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POR&WORD 

The lightweight aggregate industry which has had auoh a phenoaenal 

growth since World War II 11 based on the desirabil ity and need of re­

ducing the weight of structure without sacrificing strength. Although 

there is plenty of rooa tor 1aproveaent in praotice through better under­

standing or the probleaa involved and apec1rically through greater care 

in preparation of aaterials , the industry undoubtedly is here to stay 

and haa aade only a start ln ita developaent. 

The Departaent hal had a working interest in the developaent of 

lightweight aggregates. Ita work hal been along both geological and 

engineering lineo in encouraging tho industry'o growth and it ie hoped 

that loae Departaental proJects now under way will be of further alsiet­

�ce. The author ot thie paper, Kr. Ralph s. Mason, has done field and 

laboratory work on ao at or the aateriala now used as lightweight aggre­

gates or a• building atones. He has prepared Jointly with Kr. Noraan s. 
Wagner of the Departaent•• etaff several papers as progreae reports on 

the industry. The Oepartaent haa published a report on perlite in 

Oregon, and has file reports on deposita of other lightweight aateriala. 

Thil Short P�per euaaari%el Departaental reports and in�ludel new 

aaterial. 

Experiaental results on work done by Mr . Mason in investigating a 

new aethod of treating puaioo are included in the Appendix, This proJect 

wae undertaken to detera1ne whether or not puaioe could be glazed with 

volcanic aah to iaprove both absorption and strength oharaoteriatioa. 

The treataent is staple and probably aoe t puaioe deposits would have an 

aah suitable for glazing located 1n their 1aaad1ate vicinity. Further 

testing on a larger seale should be done before results may be evaluated. 

However, preliminary results of testing work appear to be encouraging. 

P. •· Libbey 

Director 
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LIGHTUEIGHT AGGREG�T� INUUSTRY IN OREGON 

Introduntion 

Lightweight aggregates were probably first introcueed by the Romans, who used pumice 

in the construction of some of their public buildings. Up until a few years ago pumice 

was u1ed almolt exclusively &I an abrasive in this �ountry, It was sometimee used as a 

building material where locally available, but little attention was paid to ito special 

characteristics as a lightweight aegre&ate. Within the p&st five year�howeva� there has 

been a rapid increase in the use of both natural and artificially expanded lightweight 

aggregates and the trend is likely to continue. Public tastes vary periodically, and 

at the present time builders strcngly favor using lightweight aggregate. This condition 

may change but the solid core of demand lies in the advantages to be gained by uaing 

these materials. 

Present hi&h costs of building construction have made it necessary for architects 

and builders to economize wherever pos sible. 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

itiee of lightweight aggregates also help to reduce costs by permitting thinner partitions. 

Tho inortalad ease of handling results in a further saving on building-construction coats, 

At the present time tho bulk of lightweight aggregates produced in Oregon is ob­

tained from deposits of pumice with a minor use of voloanio cindora. Tho trend, however, 

is toward the production ot artificially txpanded shale, and there ie l i ttle doubt but 

that this will continue. 

Very little research has bean done on the production ot artificial liehtweight 

aggregates in the State, but it seem& likely that study of this problem will become 

increasingly urgent ae the specifications tor building materials are steadily beocming 

more rigid, 

Unlike many areal, Orego n currently has no furr.aoc slag which may be processed into 

lightweight aggregate, but the State has a rich store of natural liahtweight aggregate 

materials, Wany of these need only to be examined and analyzed before their potential• 

are reoogni�ed, Others will require further study and rtsearch to diecover their best 

possible usa. The work being conducted by the Division of Indultrial Research of the 

Washington State Institute ot Te�hnolngy at Pullman se�vee as a good indication of the 

eoope and nature that researoh on liehtweieht a�gregate must take, 
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Pumice 

Oof1n1 Uon 

Pumice 1s a glassy volcanic rock, which has a very porous or sooriaoeous structure 
due to the expansion of gases and vapor while in a viscous molten state. Rapid reduction 
in pressure upon e Jection 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 appearance; white, gray, or buff in color; hard and 

brittle, The cutting or abrasive quality is due to the thin partitions of glass oom­
posing the walls between vesicles, Numerous voids produce a material having a low bulk 
spe•ifio gravity and possessing considerable strensth with moderate absorption. 

Location and extent 

Large deposits of pumice oocur in Klamath, Jackson, and Deschutes counties in Central 
Oregon (soc map opposite page 1 ) . Tho deposit whioh originated from tho oaldera, now 
Crater Lake, covers approximately 31500 square miles as a sheet which varies in thickness 
from a few inohes to as much as 30 or 40 feet, depending on the c ontour of the land, 
amount �f drifti ng caused by wind, and the distaneo from the source. Crater Lake pumice 
erupted from Mt, Uazama, the name given posthumously to a volcanic cone which collapsed 
during an eruption about 4,ooo years ago. 

The Crator Lukto deposits are by far the largest and most extensiv� or all the Central 

Oregon pumice beds which include deposits located at Newberry Crater, Devils Hlll, and the 
B�nd-Tumalo area. Of theso, only the Crater L"ke �nd Bend-Tumalo areas have produced any 

l�rtle amounts of pumice aggregate . A small deposit near Burns and another near aly are 

also bein5 worked. A small amount of abrasive pu�ice is produced annually from the 

Ne11ber-ry Crater deposi t•. 

C OII<>OSi. tlon 

Chemic:al anll.lyses of Central Orezon pumice samples vary somelfha.t, deponding on sizo 
of the lumps, proportion of oryst�ls to glass, amount of weathering , and other factors. 

The followlnE table by Fahey (1,37)* sho�s the analyst s of a lump or dacite pumloa from 
near Chemult ahlch is typical of Crater Lake pumice . 

5102 • 

AlzOJ 

�·e2o3 
FoO 

llgO 

CaO 

Tto2 

BaO 

Total 

*oibliography at end of this report. 
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The pu.ioe deposita of Centr�l Orecon �re composed for the most p�rt of p�le buff 
or brownish, nearly equidiaensional eubangular lumps having a spongy texture. In the 
l�rger luaps nu••roua vesicles occupy muoh of the volume, which results in a rel�tively 
low apparant specific gravity ae compared to the smaller pieces which contain fewer voids 
and a greater proportion of heavier mineral crystals. The pumice lu�ps consist of a porous 
matrix of volcanic glass in whioh numerous mineral crystals consisting of plagioclase, 
hypersthene, ausite, and hornblende are embedded. 

Lumpa of pumice range in 'ize from masses measuring a foot or more in either dimension 
down to small piooes the size or riot er�ins. Material smaller than this, which is o1lled 
pumicite, grades on down to dust. Since tho bulk apooifio gravity of pumice is duo to the 
presence of vo1dt1 the larger lumps tend to be lighter than smaller ones, and finely divided 
material differs little in weiaht fro� other mineral grains. 

oeeoaits 

Crater Lake area (l)* 

The Crater Lake puoice bed' lie exposed on gently rolling ground Which supports 
a meager forest cover or lodgepole pines and underbrush. ror the most part the reaoval 
or tho bru�� and timber if all that is re�•tlred to prepare tho �eposit for production. 
The town of Chemult i s the centQr of pumice production in the Crater L�ke area. 

Yost of the land near Chemult is public domain. Wuoh of tho mora suitable pumto•­
oovered land, from a st�ndpoint of favorably situ�ted areas l�ing along the railroad 
rights of way, hal been t�ken up by various interests who hnve filed mining olnims. 

