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Forewo rd 

Tho oor�mio industry is essentially concerned with nonmetallic minerals 

for its raw materials. I� tho past their generally low cost has made the m 

easily available to all producers in the industry. However, the increasing 

cost or both materials and shipping has developed a koen interest among pro• 

ducers in substitutes that �ould reduce the cost or their raw materials. 

The alkali oontent of volcanic glass alone with its cheapness makes 

this material an attractive possibility as a flux for use by the ceraQic 

industry in competition with higher cost fluxes such as ground feldspar. 

Oregon has widespread occurrences of volcanic glass in larco, easily 

accessible deposits. The acco�panying re port is the first step in pointing 

out the potential value or oroson voloanic glass to tho ceramic industry. 

The c.uthor of this report holds a �aster's d'lgree from the llelf York 

Stc.tc College of Cerum1o.s and is well quc.l1f1ed by tra1n1ne and experience 

to conduct the tests outlined and to interpret the results. 

In the preparation of this repori assistance in analyzins samples was 

rendered by L:r. !Iollis Dole, petrographer, and !Jr. L. L. Hoagland, chemist, 

both or the Uepartment staff. Mrs. Lillic.n Owon multigraphed the report. 

August 18, 1950 
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GLAZES PROW OREGON VOLCANIC GLASS 

Introduction 

The obJeot of the experiment& described in this report wao to develop the uso of 
Oroson material to produce a low-cost flux tor commercial ceramic use, The material• 
tested include volcanic ash, pumice, and, a material new to tho ceramic field as a flux, 
perlite, These materials were combined with varying amounts of colemanite, white lead, 
and other materials to produoo a group of economical and practical glazes which could 
be adapted to commercial use by stoneware, terra cotta, and artware manufacturers. 

History 

Interest in volcanic glasses as fluxes for the oernmic industry has been slowly 
developing over a period of about 20 years, The Kansas Geological Survey reported in 
1�281 the use of Kansas volcanic ash in cements, as abrasives, and as insulating material. 

During the period 1?)1·1�)2, W. G. Worcester published "Investigation concerning the use 
ot volcanic ash in the field of ceramics,112 This paper discusses application of volcanic 
alh from British Columbia and Saskatchewan in oeramic glazes and bodies. In 1�42 the 
Kanana Geologica.l Survey agnin reported, "Rooont experiments have shown that Kansas vol• 
canic aah ma.y be uaed in the cernmio industry for tho manufacture of glazes, ena.mels, 

glaas, and vitreous pottery. The ueo of volcanic nsh in n pottery body solved for a 
Kansas City firm the problem of manufacturing a container which is impervious to water 

and which can be fired at a relatively low temperature.") In l�J� Plummer4 reported the 
use of volcanic ash as a substitute for feldspar in gla.zoa. In 1941 E. o. Kinney5 used 

volcanic ash in � aeries or low-cost glass batches. His interest wa.s to remove iron whioh 
diaaolored the glaaa. He found that this could not be successfully accomplished, but that 

the color could be hidden through tha use or decolorants. In 1?48, J. Sheldon Carey6 pub­

lished a report in which he explained a series of experiments using volcanic ash as a 

maJor constituent, with several fluxes, to develop a glaze suitable for firing at various 

tempernturea, 
exclusively, 

This development led to a commernial pottery using the volcanic ash glaze 
In 1?48 the Oregon Department of Geology and Mineral Industries started a. 

rosea.rch progr�m on the usc of Oregon volcanic gla.sses (ash, pumice , and perlite) in 
glazee. Ash and pumice from several different localities in central and eastern Oregon 
were tested fer temperature nnd qua.lity of fusion, color, and their ability to combine 
with other material• to form a satiafnctory glaze. During this development it was de­
termined tha.t the perlite contained less iron than the aver�ge volcanic a.sh or pumice. 
The psrlite waa obtained from an established commercial source producing lightweight 
aggregate, Perlite provides a rather uniform raw ma.terial nnd a good source of KNnO, 
CaO, WgO, Al2o

3
, and Si02• Perlite produces good gla.zes in the temperature ranges 

C/0� to C/10 and has a .P.C,E, or about C/7 (see list of P,C,E, equivalents in appendix), 

Kenneth K. La.ndes, ''Volcanic Ash Resources of Kansas," Kansas Gaol. Survey Bull. 14, 

PP• 5·57 (1�28) • 

2 'If, G. lloroester, "Investigations Concerning the Use of Volcnnlc Ash in the Fit!ld of 
Cerc.mica," Canadian Ceram. Soc. Jour., vol, ), p. 48 (1?:!4). 

) John w. Jewett and li, H. Sohoewe, 11Kansns Winornl Reoourocs for Yartira Industry," 
Knnsas Gaol. Survey Bull. 41, pt. J, p. 174 (1�42). 

4 Nor�:�an Plu111mer, "Ceramic Use of Volca.nic Ash," Bull. Allier, Cero.m. Soc,, 18 (1) 8-ll (1�)?). 

5 E. o. Kinney, "Control of Iron Oxide in Volcanic Ash," Bull. A111er. Cernm. Soc., 
20 (4) 118-121 (1?�1). 

6 J, Sheldon Cnrey, "Glazes from Ko.nsas Volcanic Ash," Bull. Amer. Ceram. Soc., 
27 (6) 225-228 (1�48). 
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Description of Teats 
• 

An&lyoes or samplco follow: 

Nelson ach (cray Nolaon) 
(The name "Nolson ash" was·originally given this material, but later ohemlcal 

and petrographic work shows this material to be essentially a olay.) 

Location: Sl1tSI\""� sec. 19, T. 5 N., R. 1 V(,, near St. Helens. 

