
SPECIAL COLLECTION: GLASSES, MELTS, AND FLUIDS, AS TOOLS FOR UNDERSTANDING VOLCANIC PROCESSES AND HAZARDS

!"#$%&'(#%$)"#)%*+)"&(,(#)"-)$./0+--.$(1+)#"2.3+$)-&"4)%*+)5'&#")67"4(8()2()9'$+:)+&.;%("#)
"-)<%=)5"44'0>+$.1(.$)6?%'3@:)/'$+2)"#)8"4;"$(%("#$)"-)$(3(8'%+04+3%)(#83.$("#$)'#2)

83(#";@&"A+#+B

!"#$%&'()*+,-./.0.%!1+$!"1%*+21+"#1-./.%)*3*4*##1%4*%5"51/%$34%!1)*!#%67%)143$!-

!"#$%&'(#)'*+,*-#+./0#)/#.1*20&30)0%*4#/51*67%/8.9:&31*20&30)0%*;<=>!1*?@A@B@
;"0$%&'0(#)'+*C0*A/0#)D#*C#77%*4#&&%1*C#77EB(90#)'#*#*C#77#*F0.+&.#1*?)0G#&.0'H*C0*I%$+70*JK#C#&0/+*LLM1*I%$7#.1*N=!O<1*L'%7P

$)+#!$8#
Q%R+&*%)C*'&%/#*#7#(#)'*%)C*G+7%'07#*/+($+.0'0+).*+,*&#5#%'#C*(#7'*0)/7:.0+).*SFQLT*%)C*'5#0&*

/70)+$P&+U#)#*5+.'.*,&+(*%*.#7#/'#C*J.:9V#,,:.0G#M*)+C:7#*,&+(*'5#*:$$#&(+.'*7%P#&*+,*'5#*A%&)+*SW+V
(0/0*C0*6%.#X*W6T*$70)0%)*#&:$'0+)*+,*Q'@*A+((%V2#.:G0:.*SL'%7PT*5%G#*9##)*C#'#&(0)#C@*45#*A%&)+*
HUXSWLRQ�RFFXUUHG�GXULQJ�WKH�¿UVW�PDJPDWLF�PHJD�F\FOH�DQG�LV�RQH�RI�WKH�ROGHVW�GRFXPHQWHG�HUXSWLRQV�
%'*Q'@*A+((%V2#.:G0:.@*6%.#C*+)*FQL*%)C*/70)+$P&+U#)#*/+($+.0'0+)*Y#*/+).'&%0)*$&+/#..#.*%.V
.+/0%'#C*Y0'5*'5#*+&030)*+,*'5#*)+C:7#1*0'.*,+&(%'0+)*C#$'51*%)C*5#)/#*'5#*C#$'5*+,*'5#*(%3(%*/5%(9#&*
%..+/0%'#C*Y0'5*'5#*A%&)+*SW6T*#&:$'0+)@*45#*&#.:7'.*/+)'&09:'#*'+*%*9#''#&*:)C#&.'%)C0)3*+,*'5#*#%&7P*
.'%3#.*+,*#G+7:'0+)*+,*'5#*7+)3V70G#C*Q'@*A+((%V2#.:G0:.*G+7/%)0/*/+($7#U@