Generally spe�king, the pumice eJootod from tho throat of now extinct Mt. Unzama 
shows n gradual downw�rd gr�dation in ai&c with diotnnoo from the oouroo , Thore is alao 
a vertio�l variation in particle size resulting from differences in the rnte of eruption, 
changes in the winds during eruption, and sorting �hilt f�lling to earth. The volume of 
Crater Lake pum�oe beds has been computed by Williams (1,42) to be in the neighborhood 
of 3.� oubio milaa. Th1s figure does not include other types of eJecta spewed forth from 
Kt. Wazama during the various stages of its growth and dastruo tiort . 

The area is characterized by a semiarid oliaate with long dry summers and cold winters 
during which the aaJor part of the annual precipitation falls as snow. Elevation of tha 

area is approximately 51000 foot above sea lovol. Two railroads traverle the length of 
the deposit; tho main line of the Southern Pacific is Joinod by tho Great Northern Railroad 
at Chemult. U.S. Highway ,7 and State Highway 58 a lso pass through the are a. 

Bend-Tuaalo area (2) 

The Bend-Tuaalo area lies 65 miles north of the Crater Lake pumice beds at an 
•lavation of J1500 feet and hae a more moderate climate than that at Chemult. 

Lump pumice found in the Bend•Tumalo area resembles that or the Crater Lake depo11t1 
to the south. There is a distinct difference in the nature of the two deposita, however. 
The Bend-fumalo depoeita are generally covered with an overburden of traneported material 
as much as 20 feet thick. The pumice has been c arried to its present location from a dietant 
source by stream action. The Bend•Tumalo deposita are remarkably olean and well sorted, 
although thoro is aomo contamination with both the overlying material and an underlying stratum 
of pumice of poorer grade wbioh is not used, Areal extent of the deposits ir difficult to 
determine without the aid of drill holes or test pita, and past operations �t the numerous 
pita reveal that the areas of pumioe having sufficient thickness and a favorable stripping 
ratio are quite irregular in outline and frequently of limited extent. Apparently the lensea 
of pu�ice now being mined represent material that waa once wafhed into streBm ohannela or 
topographic lows and deposited there. Operators have had to abandon otherwise excellent 
deposit• of pumice when DTerburden increased to more than an eoonomio thioknesl. Stripping 
operations are Qa�rted on coa�only only a short distance in advBnoe of minina. 

*N�abe;s-a;t-the-1�; �.-k;y-n�mbe;s-o� index aap ;p;o;ite-p;g; l. 
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The land in the Bend-Tumalo area is u 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 tho area are either ill or near Hend or at Deschutes, a siding on the Oregon 
Trunk Railway a few miles north of Bend. Katerial from the pits is generally trucked 
to these sidings for shipment. Processing plants are located either at the pi!t or at 
the siding. 

Bu�ns pumice (J) 

A small deposit of lump pumice located near Burns in Ha�ney County has been 
worked for several years. 'l'he pumice lumps are unweathered o.nd harder than the pumice 
in either the Crater Lake or Bend-Tumalo areas. 

Bly pumice (4) 

Shipments of pumice plaster aggregate have been mo.de since 1946 from a deposit 

located six miles northeast of Bly in Klamath County. Operation is discontinued during 
the winter months. 

Newberry Crater area (5) 

AlthouBh considerable tonnages of pumice occur in the general vicinity of 
Newberry Crater (see map opposite page 1), the more readily aocessible areas were with­
d�awn from mineral entry in December 1945. A small quantity of abrasive pumice is 
shipped annually from a pit �ithin the crater. 
Withdrawal order and wa� not affected by it. 

Production 

History 

This deposit was located prior to the 

Although several sporadic attempts to ship pumice, mainly as an abrasive, had 
been made sinoo as early as 1929, no real continuou� operation occurred until 1945, when 
several producers started shipments of pumice for lightweight aggregate from both the 
Chemult and Dend-Tumalo areas. Prior to that time there had been a small production of 
pumice block's from a plant near Chemult, and an operator shipped some lump pumice from a 
deposit at Beaver Warsh south of Chemu-lt. 

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 194� production of pumioe aggregate in the State has increased greatly as 
shown on the accompanying graph. Greatest pr�duotion has been from the Bend-'l'umalo area. 
At the pr�rsent time four of the eight producers in the Sta-te ure lollatod the·:-e. 'l'he 
Chomult area is more ideally situated than that at Bend fr.om the standpoint of reserves, 
ease of mining, and proximity to two railroads, but Chemult is in a very sparsely pop­
ulated area and operation during winter months is d�fficult 1! not at times impossible. 

Pr:\r.es 

Pumice a�gregate prices durins 1949 ranged from $1.25 to �1.62 per cubic yard 
f.o.�. oars at plant for blends and as much as �1.80 per cubic yard for sized abgrogate. 
These pricos reflect a downward revision from about $2.00 per cubic yard for materi�l 
which was merely crushed and screened during 1948. T�e downward trend in price has been 
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due to increased compet1 tion oo•1pled w1 th a. to.perine-ort in dema.nd as m.uuroua ama.ll bloolc 

plant& whioh sprana up at the height or the boom closed down a.a demand slo.c.kod ott. Pumile 
is also oxporienoing competition from exp&nded aha.le which is now being produced by two 

pla.nte in the Portland area. Freight inoraaaes durin& the past rew years have raiaed the 

d-l1vered c oat of pumice considerably, but the increase has bean a.bsorbod partially by 

the prociuc.era. 
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Several pumice produoe� a h�v• not been able to trim their coats sufficiently to 
meet the reduction in aggregate prices and have gone out of business. The mora firmly 

aato.blished operators have been able to pare their costs by enlarging their plant facilities, 

which has enabled theQ to reduce unit costs. Experience gained over the paat few yeo.ra 

ha.s a.lso helped them to operate their plant• more efrioi antly. The outlook for the future 

aee�s to be one of u few, well-o�ganlzed, efficiently run plants servina the induatry, 

rather than a relatively large number of small operators working on a semipermanent b�sis 

with poor equipment. At the o1osa or 1'50 eight pumice producers were active tn the State. 

Production at�tistics were obtained from the six operators listed bolow. Producttnn by the 
two plants not roportina is believed to be small. 

Cheoter T. Lackey, Oesc:hutea Concrete Products Company, Redmor11l1 O:•egon. 

William £, Willor, Central Orc&cn Pumlc:e Company, 644 Franklin Street, 

Bend, Oregon. 

Thomas l'hil1psen, ilestern Pumice Sand Company, 2321 £berl1en Street, 

Klamath Palls, uregon. 

Don Robb\na, Harney Concrete Tile Company, Burns, Oregon. 

Werle Sleeper, Pumice £nglnaer1ng Company, aox 808, Band, Orogon. 

Lloyd l. Williamson, 114 Oreuon Avenue, Bcnd1 Oregon. 



Originally the pumice industry produced almost e�olusively an aggregate for preoaot 
concrete blocks. Kore recently, the producers have diversified their production some­
what in utilizing the inherent. value of the liglltwoight material, and today they are 
supplying not only block asgregate but roady-mix aggregate, poultry litter, florists• 
bedding material, and plaster aggregate. The unit value of plaster aggregate is, ot 
course, much higher than that of tho other products and accounts largely for the nearly 

12 percent increase in value of products sold despite the 16 percent reduction in yardage 
during 1,50. Production of ready•mix aggregate increased to roughly 15 times the 1,4, 
level and that of pla$ter 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, 

Pumice has boen suggesLad* as Lhe bovt oh�ap material that has been found so far �o 

ward ott harmful atomic radiations. If this proves tc be an accurate statement, pu�ice 
producers should find a ready market for thoir product tor some time to come. 

