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~ INTRODUCTION 

History: Since experimenta in Japan many years ago (Kozu, 1929) it bas 

been known that certain types of volcanic glass would expand when 

heated abruptly. In 1928 students at the University of Nevada expanded 

perlite glass from a deposit in Bodie Canyoh, between Aurora"Ud..Jiawthorne, 

and in 1940 perlite was treated in a kiln at Las Vegas and uaed with gypsum 

to plaster a large building there. 

In 1941, L.L. Boyer conducted some experiments on crude perli te near 

Superior, Arizona, and later in the same yeu tests were made by the Arizona 

Bureau of Mines1 which showed that when crude perlite is crushed to 4-mesh 

and hea tad to around 1700° r. a. lo es in weight or nearly 4 per cent and an 

increase in volume of over 600 percent takes placej The rook, which is a 

naturs.l glass with a water content of from 2 to 5 percent, "pops" li~e pop

corn, to produce a light colored frothy aggregate having physical character

istics which make it an excellent insulating, acoustic, and building material 

aggregate. 

Se.:nples of perli te hae been collected for the museum or the Oregon Dep

artment of Geology and Mineral Industries in 1940, and other aamJ;les were 

submitted to the department by Mr. J.W. Staats of Maupin in 1944. Early in 

-1945, Ml'. E.D. Zoradi, of Dant and Russel Inc., came into the Portland 

office of We department and was given the location of these and other samples 

of perlite from various locilities in Oregon. As a result of i1is investigations, 

several plots of land were leased and claims located by Dant and Russell, 

and prospecting work 1Ls begun in the tall of 191+5 on the deposit located 

north o~ Frieda Station. 

l. Bull. 152, P• 35, 1944. 



Geography: The Deschutes River Canyon has a depth of 3300 feet in the 

stretch adju.cent to the area studied, where it has cut down 

through a great fold in the Columbia River Basalt and underlying rocks. 

The walls of the canyon drop in a series of great steps, formed by the 

flows of basalt and rhyolite and interbec.ded softer materials. East of 

the canyon the slightly dissected Shaniko surface (Hodge 1930) stretches 

for 25 :niles eastward, and slopes away still farther to the north. ~est 

of the canyon and south of the mine, the ~ass of older rocks kno•n as the 

Mutton Mountains rises to elevatione of over 4200 feet, standing a thousand. 

teet higher than the Shaniko surface of Columbia River basalt. 

The north side of the Mutton Mountains is drained by Eagle Creek, 

which empties into the Deschutes River half' a mile south ')f the mine at 

Fried&. ilthougn having a drainage area of over 30 aquare miles, it is an 

intermittent stream, being dry tor several months of the )Jear. The flow 

of the Deschutes River above Crooked River •1e more remarkably uniform than 

that of any other river in the United States comparable in size •••••• at 

the mouth of the stream t.he maximum discharge ia only six times the mini•um" 

(Henshaw, 1914). A guag:ing station at Mecca, 25 miles upstream fro'll! the 

area mapped, recorded, in the period 1911-1926, between 3 and 4 million 

4cre-feet of run-off per year, with January maxima not exceeding 12,100 

anc no August minima less than 3,170 iere feet. The annual precipitation 

is about 15 inches, although snowfall is greater in the higher part 0f the 

Muttom Mountains. The mean temperature range ie from 45 to 52°. Climatically, 

the region is classified as dry steppe, with summer drought and cold winter. 

The Frieda area is bare grassland, with an occasional oak and cotton

wood in the canyons. Pine and i'.ir occur higher up on the crest:-:: of the 

ridges. 



AclcnowledgentfU The writer was assisted in the topograc-1hic mapping of 

the Lady Frances mine area by Mr. R.G. Bassett, then 

engineer at the lll~tlt-.__. He ie much indebted to Mr. El$h. Zora.di, Mr. Pierre 

Hines, and Mr. Fred Gustavson for suggestions and discussions of the pro

blems involved, and to Mr. Paul Schmidt for many courtesies during the 

period spent at the mine, which totalled 12 days. The base mine map for 

Plate 6 was also constructed by Mr. Bassett. 