P.C.E.: Circa C/16 (much higher than feldspar); dark brown. 

Si02 . 55·51::.& 
Uoleoular formula 

Fe2o3 7.2J 
LlgO .685 Al2o3 

Al20J 22.17 
K20 • OJ9 5· Jll 

l.lgO 1. 50 Na20 .0/8 Fe2oJ 
K2o .15 1.11 
Na20 .20 

Moisture and 
loss on ignition 1 J.lO Uol. wt. 2JlJ 

Ash P-8J73 

Location: State llighway 19, 3 miles west or Spr:.y, ".Yhoolor County. 

Analysis: Volcanic ash, 

P.C.�.: Oirca 0/02. Good fusion; liGht brown color. 

Si02 • 

Al20J 

Fe2o3 

CaO 

Loss on lenition 

Ash P-8512 

64. J6% 

l6.4J 

2.2.J 

2,60 

1.27 

2.26 

7.10 

J.72 

lla2o 

K20 

loli:O 

CaO 

Molecular formula 

. 528 Al20J 

.111 -745 

.146 Fe20J 

.21J .065 

Uol. �tt, 621.8 

Location: &�SE* soc. JJ, T. Jl s., 1\, 46 E., Adrian, Oregon. 

Analysis: Volcanic glass 95 percent {highest pereontago or volcanic glass 
so far submitted). Ulneral srains {neglieible). 

P.C.E.: C/8. Gray translucent fusion . Highest temperature to date ; 
al so very light ln color . 

Si02 • 68.70% 
�!olecular formula 

Al20J lJ- 50 
Na20 • 554 Al20J 

Fe2o3 1.00 
K20 .290 .784 

CnO .8o IJ{l0 .072 Fe2o3 
1.1.:;0 .41 

C:�.O .o84 .OJ6 
K20 ... 55 

Na2o . 5·65 

Loss on lenition Uol. wt. 567 
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22,11 

Si02 

7.89 

Si02 

6.87 



Porl1 te P-2222 

Allh 

Ash 

Ash 

Ash 

Location: See. 24, T. 6 s., R. 13 E. 

Analysis: Volcanic glass 22 percent (exploded perlite) 

P.C.E,: C/4. Light-colored glass, clean fusion at C/6 as Glaze, bubbles present 
(probably caused by 1nsuff1oient grinding of bubbl$& ln the bloated perlite). 

Sio2 . 70,40% 
)ololeoular formula 

Al203 15.10 
Na20 ·508 Al20) Si02 

Pe2o3 0.76 
K2o .282 .850 6.77 

Co.O 1,20 
CaO .127 Pe20.3 

UgO 0,57 
llgO .081 ,027 

K20 4.6; 

Na2o 5.48 

Loss on ignition 1, 86 

P-811111 

Location: Sec, 32 ' T. 2 s., R. 2 E. 

Analysis: Volcanic glass 60-70� 

14inljral grains .30- .35�� 

Diatoms 2•5 '% 

I'. c. t.:. : C/4; Bloating. 

P-8442 

Location: Soc. 4, T, 7 s., R. 41 E. 

Analysis: Voloo.nic glass est, 75·85" 

Uinero.l grains est, 15-25% (feldspar dominant) 

P.c.r..: C/2; Badly bloated, 

P-844� 

Location; NE-�SE! sec. 2, T. 27 s., R. 2 E. 

Analy:Jis: Voloanio elass est, 80-85% 

lolineral grains est. 15-20% (feldspar dominant) 

P .c, E.: C/3; Sallie as P-8444. 

P-8444 

Location: NE;j:SE;\: see. 9, T. 27 s., R. 2 r:. 

Analysis: Volcanic a lass est. 85-20% 

!Aineral grains est. 10-15� (feldspar dominant) 

P.C,E,: C/3; Good fusion; dark brown. 

-3-



Ash P-8422 

Location: See. 2.3, T • .3.3 s., R. 1 &. 
Ana.lysis: Volcanic glau 60-65� 

).(inara.l gra.1ns 25-.3� (feldspar dominant) 

Pumice fragments 5•10� 

P.C.E.: C/J; Dark color; fusion «OOd•fair. 

ASh P-8480 

Loeation: See. 2J, T. JJ s., R. 1 E. 

Analysis: Volcanic glass 60-65% 

Winaral ero.lns J5-4C� (feldspar dominant) 

P.c.£.: C/2; Dark color; fusion good. 

Ash P-8481 

Location: Sec. 2.3, T. .3.3 s., R. 1 E. 

Analysis: Volcanic: glau est. 70-8� 
lolinaral grains est. 10-15� (feldspar dominant) 

Rock grit 5% 

Pumiee grit 5•10� 

p. c. t;.: C/lt; Good fusion; da.rk brown. 

Ash P-848.3 

Location: Uorle Sleeper pit, approximately 1 mile west or Bend, Oregon. 

Analysis: Volcanic glass 85� 

P .c .B.: 

Ash P-8484 

lolineral grains 10� 

Roek frasments 5� 

C/4; Fusion dark brown. 

Location: Uerle Sloapor pit, approximately l mile west or Bend, Oregon. 

Ane.lysis: Volcanic glass !15�� 

p. c."·: 

�tneral grains 5� (feldspar dominant) 

C/.3: Light brown fusion. 

p_6484 
All started to tip at minus C/2 but did not band completely 

Ashos P-848.3 } 
P-8�81 

until civen temperature was reached. 
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Ash P-92�0 

Loctttion: Sec. 24, T. 6 s.' R. lJ !:. 
Analysts: Volcanic glass 95% 

Mineral gro.i ns 5% (mo.i nly feldspar) 

P.C.E.: C/2; dark glass; good fusion at C/6; crazing present. 