Trade specifications 

As the demand for lightweight concrete blocka increased, it was inevitable that 
many operators would enter the field with the production of inferior blocks. C onsu�er 
dtssatisfaction, �ith, in some cases, outriGht failure of these substandard blocks, 
resul tau in a t.lafllund 1'or more rl�id requlr�tJants. Thl s demand came principally from 
builders and agencies underwriting loans on domestic construction. Block manufacturers 
have met this demand for standard-siud blocks by perfecting their mixes, tightening 
down on specifications for lightweight aggregates, and conduciins periodic tests on their 
finished products. Specifications for lt�htwei�ht aggregate blocks have been established 
by the American Society for Testing Uaterials and the National Board of Pire Underwriters. 
The Pederal Housing Administration, which underwrites much domestic construction, insists 
that lightlteight blocks meet the A.S.T,Iol. standards for oruohing otrongth and the "U'' 

factor for heat loss (see t:lossary), ·rhe A.S.T.Iol, specification s for holloY load-bearing 
concrete masonry units require a minimum crushing strength of 1,000 pounds per square 
inch of groas area and a minimu� "U" coefficient of .25. The city of Portland oode is 
the same 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 blenda, mixea, and sized 

aggregate during 1,50. Some producers prepared a ready-mix consisting or J/4-inoh minus 
U�aterial whila othars shippad aggregate having a mazimum size of J/8-inoh and still other• 

sold a carefully sized aggregate which was blended in definite proportions to meet the 
specific neede of their customers. Although the principal market for pumice aggregate 
was in the concrete block field, a considerable portion waa uaed 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, February 1,50, 
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W�ahington State Institute or Technology, Division of Industrial Rese�roh, Pullm�n, 
* 

is currently ong�god in a roscaroh program on pu�ioo oo�orete. This program was initiated 
because of a request from concrete products manufacturers and is being carried on in co• 
operation �ith them. The Intt1tute it attacking the most important pro�lems in oonneotion 
with the pumice block induetr y firet, but nearly every phase of the problem has been 
tentatively outlined for future inveatigation. 

The causes and control of shrink�ge in walls constructed with pumice concrete blocks 
is receiving the Institute•a attention at the present time. Althou0h no final results 

are yet available (June 1,51)1 preliminary work indicates that excessive shri nkaae or the 

blocks after boing laid up in � wall m� be minimi�ed by using n properly cured block 
containing ( a) a minimum of moisture, and (b) the inclusion of steel reinforcing in the 

wall. 

An invcstigatio� of the weathering abilities of v�rious paints for use on exteriors 
of pumice concrete m�oonry is �loo being oarricd on. Paints aro applied to walls or 
about 10 square feet area , and tostod at an �cceler�ted rate in a speci�lly constructed 
weathering cabinet. All typos or suitable coatines are being checked, particularly 
transparent type s. 

The preble� of correct mix ratios for pumice concretes is also being investieatod 
by the Institute �nd a l�rge number of test cylinders are being prepared and strength 
tested. Tests on Ore&on pumice are included ln the present program since the bulk or 
oumiee uaed by Washington block manufacturers originates in Orogen �here large, easily 
alcessible deposits of excellent material �re available. 

*Partially repcrtod on in a papor ''Di�on;1onal change studies of unit masonry," by 
J. J. �e�ner, Chemical EnGineer, rc�d ut the AIWE North�o�t lndustri�l Uinerals 
Conference, Portland, April 27, 1,51. 
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Volcanic Cinders 

Locntion .nnd extent 

Like pumice, volcanic cinders, or scoria, are eJected from volcanic cones. Many of these 
extinct cinder cones are scattered over the eastern portion cf the State. In the Bend area 
they are numerous and contain a total of many thousands of yards or scoriaceous material. 
The location of some or the cinder deposita is suoh that they cannot at present be classed 
as commercial. 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 respect to markata. 

Composition 

Oregon cinders have a aroater bulk density than pumice and produce a block having a 

higher crushinc strength than pumice block. Colors range from red to black with some deposits 
containing some beautiful iridescent masses. Si&e or the individual pieces ranges from 6 incbes 
or more in diameter down to fines. Wany of the depo31ts in the State contain ewenly sized 
material three-quarters of an inch or lese in diameter. Chemical composition of so=• vol-
c&nic cinders (Sample P-9205)*taken from Laidlaw Butte near Tumalo in Dosohutoa County is as 
follows: 

Si02 38.04 % 
H20 0.14 

Loss on ignition l. 50 

CaO 7·35 

l.lgO 3·77 

41203 1,.oo 

Fc2o3 8.23 

K20 8.50 

Na2o 12.76 

Deposl-t.s 

One of the largest depostts of cinders in the State is the Birch Creek cinder deposit (6), 
Tps. 13 and 14 s., R. 43 E . ,  Ba ker County. It is located 13 miles northeast of Huntington on 
deeded land. Tho deposit contains thousands of yards of material weighing about 70 pounds 
per oubio foot and of a ai�e ideally suited for block manufacture. 

Laidla• Butte {7), located in see. 36, T. 16 s., R. 11 E., in Deschutes County near the 
town or Tumalo, contains a considerable tonnage of cinders. 

A deposit of red cinders (ll) occurs in soc. 22, ·r. 16 s., R. 12 E., in Dcsohutel! County. 
It is o�ned by W. Harris of Deschutes, Oregon, and consists or material ranging in size from 
fines to 4-inoh lumps. Another deposit (,) in the same gonaral area, located in sec. 33, 
T. 14 S. , R. 13 E., u.nd ouned by the c1ty or Redmond, has al so furnished cinders to local 
block plants. 

Abbott Butte (10), sec . 35, T. l, S., R. 11 E., in Oesohutea County, is located about 
12 mlles south of Bend on The Dalles•Califnrnia Hi1:hway. Cinders from this butte were used 
as road metal in the oonstruotion of Ca111p Abbott nearby during World War II. 'l'hh deposi i 
conta ins , 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 meaeured in thouaands of yards. 

The Ladd Canyon cinder depoait (11) is located in ••ca. 17 �d 20, T. 5 s., R. 3� E., in 
south central Union County. Exact size of this deposit is not known, but several occurrences 
of cinders in this general vicinity have been found. 

*Analysis by L. L. Honulo.nd, chemist, Oregon Department of Geo10BY and Winoro.l Industria&. 
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Hines cinders (12) 
A cinder deposit covering 40 acres, located three quarters or a mile north or 

Hines in Harney County, haa bten used for road metal tinoo 1929. The deposit is part ot 

a lava and cinder belt extending northwards to the Gr�t County line, Pit material is 
highly compacted o�ing to the presence or clay. The cinders would apparently make a suit­
able ltchtweigh� aggregate but would require screening and washing to remove the clay. 

Volcanic cinders have been used to a small extent in the produGtion of oo�orete 
blocks and to a somewhat larger extent as a road metal. 

Cinder blook3 aro heavier than those made with pumice, but their greater Gtrength 
may offset this disadvantage, 

Sooriaoeous material when used for blocks must meet the same size specifications 

as pumice , ainoe tho two are used for similar purposes. 

Diat omite 

Definition 

Diatomite or diatomaoooua tarth ia the name applied to masats of tiny a1liceous 
skeletons of a microaoopio single-celled plant. These porous partioles, oal1ed diatoms, 

were deposited on the floo rs or fr�sh water lakes and inland seas in vast quantities 
since Wiooene time about )0 million years ago, Weight of overlying materia1 has com­

puoted the deposits ot these minute diatoms into an earthy or cha1kl1ke mass of pure 
white or noarly white. lmpuri�ies such as clay, oarbonaoeous material, and volcanic 

ash are often found as intorbeds in the deposits, 

Location und extent 

Diatomite is a rather oo�mon material in the cen�ral and eastern parts of the State, 
and large deposits of both impure and quite pure ma�erial are widely distributed; only 
those deposits having a high purity coupled with large size, ease of mining, and ready 
aaoess to transportation are oonst�ared in this seotion. 

