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po•l�• in other aroae. 
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IN'fRODUC T ION 

History 

Porlita is "a glany volcanic rook of rhyolitic oo�npos1tlon with o. markod perl1tic 
structure" (Holaes, 1,28), the latter consisting of a system of convolute and spheroidal 
cro.cks, developed 1n the glasl during cooling. Che�ioo.lly, it differs froa noraal vol­
canic glass or obtidian by containing 2 to 4 percent water. Since experillents 1n Japan 
mo.ny years ago (Kozu, 1,2,) it hal been known that certo.in types of volcanic gla•• would 
expand when heated abruptly. In 1928 students at the University of Nevada expanded 
perlite glass froa a deposit in Bodie Canyon, between Aurora and Hawthorne, and in 1'40 
perlite was treated in a kiln at Las Vegas and used with gypsum to plaater a large 
building there.

l 

In 1,41, L. L. Boyer conducted so�• experiments on crude perlite near Superior, 
Arizona, and later in the aaae year tests were ao.de by the Arizona Bureau of Mtnea2 

whioh ahowed that when crude perlite it cruthed to 4-meth and heated to about 1700• P., 
a lots tn weight of nearly 4 percent and an increate in voluae of aore than 600 peroent 

takes place. The rook, due to its water content ot troa 2 to 4 peroent, "pops" ltke 
popcorn to produce a llght•oolored frothy aggregate having physical oharaoteristloa which 
aake it an excellent insulating, acoustical, and building•aaterial aggregate. 

Saeplel of perlite had been collected for the auseUII of the Oregon Department of 
Geology o.nd Mineral Industries in 1,4o, and other samples were sub111itted to the departeent 

by Mr. J. •· Staats of Maupin in 1,44. Early in 1,45, Mr. E. D. Zoro.di, or Dant and 
Russel Inc., caae to the Portland offioe of the Department and was glven the location of 
these and other so.mples of perlite froa various localities in Oregon. A• a result of his 
investigation s, several plots of land were leo.sed and claias located by Do.nt and Russell 

Inc., and prospecting work was begun in the fall of 1,45 on the deposit located north of 

Frieda Station (see plates 1, 2, and 5). 

Geoa.!:,!p& 

Tho Deschutes River Canyon has a depth of 3300 feet in the stretch just south of the 
area studied, where the river has cut down through a great fold in tho Columbia River 
baealt of �iocene ago into the underlying Eooena rocks. fhe walls of the canyon drop in 
a series of groat steps, formed in turn by flowa of ba�alt, rhyolite, and andeait�with 
interbedded softer 11aterials. East of the oo.nyon the slightly dissected Shaniko 1urface 
(Hodge, 1,30} stretch•• for 25 aile• eastward, and slopes northward to the Columbia River. 
West or the canyon and south ot the mine, the mo.ss of older rocks known as the Uutton 
Mountains risea to elevations or aore than 4200 feet, atanding a thousand feet higher than 

the Shaniko surface of Columbia River basalt. 

The north side of the Mutton Uountaina is dr�ined by Easle Creek, which empties into 
the Oe1chutee River half a mile south of the mine at Frieda. Although Eagle Creek has a 
drainage area of more than 30 square mile•, it is an intermittent strea•, and 11 dry for 
several months of the year. The flow of the Deschutes River above Crooked River "is aoro 
remarkably uniform than that of any other river ln tho United States comparable in aizo • • •  

at tho mouth of the stream tho maximum diachargo is only six times the minimua" (Honahaw, 
1,14). A go.us1ng station at Mecca, 25 miles upstream from the area mapped, recorded, in 
the poriod 1,11-1,261 between 3 and 4 million acre-foet of runoff per year. Uinimu• 
monthly runoff has ro.nged froa 1,5,000 acre•feot in September 1,26 to 256,000 o.cre-feet in 
September 1917; o.nd maximum monthly runoff ranged from )20,000 acre-feet 1n Uareh 1,26 to 

4751000 o.cre-feet in Llay 1,17 (Stearns, 1931). The annual precipitation 1s o.bout 15 1Mh811 
although sno�fall is greater in tho highor part of the �utton Uounto.ins. The mean temper­
ature range is from 45 to 52°. Climatically, the region is classified o.s dry steppe, with 
summer drought and cold wintor. 

lpersonal communication, K.D.Zoro.di. 
2Bull. 152, p. J5, 1944. 



The Pried- area 11 bare grassland, with an occasional oak and cottonwood 1n the 
ca�ona. Pine and fir trees grow on the create of the ridges. 

The writer was assisted in the topographic mapping of the Lady Prances mine area 
by Mr. R. G. Bassett, then engineer at the •1ne. He 1a much indebted to Mr. &lko Zoradi, 
Ur. Pierre Bines, and Mr. fred Gustavson tor suggestions and diacuaeione or the problem• 
1nvol•ed, and to Mr. Paul B. Sch•idt tor •&1\Y oourteaiee during the period spent at the 

•ine, which totalled 12 days. The mine aap base tor plate 6 was constructed by Yr. Bassett. 

