
The Cascade volcanic arc:

Now we will discuss the petrologic

evidence for the processes of:

Fractional crystallization

Assimilation

Magma Mixing

Recharge by primitive magma

FARM – this process is common

Caused by natural episodicity of

recharge of magma chambers by

“fresh” primitive mantle melts

and

the crystallization of these magmas in

the shallow crust

and

inevitable melting of crust by the heat

released by crystallization.

Variation in magmatic intensity in

the Cascades from north to south in

the last 100,000 years.

Note the paucity of volcanism in the

north and the focus of voluminous

activity in central Oregon

(Newberry volcano) and in northern

California (Medicine Lake and Mt.

Shasta).

Guffanti et al. (1988)



Medicine Lake volcano, CA  looking

south



Volcanic activity on Medicine Lake

since the end of the last glaciation

at ~11,000 years before present.

First we will discuss the interaction

of DRY mantle – derived high

alumina olivine tholeiites (HAOT)

with shallow granitic crust at

Giant Crater lava field

and Burnt Lava.

The FARM process here produces

andesite.

The next discussion will involve the

rhyolites and WET basaltic

andesites at Med. Lake.

Here the FARM process produces

rhyolite.

The Burnt Lava flow – an

andesite  55 to 57 wt. % SiO2

produced by  assimilation of

shallow granitic crust by

HAOT.



Mineral assemblages in

the andesite of Burnt

lava – notice the wide

range in plagioclase

composition, the large

spread in olivine Fo

content and the iron-rich

cpx cores with Mg-rich

rims.

Mineral

compositions in

quenched HAOT

blobs.

Back-scattered images of disequilibrium mineral assemblages



The compositionally zoned Giant

Crater lava field.

~ 6 km3 of magma erupted from a

set of vents in a 10 to 50 year time

period ~10,200 years before

present.

As the eruption proceeded

more primitive lavas were

carried further from the vents

in a series of lava tube

systems.

The latest and most primitive

lavas – Groups 5 and 6 – are

present at the end of the flow

system.

The early and most

“contaminated” lavas  are

closest to the vents (1, 2 and

3)

Near-

vent age

relations



Giant Crater, looking NW



Paleomagnetic evidence of

the time duration of the

emplacement of the Giant

Crater lava field.

Note the small deviation in

direction recorded by the

Groups 1 to 6 .

B,C and D are other nearby

flows that with ages well

constrained by 14C dating.



Even within single eruptive units the magma shows evidence for

compositional zoning produced by magma chamber processes.

Models of fractional crystallization (squares) and continuous AFC with R =1.5 (circles).



Group 1 lavas were highly

contaminated by crustal

melts

Pseudoternary projections

(OXYGEN UNITS)

Showing the compositional

variations in the lava and

granitic inclusions  compared

with the expected path

followed by fractional

crystallization.



Calculated

densities of the

Giant Crater lava

compared with the

melt density path

followed by

fractional

crystallization (FC)

of a Group 6

parent magma.

Clearly FC would

produce and iron-

rich dense melt

that would pond in

the base of the

magma chamber.

Isotopic variations are

consistent with contamination

of mantle derived HAOT with

granitic country rock that is

found as inclusions in the

Giant Crater lavas and in

other nearby lavas.



A model for

Fractionation,

assimilation, recharge

and mixing that can

account for the observed

magmatic evoution of the

giant Crater system.

Giant Crater was more

likely a “chamber” right

hand side – rather than a

plexus of dikes (left hand

cartoons).

More importantly, a detailed look at the isotopes, major and trace element

geochemistry of the Giant Crater lavas suggest that there were several stages

of magma replenishment by primitive mantle derived HAOT.  The cartoon above

summarizes mass balance models for the progressive evolution of the /giant

Crater magma chamber with time.



Mt. Shasta looms to the west.  In the foreground is Little Glass mountain.