45#*/&P.'%770D#C*QL*Y#&#*5#%'#C*'+*$&+C:/#*%*5+(+3#)#+:.*37%..*$5%.#*$&0+&*'+*%)%7P.0.@*QL*5+(+3V
#)0D#C*9#'Y##)*!;=;Z!;[>*s\1*%)C*'5&##*'P$#.*+,*FQL*Y#&#*C0.'0)3:0.5#C*9%.#C*+)*'5#0&*/+($+.0'0+).*
DQG�EHKDYLRU�GXULQJ�KHDWLQJ��7\SH�,�50,�LV�FODVVL¿HG�DV�SKRQR�WHSKULWH±WHSKUL�SKRQROLWH±VKRVKRQLWH��
%)C* 0.* '5#*(+.'* &#$&#.#)'%'0G#*+,* '5#*(#7'*$5%.#* ,&+(*Y50/5* '5#*/70)+$P&+U#)#.*/&P.'%770D#C@*45#*
VHFRQG�W\SH��UHIHUUHG�WR�DV�EDVDOWLF�50,��KDYH�FRPSRVLWLRQV�WKDW�KDYH�EHHQ�PRGL¿HG�E\�DFFLGHQWDOO\�
'&%$$#C*B)V&0/5* ,#7C.$%&*%)C]+&*9P*+G#&5#%'0)3*C:&0)3*5+(+3#)0D%'0+)*+,* '5#*QL@*45#* '50&C* 'P$#1*
UHIHUUHG�WR�DV�KLJK�SKRVSKRUXV��KLJK�3��50,��LV�FODVVL¿HG�DV�SLFUR�EDVDOW�DQG�KDV�KLJK�3�FRQWHQW�GXH�
'+*%//0C#)'%77P*'&%$$#C*%$%'0'#@

4P$#* L*FQL* %&#*(+&#* &#$&#.#)'%'0G#* +,*(%3(%.* %..+/0%'#C*Y0'5* $&#VA%&)+* #&:$'0+).* '5%)* '+*
(%3(%*%..+/0%'#C*Y0'5*'5#*A%&)+*SW6T*#&:$'0+)*9%.#C*+)*$:970.5#C*9:78*&+/8*/+($+.0'0+).*,+&*Q'@*
A+((%V2#.:G0:.@*45#&#,+&#1*0'*0.*.:33#.'#C*'5%'*'5#*.':C0#C*)+C:7#*,+&(#C*,&+(*%*(#7'*/+($+.0'0+)V
%77P*.0(07%&*'+*'5%'*Y50/5*Y%.*#&:$'#C*C:&0)3*'5#*#%&7P*50.'+&P*+,*Q'@*A+((%@*45#*/70)+$P&+U#)#*%)C*
/70)+$P&+U#)#V.070/%'#*(#7'*'5#&(+9%&+(#'#&*(+C#7.*.:33#.'*(0)0(:(*$&#..:&#.*+,*<==*QW%*Sc!!*
8(T* ,+&*)+C:7#* ,+&(%'0+)1*Y50/5* 0.*3&#%'#&* '5%)*$&#..:&#.*%)C*C#$'5.*/+((+)7P* &#$+&'#C* ,+&* '5#*
(%3(%.*%..+/0%'#C*Y0'5*P+:)3#&*$70)0%)*#&:$'0+).*+,*Q'@*A+((%V2#.:G0:.@*Q0)0(:(*$&#..:&#.*+,*
,+&(%'0+)*9%.#C*+)*G+7%'07#*/+)/#)'&%'0+).*+,*QL*0)'#&$&#'#C*:.0)3*^;_V\_;V.070/%'#*(#7'*.+7:9070'P*
PRGHOV�LQGLFDWH�IRUPDWLRQ�SUHVVXUHV������03D�

C+@D"&2$E)Q#7'* 0)/7:.0+)1* 5+(+3#)0D%'0+)1* '5#&(+9%&+(#'#&1*Q'@* A+((%V2#.:G0:.1* )+C:7#1*
G+7/%)0/*&0.8

"3#!1498#"13
2+7/%)0/*%/'0G0'P*%'*Q'@*A+((%V2#.:G0:.*S\%($%)0%)*W7%0)1*

.+:'5#&)* L'%7PT*5%.*9##)* '5#* ,+/:.*+,*G+7/%)+7+30/%7* &#.#%&/5*
,+&*%'*)#%&7P*'Y+*(077#))0%1*.'%&'0)3*Y0'5*'5#*7#''#&.*Y&0''#)*9P*
W70)P*'5#* +̀:)3#&*C#./&090)3*'5#*#&:$'0+)*+,*Q'@*A+((%*0)*ab*
B"*'5%'*C#.'&+P#C*W+($#00*%)C*8077#C*50.*:)/7#1*W70)P*'5#*c7C#&@*
450.*Y+&8*5%.*9##)*(+'0G%'#C*)+'*+)7P*9P*./0#)'0,0/*/:&0+.0'P*
9:'*%7.+1*0)*(+&#*&#/#)'*P#%&.1*9P*'5#*.03)0,0/%)'*G+7/%)0/*5%D%&C*
$+.#C*9P*'5#*$&+U0(0'P*+,*Q'@*A+((%V2#.:G0:.*'+*'5#*C#).#7P*
$+$:7%'#C*/0'P*+,*I%$7#.@

d507#*Q'@*A+((%V2#.:G0:.*5%.*9##)*%/'0G#*,+&*(+&#*'5%)*;[*
8%1*(+.'*&#.#%&/5*5%.*,+/:.#C*+)*'5#*$&+C:/'.*+,*'5#*$+.'Vab*B"*
#&:$'0+).@*45#*&#.#%&/5*,+/:.#C*9+'5*+)*'5#*R:G#)07#*$&+C:/'.*
SBP:.+*#'*%7@*!bbNX*6%&9#&0*#'*%7@*!bN!X*6#780)*#'*%7@*!bbO1*!bbNX*
67%/8*#'*%7@*!bbNX*\0+)0*;===X*\0+)0*#'*%7@*!bb[1*!bbNX*\0G#''%*
#'*%7@*!bb!X*K:703)%'0*%)C*Q%&0%)#770*;==aX*e+&+)*#'*%7@*!bNaX*
f0(%*#'*%7@*!bbbX*Q%&0%)#770*#'*%7@*!bb[1*!bbb1*;==[X*Q%&0)0*#'*%7@*
!bbNX*Q%.'&+7+&#)D+*#'*%7@*!bbOX*Q:#.VA/5:(%/5#&*!bb<X*W%+)#*
;==>1*;==NX*W0+/50*#'*%7@*;==>%X*F%0%*#'*%7@*;===X*F+7%)C0*#'*%7@*
!bbOX*F+.0*%)C*A%)'%/&+/#*!bNOX*A%)'%/&+/#*#'*%7@*!bbO1*;==NX*
A/50%)+*#'*%7@*;==<X*A+((%*#'*%7@*;==!X*2%33#770*#'*%7@*!bbOX*
2077#(%)'*#'*%7@*!bbOX*d#9.'#&*#'*%7@*;==!T*%)C*+)*'5#*/+V3#)#'0/*
+&*U#)+70'50/*70'50/*,&%3(#)'.1*&#,#&&#C*'+*%.*)+C:7#.*S6%&9#&0*%)C*
f#+)0*!bN=X*6#780)*%)C*"#*20G+*!bbOX*6#780)*#'*%7@*!bN[X*\0+)0*
#'*%7@*!bb[X*\:)C%&0*!bN;X*"#7*Q+&+*#'*%7@*;==!X*K:703)%'0*%)C*
Q%&0%)#770*;==aX*K:703)%'0*#'*%7@*!bbN1*;==!1*;==<1*;==[X*-073*

!"#$%&'()*%(#$'+,-%./0)1,+2"#)3440)5'-#.)67486690):43;

===OV==<g]![]===<Za>=h=[@==]"_Li*5''$i]]CU@C+0@+&3]!=@;!ON]%(V;=![V<b[N* *****a>=*

j*W&#.#)'*%CC&#..i*Q4B*\AKk*-#+C#'0/*%)C*-#+$5P.0/%7*L).'0V
':'#1*A+$&+)1*b<==1*^:)3%&P@*cV(%07i*87#9#.D@&0'%l/.,8@('%@5:
m*A$#/0%7*/+77#/'0+)*$%$#&.*/%)*9#*,+:)C*+)*-Ad*%'*5''$i]]%((0)@
3#+./0#)/#Y+&7C@+&3].0'#](0./].$#/0%70..:#70.'@U5'(7@*