CEOLO�Y 

General stratigraphy 

Perlite deposita in central Oregon generally ooour within the Clarno toraat1on, of 
iooene (lower Tertiar7) age. This eeriee or andea1t1c, baealt1o, and r�ol1t1o la'\'al 
with interbedded tufts and ash ia wideepread 1n central Oregon (Hodge, 1')1; latere, 
1'42) {See plate 1 tor general d1etr1but1on), and e1a1lar rooke ooour in ee•eral lo­
calitiee farther eaet in Oregon (01lluly, 1')7; Piper, 1,3,, P• 52; Bryan, 1,2,, P• 46). 
The Clarne 11 d1'\'1ded bf a strong unconroraity into a lower seriee, predoa1nantly coa­
poeed or andee1t1o turre, breoclaaj and tlowaf and an upper aa1nly r�ol1t1o ••r1ea in 
which the perlitee occur. In the Horeehea'\'en area, )5 aile• 1outhea1t or the aine 
(Watere, 1'45), the lower eeriea 1a $800 teet thick; in the Mutton Mountains only 500 

feet or the andesite 11 expoeed below the unoonroraity, whereal the overlying rhyolite 
is aore than 2000 teet thick. 

The bale or the Clarno 11 expoeed near the head of Hay Creek and Little Willow Creek 
east or Madras; near Mitchell; and near Muddy Creek Ranch, Just welt or the John Day River. 
The formation uncontoraably overlie• elates, aandatonea, and oonglo•eratea or Ueao�oio age. 
The rocke near Mitchell are of Cretaoeoue ass; elsewhere they are probably older. The 
Clarno is etratisraphically o'\'erla1n by tufts ot the John � foraation (Oligocene) al­
though younger rocke lap upon it in a nuQber or pla�e•. 

Perlite also occurs in ea1tern Oregon in rooks wh1cb are apparently later than Clarno 
age. In the Steens Wountaino rhyolite tlow• and 1ntruo1voe with perlit1o selvages •ay be 

Pliocene {Puller, 1931}; !n the Harney Bae1n perlite occurs !n rocks a111gned to the Plio­
cene Danforth for•ation {Piper, 1,3,, p. 47); in Baker County in tho vicinity of Pleaeant 
Valley, perlite 1a aaoociated with tufts ot prcbabl• Pliocene age.) 

The Clarno rocke ot tho Uutton Uountaine have been mapped in detail by lilkinson (1,32), 
and aore generali�ed aape ot tho area have boen publiohed by Hodge (19)1, 1'40, 1'41). The 
generalized eeotion, ae abstracted fro• Wilkinson•• report 11 a• followl: 

Thioknoes 

50 ft. (t) 

100 rt. 
500 ft. 

700 ft. 

150 rt. 

Description 

Upper andesite flows and plugs, generally massive, iron gray to black, 
tine textured, granular. 
Alkal1�rhyolite (pantellerite), vesicular, light to dark gray, •ottled. 
Rhyolite proper (subtype A), banded, gray, violet, and fawn colors, 
aphanitic ground••••, with orthoclase and ao•e quart� phenocryst•. 
Includoe interbedded tuft layere not o•er 100 root thiok. 
Aphanitic rhyolite (lithoidite), maseive, red colored, with perlite and 
obsidian bode, particularly at the top. Contains local ln�erbedeed pyro­
claotiol, not over SO feet thick. 
Trachyte, platy, aphan1t1o, gray color with 1ron-eta1ned bands, overlain 
by a thin bed ot black glaeo. In soae plaoe1 the ontiro flow 1e gla••Y• 
(Thil i1 the •a1n perlite tone.) 

Jp;r;o;al ;.;.:n1o;tlo�.-W� D.-L;w;y� -------

-2-



Thickness 

0·500 ft. 

100 ft. 

200 ft. 

Description 

Agglomerate• varying from fine grained to breccia in size; red, ereaa, 
and green colors. Contains interbedded tuff and ash. 

Rhyolite porphyry (nevadite), as lenses and dikes, aphanitic with •icro• 
crystals, gray to red in color. 

------------:Strong disconformity--------------

Andesite, dense aphanitic to glassy; dark gray, green to black in color. 

A reconnaissance geologic map (plate 2) was made of the area near Frieda Station. this 
.area of about 12 square aile� is at the north side of Mutton Mountaine on the Deeehutea River 
about ? miles south of the town of Maupin. A more detailed topographic and geologie aap 
(plate 5), on a seale of 200 feet to 1 inch, was made of an area of about halt a square aile 
around the Lady Frances Mine, located a thousand teet Qorth ot Pried&. 