!"#$%%&'("#)(#)*+#,-.#/012#3$43$5#$)

6+%&7&"+#8$9+#)*+:+#$:+#;*<%:(=5>

3$43$5#)*$)#*$?+#@++"#+:=A)+%#$)#)*+

?(B7$"(C

D+#5*$BB#5++#)*$)#&)#&5#)*+5+#3$43$5#)*$)

="%+:4(#E:$7'("$B#7:<5)$BB&F$'("#GHIJ#)(

:*<(B&)+K#A:+5=3$@B<#@+7$=5+#(E#)*+

%&L+:+")#7:<5)$BB&F$'("#A$)*#E(BB(M+%#@<

$"#/N1O:&7*#3+B)#P#("+#)*$)#%(+5#"()

&"?(B?+#&:("O+":&7*3+")#$"%#AB$4&(7B$5+

%+AB+'("

P#-$)*+:#/N1O:&7*#E:$7'("$B

7:<5)$BB&F$'("##&"?(B?+5#&:("#%+AB+'("

$"%#AB$4&(7B$5+#+":&7*3+")C

04$&"K#H0-6#&5#$"#&3A(:)$")#A$:)#(E#HI

&"#$#7:=5)$B#+"?&:("3+")C

QB$55#6(=")$&"#P#B((9&"4#M+5)C#R:=A)+%##STU#<+$:5#@+E(:+#A:+5+")



!"E:$:+%#P#B(M#$B')=%+#$&:#A*()(#5*(M&"4#)*+#%&L+:+")

+:=A'?+#="&)5#P#)*&5#B$?$#V(M#*$5#@++"#5)=%&+%#@<#3$"<#P

@+4&""&"4#0"%+:5+"#GWXYYK#WXZWJ#M*(#:+7(4"&F+%#+?&%+"7+

E(:##3$43$#3&[&"4

6$A#M&)*#5$3AB+#B(7$'("5#P#5++#)*+#WXX\#A$A+:



D$B9&"4#$B("4#$#:($%#@=BB%(F+%#)*:(=4*#)*+#3&[+%#%$7&)+C#R$:B<#"$'?+#03+:&7$"5

M$B9+%#(=)#("#)*&5#V(M#)(#7*&A#$::(M#A(&")5C

6&[+%#,$7&)+#B$?$



2*+#B$5)#A*$5+#(E#)*+#+:=A'("

A:(%=7+%#$#7(3AB+)+B<#4B$55<

:*<(B&)+#M&)*#\Z#M)C#]#^&1NC

/N1O5$)=:$)+%

+[A+:&3+")5#("#$"

$A*<:&7#$"%+5&'7

&"7B=5&("#)(#AB$7+

7("5):$&")5#("#)*+

A$)*#E(BB(M+%#@<

E:$7'("$B

7:<5)$BB&F$'("#="%+:

/N1O:&7*#7("%&'("5

$)#7:=5)$B#A:+55=:+5



I(3A$:&5("#(E

+[A+:&3+")$BB<#A:(%=7+%

7:<5)$BB&F$'("#A$)*5#M&)*

)*+#7(3A(5&'("$B

?$:&$@&B&)<#(@5+:?+%#&"#)*+

B$?$5#$"%#&"#)*+#&"7B=5&("

+:=A)+%#&"#)*+#B$?$5C

R[A+:&3+")$B#B&_=&%

B&"+5#(E#%+57+")#K#3&[+%

B$?$5#$"%#&"7B=5&("5C

`()+#WUZY6#&5#$

4:$"&)+#&"7B=5&("#)*$)#&5

A$:)B<#3+B)+%#$"%#&5

+"7B(5+%#@<#$"

$"%+5&'7#:&"%

GWUZY6$J#:+A:+5+"'"4

)*+#3$43$#)*$)#M$5#&"

7(")$7)#M&)*#&)#$5#&)

3+B)+%C##D+aBB#5++#)*+

&5()(A&7#7(3A(5&'("5

(E#)*+5+#)M(#&"#$#B&bB+

@&)C



/+:+#$:+#)*+#&5()(A+5C

!"#^:#&5()(A+#5A$7+K#)*+#$"%+5&)+5

$:+#B+$5)#:$%&(4+"&7#@=)#*$?+

3=7*#*&4*+:#^:#$@="%$"7+5#)*$"