Ash�� 

Lootttion: Sec�. 1, 2, 7, 6, 11, and 12, T. 16 s., H. 12 >:. 

Analysis, Volcanic glGss est, 95� 

Mineral grains eat. 5% (mainly feldspo.r) 

P. c.t:.: C/2; good glass; dark gray color at C/6 as a glaze; no crazing present. 

Ashes tentGtively selected for further work 

P-837) 
84�) 
8464 
6519 
9231 
92)0 
9229 

All others were eliminated owing to: 1. darkness 
2. bloaUng 
'). uneven fusion and/or 

unpleasant effeots of fusion. 

A series or m.lxtures or volcanic ash and the materials colemanite, cryolite, and 
:.hite lead was te gted in the temperature range C/02 - 4. 

Tests 'llare run as fusion buttons to C/O') - 6, 

tlelson o.sh 

!l, 

b. 

c. 

d. 

ash lOa% . . . infusible 

ash 60% + colemo.nite 20� C/1 mediu111 button 
ash 6o� • eolemanite 40% C/0') lo• button 

nsh 60)� + cryolite 
ash 70% + cryolite 

ash 60% + cryolite 

ash 90% + dolomite 
ttSh 60% + dolomite 
ash 70% + dolomite 

ash 90% + whiting 

ash 60% + whiting 
a5h 70� + whiting 

20� C/2 low button 
')0% C/2 flat 
40� C/01 flat 

10% C/2 high, 
20% C/6 " 

JO% C/2 " 

lO�,i hard cinter 
20% hard cinter 
')0�� hard c inter 

unfused 
" 
" 

mass 
" 
" 

This material was removed from further testing, 

¥las mad9 as mixture with whiting and colemanite and fired to C/2. 

ASh 90<% + wh1t1nc: 10� 

Ash 60% + whiting 20� 

t.ah 95$0 + colemanite 5% 

Ash 90� + colemanite 10� 

Ash 85� + oolemanito 15% 

Some elassy fusion; d1d not wet surface; orawling to 

marked degree. 

Same as above but less crawling present. 

Some glassy f usion ; did not wet surface. Crawling to marked degree. 

Same as above but l ess �ra�ling. 

Good fusion. Crawling evident but less than any mixes 
in this group. 
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Test No. 

A 1 

A II 

A III 

8 l 

B II 

B Ill 

C I 

C II 

C III 

A l 

A II 

A Ill 

B I 

B li 

8 III 

Ash P-BJn 

60 

75 

70 

70 

!::!lU 

!:)0 

Bo 

70 

Ash P•81f84 

80 

75 

70 

P-!\lt84 

�0 

80 

70 

Colemanite 

20 

11hite lead 

10 

20 

30 

Cryolite 

10 

20 

JO 

Colemanite 

20 

25 

30 

i{hite lead 

10 

20 

)0 

Res�lts C/02 - 01 

Texturo glassy; oolor brown to yellow 

11 

Clear dark glass; some fine bubbles 

present. Cood fit. 

aesults C/02 - 01 

Texture glassy; medium brown; fit good 

11 " olive brown 11 " 

" 11 11 11 

Class clear. Bubbles increase as lead in­

creased . Solid �ater1&l present 1n glass. 

Results CL02 - 01 

Glassy texture; brown speckle; poor fit 

" .. " " 11 " 

.. " " ,, 
Crazing preaont; oloar glas� and bubbles 

Results C/3 - 4 

Glassy; olive brown; tit good 

11 1 1 " 11 fair 

11 

Less cra�ing than in P•8373 and cryolite; 
medium dark elass bubbles evident. 

nosul h C/J - 4 

Glassy; dark brown; orazod 

., 

II 

Bubble 

lead. 

medium brown; crazed 

yellow brown; crazed 
opp.el.ty; crazing increasedwith 

Glassy fusion. 

Owlng to excessive cra�1ng noted ln the usa of cryolite as a flu�1ng addition to the glaze, 
the uae of it was abandoned in this testing program. 

A I 

A II 

A III 

Ash P-85,12 

!:)0 

80 

70 

C_olemanite 

10 

20 

)0 

-6 -

Hes�lts cL2 

Color gray; bubble opao1ty; fit good 

" 11 1 1  11 " 

" II " " " 
Groat deal of bubbling presant in glass . 

Odor of sulphur. 



Test No. White lead Results C/2 

B 1 

Ash P-8512 

20 10 Yellow oolor; great bubbling; fit oould not 
be determined 

Dll 

lllll 

8o 

70 

Perlite 1'·2222 

20 

JO 

Coleman 1 te 

It It " 

It It It It It It 

Great deal or boiling 

Results C/2 - 4 

A 1 

All 

�0 10 Clear gray; orange peel texture; tit good 

80 20 " " Sl1ght orange peel It It 

A III 70 30 " " SI'IOOth texture It It 

Smooth glauy surface a.nd bubbles 

� lfhlt$ laad Resql t.s CL2 - 4 

B 1 20 10 Clear gray; bubbly texture; fit not determined 

B II 

8 Ill 

A I 

A II 

A IH 

B I 

B II 

a 111 

Fusion buttons 

80 20 

70 JO 

Ash P-844� Colemanite 

20 10 

8o 20 

70 JO 

P-844 J White lead 

90 10 

80 20 

70 JO 

" " " II " It 

Bubbling high 

Re sults C/2 - 4 

Glassy; opaque; no craze 

It 

II " " 
Crazing less than in P-8373 

Results CL2 - 4 

Dark brown; bright glaze; not crazed 

Specklad yellow; bright glaze; crazed 

It 

Crazing at higher Pb value, 
Brilliance increased with lead. 