Composition 

Checioal analyses of diatomites from Terrebonne, Otis Basin, and Harper are given 
in the following table (Woore, 1937): 

lli� • 

Ti02 • 

Fe20J 
Al20) 
c�o 
lolgO 
Na2o 
K20 
SOJ 
Cl 
co2 

Total 

Terrebonne 

_,_ 

Otis Basin 

92.45 •' ,. 
.28 

1.6o 
4.00 

.85 
,20 
• 24 
.18 

.07 
,07 

� 
100.00 % 

Harper 

94.51 �· ·' 

.15 

1.15 

2.67 
·53 
.1� 
• )1 
.o4 

.10 

None 

__:.!.2 
100.00 r' .,. 



o.:pcs:1ts 

By far the laraost and at the present ti•�e the only aan515tent prod�aer of diatomite 

in the Stat& 1 s the Llioo.U te Co111po.ny at !.otter Bridge ( 1)) en the Deschute!l River 1 about 

6 miles west of Terrebonne, a town on the Qrebon Trunk Railway in northern Deschutes County. 

This operation has been producing for more than 25 years and reserves are reported to be 

sufficient to suppl y the plant for a oonaiderable time in the future, Probably next in 

importance as related to accessibility are the deposits locatod in the Harper di strict (14) 
in northern J.lalhour County, followed by the very extonsive di< •OIII�te beds in Otis Bas1n (15) 

in northeastern Harney County. These deposits, as described by J.loore (1!137), are of good 

quality, a whit'l to nearly white co lor , of large size, and some or them aro conveniently 

located with res�eet to tho Uni on Pacific Railway line extending from Ontario to �urns. 

There are also deposits in the region around Klamath Falls ��t these are eenorally small 

and contaminated with foreign �aterial. Smaller d•posits are alsu found at Indian Crook, 

Clover Crook, Richland, Durkee, Austin, and John LIAy Valley. Sine� dlatomite in unprocessed 

form is a low-value commodity , only those depo&its havinu exc epti onal purity, ease of 
mining , and favorable location muy be eonaidored &$ eeonomtc. 

Uses 

DiatoQite finds its way into many industrial aprlicnti�ns uhere it serves us an inert 

filler in numerou3 products. It also is usod extensively as a filter aid and as a t�crmal 

insulant. These uses require beneficiation of the rnR diatomite in order to onhance ito 

value und to permit it to moot trade opooifications. This need for beneficiation is not 

necessarily true of diatomite that is to be used as a lightweight aggregate for concretes. 

In this field, di�tomite must compete uith a wide variety of o ther products, most of whioh 

may be produced cheaply and are close to the point of use. �ompetition thus re9tricta the 

distanc e thnt diatomite used for this purpose may be economically hauled, 

Diatomite is one of the longest established of the light�eight materials currently 

on the market, This gives diatomite producers who wish to compete in the li�htweight-

aggregate field a c ertain advantage over such newcomers as perlite producers because the 

producers of diatomite have been able, over a period of years, to standardize their 

prod uct, make exhaustive tests, and overcome consumer roeistanoe, 

Orc0on iG th o second largest pro�ucer of diatomite, exceedinG Nevada and �a�hington 

but surp�ssed by California �hich produ�es the bulk of domestie diatomite. Pro�ucti�n 

figures for Oregon are not published by the u.s. Bu1•euu of l.!ines as production is by only 

or.e company. 
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Expo.nded Sho.le 

Oef1n1Uon 

Exp:.nded shale is produced by rapidly heating crushed ra�< shal�t containing one or 

more or the following: carbonuceous or eulcaroous ma.�er1al, �ulphur, or iron compound�. 

Tlie process is dependent on the abl.l1·ty of the shale to form a viscou s , airtight coati.· .: 

when heated in u rotary kiln. th�s film prevents the escape of gases generated by the 

carbonaceous or sulphur compounds contained in the shale when the heat ponetro.tos to tho 

interior or the lump. 

Compolition 

Keasey shale , so called from the typo loc �lity near Keasey in C olumbia county, 11 u sed 

by two oporo.tor• as a ru� material. It is a fossilferous, tuffaceous siltstone which varies 

in character so�ewho.t from place to place, but the following genera.llted analysis indicates 

the essential co mpo sition of tho material: 

Analysis or Keasoy shala* 

"o1sture . 27,0 � 
Loss on ien1t1on 6.8 
S1li::a 5ll.o 

A lur,t� n•tm o:.citiA 16.5 
Iron o:.<ide 5·:3 
Ma.gnes1u:n o:.cide 1.6 

Cu.loiuro oxide .3·.3 
Sodi\lm oxide 2.8 

Su).phate 2.) 

The expanded shal� ha� a tlo.�k rud c�lnr with a �month, bloated snrf�ce which is 
usually pierced by a fov holes and cru.nks. 

ln ueneral furnu.ce pro.ctice an expmnslon or �bout 100 percent is 3 ought although 

variations in the raw matorio.l1 temperature of tho kiln, and duration of t i me that the 

materi�l remains in tho kiln, all affect the degree of exp�nsion. Althoug h pruotice 

var1ea, a firing period or about ho.lf an hour u.t a tomperu.ture of 2,000 degrees F. is 

usu�lly req uired for proper bloo.t1ng. A prop erly oxpandod shale hal a collulo.r texture 

consisting of myriads of tiny air cells which are usual.ly isol�ted from eaoh other. 

I� is the absence or conn�oting voids that give s �xpanded shale u strength adv�ntage 

over raw pumioe when used as a concrete aggregate. 

Uanufo.oturers or expundad shale follow either one of two systems in their production 

flow shoot. Some operators prefer to pre-crush the raw material to a siz& which will 

result i� a finished product havinG the do sired dimensions. Other o perators crush the 

feed to a size which results in exp�ndod �atorial considero.bly l�rger than th�t required 

u.nd whic h must then be reorushod, Tho advantage or the first method 11 that the finished 

material presents less I\' f:;.ce par unit of velum'), thus reducing tho absorption or water 

and ooaent and also lowering th� bul� density. Tho second method or cru shing has �he 

*
Analysis by Cha.rltoh Labo ru.tory , Portland, Oregon. 



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 advantage of crushing the expanded material to the desired size lies in the relative 

ease or crushing as compared to tho raw shale. Crushin� the exprnded material has an 

added advantage 1n that a certain amount or fines are pro�uced which may be used to 

produce a properly blended aggregate, 

Depooits 

Deposits of shale suitable for conversion into lightweight aggregate occur in a 

large area surrounding Vernonia in Columbia County (16). In this general area, beds 

of Koasey shale or upper Eocene or lower Oligocene ago crop out in numerous places. 

At the present time two quarries are being -.··rk d, One o.pero.tor has a kiln located 

at the quarry while the other transports the raw mat�rlal 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 1946, when he visited the Department with the request for some 

help in selecting o. mo.terial suitable for the purpoeo. Numerous loc .. ll·i;ios were visited 

and samples tested for their expansibility. It was discovered that Keasey shale from 

the largo deposits loco.tod 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 or which started in January 

1?47. First production occurred in June 19�7 and continued until Soptember when the 

operation was taken over by Northwest Aggrego.tes, a 'Kholly o-.rned subsidio.ry or Empire 

Building Uaterials Company of Portland. Empire discontinued production temporarily and 

operations were not resumed until late in 1?�8, when the enlarged plant resumed production 

on a full-time basis. 

A second producer entered the expanded shale picture in llay 1,50, when Smithwick 

Concrete Products Company opened up a quarry south of Vernonia. and began producing 

"Haydite" from a large rotary kiln o.t its blook plant in Portland, This company is 

licensed by the American Aggregate Company which controls the trade name "Haydite." 