GEOLOGY 

General Stratigraphy: Perlite deposits in Oregon generally occur within 

the Cl&.:rno formation, of Eocene (lower Tertiary) 

age. This series of andesitic, basaltic, and rbyolitic lavas witn inter

bedded tuffs a.rid ash is widespread in central Cregon (Hodge, 1731; fiasers, 

1942) (See Plate 1 for general distribution) and ~ocks of equivalent age 

occur in several localities farther wast in Oregon (Oilluly, 1937; ?iper, 

19.39, P• 52; Bryan, 1929, P• 46) The Ciarno is divided by a strong un

conformity into a lower series, predominantly composed of andesitic tuffs, 

breccias and flows, and an up_per series, mainly rhyoli tic in lithology. 

In the Horseheaven area, 35 miles southeast of the min~, the lower series 

is 5,800 feet thick; in the i,1utton Mountains th."e andesite belo,, the uncon

formity is exposed for only 500 feet at the base of the section, whil~ 

the overlying rhyolite is over 2,000 feet thick. 

The base of the Clarno is exposed near the head of Hay Creek and Little 

Willow Creek east of hladras; nea.f·Mitchell; and near Muddy Creek Ranch, 

just west of the John Day River. The formation unconf'ormably overlies slates, 

sandstones and conglomerates of 1.esozoic age. The ·rocks near Mitchell are 

of Cretaceous age, e.c.sewhere they are probably older. The Olarno is usually 



overlain by tuffs of the John Day formation (Oligocene} although younger 

roc~s overlap in a number of places. 

Perli te also occurs in eastern Oregon in rocks which are a 1):)arently 

later than Cl...rno age. In the Steen,· ,MollDtaine reyolite flo•s ana intru

sives wit:-, ~erlitic selvages may be Pliocene (Fuller, 1931); in the Harney 

Basin perli te occurs in rocks assigned to the Danforth formation (Pliocene) 

(P1;.ier, 19.39, P• 1+7.) 

The Clarno rocke of the Mutton Mountains have been ma1)ped in detail by 

Wilkinson (1932), and more generalized maps of the a.re& have been publiehed 

by Hodge (1931, 1940, 1941). The generalized section, as abstracted from 

Wilkinson, is as follows, 

'l'.hicknese 

50 1 ( ?) 

100' 

500 1 

700 1 

150' 

Descriptiop 

Upper andesite flows 4illd plugs, generally massive, iron 

gr&¥ to blc1.ck, fine textured granular. 

Al~alj-rhyolite {pa.ntellerite), vesicular, light to 

dark gray, mottled. 

:RbyoJ.ite proper (eubty;ie A), banded, gray, violet and 

fawn colors, aphanitic groundmass, with orthoclase and 

some ~uartz phenocrysts. Includes interbedded tuff layers 

not over 1001 thick. 

Aphanitlc rhyolite (lithoidite), massive, red colored, with 

perlite a.od obsidian beds, particularly at the top. Con

tains local illterbedced pyroclastics, not over 50' thick. 

Trachyte, platy, aph,ziitic, gray color with ironQstained 

ba.nds, overl~n by a thin bed of black glaee. In some 

places the enUre flow is glassy (This is the main perlite 

zone). 



0-500 1 

100• 

200 1 

Agglomerate, varying from fine grained to breccia. in 

size, red, cream a.no. green colors. Contains interbedded 

tuff and a.sh. 

Rhyolite porphyry (nevadite), as lenses and dikee, a~banitic 

with r.1icr,:1crystals, gre1.y t:i red in color. 

--------Strong disconforml ty-----

Andesi te, den~e aphaniti.c to glassy, dark gray, green 

to blaclc in color. 

A reconnaissance geologic map of about 12 square miles was mada of ·the 

area around Frieda Station (Plate 2), loc:..ted at the north end of the Mutton 

Mountains on the Deschut,ss River a.bout 9 :niles south of the town ,;f iiiau;iin. 

