in Deschutes County near the
town of Tumalo, contains a ¢onsiderable tonnage of ocinders.

A deposit of red cinders (8) occurs in sec. 22, T. 16 S., R, 12 E., in Desohutes County.
It 18 owned by W. Harris of Deschutes, Oreson, and consists of material ranging in size from
fines to L-inoh lumps. Another deposit (9) in the same goneral area, located in sec¢. 33,
T. 14 5., R. 13 E,, und ouned by the city of Redmond, has also furnished cinders to local
block plants.

Abbott Butte (10), sec. 35, T. 19 S., R. 11 E., in Desohutes County, is located about
12 miles south of Bend on The Dalles-Califnrnia Highway. Cinders from this butte were used
as road metal in the construotion of Caamp Abbott nearby during World War II. This deposit
contains, in addition to the brick-red cinders, some that are iridescent. Abbott Butte is a
rather small cone, but the volume of usable material is measured in thousands of yards.

The Ladd Canyon cinder deposit (11) is located in secd. 17 and 20, T, 5 S., R. 39 E., in
south central Union County. Exaot sige of this deposit is not known, but several occurrences
of cinders in this general vicinity have been found.

*Analysis by L. L. Hoagland, chemist, Oregon Department of Geology and Minoral Industries.
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Hines cinders (12)

A cinder deposit covering 40 acres, located three guarters of a mile north of
Hines in Harney County, has béen used for rcad metal sin¢e 1929. The deposit 13 part of
a lava and cinder belt extending northwards to the Grunt County line. Pit material is
nighly compacted owing to the presence of clay. The cinders would apparontly make a suit-
able lightweight aggregate but would require screening and washing to remove the clay.

Uses

Voleanic cinders have besn used to a small extent in the production of oonorete
blocks and to a somewhat larger extent as a road metal.

Cinder blocks aro heavier than those made with pumice, but their greater strength
may offset this disadvantaze.

Sooriaoceous material when used for bloocks must meet the same slze specifications
as pumice, since the two are used for simllar purposes.

Diatomite

Definition

DSatomite or diatomaoceous earth 13 the name applied to masses of tiny silicecus
skeletons of a microsoopic single-celled plant. These porous partioles, ocalled diatoms,
were deposited on the floors of [frush water lakes und inland seas in vast quantities
since Miocoene time about 30 million years ago. Weight of overlying material has com-
puoted the deposits of these minute diatoms into an earthy or chalklike mass of pure
white or neaurly white. Impurities such as clay, oarbonaceous material, and volcaniec
ash are often found as intorbeds in the deposits.

Location und extent

Diatomite is a rather common material in the tentral and eastern parts of the State,
and large deposits of both impure and quite pure material are widely distributed; only
those deposits having a high purity coupled with large size, ease of mining, and ready
acoess to transportation are oconsidered in this sesction,

Composition

Chenical analyses of dlatomites from Terrebonne, Otis Basin, and Harper are given
in the following table (Moore, 1937):

Terrebonne Otis Basin Harper

8402 + « » . 95.40 % 92.45 o k.51 %
T107 « o o + & -—— .28 .15
Fep03 .+ .« . . 1.ho 1.60 1.15
Alp03 .+ . . . « 91 4,00 2.87
Cal + v o o » .65 .85 .53
MEO . . . . s .20 .19
Na,0 . . . .. - .24 .3
KpO o o v o --- .18 .04
503 + 4 4. --- .07 .10
Cl & & 5 & % --- ,07 None
COp v v v v s === __.06 15

Total 98,81 % 100,00 % 100.00 ¢



Deposits
By far the largest and at the presant time the only consistent producer of diatomite
in the State 1s the Dicalite Company at Lower Bridge (13) on the Deschutes River, about
6 miles west of Terrebonne, a town on the Oregon Trunk Railway in northern Deschutes County,
This operation has been producing for more than 25 years and reservss are reported to be
sufficient to supply the plant for a oonsiderable time in the future. Probably next in
importance as related to accessibility are the deposits locatod in the Harper district (14)
in northern Malheur County, followed by the very extaonsive di: .om.te beds in Otis Basin (15)
in nertheastern Harrey County. These deposits, as described by Moore (1937), are of good
quality, a whitse to nearly white color, of large size, and some of them are conveniently
locuted with resnect to tho Union Pacific Rallway line extencing from Untario to Burns.
There are also deposits in the region around Klamath Falls 'yt these are generally smull
and contaminated with foreign material. Smaller deposits are alse found at Indian Creck,
Clover Creok, Richland, Durkee, Austin, and John Day Valley. Since diatomite in unprocessed
form is a low-value oommodity, only those deposits having exceptional purity, ease of
mining, and favorable location muy be considered as econanic.