The lOO•foot bed or rhyolite porphyry above the disoonformity in Wilkinson's section 
does not appear near Pried& although it ooours farther to the north and eaet, on both. eidee 
of the river. The agglomerate bed st�atigraphioally above it is only a few teet thick at 
the Lady Prancee Mine, but it thicken• rapidly to the so�thwest, up Eagle Creek. Jive sao· 
tiona were rouchly aeasured both up and down river troa the aine and near the aine; these 
are presented on plate 3· !he perlite flow in which the mine ie situated lies upon water· 
laid tufts, upon aggloaerate�and i n  places upon the underlying andesite. Farther ea1t 
and north there are two zones or perlite, separated by a rhyolite flow. A rough idea or 
the relationships is suggested by the diagramaatio cross section on plate 7• 

There are seven atratigraphio unita dlatinguished on plate 5, a seologio aap ot the 
area adJacent to the aine, which may be summarized ae follow•: 

Thickness 

0·50 ft. 

0·100 ft.+ 
..... 

?00•1000 ft. 

0•140 ft. 

0•75 ft. 

500 ft. + 

Description 

falus and eo11 cover. 

Recent alluvium, terrace, and landslide mat•rial. 

Dike troa 50 to 150 feet wide of gray, porous andesite cutting entire 
Clarno and Columbia River baaalt section .  

Rhyolite, platy, banded, ln plnoes aasslve; gray t o  red color. Cont41ns 
well-defined flow structures, and near the base is often cavernous, with 
lithophysae and nodules containing agate. 

ferllte, blocky to splintery fracturing> llgnt gray to nearly black in 
color; frequently contain• well·d�veloped tlow planea ot lighter and 
darker aaterial. 

Water•laid tuff and tuft breccias, vury1ng from fine-grained, wall-bedded 
yellow tuff to a perlite agglomerate, consisting of round "pillows" ot 
perlite in a vitrio tuft aatrix which grade& into massive perlite above. 
Considerable alteration or both matrix and perlite by •ilicifioation to 
form a greenish ehaleedonlo aaterial. 

----------Unconformity----------

Andesite breccias and flows, lap1lli tuft, dark yellow to red, grading 
downward into andesite breccia and massive, blocky fracturing, usually 
vesicular and frequently amygdaloidal andesite. 

Near the mine tho various units are essentially flat lying, but the regional dip 1s to 
the north, and the perlite flow, which is at an elevation �f 500 feet above the river at 

the sine, dip• below river laval leae than 2 mile• north� 

-3-



Andesite" 

The andesite flows oeour tn oute�ops in the river bed Just below the aine, and tor• 
proainont physlographio benohes 4oo Coat above the river. They do not rise as high in 
the bed of Eagle Creek, but fora low olifts on either side of that streaa for several 
thousand feet to the southeast. An interbed of green water-laid tuff and overlying tuff 
breeeia appears east of the aine on both sides of the Deschutes River. On Eagle Creek 
the lavas are overlain by several hundred teet of dark red to yellow and green breooia 
containing andesitio sooria and lapilli of all si&es. these rocks weather to fora abrupt 
oliffs, phuaaoles, and spi.res. Stup dips in this aaterial strongly suggest the foraer 
presence of an andesitio cinder cone about a aile fro• the aouth or Iagle Creek. 

The lava varies fro• a black glassy ausite andesite to a gray vesicular 
and fre�uently a�gdaloidal lava. Both phases are porphlr1tio with rroa 
5 to 20 percent andesine phenocrysts, uaet1aes ln two a:entrations. A few 
oryotalo of auait• ooour in the alaeay phase. The hyalopllltlo grouDdaaaa 
or the classy phase 1• 20 to 35 percent brown glass, 20 to )0 percent tra• 
chytio oligoclase, 15 to 20 percent augite granules, and 5 to 20 percent aac• 
netite, the reaalnder beinc alteration products such.aa chlorite and liaonlte. 
The vesicular phase baa a groundaass containin& 20 percent glass, as auoh as 
15 percent aagnetite, 3 perotDt augite granules, and 15 percent tracb¥tio 
ol1goolaee-andesiRe. A_,gdulea, which aake up 30 percent or the rook, con• 
tain, in order or Coraatioa, unidentified &eolitea, interstitial chlorite, 
secondary aagnetite, and ohaloedony. 