Production from tho Empire and Smithwick plants is in the neiahborhood of 200 yo.rds 

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 ho.s resulted in o. shift to those using expanded shale as an aggregate. In general, 

expo.nded shale compotes with pumice for most usos. 
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Perlite 

OeCini t1on 

Tha rapid growth of tha parl1ta industry sinc e 1,45 hns rasulted in the industry ' s  
universal adoption of the term perl i t e ,  which originally was a petrographic term applied 
to a glassy volcanic rock with a peculiar pearl-like or spherulitic structure. Perlite 
as i t  i s  nnw used means not only a special type or rock but also the expanded material 
prepared from 1t as wel l s.s any volcanic material which can bo "pepped" whon heatod 
properly. Perlite is not a mineral but an extrusive igneous rock, classed as a rhyo lite 
glass c ontaining usually from 2 to 5 percent o r  combined wuter. ObGidian, whioh i s  a 
v(!lcunic glai1!J containing l \1 9 !J  th�;�.n onR pero�nt of water, may b .. popped also.  N o  o b s i dian 

i s being processed in oregon nt the present time; however, production of ll ghtweight 
obsidian aggregate has been reported in Cal i fornia (Clapp, 1,47) · 

It has long been assumed by most geologists that perlite was f ormed when a rhyolite 
magma waa oh1lltd soon after extrua1on, pro�uc1ng tht glaaay compo�iti�n and characteristic 
shell-like fracture s .  This theory has been question ed by �1lfley and Tayl •r ( 1,50 ) 1  who 
believe that perlite i s  of s econdary origin, pos�ibly the r e sult of hydrot.he�mnl alteration 
of a siliceous rock such a s  pum i c e .  

Ct>mpo si tion 

Chemical properties 

Since perlite i s  not a mineral but � rock, its chemical composition and physical 
properties may vary somewhat from dep� s i t  to depoeit and from pla�c to pla� c within a 
deposit. The fol lowing analyaes show tho chemical similarity of rhyolite and perlite at 
the Lady Frances mine in W�aco County (Allen, 1?46). Analyse s  of two perlites from S t e e n s  

Wountain (Fuller, 1931) are also shown. 

Rhlolite* Per l ite* 

Sio2 75. 88% 7'J. 7,.;. 

Al20J 1 2 . 6 3  12 .40 

Fe2o) 1 , 0 5  • 52 

FcO . 2 7 . 62 

lolgO .14 . 1 1  

Ca.O . 6o .80 

Na2 o 2 . 60 J . l 6  

K2o 5·32 4,64 

H20+ · 54 J. 24 

H2o- .liJ . 25 

T102 . . 09 .09 

P20S • 
. OJ . 01 

u.no .01 . 02 

Total 99. 791� " ·  65:> 

*Analyaes by James Kerr, University of Minnesota. 
**An�lysos by W .  H. and r. Herdsman. 

·1 3-

PerH·tes or *• 
steons L!OUrtta:t.n 

67. 05�� 68. 66�� 

14 . 91 14.44 

0 . ,2 o , B o  

1 . 48 1 . 28 

o . 6 5  0 . 18 

,ljlj 1 . 9 6  

4 . 15 J. 86 
). 04 ) . 2 8  

4 . )5 4 . 80 

0. 50.!1 c . :, . .  !/ 
0 .  34 0 . 25 

0. 12 tra"'3 



A l thouch muoh r e search remains to bo done to learn the caus e or th e expun sion  o f  

perlite, i t  i s  generally agr eed that t h e  percentage o t  combined water oontnined i n  the 

raw material largely controls the degree and nature of the expansion during heatine .  

Physical properties 

The Lady Franc e s  mine in Uaaco C ounty produces from a relatively dead type of 

perlite a product which has a bulk specifio gravity or about 12 pounds par oubio foot. 

The deposit near Sheavi l l e  in oust�rn Ualheur C ounty near the Idaho l ine has produced 

material experimentally weiah1ng approximately 8 pounds par cubic f o o t ,  while the Paisley 

deposit in Lako County oan b e  processed to produce perlite weighing from 5 t o  lJ pounds 

per ouhie f o o t .  

Popped p e r l i t e  i s  oharaoterist1eally light c o l o r e d ,  ranging from a nearly pure white 

to variouo ahadco of off�white and orcam. The si�e o f  tho expanded perlite grains may 

be varied within limits by channing either the furnacing operation or the arain alta or 
the raw material. Soma perlita& expand slowly and aontly, producing a large proportion 

of spherical or globular p i e c e s ,  while others tend to produce a preponderance o f  crushed 

concentric t i l m a .  A few p er l 1 t e s ,  known in the trade a 1  "puffing" per l i t e s ,  have the 

ability to expand in a manner similar to popcorn, thus producing irregular masses measuring 

as much as a centimeter o r  more in ereatest dimension. 

Crushing strengths of perlites vary roughly with thQ bulk specific gravity. In other 

words, the extremely l ightweieht perlltes have lower crushing str engths than those o f  

greater weight .  Expanded perlites having t h e  same b u l k  density may have di ff er ent crushing 

strengths depending on the type of raw material from which they were produ c e d .  

Deposits 

T h e  first deposit o f  perlite to b e  exploited in the State i s  at t h e  Lady Franc e s  

mine {17)  located o n  the Deschutes River about 14 miles south o f  Uaupin in Wasco County. 

This deposit is b e ing operated by the Dantore Division of Dant & Rus s e l l ,  Inc , ,  which 

started operations in 1?45. The property was first explored by driving a s e r i e s  of 

undergr ound drifts and crosscuts ln order t o  dete rmine the t o nnage and to take numerous 

sam p l e s  for d etai l ed expansion t e s t s  prior to the ereo t1on of the plant. Follow ing the 

erection o f  a pilot popping plant at St, Hel en s , whe�a produc�ion prob l ema were studltd, 

a large furnace and an acoustioal tile plant w o r e  installed at the mine during 1?4�. 
At the present time (June 1?51) tho Lady Fran c e s  mine i s  the only aotive producer 

of perlite in the State, The popping plant has a onpacity of 10 carloads per week Yhloh 

supp l i e s  not only the acoustical tile plant having a capacity o f  2 carloads per week but 

furn i s h e s  material �hieh i s  �rkoted as a plaster aJgregate and nursery b e d d1�8 ma terial, 

Since tho Lady franc e s  mine was tho first perlite deposit to b e  opened up in the State, 

the Department, whioh assisted 1n t h e  o r i einal aearob for a suitable deposit, made a 

de�ail¥d g�ologio investization { Allen, 1'46) . 
Another deposit of p e r l i t e  o c curs a short distance northeast of the Lady Frane o s  mine 

and on the east side of the Deschutes Rivor. This deposit, known as the A�fo r�-Hunt ( 18 ) ,  
has not b e en developed nlthoudh the tonnage of p er l i t e  seems t o  b e  su� stantial. 

A l arge dcpoJit o f  perlite oocurs ln Lake County about 10 m i l e s  south of Pui�l�y (1?)  
o n  the highway t o  Lakeview. A low-lyin� hill havin3 considerable areal extent was ex� 

amined by the Department in 194,, and a large tonncge o f  suitable material wa3 found to 

ex1at. Thi s property i a  owned by Char l e s  H. Coabs and asoooiates of Lakeview. 

A deposit or perlite oceura noar Sheav i l l t  { 20) in eaat•rn Ualh eur C ounty. The deposit 

i s  own ed by Northwest P e r l i t e  Cor�vr�tion o f  Portland. Althou1:h the co mpany has done 

considerable exploration and initial test work on the deposit, it has not announc e d  

dHfinlte plans C o r  t h e  construction o f  a m i l l  and furnac e .  Other deposits occur at 

Dooley Uc�ntaln (21)  ln *outhern Bake� C ounty ann at Junip�r Rid8e ( 2 2) southwest o f  

Burns in Harney County. 
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Altho�gh perlite is a re lative new�omer to the l ightweir,ht aggregate f i e l d ,  it has 

already found wide acceptance as an acoustical plaster a&aregat e .  I t  i s  also used a s  a 
nursery b e dding material; as an aggregate f o r  monolith!� �onerete �onstruetion f o r  walls, 

f l o o r s ,  and ro �fs ; in preoa st oonoreta blocks for partition s ;  and to make an incomb�stible 
acoustical wallooard. One of the newest and faste st gro�ing uses of perlite is reported 

by Argall ( 1950) to b e  at a mud additive for oil wells t o  prevent loss o f  o t rculati o n .  