It 

Fusion buttons ll'ere made in a 00 "Coore" poroelain "rucible. Ona or a commero1al felds;:>ar 
(l!Sl) (Buckingham faldapar, mined and marketed by Consol!dated Feldspar Corporation) and the 
others of ground bloated perlite (P-?222) (P2); hydro separator overflo• of perlite (PJ); 
sitar cell no. 4 (?4); volcanic ash from Adrian, Oregon, P-8512 (VAl); ground pumics from one 

It 

of Werle Sleeper's pits, P-8484 (GPl). All samples were fired at the same time to C/8 (1225•c.) 
in a small gas test kiln in about 4 hours. 

Re6ults ot fusion buttons 

(asl) The feldspar button formed to a consolidated glassy mass that had not yet 
started to slump but was reduced to 19 mm or a loss in sl%e of 6 mm. The 
color was white to blue white and the surface was pebbly. 
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(P2) The ground bloated perlite 
(BSl) Buckingham feldspar. 
formed size) to 10 mm or a 

(P-9229) consolidated to a greater dogree than 
The heieht measured a loss of from 25 mm (the 

final height of 15 mm after firing. It was a warm 
medium gray color and very smooth and classy. 

(PJ) The hydro separator overflow perlite did not consolidate as much as Sam ple (P2) 
(ground perlite). The height of the fused sample stood at 17 mm or a loss in 

height of consolidation of 8 mm. The color was a little darker than the 
bloated perlite (P2) and the button showod a smooth claasy surface. 

(P4) The no. 4 sizer cell material did not give a satisfactory test, Tho material 
was too coarse to give a good physical bond to the button before the thermal 
bonding action took plaoe. The button slumped and an accurate measurement is 
not available. However, the fusion was good though not as smooth as the other 
tests, probably due to large grain size. 

(VAl) The ash from Adrian, Oregon (P-851,) oonsolidatod to a height or 18 mm, a loss 
of 7 mm from the formed size. The color was a dark gray and the surf�e• was 
glassy but not aa smooth as (PJ). 

(GPl) The ground pumice (P-8484) produced a better glass than all buttons tested 
in this series, showing a slump to lJ mm or a loss of 12 mm from forming aize. 
The fusion was very glassy and smooth; color was medium to dark cray. 

Kethod of calculating aeh analy•1• tor glaze u•• 

In writing the formula or many ceramic mater�als it is customary to use the oxide form 
instead of the chemical for� thus 

This gives the ceramist a means of estimating the properties of tho ooopound or mineral 
based on the amount or molecules or molecule of oxides within the formula. A modit1c�t1on 
of this practice is used in onloulatin� a glnzo formuln. 

In calculating a ala�e formula tho oxide constituents are divided into three sroups: 

(1) RO or R2o group 

( 2) R2 o3 group 

(3) R02 group 

The symbol of R indicates a metallic atom and the 0 is, of course, oxygen. Therefore 
from t�e folloTing chemical analysis or a volcanic substanoe,perlite (this material h�• 
been fused),we divide the per�entacc of eaoh oxide compound by its molecular weight in 
order to �alculate the molecular formula from this analysis, 

� Kol. 
Wt. 

Si02 70.40 +Go = 1.173 

Al20J 15.10 + 102 - .146 

Fe203 0.76 +160 - .004 

CaO 1.20 + 56 = .021 

l.tl;O 0.57 + 4o - .014 

K20 4.6) ;... 94 - .048 

Na2o 5.48 ... 62 ... .088 

Ignition loss 1.86 

-8-



In calculuting this material to tho proper form for ceramic oaloulatlon,the next 
step ls to put the oxides into their proper columns. 

It is always considered that the RO (R2o) group is unity (l.OO)and all the othors 
are baaed in ratio accordingly. Therefore the formula is written 

Ca.O .021 

llgO .014 

K20 .o48 

Na2o .088 

.171 

Now all the molecular equivalents 

CaO 

McO 

K20 

Na2o 

A12o3 

Fe2o3 

Si02 
lYe now have 

RO (R2o) 

Co.O .127 

LlgO .081 

K20 ,282 

Na2o • 508 

Al20.3 

.148 

Fe2o3 

.004 

Si02 

1.17.3 

are d1 vided by the total 

.021 + .171 = .127 

.ol4 + .171 - .081 

,048 + .171 - .282 

.oBB + .171 - ·508 

.148"..;... .171 .- .850 

.oo4 + .171 = .027 

1.17.3 + . 171 =r 6.77 

R20J R02 
A120J Si02 
.850 6.77 

Fe2o3 

,027 

of the RO (R20) column. 

The molecular weight is now derived by multiplying each of the amounts ot given 
oxide by its molecular weight and adding the sum. 

CaO .127 X 56 = 7-11 

LlgO .081 X 4o = ,3.24 

K2o .282 X ,4 = 26.51 

Na2o ·508 X 62 = 31.50 

Al2o3 .850 X 102 = 86.70 

Fe2o3 .027 X 160 = 4. J2 

Si"()2. 6. 77 X 60 = 404.20 
563.58 

To incorporate this material into a elaze the follo�ing method ot calculation is used: 

Glaze formula (empirical formula) 

Na2o .288 Al20J S102 

K2o .160 .487 J.88 

1lg0 .o46 8203 

CaO ·50J ,648 

_ ,_ 



AS OUt'\h nS possi�le of snmpla P-9229 is t o  be in�luded; therefore the following ernph 

method is used: 

na:r Datch 
!!!2.2 !2.2 � CaO A12_23 �2.2) sio2 material ueight 

.288 .160 .046 ·504 .482 .648 J. 81� 

colemo.n1te 

.4)2 .648 .4)2 X 412 89 
2 

.072 X 
Sample P-9229 

• 2·�8 .160 .o46 .072 .482 ;.84 .;65 X 56.3 382 

X X X X 1.. X 

Th� moleoulos to be satisfied in the formula arc written noross the top of the pnper1 

with the amounts in for�ula underneath. Next step is to decide from whnt materials you are 

eoina to obtain the oxides. Since there is no a2o3 in the ash 1111 are using, 1111 eliminate 

that oxide full; by u�lnG eolemanite (2Cao;a2o32H2o) molecular weight 412; us1ns .648 
molecule of n2o3 which carries .4)2 molecule of CuO IYith it in tho minornl oolema.n1te. 