Uses

Diatomite finds 1its way into muny incustrial applicatians where it serves as an lnert
filler in numerous products, It also is used extensively as a filter ald and as a thcrmal
insulant. These uses require beneficlation of the raw diatomite in order to enhance its
value and to permit it to meot trade specifications. This need for beneficiation is not
neoessarily true of diatomite that 1s to be used as a lightweight aggregate for concretes.
In this field, diatomite must compete with a wide variety of other products, most of whioh
may be produced cheaply and are close to the point of use. Competition thus restricts the
distance thzt dictomite used for this purpose may be economically hauled,

Diatomite 1s one of the longest established of the lightwelght materials currently
on the market. This gives dlatomite producers who wish to compete in the lightweight-
aggregate fleld a certain advantuge over such newcomers as perlite producers because the
producers of diatomite have been able, over a period of years, to standardize their
product, make exhaustive tests, and overcome consumer resistanoe.

Oregon 15 the second largest producer of diatomite, exceeding Nevada and Washingtorn
but surpassed by California wvhich produces the bulk of domestic diatomite. Procduction
figures for Uregoa are not published by the U.S. Bureuu of iines as production is by only
ore company.
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Expanded Shale

Definition

Expanded shale 1s produced by rapidly heating crushed raw shale containing one or
more of the fellowlng: carbonucesus or culcaresus material, sulphur, or iron compounds.
The process 1s dependent on the ability of the shale to form a viscous, airtight coati: g
when heated in a rotary kiln. Phis film prevents the escape of gases generated by the
carbonaceous or sulphur compounds contained in the shale when the heat penetreztos to the
interior of the lump.

Composition
Keasey shale, s0 called from the type locality near Keasey in Columbia County, is used
by two operators as a rawy materlal. It is a fossilferous, tuffaceous siltstone which varies
in character somewhat from place to plice, but the following generalized analysis indicates
the essential composition of the material:
Analysis of Keasey shalok

Moisture . . . & + o o 22.0 %

Loss on ignition . . . 6.8

S1142a w4 4 4 -« . . 58,0

Aluninum oxide , , . . 16.5

Iron oxlde . . . . . . 5.3
Kagnesium oxide . . . 1.6
Calolunm oxide . & + & 3.3
Sodium oxide . . . . 2.8
Sulphate . . . . . . . 2.3

Tha expgnded shala has a dark red erlnr with a smonth, bloated surface which is
usually plerced by a fow heles and crucks.

Processing

In general furnace practice an expunsion of about 100 percent is sought although
varictions in the raw material, temperature of the kiln, and duration of time that the
material remains in the kiln, all affect the degree of expansion. Although practice
varies, a firing period of about half an hour at a temperature of 2,000 degrees P, 1s
usuclly required for proper bloating. A properly expanded shale has a cellular texture
consisting of myriads of tiny air cells which are ususlly isolated from each other.

It is the absence of connucting voids that gilves expanded shale a strength advantage
over raw pumice when used as a concrete aggregate,

Manufacturers of expundad shule follow elther one of two 8systems in their production
flow sheet. GSome operators prefer to pre-crush the raw material to a size which will
result in a finished product heving the desired dimensions. #ther operators crush the
feed to a size which results in expanded material considerably larger than that required
und which must then bde resrushed, The advantage of the first methed is that the {inished
material presents less gu Juce per unit of volume, thus reducing the absorption ¢f water
ané cement and also lowering ths bulk density. Tho second method of crushing has the

*knalysis by Charlton Lakoratory, Poctland, Oregon.
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advantage of a greater possible kiln output because the kiln feed is more uniform and
contains only material which will expand to a commercial size. This has the effect of
increasing the kiln capacity, which is an important factor from a cost standpoint.

The advintage of crushing the expanded material to the desired size 1lies im the relative
ease of crushing as compared to the raw shale. Crushing the exprnded material has an
added advantage in that a certain amount of fines are produced which may be used to
produce a properly blended aggregate,

Deposits of shale suitable for conversion into lightwelght aggregate occur in a
large area surrounding Vernonia in Columbia County {16). In this general area, beds
of XKeasey shale of upper Eocene or lower Oligocene age crop out in numerous places.
At the present time two quarries are being w-rk d. One operator has a kiln located
at the guarry while the other transports the raw matarial by railroad gondolas to a
kiln in Portland.