A more detailed t00.-;;graphic a.11d geJl::>gi.c map, on a scale of 20J feet to l 

il')cn (Plate 5), was made of about one-half square :nile around the Lady 

Fra.'1ces Mine, a' thousand feet north of Frieda. 

lhe lOJ foot bed of rhyoli te porp~ above the diaconformi ty of Wil

kinson does not ap:,ear near Frieda or· alone. the north wall of Eag-le Creek 

south and west of the Frieda although it occurs farther to the north and 

east, on both sides of the river. The ag;;lomerate bed is only a few feet 

thick at the Lady Frances mine, but it thickens ra?.i.dly to the southwest, 

where half a rdlo up Fagle Creek stee;) attitudes within it Lnai.cate the 

presence of a buried cinder cone o.! considerable dimensivns, c0:r:Josed of 

a11desite breccias and yellow· and red. scoria, lapilli, o.nJ tuff. Five sec

tions v1ere rJug:1ly measured both up and down river from the icin•~ an:::.. near 

the mine; these are presented vn Plate 3., The perlite flow in which the 

mine is situated lies upon water laid tuffs, upon agglomerates, and. in places 

upon the underlying andesi te. Farther east and north there are two zones of 

perlite, separated by a rhyolite flow. A rough idea of the relationships :.r-
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is suggested by the diagrammatic cross section on Plate 7. 

There are seven atrati~aphic units distinguished on Plate 5, a geol

ogic map of the area adj~et1t to the mine, which may be summarized as 

followsa 

TQjlc!qle11 . 

0-50• 

~o•+ 

'1-.i-:f... 

900-1000 1 

. O-l.40' 

0-75' 

Tal~• and 8oil cover 

Recent alluvium, terrace, .!lild landslide material 

Dik•, 50- to 150 1 thick, of gray, porous a.ndesite, 

cutting entire Clarno and Columbia RiTer basalt eection. 

Rhyolite, platy, banded, sometilfl3S massive; gray to red 

color. Con~ina well defined flow structures, and near 

the base is often cavernous, wltt lithophysae and nodules 

containing agate • 

Perlite, blocky to splintery fracturing, light gray to 

nearly black in color J fre~uen tly con ta.ins well developed 

flow planes of lighter and darke« ~&terial. 

Water-la.id tuff ana. tuft breccias, varying from fine grained 

well bedded yellow tuff to a perlite agglomerate, consisting 

of round •pillowsu of perlite in a vitric tuff matrix which 

gr~ea into massive perlite above. Considerable alteration 

of both ma.tr~ and perlite by silicification, te form a 

greenish chalcedoni~ material. 

----unconfor,iiity---

Andesite breccias and 1flows, la.pilli tuff., dark yellow to red, 

grading do~nward into andesite breccia and massive, blocky 

fracturing, usually vesicular and frequently amygdaloidal 

a.ndesite. 



Hear the sine the various unite are eseentially flat lying, but the 

regional dip is to the north, and the perlite fl-ow which ii, at an elevation 

of 500 teet above the river at the mine, dipe below river level less than 

2 mile• north. 

Agde;sitess The andeai te tlowe occur 1n outcrepe in ·the river bed juet 

below the mine, and form prominent pbys1ograpbic benches 400 feet above 

the river. They do not rise as high in the bed ot l.agle Creek, b~t form 

l01r clift1 on either 1ide or that streu for several thousand feet to the 

southeast. An interbed or green waterlaid turf and overlying turr breceia 

appears opposite the mine of the east aide or the Deschutes. On Eagle Creek 

tha lavas are O"lerlain by several hundred feet ot dark red to yellow and 

green tutf-bre¢cia eont&ining a.ndesitic ecoria, &pd lapilli or all aizee. 