The amount ot CaO .4:J2 1s then multiplied by the molecular weight or the mineral. Wolecular 

\;eight 412 is divided by 2 since thora are 2 molecules or CaO in oolemanite and only part 

of one molecule in the formula to be satis fied • 

• 4,2 x 
412 = 89 parts colemanite 

2 

The rest o: the for�ula is no3 sntisfied by the perlite (P-9229) s1nce . 288 parts of 

Na2r is taken in ratio to the amount of Na2o in the perlite (P-922�), the amount of �0 
is .160, the cao .072, �go . C�5, or ,o46, Al2o3 ,4821 Sio2 ),84 The total or the moleo�le• 

contained in the RO column of sampl e P-�22� = .565 times the molecular weight 563: 326 partl. 

Therefore the batoh to be wei�hed out i s  8� parts colemanite and 349 parts P-�22�; on a 

percentage basis roughly 

21 parts oolemanite 

79 parts 1'-9229 

A glaze was co�pounded to use perlite (P-922�) and cole�anite in the same ratio as 

test A Il and was called A2 - GUI. 

�!r:cal ro�mula 

A,2 - GI.U 

Ha20 .288 Al20J s1o2 

K20 .160 ,!:82 J.i:� 
MgO .0116 B20J 

CnO ·5<'4 .648 

� A2 - Gldl 
P-9229 - )82 

Colomanite - 89 

Glaze A2 • GMI uas mixed �ith metallic oxides to check the color possibilities or the glaze. 
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Test no, 1 was plain, no color 

" " 2 oontflined 1� percent ooblll t cflrbon11te 
" " 3 II 2 " chrome oxide 

" " 4 II 8 iron oxide (rod) 
11 II 5 II J ,, mflnganese dioxide 

II 6 .. 8 II ground rutile 
11 11 7 11 3 II copper oxide 
11 II 8 II 1 II calcined nickel oxide 

Results of tests on glaze A2 • GUI with color, fired at C/3: 

Test no. 1 .  This test is the base glaze alone with no color addeJ o n  the buff clay, 

fl tt 

ff " 

It produced a clear glaze with some opacity due to a slight bubble structure 
plus tho opacifying effect �omctimo� produced by a2o3 glnsoco, On fl red 
clay the opacity and bubbling is more noticeable, yet no more intense 
within the class than on the buff olay, tho contrast in tones being greater. 

2. A typical cobalt blue was produced, rather opaque probably due to the 
thickness of the glaze. 

J . The chrome produced in this test, a green, very opaque na is expected 
from the opacifying effect chro�ium oxide hilS in most glazes, 

4, The iron oxide addition produced the typical brown, 

5• In this test the mang11neso dioxide produced an fllkBline mangBneso 
color of brownish plum, 

11 11 6. The rutile produced an opaquo warm buff color, again very typical or 

" 11 

.alkaline borosilicate glazes. 

7• Copper caused a slight r�uxing action to the glaze and produced a 
typical bluish greon which was almost transparent. 

11 11 8 .  llie.kel oxide gave a "arm gray and soemed to make the glaze more opaque, 

The following oopiricfll formula is for a typical whiteware glaze using a commercicl frit: 

Na20 .291 Al203 Sio2 

K20 .045 , 301 2.925 

CaO • 510 8203 

ZnO .100 • J49 

MgO ,050 

This glaze uses 0.7 equivalents of a commercial fr 1t, therefore a direct substitution 
of 0.7 equivalents was made or perlite (P-9229) for fr1t. This substitution produoed a 

glaze with the followinG formulfl: 

Na2o • 254 Al20.3 Si02 

K20 .141 .425 3. 380 

cao . 468 Bzo3 

l.ieo .050 • J:P 
lnO .100 
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This gla%e was cnlled A21 - GMI 

Hntch composition 

Col amanita 

Dolomite • 

:lino oxide 

\I hi ting 

Glaze A2l - GWl was mixed with tho same percentage of metallic oxides as glaze A2 - GWI 
and is reported in the same way as A2 - GWI. 

Results of tests on gla%e A2l - CWI, fired at C/3: 

Test no. 1. This base is much less opaque than test A2 - GMI. It should be more stable 
in reaction than the first glaze due to the greater number ot tluxe• 
interacting to give a glaze with a slightly higher Si02 ratio. 

" It 

It It 

tl " 

,, .. 

It 

It II 

2. Cobalt oarbonnto produood a more intense blue than in A2 - GU� 2. 

3. Chrome oxide gave a creenish brown due to the presence of ZnO in gla%e. 

4. The iron oxide produced a darker brovn than in elaze A2 - GW� 4. 

5· The manganese dioxide gave a deeper plum color ana was more opaquo 
than A2 - GM� 5· 

6. Rutile did not produr-e aR opaque a alaze as in A2 - cu� 6. 

7. Tho cqpper color was more typical than in A2 - CU� Z and was more opaque. 

8. Uickol produced a varm brown and was refractory in fusion making the 
glaze �urtace feel rouch. 

Comparison of perlite {hydro separator overflow).volc&nic ash (P-8512)· and ground pumice (P-8484) 
with standard comm ercial feldspathio onterinl 

Three glnzes were tested to coopare hydro separator overflow perlite, sample P-8519 and 
sample P-8484, with standard com�ere1al aaterials. All tests were fired to C/3 - 4 in an 
electric kiln . 