Tuffs and perlite breccia 

Above the andesite and &Ddeaite breooiaa are round isolated beds of fine-grained, 
well-bedded, water•la1d v1trio tuff, ooraposed of minute sharda of glass aud perlite. 
At several local1t1ea up &agle Creek the tuff 11 greeD and coarsely granular, be1ft8 
composed ot partially �r.l tered fra&•ents ot a.ndea1 te and glaea. Above the tuft there is 
usually a layer or perlite breooia, Croa a few fee.t to acre than 50 Coat thick, which 
is overlain by aassive perltte. 4t one loc�l1ty a •1le east of the alne great blocks 
of perlite breooia are imbedded in gre•n tuft, whioh also contains angular and water• 
*orn ptbblee of andeeite. The br�cola 11 aade up ot rounded "pillows" of perlite ia a 
aa.trix consisting of fresh to altered perl1 te tuff with angul.u• fragments o·f· andea1 te. 
Considerable aeoondary a111cificat1on of both perlite and tuff has taken pla.Ge, with the 
for�at1oa of a pale green chalcodo•1c or plaaaal1ke •�terlal. Sorae perlite fragment• 
have rims of this siliceous Material. Yellow uDctiou• clay occura in. the matrix. !he 
rounded bodies of perlite frequently have aaoothed and apparently striated surfaoes. 

Perlite 

The perlite varies fro• light sra.r to nearly black in color, and has a bloo� to 
splinter� fracture. lt overlies both perlite breoo1a and tuft, aa well aa andeai�e breooia, 
and underlies the rhyolite. A generalized oroaa aeot1oa lhowing the relationships of the 
perlite with adjacent foraationa in tho Prleda area il given in plate 7. In this area it 
crops out in three general loca1ltiea (see plate 5) at and near the aine, 2000 teet south 
in the north wall of £asle Creek, and over the ridge to the northwest on both s1dea of 
"Landslide Cove." these outcrop areas are believed to be connected beneath the soil cover, 
and perlite raay be o�served along the saae &one for three aile• to the southwest up Eagle 
Creok, and for two ailea north along the wast aide of the river to a point half a aile 
south of Nona Station, whero it dips below river level. Perlite also oceura �cross the 
river to the east and 1n Sheep Kounta1n to the south. To tho eaet and north there are 
two beds of perlite separated by rhyolite. 

At the alno portal the perlite 1• about 150 feet thick, but 4oo feet south it is leas 
than JO feet thick, being replaced by bedded tuffs below and v1tr1o tuffs above. North of 
the �ine portal a plug of rhyolite 400 feet by 800 feet ia surrounded on three s1dea by 
perlite, and contains vertical, contorted, and steeply dipping flow planes. The contact 

.a.. 
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between thia plug and the adJacent perlite oonaiata or interfingering lenaea or perlite 
in rhyolite and rhyolite in perlite, the latter being parallel with flow plane• ln the 
perlite. The flow planea aouth and weat or the plug, aa exposed in the mine workinga, 
dip gently away from the plug and then riae again, forming a aynclinal atruoture (aee 
plate 6) around the periphery ot the plug. !he baae ot the perlite where it overlie• 
brecciated and tuftaoeoua rooka dipa north toward the plug. North or the mine portal 
the tuft and breocla formation is very thin, and the perlite resta almoat directly upon 
andeaitlc breooial and flowa. 

At the aouth outcrop area, perlite overlies perlite breccia which in turn overliea 
a thick aeotion of andesite breccia and tuft. The perlite here is dark brown to black 
in color, breaka with a eaooth blocky fracture, and conaiate of angular fragment• or 
glaaa co•pletely welded into a maeslve perlite, the only distinction between fragments 
and matrix being one ot color. The angular and aubangular fragment• have a bluiah gray 
color with reddilh ri•a, whereaa the lnteratitial glasa ia a dark browniah blaok. 

Aa ehown in thin aectlon perlltic oraoks are not abundant. The glaaa 
haa an index of refraction of 1.50�.002, which 1nd1catea that it haa a 
silica content or about 71 percent (George, 1'24), whereas the gray perlite 
wtth the splintery traoture at the main deposit has a refractive index 
nearer 1.50, indicating a alightly higher allioa eontont. Rod4shaped crya• 
tallltea are not uncomaon and tend to be oriented parallel to the flowage. 
Triohites alao appear. Pine magnetite dust appears throughout, frequently 
arranged in linea. 

Rhyolite 

Thick flows of rhyolite with a total thickness in excess or 1000 feet overlie the 
perlite. At the mine the oontaot ia aharp, with the lower surface or the rhyolite being 
grooved, indicating flowage over already cooled and aolidified perlite. At places a aile 
up Eagle Creek and two mil•• down the Deaohutes River respectively, the contao� is less 
definite, with blocka of perlite incorporated into a rhyolite breccia, and rhyolite 
fragment• included aparsely in the perlite breeciaa. In these looalitie3 the lower 
10 to 30 feet of the rhyolite is eavernoua with rounded lith�phyaal nedules develeped 
on the walla of the cavities, which ln places make up aa much aa 30 percent of the rook 
voluae. The rhyolite above the perlite exhibits well-defined flow structures with 
banding due to colora varying trom lavender to yellow, brown to red. 