These rocks weather into abrupt cliffs, pinnacles, and spires. Steep dips 

in this material strongly suggest the former presence of an andesitic cinder 

cone about a mile from the mouth of Eagle Creek. · The lava varies from a 

black glaHy augite andesite to a gray vesicular and frequently amygdaloidal 

lava. Both phases are _..,bJ'T1tie, with from , to 20% andesine phenocrysts, 

sometimes in two generations. A few cryetala of hornblende occurs in the 

gla.Hy phase. The ground.mass of the glassy ph&se is 20 to .35% brown glass, 

20% to~ trachytic oligoclase, 15% to 20% augite granules, and 5% to 20% 

iron ares, th• remainder being alteration products such as chlorite and 

lilllonite. The vesicular phase has a groundmaas containing 20% glass, 15~ 

iron ores, 3J augite granules; and 15% tra,bytic oligoclase-andesine • 

.--gdales; whioh J&Bk.e up 30% of the rock~ contain, in order of formation, 

unidentit'i~ zeolitee, interstitial chlorite, secondary iron ores, and chalcedony. 



Tufts and perllte breceiaJ Above the andeite and andesite breccias are found 

iaolated: beds ~be-grained, well bedded, water

laid Titric tuft-, composed of minute shards of glaaa and ~rlite. At several 

localities up Eagle Creek the tuff is green and coarse granular, being com

posed of partially altered fragments of andesite and gla&1. Above the tuff 

there is usua.l.ly a layer of perlite breccia., from a tew feet to over 50 feet 

thick, .o~ maaeive perlite. At one locality a. mile east of the mine 

great blocke of perli te breccia. are imbedded in green tuff, which also con

tains angular and water-worn pebbles of basalt. Thf:f breccia ie co111poeed of 

rounded 11 pillowe" of perlite in a. IUii.trix consisting of tte1h to altered per

lite tuff, containing angular fragments of the underlying andesite. Consid

erable aeoondary eilic1ficati0n or both perlite and tuff has taken place, 

with the formation of a pale green chal.cedonic or plasma-like material. 

Some perlite fragments have rims of this siliceous material. Yellow unctious 

clay is not m,commonly present in the matrix. The rounded bodies of perlite 

frequently haTe smoothed and apparently striated surfaces. 

Perlitea Blocky and splintery-fracturing light gray to nearly black perlite 

overlies perli te breccia, tuff, and andesi te brecciq,J.and \1Jlder

liet the rey-olite. In the Jrieda district it crops out in three general 

areas (see Plate 5), at and dear the aine, 2000 teet south in the nor\h wall 

of Eagle Creek, and over the ridge to the northweat on both side1 of "Lana. 

slide Canyon•. These outcrop areaa are believed to be connected beneath the 

soil cover, and perlite may be ov1erved 4ong the aame ;one tor three miles 

to the southwest up Eagle Creek, and tor'two miles north a.long the west side 

ot the river to where it dips bel'()w river level half a mile south of Nena 

Station. Perlite also occurs &eroaa the river to the east and in Sheep 

Mountain to the south. To the east and north two beds of perlite occur, with 

an intervening rhyolite. 



At the mine portal the perlite is about 150 feet thick, but 400 feet 

south it is less than 3J feet thick, being replaced by bedded tuffs below 

and vi tric tuffs above. North of the portal °' the mine a plug of rhyoli te 

400 feet by 800 feet is bounded on both sides by perlite, and contains ver

tical, contorted, and steeply dipping flow planes. The contact between 

this plug and the adjacent perlite consists ot interf'ingering lenses or 

perlite in rhyolite and rbyolite in perlite, the latter being parallel with 

flow planes in the perlite. On the south and west of the plug, where ex

posed in the mine workings, the flow planes dip gently away from the plug 

and then rise again, forming a peripheral s,Jclinal structure (see Plate 6). 