Gla:r;c 100 X 
Batch comp�sition 

Cornwall stone 
nhitt had 
ll'hitine; 

Clan 100 c 
Hat�h nnmp�nittnn 

Hydro aeparntor overflow perlito 
ilh1 to lead 
Ylhit.ing 

Glaze 100 D 
Batch comp�aition 

Pumice (P-8484) 
�Thi te lea.d 
llhi tina 
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50 parts 
19 
10 

50 parts 

19 
10 

50 parts 
19 
10 



Glau 100 E 
Uutoh oooposition 

Volc�nic ash (P-851') 
ifhite load 

'1\"hiting 

Re&ultH of teats on �cries 100, fired at C/J - 4: 

50 parts 

19 
10 

�� (standard ceramic matorial batch) �as much whiter than c, D, or E 
o111ing to tho lower iron oontent of the Corm1all stone. 

Glaze 100 C did not G"aza as did X, 0, and E. The color was yellower than 100 X. 

Glaze 100 U looked the same as 100 X except for very yellow color due to higher 

iron content of material. 

Gla�o 100 E was tho lea�t opaque of croup though it Ghoued the same yellowing 

action from iron in material. 

ln general, all slazes cra�ed on the test body except 100 c. Volcanic glasses seem 

to successfully replace Cornwall stone in this glaze except for yellow color thoy impart 

to the glaze, This would be negligible in nearly all oolorod glazes, 

Glaze 200 - r.1aze 200 X is n typical artware glaze, In this glaze, Ouokin&ham feldspar 

is used to provide K20•l.lJA12o3·£.45S102• 

;ihi ting 

Glaze 200 X 
Batch oompos1t1on 

Colet�anite 

Buckingh�m feldspar 

Flint 

China clay 

CuCOJ 

;ih1ting 

Coleman! te 

Glaze 200 C 

Bat�h oomp�sltlon 

Hydro separator overtlo� 

perl.1 te 

r'lint 

China clay 

CuCOJ 

�2Q.Q.__Q 
Bat.�h r,omp�sition 

Whitine • , , • •  

Col emo.ni te 

?umi c e ( P -8484) 
Flint 
China elo.y 

CuCOJ 

- l ;-

JO,O ��·"U 
102.8 
2J8.4 

88.8 
5·1 

4�; 

JO.O parts 

102.8 

2J6,4 
88.8 

JO,O parts 

102.8 
2J8.4 

88.8 
5-l 

45; 



Whiting • 
Colemanite 

Glaze 200 E 
Datch composition 

Volcanic ash (P-8519) 
1'l1nt 
China clay 
CuCOJ 

Results of tests on Series 200, fi!'ed at C/3·'1: 

JO.O parts 
102.8 
238.4 

88.8 
5·1 
4% 

Gla�e 200 X produced a very good glass with a smooth fusion and a slight boron opacity. 
The color produced by copper carbonate was a watery blue-green semi· 
transparent glazo and showed a tenden�y to oraze i n  heavy areas. 

Glaze 200 C produced a very good glaze with smooth fusion and quite a boron opacity. 
Color produced by copper carbonate vas more green than glaze 200 X and 
showed excellent texture and color interest, There was loss tendency 
to craze in heavy areas of application than in glaze 200 X. 

Glaze 200 D produced nearly the same optical and physical reaction and effect as 
glaze 200 C. 

Glnze 200 £ produced nearly the same optical nnd physicnl renction and effect ns 
glaze 200 C except the volcanic ash {P-8519) increased the fluidity 
of the glaze, 

Glaze 300 - Glaze 300 X is typical artware semimat glaze, In this glaze nepheline 
syenite is used to provide KNaO•l.l0Al2o3·4.65Si02• 

Glaze :JOO X 
Batch compooition 

Nepheline syenite 
Dolomite 
Colemanite 
Plint • • •  

Glaze 300 C 
Bnt-�h c�mpos!t1on 

Hydro separntor overflow perlite 
Dolomite 
CoJema.nite 
Flint 

Glau JOO D 
Bat�h oo�p�s!t!nn 

Pumice (P-8484) 
Dolomite 
Coleman1te 
Plint 

C).aze 300 E 
Bntch composition 

Volcanic ash (P-8519) 
()olomite 

Col o::u;.ni te 
Flint 

-14-

34 parts 

6 
4 
6 

34 parts 
6 
4 
6 

34 parts 
6 
4 
6 

34 parts 
6 
l1 
6 



Results of tests on Series 300, fired at C/3 - 4: 

Glaze JOO X produ ced a fair semimat glaze with a bubble opacity and a definite 

whitish east on the red olay tile. Good fusion is apparent, but tile 
showa a great doal of bubble opacity and some pinholing, Crazine iG 

quite evident on this body. 

Glaze 300 c prod uced a fair to good sem1mat glate with less appar ent bubbling and 
a much greater o pacity. The color is definitely yellow ( c aus ed by iron 

content of perlite) . Pinholing is still in evidence as in test JOO X. 
Crazing, while not so groat as in te st JOO X, is still evident, 

Glaze 300 D produced a glaze much like test 300 C. A textural color effect is 

produced in this glaze which looks like a 82o3 reticulation pattern. 