History and production

Robert E. Brooke conceived the idea of establishing an expanded shale industry in
northwestern Oregon in 19%6, when he visited the Department with the request for some
help in selecting a material suitable for thec purpose. Numerous loc.licles were visited
and samples tested for their expansibility. It was discovered that Keasey shale from
the large deposits located in the northern part of ¥Washington County performed satis-
factorily and was accessible to both railway and highway transportation. The Department
also assisted Brooke in selecting a plant site, construction of which started in January
1947. First production occurred in June 1947 and continued until September when the
operation was taken over by Northwest Aggregates, a wholly owned subsidiary of Empire
Bullding Materials Company of Portland. Empire discontinued production temporarily and
operations were not resumed until late in 1948, when the enlurged plant resumed production
on a full-time basis,

A second producer entered the expanded shale picture in May 1950, when Smithwick
Concrete Products Company opened up a quarry south of Vernonia and began producing
"Haydite' from a large rotary kiln at its blook plant in Portland. This company is
licensed by the American Aggregate Company which controls the trade name "Haydite.'
Produstion from the Empire and Smithwick plants 1s in the neighborhood of 200 yards
per day.

Uses

Expanded shale is finding increased use as an aggregate for concrete building blocks
and also for monolithic concrete construction. Consumer dissatisfaction with pumice
blocks has resulted in a shift to those using expanded shale as an aggregate. In general,
expanded shale competes with pumice for most usos.
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Perlite

Definition

Tha rapid growth of the perlite industry since 1945 has resulted in the industry's
universal adoption of the term perlite, which originally was a petrographic term applied
to a glassy volcanic rock with a peculiar pearl-like or spherulitic structure. Perlite
as it 18 now used means not only a special type or rock but also the expanded material
prepared from it as well as any volcanis material which can be "popped" when heated
properly. Perlite 1s not a mineral but an extrusive igneous rock, classed as a rhyolite
glass containing usually from 2 to 5 percent of combined wuter. Obsidian, whioh is a
velecanic glass containing less than one percent of water, may ba popped also. No obsidian
is being processed in Oregon at the present time; however, production of lizhtwelght
obsidian aggregate has been reported in California (Clapp, 1947).

Urigin

It has long been assumed by most geologists that perlite was formed when a rhyolite
magma was chilled soon after extrusion, producing the glassy compoesitien and sharacteristie
shell-like fractures, This theory has been questioned by Wilfley and Tayl-* (1950), who
believe that perlite is of secondary origin, possibly the rasult of hydrothermal alteration
of a siliceous rock such as pumice.

Composition
Chemical properties

Since perlite is not a mineral but a rock, its chemical composition and physical
properties may vary somewhat from depseit to depesit and from plazec to plasc within a
deposit. The following analyses show the chemical similarity of rhyolite and perlite at
the Lady Frances mine in Wasco County (Allen, 1946). Analyses of two perlites from Steens
Mountain (Fuller, 1931) are also shown.

Perlites of **

Rhyolite* Perlite® Steons Mowiitatn
S10p « o+ 4 75.88% 73.79% 67.05¢5 68.662
Alp05 . . . . 12,63 12.40 .21 14,k
Poy0g .« . . . 1,05 .52 0.92 0.80
FeO 4 4 o » & .27 .62 1,48 1.28
MEO + v o o L .11 0.65 0.18
Ca0 .« o ¢ o .60 .80 L 1.96
Nas0 o . . . . 2.80 3.16 4.15 3.86
K0 wv v . 5.32 4,84 3.0k 3.28
HpO0e & o v . .54 3.24 4,35 4.80
HaO~ & o4 4 & 43 .25 0.501/ ¢ hed/
Ti0p « v« 4 .09 <09 0.34 0.25
PpOg o v o v s .03 .01 0.12 trans
¥n0 “ ¥ @ .01 .02 ——-- ———
Total 99.7%% 99.85:% 99-95%  99.915

l'Analyaes by James Kerr, University of Kinnesonta.

**inelyses by W. H. and F. Herdsman.
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Although muoh research remains to be done to leurn the cause of the expunsion of
perlite, it is generally agreed that the percentuge of combined water oontained in the
raw material largely controls the degree and nature of the expansion during heating.