The base of the perlite, where it overlies brecciated and tuftaceous rocks, 

dips north towards the plug. North of the mine porta.l the tuft and bfeecia 

ia very thin, perlite resting almost directly upon andesitic breccias 8lld 

At the south outcrop area perlite overlies perlite breccia which in 

turn overlies a t:iick section of anc~esi te breccia. The perli te hne is dark 

brown to black in color, brea~cf"· with a smo·) th blocky fracture, and consists 

of angular fragments of glass completely rewelded into a massive perlite, 

the only distinction between fragments and matrix being one of color. The 

angular and subangular fragments have a bluish gray color with reddish rims, 

the groundmaes being a dark brownish black. In t11in section the perli tic 

cracks a;rpear, but are not abundant. The glass has an index of:'."rtfPaetion 

or 1.505± .002, which indicates that it has a silica content of about 71 

percent (George, 1924), wher'eas the gray perlite with the splintery fracture 
I 

at the main deposit has a refr~ctive index of nearer 1,50, indicating a 

slightly higher silica content. Crystallites are sparse, consisting of lines 

of baculites. Fine iron ores are dusted throughout, frequently arranged in lines. 



A generalized cross section sho~ing the relationships of the perlite 

with adjacent formations in the Frieda area is given in Plate 7. 

Rb,, olite, Thick :f'lows of rhyoli te in exceH of lOOO feet overlie the per-

li t.e. At the mine the contact is sharp, with the under surface 

of the rb;rollte being grooTed, indicating non.ge over already cooled and 

aolldified perlite~ A mile up Eagle Creek and two miles down river, the 

contact is less definite, with 'blocks of perlite incorporated into a r~olite 

breccia, and rbyolit. fragments included JP&rlBely in the perlite breccias. 

In these localities the lower 10 to JO .feat or the rhyolite is cavernous, 

with rounded lithophysal nod\1.lee de.velof)ed on the walla of the cavities, 

which in places make up e.s much as ,0 percent of the rock volume. The 

r~olite above the perUte exhibit• well defined flow structures, the banding 

due to varying color f'rom lavendar to yellow, brown to red. In thin section 

the color tanda are 'apparent under parallel light, but under crossed nicols 

tbey disappear, and the rock is seen to be an aggregate of radiating epJu,r-
. ' 

elites, ooaposed of min~t• acicular cryst&la of quartz and orthoclaae. The 

rock is made up of 15% well. developed spherulites, 35% irregular interetitial 

apherulitic material, 2oi interstitial quartz, 20% iron ores, 10% secondary 

limonite, and a few biotite flakes. Complete petrographic descriptions of 

the various types of rhyoli te in the area are given by Wilkinson (1932). 

Poat-Clarno Rock,u .Above the reyolite series in the Mutton Mountains there 

.. is a relatively thin section of John Day tuffs, which 

do not ap,ear within sever.al miles of the mine, overlain by Columbia River 
, 

basalt, which cap the crest& of the ridges and forms the upland surface east 

of the Deschutes River. 
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Origin of Perlite: Perlite is fta glassy volcanic rock of rhyol-itic compos-

ition •ith a marked perlitic strudturew (Holmes, 1928), 

and perlitic structure consists of a s,ystem of convolute and spheroidal era.cks, 

developed in natm-al glasses during cooling. Perlite contains f'rom 2 to 4 

percent conta.ined water, and ueual:_y i• chemical analysis shows that th9BI 

is an excees ot la2o over K2o. Othe~• it ie identical in composition 

to adjacent and related rh:yolites,, whi,n usually 6)nt&in lese than 2 percent 

water and have an excess of "'' (Jullei-, 19.35). Several charaoteriatia 

analyses of perlites and. thyolit•e trom the Steens Mountains or· southeasteni 

Oregon (1uller, 1931) are given belowt 

PEBLITES - PJ!YOLITES OF sirms MTS; 
1 2 . 3 4 '5 6 7 

Sio6 73.00 ~, 7.3.60 75.62 74.50 68.66 72.65 
Al2 3 14.23 12.96 11.52 12.45 14.44 13.64 
reo 1.28 1.4 . 1.19 lil9 : .• a,· 1.18 i .68 

!tJ .28 ., .82 .82 .85 .so .70 
.65 .20 .26 .28 ,18 .60 .24 

Ca.O 1.25 2.44 ~64 .62 l.82 1.96 .55 
Nai() 2.96 4.15 1.71 1.80 ,.as 3.86 2.54 
K20 4.86 3.04 7.27 6.50 4.27 3.28 5.70 
~0 (above 105° C.) 1.00 4.J5 .80 .90 .66 4.80 1.50 
~o (at 105° c.) .60 .50 .40 • .3.3 .30 .40 1.50 