In thin aectlon the color bands are apparent under parallel light, but 
under oroased n1ools they disappear, and the rock 1s seen to be an aggregate 
of radiating spherulites, composed of minute aoioular orystala or quartz and 
orthoclaee. The rock ls made up of 15 percent well·developed apherulitee, 
35 percent irregular interstitial epherul1tio material, 20 percent inter­
atitial quartz, 20 percent magnetite, 10 percent secondary limonite, and a 
tew biotite flakes. Complete petrographic descriptions of the various types 
of rhyolite in the area are giver: by Wilkinson (1932). 

Post-Clarno rooks 

Stratigraphically above the rhyolite series in the Mutton Mountains ia a relatively 
thin section of John Day tuffs, which are overlain by Columbia River basalt. The basalt 
caps the crests of the ridgea and forma the upland surface east or the Deschutes River. 
The John Day tuffs do not occur within several •ilea or the •lne. 

Andesite dike 

A dike of gray, vesicular andesite outs the entire Clarno section Just south of the 
aine portal. The dike strikes N. 50° t. at the mine, and extends for at least 2 all•• to 
the northeast and to the southweat. One half aile to the southweat the strike swlnga to 
the west. The dlp varies froa 75° northwest at the aine to nearly vertical farther west. 

-6-



2500 
COLUMBIA 

RIV ER 
&ASALT 

2000 ---

RHYOLITE 

�--��----------��--�mr ---;�----------��---

0 
SCALE 

A 

-
-- -- -

Mine 

P£RllTE ZONE 

ANOfSITE 

0 

See Pl1te 2 for loe�tlon 
of aectlons & leftnd 

Plate 3 Genera·lized s tratitraphic section s 

-
ELEVATION - -- LEGEND 

c -- -- ---.... � perlite 
--010mbia --... � 1·t &.. • aooo J( X -- -- Jy· -............_ � per I euecCia 

.x x >( >( J(-- -!.:t._er -............ 1::.:·;:_::1 tuff 
- - J( )( J( )( --... . •t x "' - � .(" .t' ............_ 8 f&� andes1 e. 

x xR h )( A �x .t � )('-'..il�11 bre�c1a 
,.. Yo/it x 

- --"" )( "' -...... "' 
I( x x x e C/iffs x 

x k -\'" "" ............._ 
-t' J( I( � � """ .... � � -.......... 2000 I( y )' II" A' .( X X -i" )( -+--{ 'I" 

-t 
-{ ... 

-\ 
-t k � 

<t' 

-t 

2 I 4 MIL£$ 

+ 
Lady 

Frances 
SW._------�NE Mine 

West wall d Deschutes Cn. 
S N 

Plate 7 DiaQrammatic cross section of frieda district 



Aa ahown ln thln aeotlon the rook 11 porphyrltlo and hyalopll1t1o, the 
onl7 phenooryata belns 15 percen' equant ollgoclaae (.05 to .� ••) whloh hal 
sradatlonal outlinea, belna partlall7 reaorbed by the groundmaaa. fwlnnlna 
11 rare. The sroundaaaa oontlata ot 30 percent oligoclaae•andetlne laths 
up to .05 •• lona; 20 perotnt anhedral ollsoolaae (?); 30 percent brown to 
oolorl••• claaa, ln part devltrltled, and 5 percent anhedral aagnetlte grain• 
ln all alzea up to .07 ••· Soae ot the aagnetite ia aeoondar7, and aoae haa 
been altered to aoethlte. A tew aaall orystala a&7 be apatite. 

Origin or perlite 

Uoat perlite oontaina Croa 2 to 4 ptroent contained water, and usually lta oheaioal 
analysis ahowa that there ia an exoeaa or Na2o over x2o. Otherwiae it i• identical in 
ooapoaltlon to adJacent and related rhyolites, whioh usually contain less than 2 percent 
water and have an exo••• ot K2 0 (Puller, 1'35)• Several characteristic analyses ot per• 
lite• and rhyolites Croa the Steens Mountains ot southeastern Oregon (Puller, 1'.31) are 
given below: 