Physical properties

The Lady Frances mine in Wasco County produces from a relatively dead type of
perlite a product which has a bulk specifio gravity of about 12 pounds per oubio foot.
The deposit near Sheaville in east¢rn Malheur County near the Idaho line hes produceq
material experimentally weighing epproximately 8 pounds per cubic foot, while the Paisley
deposit in Lake County can be processed to produce perlite weighing from 5 to 13 pounds
per oubic foot.

Popped perlite 1s oharaoteristically 1light colored, rangZing from a nearly pure white
to variouo shadce of off-white and orcam. The size of the expanded perlite grains may
be varied within limits by changing either the furnacing operation or the grain size of
the raw material. Some perlites expand slowly and gently, producing a large proportion
of spherical or globular pleces, while others tend to produce a preponderance of crushed
concentric films. A few perlites, known in the trade as "puffing" perlites, have the
ability to expand in a manner similar to popcorn, thus producing irregular masses measuring
as much as a centimeter or more in greatest dimension.

Crushing strengths of perlites vary roughly with the bulk specific gravity. In other
words, the extremely lightweight perlites have lower crushing strengths than those of
greater weight, Expanded perlites having the same bulk density may have different crushing
strengths depending on the type of raw wmaterial from which they were produced.

Deposits

The first deposit of perlite to be exploited in the State is at the Lady Frances
mine (17) located on the Deschutes River about 14 miles south of Maupin in ¥Wasco County.
This deposit 1s being operated by the Dantore Division ¢f Dant & Russell, Inc., which
started operations in 1945, The property was first explored by driving a series of
underground drifts and crosscuts in order to determine the tonnage and to take numerous
samples for detalled expansjon tests prlor to the erection of the plant. Following the
erection of a pilot popping plant at St. Helens, whera produestion problems were studied,
a large furnace and an acousticul tile plant were installed at the mine during 1949.

4t the present time (June 1951) tho Lady Frances mine is the only aotive producer
of perlite in the State. The popping plant has a oeapacity of 10 carloads per weex whioh
supplies not only the acoustical tile plant having a capacity of 2 carloads per week but
furnishes material whic¢ch 18 marketed as a plaster aggregate and nursery bedding material.
Since tho Lady Prances mine was tho first perlite deposit to be opened up in the State,
the Department, whioh assisted in the originai «earoh [for 2 suitable daposit, made a
detailed geologlo investigation {Allen, 1946).

Another deposit of perlite occurs a short distance northeast of the Lady Frances mine
and on the east side of the Deschutes River. This deposit, known as the Axford-Hunt (18),
has not been developed although the tonnage of perlite seems to be substantial.

A large deposit of perlite oocurs in Lake County about 10 miles south of Puisl-y (19)
on the highway to Lakeview, A low-~lying hill havini considerable areal extent was ex-
amined by the Department in 1949, and a large tonncZe of suitable material was found to
exist. This property 18 owned by Charles H. Conbs and aseoolates of Lakeview,

A deposit of perlite oceurs near Sheaville (20) in eastern Malheur County. The deposit
is owned by Northwest Perlite Corpu:ration of Portland. Althouzh the company has done
considerable exploration and initial test work on the deposit, it has not announced
definite plans [er the construction of a mill and furnace. Other deposits occur at
Dooley Mountain (21) in southern Baker County and at Juniper Ridge (22) southwest of
Burns in Harney County.
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Although perlite 1is & relative newcomer to the lightweight aggregate field, it has
already found wide acceptance as an acoustical plaster aggregate. It is also used as a
nursery bedding material; as an aggregate for monolithic concrete construction for walls,
floors, and roofs; in precast concrete blocks for partitions; and to make an 1incombustible
acoustical wallboard. @ne of the newest and fastest growing uses of perlite is reported
by Argall (1950) to be at a mud additive for oll wells to prevent loss$ of oirculation.

It 18 also used in texture paints, stucoo, inssotioide carriers, and as a soil modifier
for agrioulture.' The use of perlite as a substitute for feldspar in ceramic glazes has
been reported (Jacobs, 1950).

The Perlite Institute, an industry-sponsored organization, is aotively engaged in
seeking new markets for perlite and has helped to secure accepiance of perlite as a standard
building material by underwriting compunies, labor unions, and architects. +The Institute
is also striving for standardization of products within the perlite industry.