It i s  a l s o  �sed in texture pai nt s ,  st�c o o ,  i n s o o t i o i d o  carri e r s ,  anc as a s o i l  modifier 

f o r  agricult�re, * The u s e  of perlite as a substitute f o r  f e l dspar in c e ramic glazes has 

been reported ( Jac o b s ,  1?50 ) ,  

The Perlite Institute, a n  industry-spon�ored organ ization, i s  aotively engaged in 

seeking new markets for perl ite and has helped to secure a c c eptance of p�rlit� as a s tandard 

building material by underwriting c ompani e s ,  labor uni ons, and archit e c t s ,  T h e  Instttute 

i s  also str iving for standardi�ation of products within the perlite industry. 

Volcanic Tuff 

Definit i on 

Vo lcanlo turr l s  a natural lightwo1ght rock or voloanio origin composed largely of 

ce�anted pnrticl a s  o f  ash and pumtce with minor amount� of obsidian, ba3alt, and other 

volc�nic rocks. Oregon tuffs di splay a wide variety o f  c o l o r s  and textures which vary 

from fine-&rained to extremely ooarse.  Tufts containing pumice lumps half an inch or 

more in dia.meter are characteristic of the Fern Hidt:e deposits, while the deposit near 

W i l lowdale c l o sely resembles a true rhyo l i t e .  

Economics 

Alt hough many othor excellent bu1ld1ne atonea are ava ilable in tho State, such a s  

basalt, andesite, rhy o l i t e ,  sandstone, marbl e ,  granite, and slate, principal interest i s  

at present concentrated on volcanic t u f f .  D e p o s i t s  o f  t u f f  a r e  generously scattered over 

the Stat e .  The material t s  easily quarried and shaped, is r e latively light i n  weight, 

weather s  w e l l ,  and many o f  tho depo s its  have a plea si ng c olor and texture. Tuffs have the 

advantage o f  hard ening with age upon exposure, and1 though po sse ssing a relatively high 

porosity, little d i ffi culty from water s e e page and frost damage has been reported, The 

high cost of labor is ano th er factor favoring the use of volcanic tuffs, which require 

r e latively �implo equipment for quarrying and aha.ping. Some tuff blocks have even been 
cut with a carpenter ' s  handsa�. 

The currently high rail-freight rates should tond to place loc�l stone in a better 

competitive position from a c o st standp oint, but producers will have to overcome consumer 

r e s i s tance against buying a l o c al product when they can get another material whoce main 

appoal is the great distance that it had to b e  shipped, 

The oo�pe ti tive position of Oregon buildin� stones i s !�proved further by an not 

pa3oed by the State Lecislature in 194). This act, the full text of which appears in 

the appendix, grants a 5 percent diff erential in cost when Oregon stone i1 used in 

public buildings erected within the State. 

Depo!Jits 

P l easant Val l ey tuffs (23) 
Tuff quarries have been o�erated f r o m  time t o  time o ver  the past 50 o r  60 years 

at Pleasant Val ley in Baker County. Numerou s private and pub lic buildings in Baker have 

* 
Uincral Information Servic e ,  Cali fornia Division of Wines, Apr i l  1 ,  1951. 
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been constructed from this stone quarried at t·11o pits.  Tho deposits ar e located in sec,  24, 
T .  10 s. 1 R. 41 E. Both u . s .  Highway JO lUid the Union Pa.otrio Railroad po.ss o).ose by the pits,  
Blocks of  tuff measuring a yard or more in each direction oan b o  obtained ro�d1ly. In eeneral, 
the stone is light gray and fine grnined with a few scattered fragments of pumice and dark 
glass. Physical properti e s  of thiS and other tuffs found in the State o.re tabulo.ted on pa�SO 17. 
The apparent tonnage of  atone o.vo.ilable in tho area o.round Ploo.so.nt Val ley is lo.r�e. Thickness 
of the bed exceeds 100 f o ot in plo.ces with overburden fro111 one to 15 t" o et in thicknes s .  Quurry 
operations can b e  mo.intained throuahout the entire yoar. The cl imat� i s  characterized by dry 
summers and open winters with occasional subzero temperatures.  

Fern Ri dge tuffs (24) 
Volcanic tuffs, named from the typo lo �ality on Porn Ridse near Stayton, are ox­

posed over a considerable aroa east of Salem in �arion County. The tuffs �l�sely resemble 
those at Pleasant Val l ey,  although the �ern Rinse ruffs tend to have larger inclusions of 
lieht-colored pumice and dark lumps o f  glass and basalt. Sever�l quarries have been worked 
from time to timo nnd numerous buildings in the ilillamotte Vc.l l oy ho.vo b e en constructed 
with the stone which has proved to be an excellent building material in spite of its rela­
tively groat porosity. 

rr.e tuff deposits are for tho most part easily accessible ovor existing ronda. Tho �reo. 

is characterized by gently rolling uplands c.nd steep-sided canyons. Overburden is almost 
entirely lacking in plac e s  �hil a  at othors there i s  a covering of soil with donse brush and 
second-growth timber, Lnrge blocks mny b e  obtained readily in many plac e s .  One o f  the 
principal quarries was opened more than fifty years ago by the members of the Benedictine 
Abbey at �t. Angel, The qunrry, located in !!ec , JO, T ,  7 s . ,  R. 2 Jo: . , s•tpplied stone fe>r 
numerous �arion C ounty buildings, The Abbey still o·11ns the ground which ts  ourrently idle 
but under l ea s e .  At the tuff Stone Company' s quarry, looated 5 miles east o f  Sublimity in 
soc.  2,, T .  8 s., R .  1 Jo: . ,  long slabs are cut out of  the quarry face with circular saws mounted 
on traveling carriages,  This novel method permits blocks of  considerable length to b e  cut. 
Blocks from this operation o.re being marketed in a vo.ricty of  ohnpes and siz e s .  

�illowdale deposit (25) 
Throe miles south of  fl1 l l o•dal" post orrtce on u . s .  Highway '7 1n northern Jefferson 

County a bed or reddi sh-brown rhyo lite tuff is  exposed over a considerable area, Legal de· 
scription of  the deposit is s e c .  ' '  T. , s . ,  R. 15 E .  The stone is uniformly fine grained 
with occasiono.l 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 i s  given in the following tab l e :  

11llowdale Tuff* 

Si02 { Sil ica) . • 71- 58� 
Al2o3 (Alumina) 1 1 . 0 '  

h20J ( I ron oxide) l - 57 

CaO (Lime) 1 . 28 
lolgO {lolagnesia) 0 . 88 
uo2 (Titania) o. J8 

K2o (Potash) 4 . 10 

Na2o (Soda) J . ,8 

Ignition loss 2 . 14 

*Ano.lysis by L. L. Hoagland, chemist, Orogon Department or Geology and lolineral Industri es,  
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Te.blo l 

Phylii Co.l Proptrtiet or som• Oregon Volcunic Tuf f s  

Dee!� s i t  

Phaso.nt Valley 
tuf f  

(Buker C ounty) 

Tuff Stont 
Company 

(Warion County) 

Ut. Angel 
tuff 

(Warion County) 

i11ll o wda.l t 
tuff 

Crushing 
strength 

{ l b s/s!:j. in . ) 