Si02 
Al2 0.3 
hO 
Pe2o3 
UgO 
CaO 
Na2o 
1(

2 0 
H2o ( ·> 105• c.) 
H2 o ( at 105•c.) 
co2 
T1o2 
P2C)5 
s 
Ugo2 

Total• 

Perlite• and rhyolite• ot Steens Mountains 

Rhyolite 
1 

n.oo 
1 4. 2 3  

1.28 
.28 
.24 

1.25 
2 . ,6 
4.86 
1 . 00 

.6o 
none 

.18 
trace 

none 
none 

Perlite 
2 

67.05 
14.n 

1.48 
0 '2 
o65 

2 . 44 
4.15 
,3.04 
4.35 

• 50 
none 

.,34 

.12 
trace 
tract 

Rhyolite 
3 

7).60 
12 .,6 

1.1, 
. 82 
. 2 0  
. 6 4  

1.71 
7-27 

.80 

.40 
none 

.,30 
trace 

none 
none 

Spherullte 
4 

75-62 
11.52 

1.1, 
.82 
.26 
.62 

1. 80 
6.50 

.,o 
0 .3.3 

tlr'aoe 
. )4 

trace 
trace 

none 

Rhyolite 
5 

74-50 
1 2 . 45 

.8,3 

.85 

. 2 8  
1 . 82 
3.66 
4.27 

. 6 6  
• .30 

none 
trao& 

.07 

.o4 
trace 

Per Ute 
6 

68.66 
14.44 

1.28 
.eo 
.18 

1 . ,6 
3.66 
,3.28 
4.80 

.4o 
none 

.25 
trace 

none 
none 

Rhyolite 
7 

72.65 
1,3.64 

. 6 8  
o70 
.6o 
• 55 

2.54 
5·70 
1.50 
lo50 
none 

.10 
trace 

none 
traoe 

100.16 

The or1s1n ot the various t7p11 ot voloanlo glaaa, and ot perlite in particular, i• 
atil! a matter ot oonaiderablt controversy. Conditions requisite tor the formation or 
thiok depotlta ot glatt aeea to be 1) an aoidio aas•a; 2 )  extreatly rapid extrutlon; and 
.3)  extreatly rapld solidifloatlon. Baalo aas•a• are aor� fluid than interatd1att or aoid 
aagaaa, and upon extrutlon tend to reaain liquid long enough 10 that they can beooae orya• 
talllnt except on thelr outer aelvasea. Aoid magmas art viacout, and art generally erupted 
rapidly, often acooapanltd by exploalona and the formation ot breoola, tutt, and puaice. 
They aay loat auoh ot their ooabined water and opol rapidly, thus preventing oryatalliza· 
tion. The di!!erenoe in ooapoaitlon ot the glassy aargina and atony centers ot acid rooks 
{•ore wattr and toda ln the glaat) has bten attributed by sevtral wrltera ( Shand, 1'43, 
pp. 37-38) to ohangtl that have taken plaot tinoe their toraatlon, but tbia ia not gtntrally 
accepted by aoat geologlata, who believe that the high water content, particularly, ia an 
indication ot retention ot the water content ot tht magma. 
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Perlite deposita generally seem to overlie water-laid tuft beds or a similar oompoai• 

tlon, and are associated with explosive action. fhe onl� outstanding exception appear• 

to be when perlite oooura as the chilled aelvaa•• or andeaitlo intrualona ( latera, 1'42). 
£. D. Zoradi, who baa viaited nuaeroua deposita in the aoutbweat� reports (oral oo..uni­

oatlon ) that in every caae where the baa• or a depoait is exposed, it lies upon turr beds 

or upon agglomerate• or breooiaa or exploaive origin. !his la tru• in the ttieda diatrlot, 

in the Steens Mountains (Puller, 1931), in the Owyhee area ( Bryan, 1928, p. 4,), in the 

Superior ( Pinal Count� ) area, and in the Slaok Mountains or Uohavl Count�, Ari&ona, ( lilaon 

and Roaeveare, 1945). 
In the Frieda area the presence or perlite aa•••• within the bedded tuft, the apparent 

"pillow structure" in the baae or the perlite breooiaa, the repetition ot water-laid tufts 

below and above the perlite layers, and the degree or ailioitioatlon and alteration ot the 

brecoias and portions or the perlitea, suggest that the extrusion• aay have ooourred be· 

neath lakes of considerable depth; were� in taot, sub-laouatrlne in nature. fhe eztenalve 

brecciation knd silloitioation aay have in part resulted troa the interaotion between tbe 

hot lava and the surroundlna waters. fbe actual vent troa which the perlite oaae aeeaa 

to be repreaented by the rhyolite plug Just north or the mine portal, and the exoeaa1ve 

thickneaa or the perlite at thil point 11 due to the proxialty or the vent. 

In the same area there are nuaeroua thin rhyolite tlowa, with ooapoaitlon aiallar to 

perlite, which cooled slowly enough to oryatalli&e. If lakea were present at the tiae ot 

their extrusion, they aight have been cooled rapidly enough to fora perlite&. 



Owners: 

TH� LADY FRANCES YINg (Perlite) 
Uutton Mountain Dietrict 

laeco County 

Dant and Russell, Ino., Perlite Division, Portland, Oreson. 
Jamee Abbott, Maupin, Oregon. 

Opera tore: 

Dant and Rus»ell, Inc., Perlite Divieion. 