Volcanic Tuff

Definition

Volecanioc tuff is a natural lightweight rock of volcanic origin composed largely of
cemanted particles of ash and pumice with minor amounts of obsidian, baszalt, and other
voleanic rosks. Uregon tuffs display a wide variety of colors and textures which vary
from fine-grained to extremely coarse. Tuffs containing pumice lumps half an inch or
ore in diameter are characteristic of the Pern Ridge deposits, while the deposit near
Hillowdale closely resembles a true rhyolite,

Eronomice

Although many othor excellent building stones are available in the State, such as
basalt, andesite, rhyolite, sandstone, marbtle, granite, und slate, prineipal interest is
at present concentrated on volcanic tuff. Deposits of tuff are generously scattered over
the State, The materisl 1s seasily quarried and shaped, 13 relatively light in weight,
woathers well, and many of tho deposits have a pleasing color and texture. Tuffs hava the
advantage of hardening with age upon exposure, and, though possessing & relatively high
porosity, 1little difficulty from water seepage and frost damage has been raeported, The
high cost of labor 1s another factor favoring the use of volcanic tuffs, which require
rclatively simple equipment for querrying and shaping. Some tuff blosks have even been
cut with a carpenter's handsaw.

The ourrently high rail-freight rates should tend to place local stone in a better
competitive position from a cost stundpoint, but producers will have to overcome consumer
resistance against buying a lozal product when they can get another mauterial whose main
appeal 1s the great distance that it had to be shipped.

The competitive position of Oregon building stones i3 improved further by an act
passed by the State Legislature in 1943, This act, the full text of which appears in
the appendix, grants a 5 percent differential in cost when Oregon stone is used in
public buildings erected within the State.

Deposits
Pleasant Valley tuffes (23)

Tuff quarries have been operated from time to time over the past 50 or 60 years
at Pleasant Valley in Baker County. Numerous private and public buildings in Baker have

*
Mineral Information Service, California Division of Mines, April 1, 1951.
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been constructed from this stone quarried at two pits, The deposits are located in sec. 24,

T. 10 S., R. 41 E. Both U,S, Highwuy 30 and the Unlon Pacifio Rallroad pass close by the pits,
Blocks of tuff measuring a yard or more in each dircction oan be obtained readily. In general,
the stone is 1light gray and fine gruined with a few scattered fragments of pumice and dark
glass. Physical properties of this and other tuffs fournd in the State are tabulated on page 17.
The apparent tonnage of stone available in tho area around Pleasant Valley 18 large. Thiskness
of the bed exceeds 100 feet in places with overburden from one to 15 feet in thickness. duarry
operations ¢an be maintained throughout the entire year. The climate i1s characterized by dry
summers and open winters with occasional subzero temperatures,

Fern Ridge tuffs (24)

Volcanic tuffs, named from the type lccality on Fern Ridge near Stayton, are ex-
posed over a considerable area east of Salem in Marion County. The tuffs =losely resemble
those at Pleasant VYalley, although the Fern Ridge ruffs tend to have larger inclusions of
light-colored pumice and dark lumps of glass and basalt. Severcl guarries have been worked
from timc to timo and numerous buildings in the ¥iillamette Valley have been oconstructed
with the stone which has proved to be an excellent building material in spite of its rela-
tively great porosity.

The tuff deposits are for the most part easily accessible over existing roads, The area
is characteri2ed by gently rolling uplands and steep~-sided canyons. Overburden is almost
entirely lacking in places wmhile at others there is a covering of soil with dense brush and
second-growth timber. Large blocks may be obtained readily in many places. One of the
principal quarries was opened more than fifty years ago by the members of the Benedictine
hbbey at Mt. Angel., The quarry, located in sec, 30, T, 7 S., R. 2 E., supplied stone for
numerous Marion County buildings, The Abbey still ow#ns the ground which is ourrently idle
but under lease. At the tuff Stone Company's quarry, located 5 miles east of Sublimity in
sec. 29, T. 8 S., R. 1 E,, long slabs are cut out of the quarry face with circular saws mounted
on traveling oarriages., This novel method permits blocks of considerable length to be cut.
Blocks from this operation are being marketed in a varicty of ohapes and sizes,

YMillowdale deposit (25)

Three miles south of tifllowdale post office on U,S. Highway 97 in northern Jefferson
County a bed of reddish-brown rhyolite tuff is exposed over a considerable area., Legal de-
scription of the deposit is sec. 9, T. 9 S., R. 15 E. The stone is uniformly fine grained
with occasional banding of contrasting colors, caused apparently by staining. Colors range
from purplish red through red brown to light red and dark pink. Physical properties are
given on page 17. Chemical composition s given in the following teble:
Willowdale Tuff*