2 , ,16 

1200-l!lOO 

)200-5000 

{ J e fferson Co unty) 

Crooked River 1J,85!l 
t uff 

{Crook County) 

Pine Grove 
tuff 

( Wasco C o unty) 

Apparent 
poro sity.!/ 

JJ., % 

)8 . 4  

J6.o 

2 2 . !l·J1.6 

17.1 

J4. 9 

Wo.ter o r  Specifio 
o.bsor2t1onV §re.vity Color 

22.3 �� 1 . 53 Dark 
gro.y 

JJ.20 1.14 Dark 
gray 

26.6 l. 35 Dark 
Gray 

12.1-21., l. 66-l. 8!) Pink 
red 
brown 

,.4 1.62 Cream 
whi t e 

2 2 . ,0 1 . 53 C rea111 
'lf1th 
pink 
and red 
bands 

Texture 

Coarse 
gro.ined 

Coarse 
grained 

Coarse 
graine d  

We diu111 
!'1no 
gro.ine d  

Fine 
grained 

J.lediUID 
fine 
gro.1ned 

l{ppo.rent porouity ie obtained by dividing the weight of o.bsorbed water ( in gram s )  by 
the volume ( i n  cubic eenti111eters) of the atone. 

Romo.rks 

Considerable 
production 
in po.st, 

Producing 

sawed blocks 
with trav-
e l i ng quarry 
saw. 

ConS1dcrabl e 

producti o n  
i n  past. 

Depo sit 
undeve1op�d. 

Deposit 
undeveloped. 

Seal! pro-

due tion at 
pr�sent. 

�at er of absorption is obto.inQd by dividina the weight or water absorbed by the •eight 
of the dry stone. 
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The stone crops out close  to the highway; the nearest railroad siding i s  at Gateway 
about 8 mil•• west on the Oregon Trunk Railway. Little or r.o overbut·den Govers tha 
dopooit, one side of  which forma a low cliff ri sine approximately 50 feet above the l ev e l  

of the valley floor. 

In the past, production was limited to the sale of r oueh stone on a tonnage basi s .  
The quarry lite has been leased rae ently and a n  opero.tor i s  planning o n  setting u p  stone­
sa\'ling equipment ( 1,5 1 ) .  The attractive appeo.ranco of tho stone, combined with its 
relatively low porosity and hich orushing strength would indicate that i t  might have 
o onsiderabl e appeal as a building stone. 

Crooked River l o c a l i ty (26)_ 

;.. dopo:d. t of rhyolite tuff of ur.uaual o.ttraetiveness occurs in western Crook 
County in see, 211  T .  16 s. , R .  17 E. Tho locality is reached by taking the arave led 
Combs Flat road southeast from Prinevi l l e  for n diatunoe 17  miles to tho junction at 
Crooked River, thence downstream for appror.imately S miles to the Bailey Sohool at the 
mouth of Gwl Creek. The rhyolite tuff beds lie  n short distance to tho northeast of  
the Carey Ranch •hioh il  about 1 mile  up  Owl Creek from the sohool hou s e .  The rook orope 
out along n fairly stoep hill side for a distance of half a mile or more in a series or 
beds which dip steeply into the hi l l .  

The tuff i s  dense and has a uniform texture. The matrix is a palo· pinkish oolor  in 
whioh numerous oreamy--hite patches occur. In adcition, there are some tiny black rook 
fr�ement s which add interest to the appearance of the stone. It possesses a low app•rent 
porosity and a remarkably hich crushing strencth. The apecifio sravity i J  much less than 
moot common building stone ; it can be sawed readily and littlo if any ravol ing or pitting 
has been observed, Architects who have 1oon tho stone have been optimistic over its 
possib l l it i e s ,  since 1-t would provide them with o. new matorial which would be eo.sy to 
prepare and would be an Oregon stone. 

Tabl e  1 on page 17 aummari zes  the 
oomparos them with other Oregon stones. 
in the f o l l ovine table : 

physical properti�s of the Crooked River stone and 
The ohemiual composition of the stone is glven 

Crooked River Tuff* 

S102 (Silica) 67. 1 5�; 

Fe2o 3 ( Iron oxide} l .  36 

Al203 ( Alumina.) l ) . )0 

CuO (Lim�) ). 88 

J.lgO (Mngnosia) 0 . 6 2  

K20 ( Potash) l . 6 )  

Na2o ( Soda) ).OJ 

Ignition loos  , . 6z 

Dlooks several f e et aqunre may be obtained from the dopcsit wh1oh has not no yet boen 
developed, The stone eun be aawed readily and it splits quite easily ulone ont plane, 

Pine Grove deposit (27) 
Platy volonnio tuff occurs in Wo.sco C ounty about 5 miles south of  Pine Grove in 

the NW� see, 11, T, 6 s . ,  R. 11 £, C o lors ranae from greenish throueh gray to buff. Some 
portions of  tho tuff have bands of  dark red or brown which givo the otonc an interesting 
pattern. A small amount or stone has bten quarried, Physical properties of  the tuff are 
given in the table  on page 17. 
*Analysis by L .  L. Hoagland, chemist, Oregon Department of  Geology and Uinorul Industri o s .  
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ConelueionJJ 

In Oregon there appears to b e  an excellent opportunity t o r  the production ot a new 

type or lightweight aggr egat e .  A mixture consi sting o t  crushed, nonexpanding clay or 

shale and some ooabustible aatorial such as sawdust o r  ooal forms a teed which when ignited 

in a spooially designed traveling-grate kiln produces a lightweight aggregate c l inker suit-

able tor use in standard applications. Since Oregon has lim itless occurrences or clays 

and shales often located adJacent to quant ities of sawdust and low-grade coal deposits, 

this manufacturing process would seem t o  otter considerable inducement to operators 

po s s e s s i ng sufficient capital t o  build the n e c e s sary plant. 

The future or the lightweight aggregate industry in Oregon seems destined to be one or 

continual growth. A steady influx or residents and industry should create a large demand 

tor building materials tor years t o  come. It will be up to the lightweight aggregate 

producers to eeoure their Just share or thi8 business. Reserves or pum i c e ,  perlite, 

diatoai t e ,  expandab l e  $hal e ,  and volcanic olndere are large, or good grad e ,  and generally 

quite well l o cated with respect to markets or transportation. 

The industry has little competition rroa out-of-state producers because few or the _ 

out-or-state depoaits are located c l o se enough to aark ets in Oregon to stand the c o s t  or 

tran3porting the low-value material. The main problea faoing lightweight aggregate 

producers will apparently be consumer acceptance. Any new commodity aust overooae a certain 

aaount ot sale• r e a 1 a tanoe troa oonaumera acouetomed to familiar produote. Onoe this 

reluctance t o  change has been overcome there reaains the cont inuing problem or producing 

a superior product having a �ini�um variation in composition and specifications. Non­

�etallics produc e r s ,  unlike �•tal miners, have to keep H e e l l i ng" their customers. 

Competition. in the lightweight aggregate business is between individual producers o t  

t h e  lama product and also between producers o f  different types or material which may be 

suitable f o r  the same Job or same customer. An exception to this condition exists among 

tho "Haydi to" produc e r s  who are liconsod by aroo.s. I n  Oregon, ho•ever, this advo.ntage i s  

O f f s e t  b y  the production and lale o r  an eXpanded shalt almost identical t o  "Haydi to" froa 

siailar raw mat e r i a l .  

Appendix 

Results of Test Work on Coatina Lump Pumioe 

Purpo s e  

T h e  test w o r k  d e s c r i b e d  below  was undertaken with t h e  h o p e  that some simple and in· 

exptnsivt method might be discovered to coat pumice lumps and thus to improve the material 

as an aggregate in concrete mixes. Pumice hal high �oisture absorpt�on oharact eriltios and 

there would b e  a very d•finite advantage in l e s sen1� � porosity ot the pumi c e  surface. 