Glaze JOO E produced a glaze much like test JOO C. A textural color effect is 
produced in this glaze Yh1oh looks like a 82o3 reticulation pattern 
but is not as strong as in test JOO o. 

General Re�ults 

In general, hydro separator overflow perlite, volcanic ash, and crushed pumice produce 

results whic h compare favorably with feldspar, Cornwall s tone, and nepheline syenite . 

In �lazes containing tho volcanic glasses a3 substitute for Buckingham feldspar, Corn­
wall sto ne, and nepheline s yenite , the maturing point of the glaze is somewhat reduced. 

�hon color is added to the claze to hide the effect of iron diGooloration caused by the 

iron content of tho volcanic glasses, an improvement of color tone is rather apparent and 

not unpleasing. 

The volcQnic glasses tested do not seem to cause any undesirab le effects as far as 

fusion, material behavior, or glaze defects are concerned . In fact, in glaze 100 C there 
was no crazing as in the standard 100 X, and in glaze 200 there was less apparent crazing 

in c, D1 and E than in the standard 200 X. 

The color produced bJ the reaction of the iron contained in tho volcanic glasses tested 

mukes the material impractical for uso us a flux in the production of whiteware. However, 

if colo� is a�ded either in the elazo or in the body, there should bo no difficulty in 

finding volcanic glasses good and usable substitutes for the feldspathic content of a glaze 
or body. 

�arketin� is the most important part of the sale of tho volcanic glasses as feldspar 
substitutes. The testing data may show very good results and good handling qualities, but 
it is n ecessary to have a good sales program in order to promote tho use of these materi als 

by the ceramic industry at the present time. For many years the criterion of feldspathio 

materials for thn bulk or tho ceramic indu$try ha$ been whiteness; thi$ is tradition and 

not at all necessary in the production of colored •ares such as terra cotta, artwure, 

stoneware, etc, Therefore producers who Wish to market volcanic ash, pumice, and p�rlito 
for use in the c eramic industry must break do�n this illogical traditional attitude, 
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Appendix 

End ?Oint, Bending Interval, and Cone Interv�ls 

or Orton Standa�d Pyrometric Cones 

Cone No. £nd Point Bendina Interval Cone Interval 

Rise •c. per hour Rise •c. per hour Rise •c. per hour 

2 0° c. l�O· c. 2 0° c. 150° c. 2 0° c. 150" c. 

07 1787• F. ?75" c. ,0. c. :35" c. so• c. )O• c. 25" c. 

06 1841 1005 1015 2 5  :35 2 5  25 

05 1886 1030 1040 JO JO 2 0  2 0  

o4 1,22 1050 1060 40 IJo JO 55 

OJ 1,76 1080 1115 110 J5 15 10 

02 2 00J 10,5 1125 J5 J5 15 2 0  

01 2 0)0 1110 1145 50 45 15 15 

1 2 057 1125 1160 JO 45 lC 5 

2 2 075 11J5 1165 :JO IJ5 10 5 

J 20?J 1145 1170 JO 40 2 0  2 0  

4 2 12 ,  1165 11,0 4o J5 15 15 

5 2 156 1180 1205 40 50 10 2 5  

6 2174 11?0 12,30 4o J5 2 0  2 0  

7 2 2 10 1210 1250 40 6o 15 10 

8 22)7 122 5  1260 IJ5 55 2 5  25 

' 2 2 82 1250 1285 65 115 lO 2 0  

10 2JOO 1260 1J05 40 95 2 5  2 0  

11 2 ,345 1285 1)25 70 80 2 5  10 

12 2 ,3?0 1)10 13)5 80 45 40 15 

Definitions 

P.C.£. - Pyro�etrio cone equivalent. The heat �ork accomplished; measured by heating a 

sample in the same shape as a known pyrometric cone and bending with increased 

heating to the same end point as a known cone. 

Flux - A material contained or added to a ceramic mixture which increases, assists, 

or promotes the fusion or the mixture. 

Bloating - Tho gaseous expansion within a rusod or semifused mass which onuses a 

deformation of the �ass by increasing its volume. The reaction is usually fro&en 

by tho normal cooling of tho material, and a bloated or frothy mass results, 

Bubble opacity • The opacity of a glass or elnze caused by minute gas bubbles contained 

within the glaas or glaze structure. 

Crazing - The cracking of a slaze, causing hairline cracks in the glaze surface. 

Crazing allows moisture and gas to pass throu�h or into a nonvitreous body. 

Pinholing • Tho pook-�arked surface of a glaze produced by an eruptive bubble or glass 

breaking on the surfnce and producing a crater in the surfnce or the elaze or 

co�pl$t&ly through the glaze fro� surfAce to body. 

-16 -



BULLETINS 

PUBLICAT10NS 

Oregon Department o f  G e o l o gy and Mineral Industries 
702 Wo o dlark Huilding, Por tland 5, Oregon 

l. �ining laws of Oregon, 1948, 2d rev. , o o ntaina Federal plac er mining regulations , 

2 .  Progress report on C o o s  Bay ooal field, 1 9 38 : r. W .  Libbey 
3. Caology of part or the lall owa Mountains, 1938 : C. P .  Ross 

4. Quicksilver in Oregon, 1 9 3 8 :  c. u.  Schuette • • • • •  , 

5· Geologi cal report on part o f  the Clarno Bas in, 1 938 : Donald K .  Mackay 
6. Prelim . rept. on some of the refractor� clays ot Western Oregon, 1938:Wilson & Treasher 
7 •  The gem minerals of Oregon, 1938: H. C .  Dake • • • • •  

8 .  Feasibi l ity or steel plant in lower Columbia area, rev. ed. , 1940 : R. K. Killer 
9, Chromitc depo llit:J in Orogon, 1938 : J. E.  Allen • • • • • • • • •  