S10, (silica) . « + . . 71.58%

A1203 (Alumina) . . . . 11.09

Fazoa (1ron oxide) . . 1.57

ca® (Lime) .« « « . . . 1.28

Mg0 (Magnesia) . . . . 0.88

710, (Titanta) . . . . 0.38

Kp® (potash) . . . . . k.10

Najs0 (Soda) « « « + + . 3.98

Ignition loss . + « . . 2.14

*Analysis by L. L. Hoagland, chemist, Oregon Department of Geology and Mineral Industries,
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Table 1

Phygical Properties of some Oregon Volemnic Tuffs

Crushing
strength Apparent Water of Specifis
Deposit (1bs/sq.in.) porosityl nb:oqgtlong/ gravity Color Toxture Remarks
Pleasant Valley 2,916 33.9 % 22,3 % 1.53 Dark Coarse Considerable
tuff gray grained production
{Buker County) in past.
Tuff Stene 1200-1900 38.4 33.20 1.14 Dark Coarse Producing
Company gray grained sawed blocks
(Marien County) ¥ith trav-
eling quarry
saw.
ut. Angel - 36.0 26.6 1. 35 Dark Coarse Considerable
tuff Cray grained production
(Marion County) in past.
Willowdale 3200-5000 22,9-31.6 12.1-21.9 1.66-1.89 Pink Medium Deposit
tuff red Iine undeveloped.
(Jefferson County) brown grained
Crooked River 13,859 17.1 9.4 1.82 Cream Fine Deposit
tuff white grained undeveloped.
(Crook County)
Pine Grove .- 34.9 22.90 1.53 Cream Medium Small pro-
tuff with fine duction at
(Wasco County) pink grained préssent.
and red
bands

X

the volume (in cubic centimeters) of the stone.

pparent porosity ie¢ obtained by dividing the weight of absorbed water (in grams) by

2
‘4nter of absorption is obtainnd by dividing the weight of water absorbed by the weight

of the dry stone,
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The stone crops out close to the highway; the nearest railroad siding is at Gateway
about 8 miles west on the Oregon Trunk Railway. Little or ro overbur-den covers ths
deposit, one side of which forms a low cliff rising approximately 50 feet above the level
of the valley floor.

In the past, production was limited to the sule of rough stone on a tonnage basis.
The quarry 8ite has been leased recently and an operator is planning on setting up stone-
sawving equipment (1951). The attractive appearance of tho stone, combined with its
relatively low porosity and high orushing strength would indicate that it might have
considerable appeal as a building stone.

Crooked River locality (26)

A doeposit of rhyolite tuff of uriusual attractiveness occurs in western Crook
County in sec, 21, T. 16 S., R. 17 E. Tho locality is reached by taking the graveled
Combs Flat road southeast from Prineville for a distanoe 17 miles to the Junction at
Crooked River, thence dosnstream for approximately 5 miles to the Balley Sohool at the
mouth of Cwl Creek. The rhyolite tuff beds lie a short distance to tho northeast of
the Curey Ranch whioh is about 1 mile up Uwl Creek from the sohool house. The rook orops
out along a fairly stoep hillside for a distance of half a mile or more in a series of
beds which dip steeply into the hiil.

The tuff is dense and has a uniform texture. The matrix is a palo-pinkish ooler in
whioh numerous orcamy-white patches occur. In addition, there are some tiny black rook
fregments which add interest to the appearance of the stone. It possesses a low apparent
porosity and a remarkably high orushing strength. The specifio gravity 15 much less than
most common building stone; it can be sawed readily and little if any ravoling or pitting
has been observed. Architects who have seen the stone have been optimistic over its
pessibllities, since 1t would provide them with a new material which would be easy to
prepare and would be an Oregon stone.

Table 1 on page 17 summarizes the physical properties of the Crooked River stone and
oompares them with other Oregon stones. The chemival composition of the stone is given
in the following table:

Crooked River Tuff*
S10, (Silica) + . . . . 67.15%
Fe203 (Iron oxide) . . . 1.136
uzo3 (Alumina) . . . . 13.30
Cu0 (Limn) . . .+ + . . 3.88
Mgy  (Magnesia) , . . . 0,62
K,0 (potash) . . . . . 1.63
Na,0 (Soda) v + « & & & 3.03
Ignition lo8s . . . . . 9.67

Blooks several feet aquure may be obtained from the dopesit whioh has not ao yet boen
developed. The stone can be sawed readily and it splits gquite easily along one plane,

Pine Grove deposit (27)

Platy voloanio tuff occurs in Wasco County about 5 miles south of Pine Grove in
the NW, sec. 11, T. 6 S., R. 11 E. Colors range from greenish through gray to buff. Some
portions of the tuff have bands of dark red or brown whioch givo thc otonc an interesting
pattern. A small amount of stone has been guarried, Physical properties of the tuff are
given in the table on page 17.