Location and traneportation: 

The Lady Prances mine la on the west aide of tho Doaohutos River, at a point ' ailta 
south or Maupin, the nearest town to the north on the Dallea•Calitornia Highway (u.s. '7) 
(ate plate 1). Maupin le 100 miles by highway to Portland by way of the lapin1t1a Past 
(State Highway 50). A gravelled road follow• up the east aide of the river fro• Maupin, 
a d1ata�oe ot 14 •ilea, to a point opposite the mine, where the river ia crossed by ••all 
boat. The Oregon Trunk Railroad on the welt side of the river goee paet tho mint; the 
latter being 162 milee from the Portland terminal, via the JUnction with the main lint at 
Wishram, and the Columbia River gorge. 

The mine portal ie at an elevation of approxi•ately 1550 feet and about 500 feet above 
river level. It is 1�00 fe�t west of the railroad and 1500 teet north of frieda Station 
(eee plates 4 and 5)< A epur has been built opposite tho mine. The portal lies 2100 teet 
s. 26° W. or the northeast corner or sec. 24, T. 6 s., R. 13 E. 

Development and equipment: 

When the property was firat visited in November 1'45, development consisted ot an 
adit 100 feet long with a 4o-root inclined raise; 4 open oute in perlite, and 5 other 
location cuts. The crow was living in box care converted to mess and bunkhouses. The 
mint was reachod by a narrow ewitohbaok trail up the steep hillside. 

In Septe�ber 1'46, development work oons1ated of 1150 feet of drifts and crosscuts 
1n perlite and about JOO feet ot ra1sel (see plate 6). A road to the portal more than a 
mile long had been built; buildings consieted or an ofr1oe,bunkhouse1 messhouse, and chance­
house, and foundations tor a small pilot �ill had been laid. Also two ditsel-eleotric 
power plants to furnish power tor lights and for the mill, and a pump and pipeline from the 
river have been installed, A 2-ton army truck furnishes transportation to and from oamp to 
�ina, and a railroad siding haa been put in at the oampaite below the mine. 

Uetallurgy: 

A 30-ton pilot mill was being constructed at tho mine to oruah, wash, and si&e the 
porlite for ship�ent to the expandinB plant at St. Helena, Oregon. The mill will consiet 
of a 6 by 8�inoh Dodge crusher, a 2 by 4-toot Uaroy rod mill, 2 Hummer screene, a Western 
hydroseparator with Adami density control, settling and de•atering tanka, and sacking 
apparatua. The perlite, after being crushed to l 1noh, will be ground to pass 20rmeth, 
and the oversize fro� the screens will be returned to the mill. It 1a important both to 
the production of a olean product and to the success of later treatmen� that all tinea 
smaller than 200-meah be removed by the hydroeeparato�. 

At the St. Helena pilot plant, the perlite is oxpanded in a 4 by 8-foot apeo1ally 
designed rotary kiln*, firod by 4 gaa burners to temperature• ranging from 1500 to 2500°F. 
The sized perlite is raieed by a small 20-foot bucket elevator to a 3 by 4Mfoot &torage 
cone, and 1• tod into tho kiln, whioh rotates at 8 rpm, above and about l foot ahead or 

*Patent applied for. 
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Plate 4 View of Lady Frances perltte mine south of Mauptn, Wasco County look1ng west across Deschutes River. 
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the burners. The ayate� operates at a vacuum or from .�to .8 inches of water, this 
being maintained by an automatically regulated steam Jet directed upwards in the ex• 
hauat stack. The expanded perlite ia drawn from the furnace into a downdratt box where 
the ooarae material il removed; thence into a cyclone six teet in diameter, where the 
fines are collected, thence into a 10-!oot cyclone which catches any remaining dust, 

Laboratory t��ttni: 

In order to determine whether any correlation exlata between percentage ot co�bined 
water and the density of perlite attar ita expanaion, the Perlite Division of Dant and 
Russell, Inc., made a aeriea of drying and ignition testa under the supervision of 
John R. Anderson and R. Richardson. 

Weighed samples of the raw perlite were heated at 220° F. tor three hours and the 
decrease in weight taken a1 the percent or saturated water. Identical 1aaplea were 
heated at 1200° P. for three hours and the entire loss in waicht assumed to be due to 
evaporation or tho total water present. The difference in these two percentages ia 
the amount or water existing in coabination in raw perlite. I�entical aamplea or the 
raw perlite were expanded in an assay muffle at 2000° P. and the densitiel meaaured. 

In plate 8-A the density in pounde per cubic toot ot the expanded perlite ia 
plotted against the percentage of coabined water. Several samples ot perlite troa 
the surface of a Nevada deposit were included tor co•parison. These samples show sub­
stantially higher percentages or water and lower densitiea than the perlite found below 
the •urfaoe of the Oregon deposit. Surface samples fro• the Oregon deposit contain 
approximately the same amount of water and have slightly higher densities than tha 
Nevada perlite. 