C 2 none none none trace none none none/ 
Ti02 .18 .34 • .30 .34 trace .25 .10/ • 

P205 trace .12 trace trace• .07 trace trace 
s trace none trace .04 none none 

Mg02 aee none none race none trace 

Totals ,t;$1d 99-;95; 99.89 9~ 99.95 99.91 1100.16 
, ~ .. ___ .. 4'.? 

1. R.¥clite 
2, ferli:t! 
J. Rhyolite 
4. Spherulite 
5. Rhyolite 
6. Perlite 
7. Rhyolite 

Analyses by w.H. and 1. Herdsman. 

The origin of the various types of volcanic glass, and of perlite in 



particular, ie. still a topic of considerable controversy. Conditions 

requisite for the forr!la.tio11. of thick deposits of glass seem to be 1~ an 

aci4,l.c magma.; 2) extremely rapid e~rileion; and 3) extremely rapid solid

ifica.tion. Basic magmas are more fluid than intermediate ()r acid mc:.gmas, 

and upon extrusion tend to remain liquid long enougn so ti1at they can beeome 

crystalline except on tl"ieir outer selvages. Acid magmas are rtscous, and are 

generally erupted rapidly, often accompanied by explosions and the formation 

of breccia., tuff, and pumice. They may lose their combined water and cool 

rapidly, thus preventing crystallization. The difference in composition of 

the.gl.a.ssy margins and stony centers of acid rocks (more water and soda in 

the glus) bas been at.t-ributed by several writers {Shand, 194.3, pp • .37-.38) 

to changes that have taken place since their formation, but this is not gen

erally accepted by most g&ologists, who believe that the high water content, 

particularly, is an indi .. tion of the original high water content of tae magma. 

In ~~~ase of perlite, it appears to be a general rule that such dep

osits overlie water-laid tuff bedi ·of a general similar composition, and are 

~ssociated with explosive action. E.K. Zoradi, who has visited numerous 

depoeits in the southwest, reports (oral commjnica.tion) tbat in every case 

where. the base of a deposit is exposed, it lies Ut>On tu£f' beds ,:;;r upon 

agglomerates or breccias of explosive origin. ThiP is the case in the Frieda 

district., in the Steens 1\ountains (Fuller, 1931), in the Owyhee area (Bryan, 

1928, .i?• 46), a.nd in the Superior (Pinal County) area and in the Black Mountains 

of :fohave County, Arizona (Wilson and Roseveara, 1945) • The only outstanding 

exception to this rule appears to be wJ;.en perlite occurs as the chilled sel

vages of andesitic intrusions (Water, 1942). 



In the Frieda area t~e pre~ence of perlite reworked intc the tuff becis, 

the apparent "pillow structure" in the base of• the perli te breccias, the 

rep•tition of water-laid, tuf'fs below and above t.,e perlite layers, a.no the 

degree of silicification and alteration of the breccias am,;. portion::, of the 

perlitea, suggest that t;;1e perlite extrusions took place beneath lakes of 

considerable depth, were, in race• sub-lacastrine tn nature. It is not 

impoBeible that the high water content of the glhSS in perlite here at least, 

is due in part to water added Curing extrusion and while the brecciated_,.,.,& 

was cooling. The brecciation and silicifioation would then be a result of 

the interaction between the hot lava and the surroundin~ v,aters. It is also 

believed that the actual vent from which the perlite came is represented by 

the rhyolite plug just north •:if the mine portal, and that the excessive thick

ness of the perlite at this point is due to tl1e pro)limity of the vent. 

There are numerous thin rhyolite flo~s of compositi~n similar to µerlite 

in the same area whidh cooled slowly enoug to crystlllize. If lakes were 

p:eesent at the time of extrusion they might have been cooled rapidly enough 

to form ?erlites. 
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