1 0 .  Placer mining on Rogue River in re lat ion to f i sh and fi shing, 1938 : H .  B .  Ward 
1 1 .  Geology and mineral resources of Lane County, Oregon, 1 9 38 :  ft .  D. Smith 
1 2 .  Ge o logy and physiography of northern Wallowa Mountains, 194l : W . D . Smith, J.E.Allen, et a l  

1 3 .  First b iennial report o r  the Department, 1937-38 • • • • • • • • • • • • • •  

1 4 .  Oregon metal mines handb ook: by the staff 
A. Baker, Union, and Wallowa counties, 1939 
B. Grant , Morro•, and Umatilla counties, 1941 
c .  Vo l . I ,  Coo s ,  Curry, and Douglas count i e s ,  1941 

11 I I ,  Secti on 1 1  Josephine County, 1942 
Section 2, Jackson County, 1943 

15. Geology o f  Salem H i l l s  and North Santiam River basin, Oregon, 1939 : T. p ,  Thayer , 

1 6 .  rield identification of minerals for Oregon prospeotors and oolleotors, 
2 d  e d . ,  194 1 :  c ompi l ed by Ray C .  Treasher • • • • • • • •  

17. Munganese in Oregon, 1942 : by the start • • • • • • • • • • • • •  

18.  F irst aid to f o s s i l s ,  or . what to do b e for e  the pal eontol ogi st c:o 111 e s ,  '1939 : J .  E. Allen 
1?, Dredging o f  far111land in Oregon , 19.39 : F'. tl.  Libbey • , • •  , 

20. Analyses and o ther properties of Oregon c o a l s ,  1940: H .  F. Yancey & �. H. Gear 
21. Second b i ennial report of the Department, 1 9 39-40 • • • • • • • •  
2 3 .  Inv. r r eport ed occurrence o f  tin at Junip er Rid&e, Oreao n , l 942 : Harrison & J . E.Allen 
211, Origi n of the blo.ok sands of tho coast of southwe stern Oregon, 1?43: W. H. Twenhofel 
25. Third b iennial report of the Oepart111ent, 1941-42 , • • •  , , • • • , 

2 .: .  
2 J .  
2 6 .  
2 9 .  
30. 

Soil � Its 0!"1gin1 destruction, and preservation, 1944: W. H. Twenhofel , , , , , 

Geol �gy and coal r e s o u r c e s  of Coos Bay quadrangle ,  1944: J . E.Allen & E. W . Bo.l dwin 
Fourth bi ennial report of the Department, 1943-44 
Ferrucinous bauxite deposits in northwestern Oregon, 1945 : Libbey, Lowry, & Wa son • 

Uinern1og1eul and physical compo si ti on of the sands o f  th� Oregon coast from 
Coos Bay to the mouth of the Columbia River, 1945: w. H. Twonhofel 

Geo logy of the St. Helens quadrangle, 1946: Wilkinson, Lowry, & Baldwin 
Fifth bi ennial report of the Depart�ent, 1945-46 • •  , • • .  , • • • •  

Jl .  

J2 .  

JJ . 
J4. 

Bibli ography ( supp . )  of the geology and mineral resources of Oregon, 1?47: J .  E. Al len 
�1nes and prospects of the wt. Reuben mining district, Jos ephine C ounty, Oregon , 

1947: El ton A. Youngberg • • • • • • • • • • • • • • • •  

Geology of tho Dal las and Val sotz quadrangl es, Orogon, 1947: 
( 1 st vo l . ) Five pap �r s on foraminif era from the Tertiary or 

1947: J. A. Cushman, R. E .  Stewart, & K. c. Stewart 

E. w. Baldwin 
Western Oregon, 

\ 2 d  vol . )  TWO papers on f o raminifera from the Tert iary of W ,  Or egon and �. Washington, 
1 ?4' :  Cush�an, Stewart ,  & Stewart ; and one paper on mollusca and microfauna of 

�ildc:o.t coast section, Humboldt C ounty, California, 1949 : SteYart & Stewo.rt 
J6. Sixth bi ennial report of the Oopo.rtment, 1?47-'18 • • • • • • • • • , • • • •  

39·  veology and 111 1neral\ZRt1on o r  the Morning Uine and adJacent region, 

Grant County, Oregon, 1948 : Rhesa U. Al l en, Jr. 
40, Pr el iminary description o f  the geol ogy o f  the Kerby quadrangl e ,  Oregon, 

1949 : Francis G. We l l s ,  Preston E. Hotz, and Pr ed W. Cater, Jr. 

4 1 .  Ground-water studi e s  in Umati l la and Morrow counti e s, 1949 : NorQan s. Waener 

8/18/50 

P ri o e 

$ 

( ou t 

(out 
(out 

(out 
( out 

( out 
( out 

( ou t 

( out 

(out 

( out 

( out 
(out 
{ ou t 

( out 

(out 

( out 

eo steai d 

0 . 2 5 
0 . 1 0  
0 . 50 
o. 50 

o f  print ) 
or print) 
o f  print) 

o.4o 
o f  print) 
of print) 

0 , 50 
or print) 
o f  print) 

or print} 

0 , 50 
ot print) 
or print) 

0-75 

of print) 

0 , 75 
0,45 

or print) 

of print) 
or print) 

Fr e e 

o.4o 
0, 30 

of print) 
0 . 4 5  
1 . oo 
Free 

1 . 00 

of print) 

0 . 4 5  
o f  print) 

1 . 00 

0. 50 
0 . 7 5  

1.00 

1 .  25 

Free 

o . 8 5  
1 . 2 5  
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