From the figure it oan be seen that although the maJority of the samples contain 
about J.25 percent water with densities varying from 10 to 32 pounds per cubic toot 
in the expanded product, those aaaplea which contain about 4 percent water vary troa 
10 to only 16 pounds per cubic foot in the expanded product. 

In order to determine the crushing characteristics ot the perlite found in various 
portions of the depoai�.and to deter�1ne percentage ot tines that c>uld be expected troa 
the grinding o�eration, the Perlite Division or Dant and Russell, lne., made an extensive 
series of orushing and soreenina teats oonduoted by John R. Andsrson. 

Samples taken at 5-toot intervals in the mine were oruahed to minus i-inoh. The 
amount of the sample was decreased by quartering a�d �plitting until about two kilograms 
remained. Six hundred 8rams of the soresned eample were recorded in 5 oolumns as 
+10 mesh, -10 to +20 mesh, -20 to +150 mesh, -150 to +200 mesh, and -200 mesh, 11Betore 
Grinding... This sample was then plBoed in a laboratory rod mill with 450 oo of WAter 
and was ground for three minutes. The a�mple was thon dried and screened again. This 
analysis was reported under the heading, "After Grinding." 

The hiatograas on plate 8-B are or four eroups of samples from different parts or 
the mine, and represent a graphio aean of peroentaga weights plotted against soreen 
ai&es. It will be seen that the large sizes were reduoed in the rod mill without creation 
of oxoeasive fines. 

Eoonomioa: 

The expanded aggregate, wbioh weighs leas than 12 pounds to the cubio foot, oan be 
used as a light-weight aggregate tor plaster, oonorete, and a multitude of other uaea 
where light weight and inGulat1ng and acoustlo propertiee are or value (Ralston, 1'46). 
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APPENDIX 

The roaul�• or three ohoaioal analylel arrived too late to be included in the text. 
The three ... plea oonalated or banded rhyolite i•aediately overlying the aain perlite 
aaaa at tho aine; dark-colored perlite in the aain north drift near the rhyolite intrua1ve 
plug; and lich�·oolored perlite troa the bench near tho portal. Theae analy••• and the 
aineral ooapoaition noraa oaloulatod rroa thea are given below: 

SiO:� • 

Al203 . . . . . . 
re2o3 
reo 
u,o 
CaO 

. . . . 

. . 
Na2o • . . . . 
120 
H20+ 
H o-
,io2 
P205 
llnO 

. . . 

Total 

Quartz • • 

Orthoolaae • . 
Albite • •  

Anorthite 
Corundua • • • 

ll7perathene 
WaanoUh 
Roaattte • •  

Wahl' 

Total 

I 

Mllll 
R 1062 

!!!lo11h 

75.88 
12.6) 

1.05 
.27 
.14 
.60 

2.60 
5· 32 

• 54 
.4) 
.o, 
.o) 
.ol 

,. , 

I 

)7.80 
)1.14 
2). 56 

).06 
1.22 

·''' 
.70 
.64 

·" 

,.54 

II 

North dr1tt 

R 1064 
PorUh 

73·7' 
12.40 

�52 
.62 
.11 
,80 

).16 
4.84 
,,24 

.25 

.o, 

.01 

.02 

,,,65 

II 

)4.86 
28,)6 
26.72 

.).6, 
.61 
.,6 
-70 

).4, 

''·5' 

III 

No. 2 bonoh 
R 1063 

Per Ute 

73.26 
l2o55 

• 58 
.6) 
.o8 
,80 

2., 
s.oo 
,.6o 

.1, 

.o, 

.01 

.02 

,,.eo 

III 

)4.86 
2?.47 
25.15 

.). 8, 
.82 

·13 
., 

lith tho exception or the11' water oontent1 the rhyolite and the adJacent perl1tea 
oorreapond vory oloael7 in ohea1oal ooapoaitio n, corroborating their auggeeted ooaaon 
ol'lgin. The two claaaea are reaark&bly alailar1 the only ditrorence or poaaible a1gn1ti• 
oanoo beta& the alight exo••• or water in the bench aaaple. 1'he analyals or the rhyolite 
indieatea that the thin•aeotion atudy (ate p. 6) waa in error concerning the exoeealve 
pel'oentaaea or iron oxide aineral• attributed to it; these ainerala have a aarked maak1ng 
ettect when ln tin•l7 divld•d rol'a, The a111oa content or�e perlite, eat1•ated troa tho 

index or retl'attion or the glaaa aa a little aore than 71 percent, la ahown to be a llttl• 
over 7' pereent. Unlike ao aany other analyaea of natural glaaeoa and oorreapond1ng rocka, 
the aoda•potaah ratio (aee P• 6) 11 not reveraed 1n theae aaaplea, 
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