High absorption i s  undesirable becau $ e : ( 1 )  an excess or •ater and cement must b e  added to 

the mix, ( 2 ) precast blocks show an unduly great amount or shrinkage, and ( )) the time 

required to oure pumice blocks appears to be greater than that for standard 1and•oement• 

&ravel units. It these di sadvanta&es can be either ovarooae or dl m isbed appreciably at 

moderate o o o t ,  the produoors or pum i c e  oould supply the trade with a superior product. 

The Department is not equipped to do elaborate physical t e sting, and only simple 

prel iminary research into the problem could be attempted. Two series of tests w a r e  carried 

out. I n  the first s e r i e s  nine coating materials ware tested on pumice lumps from one 

deposit. ln the eecond series the two coatings •hich gave the b e s t  results in the first 

test w e r e  used t o  coat pumice lumps from five different deposita i n  central Oregon. 
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D e l c r iption ot te•t• 

ln tho ti rat oorioa i-inoh lu�pa ot Chemult pumic e  were i••er•ed in tlurrie• o r  the 
f o l lowing •aterial a :  ( l ) pum i c i t e ,  ( 2 )  expanded perlite, (J) ground limonite, (4) silt troa 
Columbia Briok Works at Gresham, (5) volc�nic a•h from Gilliam County, (6) the s am e  a•h 
ground to -200 •esh, (7) obsidian, (8) a 50-peroent solution ot sodium silicate, and 
( 9) ground pumice lumps. All ot thaae material s ,  with the exception or the coarse volo anic 
a•h from G i l l iam County and the aodium ailioate, w e r e  ground to approximately 200 •••h. 

The lump• were immer•ed in each o t  the alurries tor about JO seoonds and then allowed to 
dry before being placed in an electric rurnc.c e ,  heated to 1950• P. Two teat runs were made ; 
in the tirat tho lumpa were aalcined tor 15 aoconds and in the eeoond they were oaloined 
tor 1 minute. Immediately after calcining, the lump• were removed from the turnaoe and 
allowed to air coo l .  

The lumps were next placed i n  water and the time required to r them t o  l o s e  their buoy­
ancy was noted . Due to the s�all amount ot material used in tho preliminary testing, tho 

data w a r e  regarded as indicative rather than conclusive. Several anomalies,  or at least 

wide v�riations, ware observed, probably caused by dit terenc•• in textures ot the lu•p•. 

Ot the nine c oating mat erial s tested, two proved tar superior to the remaining savon. The 
samples ooatad with coarse ash from Gilliam C ounty and the ground pumice from the Chemult 

area f l oated nearly twice as long as the next best coating matorial . 

In tho second s e ri e s  or t e s t s ,  larger quantities or pumice from the five cooperating 

produc e r s •  deposits were coated with the �•h and ground pumioe and calcined tor 10 minutes 
at 1 9 50• F .  A longer calcination period •as ueed t o  permit a more aomplete  rusion o r  the 
c oatings i t  p o s s i b l e ,  since examination or the coatings or the lumps in the first test 

under the b i n ocular microscope revealed that f u s i o n  was incomplete i n  nearly every c a s e .  
The coated lumps ware saturated as in t h e  f i r s t  t e s t ,  after b a i ng woighod dry, A comparison 
ot the absorption or the two s e r i e s  or coated lumps with similar uncoated lump• is given 
in the fol lowing tab l e : 

Sample s  

1 

2 

J 

4 

5 

Uncoated 

u4.o  

100,0 

Percent Ab•orption 

Coated with 

Chemult pum1oe Gilliam aah 

70 .0  

7'} . 0  

7!1. 1 

85. 0 

5 2 . 9  

4J.O 

47.J 

61 . 2  

s6 . J  

54 · 5  

Percent Improvement 

Che111ult pumice 

44 . 0  

G1111aa ath 

71.0  

4J.O  

)7.8 

4) .7  

5 · 1  

�: T e s t  w o r k  w a s  undertaken in order t o  point to the value o f  coatings, n o t  to indicate 
r e l ative quality or pumice used; therefore source o r  pumice samples i s  not given. 

Prom the abov• tab le i t  t s  evident that considerable improvement in r educing the ab­

sorption of pumice was obtained by coating and oaloining the lumps .  !ho volcanic a s h  from 
Gilli�• County consists or thin glassy shards. Apparently the t iny curved plates seal the 
pores more effectively than finely ground materials. I n  tho first oorie o or t o o t s  G i l l iaa 
County ash ground w -200 mesh proved to be l e s s  than one half ao etteotive as the natural 

unground material, 

Conclusions 

From the preliminary test work it i R  arparent that the porosity or puai a e  lumps o r  the 
s i z e  used in bloo k  manufacture oan be coated efteotlvely with either ground puaice or vol• 

canic aah from a depo s i t  in Gill iam County. While the latter material is consi derably 
bettor, the economics involved in transportation might be such that the use ot ground 

pumi c e  would be more feasib l e . 
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No data are aTailable oonoerning ooata of treating lQ�P pQaioe in the aanner deaoribed. 
TeetiQ8 on a pilot·plant aoale WOQld need to be done to deteraine the eoonoa1oa of operation. 
It 11 belleTed that OTen aoro otfootiYe ooatinga oan be deyeloped aa onl7 a few ot the large 
nuaber or poee1ble Tar1atione in types ot o oating material•, tinenesa or grind, methode ot 
ooating, anA oalo in1ng haTe been tried. 

AN ACT 

(Senate Bill 18) 

To enoouraga the prodQotion or indQstrial and building aaterial ained and produoed in the 

State ot Oregon. 

BE I T  lHACfED BY fHE PEOPLE or fHE STATE or OREGOH: 

Seotion 1 .  AQ3 board, oommisaion, ottioor, emplo7ee or other person or peraone 
aoting tor the etat e ,  or any oount7, aunioipality or taxing distriot whoso duty it is or 
aay be to purohaee or oontraot tor the use ot any nonaetal lio aineral oonatrQotion aatorial 
or �ateriala ,  exoept oeaent, aand, gravel,  oruehed rook and pla1ter, to be ueed in the 
oonatruotion or publlo building• or other struotures on behalf or the atate, oounty, 
munioipalit7 or taxing dietrlot, shall aaleot, purohaae or oontraot tor the uae or suoh 
material• as are produoed or aanutaotured in the state ot Oregon when the prio•• quoted 
tor the aaae are not more than 5 peroent in exoeas or the lowest bide or prioea quoted 
tor the aaao aatoriala produood or aanutaotured oloewhoro, qualit7 nnd aerTioe oonaidorod. 

Seotion 2. In all oaaea wherein auoh buildibg or oonatruotion aateriala are or oan 
be produoed in Oregon, the arobiteot or other person preparing the apeo1t1oationa thall 
require that all biddera shall aubait alternate bida ooyering the uae ot auoh Oregon 
material• and the uae ot aateriala troa outside the state. 

Seotion J. With reapeot to auoh oo .. on building material• aa oeaent, aand, oruahed 
rook, graTel, plaater, eto . ,  tor auoh buildin&• and atruoturea, the oontraotor ehall b e 

required to uae Oregon produoed or manufaotured material• in all oaeee where the bid prioes 
or euoh •ateriala are no greater than those or oi•ilar aateriala produoed or aanufaotured 
outeide ot Oregon. 

Stotion 4. !hie aot ahall not apply in any oaae wherein the provi sions hereof 
interfere or oontl1ot with federal atatutea or regulationa. 

riled in the ottioe ot the aeoretary ot state rebruary 8 ,  1,43. 

Oregon Laws, 1943, Chapter 24, page JO. 
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