’Analysis by L. L. Hoagland, chemist, Oregon Department of Geology and Mdineral Industries.
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Conclueions

In Oregon there appears to be an excellent opportunity for the production of a new
type of lightweight aggregate. A mixture consisting of orushed, nonexpanding clay or
shale and some oombustible matorial such as sawdust or ooal forms a feed which when ignited
in a spoolally designed traveling-grate kiln produces a lightweight aggregate clinker suit-
able for use in standard applications. Since Oregon has limitless ocourrences of clays
and shales often located adjacent to quantities of sawdust and low-grade coal deposits,
this manufaocturing process would seem to offer considerable inducement to operators
possessing sufficlent capital to build the necessary plant.

The future of the lightweight aggregate industry in Oregon seems destined to be one of
continual growth. A steady influx of residents and industry should create a large demand
for building materials for years to come. It will be up to the lightweight aggregate
producers to seoure their Just share of this business. Reserves of pumice, perlite,
diatomite, expandable shale, and voloanic olndere are laurge, of good grade, and generally
quite well located with respeot to markets or transportation.

The industry has 1ittle competition from out-of-state producers because few of the
out-of-state deposits are located close enough to markets in Oregon to stand the cost of
transporting the low-value material, The main problem faoing lightweight aggregate
produocers will apparently be consumer acceptance. Any new commodity must overoome a certain
amount of sales resistan¢ée from oconsumerd acoustomed to familiar produste. Onoe this
reluctance to change has been overcome there remains the ocontinuing problem of producing
a superior product having a minimum variation in composition and specifications. Non-
metallics producers, unlike matal miners, have to keep "eelling" their customers.

Competition. in the 1ligzhtweight aggregate business 1s between individual producers of
the same product and also between producers of different types of material whioh may be
suitable for the same Jjob or same customer. An exception to this condition exists among
tho ™Haydito" producers who are liconsod by aroas. In Oregon, however, this advantage 1s
offaet by the production and sale of an expanded shale almost identical to "Haydite™ from
similar rav material.

Appendix

Results of Test Work on Coating Lump Pumioe

Purpose

The test work desoribed below was undertaken with the hope that some simple and in-
expéensive method might be diséovered to coat pumice lumps and thus to improve the material
a8 an aggregate in conorete mixes. Pumice has high wolsture absorption characteristioes and
there would be a very deffinite advantage in lessenip; the porosity of the pumice surface.
High absorption 1s undesirable because: (1) an excess of water and cement must be added to
the mix, {2) precast blooks show an unduly great amount of shrinkage, and (3) the time
required to oure pumioce blocks appears to be greater than that for standard sand-oement-
gravel units. If these disadvantages can be either overoome or dimished appreciably at
moderate oost, the producors of pumice oould supply the trade with a superior product.

Scope

The Department 1s not equipped to do elaborate physical testing, and only simple
preliminary research into the problem could be attempted. Two series of tests were ocarried
out. In the first series nine coating materials were tested on pumice lumps from one
deposit. In the seoond series the two coatings which gave the best results in the first
test were used to coat pumice lumps from five different deposits in central Oregon.
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Description of tests

In the firet serioe i-inoh lumpe of Chemult pumice were immersed in slurries of the
following materials: (1) pumicite, (2) expanded perlite, (3) ground limonite, (4) silt frea
Columbia Briok Works at Gresham, {5) volcanic ash from Gilliam County, (6) the same ash
ground to -200 mesh, (7) obsidian, (8) a 50-perocent solution of sodium silicate, and
(9) ground pumice lumps. All of these materials, with the exception of the coarse voloanic
ash from Gilliam County and the sodium silioate, were ground to approximately 200 mesh.

The lumps were immersed in each of the slurries for about 30 seoonds and then allowed to

dry before being placed in an electric furnace, heated to 1950° F., Two test runs were made;
in the firet tho lumps were caloined for 15 soconds and in the seoond they were oaloined
for 1 minute. Immediately after caloining, the lumps were removed from the furnace and
allowed to air cool.

The lumps were next placed in water and the time required for them to lose their buoy-
ancy was noted. Due to the small amount of material used in the preliminary testing, the
data were regarded as indicative rather than conclusive. Several anomalies, or at least
wide vuriutions, were observed, probably caused by differences in textures of the lumps.
¢f the nine coating materials tested, two proved far superior to the remaining seven. The
samples ocoated with coarse ash from Gilliam County and the ground pumice from the Chemult
area floated nearly twice as long as the next best coating matorial.

In the second series of tests, larger quantities of pumice from the five cooperating
producers' deposits were coated with the ash and ground pumioe and calcined for 10 minutes
et 1950° F. A longer calcination period was ueed to permit g more complete fusion of the
coatings if possible, since examination of the coatings of the lumps in the first test
under the binocular microscope revealed that fusion was incomplete in nearly every case.
The coated lumps were saturated as in the first test, after being weighod dry., A comparisen
of the absorption of the two series of coated lumps with similar uncoated lumps is given
in the following table:

Percent Absorption Percent Improvement
Coated with
Samples Uncoated Chemult pumice Gilliam ash | Chemult pumice Gilliam ash

1 114.0 70.0 43.0 L4.o 71.0
2 90.3 79.0 47.3 11.3 43.0
3 99.0 79.1 61.2 19.9 37.8
n 100.0 85.0 56.3 15.0 L43.7
5 59.6 52.9 54.5 6.7 5.1

Note: Test work was undertaken in order to point to the value of coatings, not to indicate
relative quality of pumioce used; therefore source of pumioce sumples 18 not given.

From the above table it 1s evident that considerable improvement in reducing the ab-
sorption of pumice was obtalned by coating and ocaloining the lumps. ?The volcanic ash from
Gilliam County consists of thin glassy shards. Apparently the tiny ocurved plates seal the
pores more effectively than finely ground materials. In tho first soriees of toots Gilliam
County ash ground to <200 mesh proved to be less than one half as effeotive as the natural

unground material.

Conclusions

From the preliminary test work it is apparent that the porosity of pumice lumps of the
8ize used in blook manufacture oan be coated effeotively with either ground pumice or vole-
canic ash from a deposit in Gilliam County. While the latter material 1s considerably
better, the economics involved in transportation might be such that the use of ground
pumice would be more feasible.
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No data are available oonoerning oosts of treating lump pumioe in the manner desoribed.
Testing on a pilot-plant soale would need to be done to determine the economios of operation.
It is believed that even moro offootive ooatings oan be developed as only a few of the large
number of possible variatione in types of oocating materials, fineness of grind, methods of
ooating, and ocaloining have been tried.

AN ACT

(Senate Bill 18)

To enoourage the produotion of industrial and building material mined and produoed in the
State of Oregon.

BE IT BNACTED BY THE PEOPLE OP THE STATE OF OREGON:

Seotion 1. Any board, ocommission, offioer, employee or other person or persons
aoting for the state, or any oounty, munioipality or taxing distriot whose duty it is or
may be to purohase or oontraot for the use of any nonmetallio mineral oonstruotion material
or materials, exoept oement, sand, gravel, orushed rook and plaster, to be used in the
oonstruotion of publio buildings or other struotures on behalf of the astate, oounty,
munioipality or taxing distriot, shall seleot, purohase or oontraot for the use of suoh
materials as are produoced or manufactured in the state of Oregon when the prioes quoted
for the same are not more than 5 peroent in exoess of the lowest bids or prioces quoted
for the samo materials produced or manufaotured olsewhere, quality and servioe oonsiderod.

Seotion 2. 1In all oases wherein suoh building or oonstruotion materials are or oan
be produoced in Oregon, the arohiteot or other person preparing the speoifiocations shall
require that all bidders shall submit alternate bids oovering the use of suoh Oregon
materials and the use of materials from outside the state.

Seotion 3. With respeot to suoh oommon building materials as oement, sand, orushed
rook, gravel, plaster, eto., for suoh buildings and struotures, the contraotor shall be
required to use Oregon produoced or manufaotured materials in all oases where the bid prioes
of suoh materials are no greater than those of oimilar matsrials produoed or manufaotured

outeide of Oregon.

Seotion 4. This aot shall not apply in any oase wherein the provisions hereof
interfere or oonfliot with federal statutes or regulations.

Approved by the governor February 6, 1943.

Filed in the offioe of the seoretary of state FPebruary 8, 1943,

Oregon Laws, 1943, Chapter 24, page 30.
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