)*+#3+B)+%#4:$"&)+#7:=5)

2*+#:*<(B&)+5#$"%#:*<(%$7&)+5#$:+

%+c"&)+B<#7(")$3&"$)+%#@<#$

7:=5)$B#7(3A("+")O#()*+:#):$7+

+B+3+")#7("5):$&")5#$BB(M#=5#)(

%+?+B(A#$#7B+$:+:#A&7)=:+#(E#)*+

+[)+")#(E#7:=5)$B#7(")$3&"$'("C

2:$7+#+B+3+")#3(%+B5

(E#E:$7'("$B

7:<5)$BB&F$'("#(E#$

*<%:(=5#@$5$B'7

$"%+5&)+#A$:+")

A:(%=7+#:+5&%=$B#B&_=&%5

*&4*#&"#d:#$"%#2*C##2*+

7:=5)#@+"+$)*#)*+

?(B7$"(#&5#%+AB+)+%#&"

)*+5+#+B+3+")5C

0@="%$"7+#?$:&$'("5

&"%&7$)+#)*$)#)*+

:*<(B&)+5#$:+#Te#)(#Se

M)C#]#3+B)+%#4:$"&'7

7:=5)C



2*&5#3(%+B#E(:#)*+

3$43$#7*$3@+:

@+"+$)*#QB$55

6(=")$&"#&5

7("5):$&"+%#@<#%:&BB

7(:+#%$)$#$"%#5+&53&7

+?&%+"7+C

2*&5#+?&%+"7+#5*(M5#$

3+B)#B+"5#7=::+")B<#$)#$

%+A)*#5*$BB(M+:#)*$"

)*+#%+A)*#(E#E:$7'("$B

7:<5)$BB&F$'("#:+7(:%+%

&"#7=3=B$)+#&"7B=5&("5C

fA("#3&[&"4#)(#E(:3

)*+#%$7&)+K#)*+

$"%+5&)+#&"7B=5&("5

:+7(:%#$#5*$BB(M+:

%+A)*#&"#)*+&:#3&"+:$B

7(3A(5&'("5C

-6 km

-3 km

-1 km

2*+#WWee#<+$:

(B%#I$BB$*$"

V(M#&5#$#;M+)>

@$5$B'7#$"%+5&)+

)*$)#&5

7(3A(5&'("$BB<

5&3&B$:#)(#)*+

_=+"7*+%

$"%+5&)+

&"7B=5&("5#&"#)*+

QB$55#6(=")$&"

:*<(B&)+C

2*&5#B$?$#&5#$B5(

7(3A(5&'("$BB<

F("+%C



R:=A'?+#A*$5+5#(E#)*+#I$BB$*$"#V(MC

2*+#B(MOA:+55=:+#G$"*<%:(=5J#7:<5)$BB&F$'("

A$)*#E(BB(M+%#@<#)*&5#A:&3&'?+#@$5$B'7#$"%+5&)+

%&?+:4+5#%:$3$'7$BB<#E:(3#)*+#A$)*#E(BB(M+%

M*+"#)*+#3+B)#7(")$&"5#5&4"&c7$")#Gg#ZOT##M)C#]J

/N1C

^(B&%#5<3@(B5#h#B$?$5

1A+"#5<3@(B5##h#/N1#+[A+:&3+")5

iB=5#5<3@(B5##h#$"*<%:(=5#+[A+:&3+")5



!"7(3A$'@B+#):$7+#+B+3+")#?$:&$'("5

:+_=&:+#)*$)#5&4"&c7$")#$3(=")5#(E

4:$"&'7#7:=5)#$:+#$55&3&B$)+%#%=:&"4#)*+

5*$BB(M#7:<5)$BB&F$'("#$"%#%&L+:+"'$'("

(E#)*+5+#*<%:(=5#@$5$B'7#$"%+5&)+5C

05#$#:+5=B)#(E#)*+#7$:+E=B#3$AA&"4#$"%#%$'"4#(E

)*+#/(B(7+"+#B$?$5#$)#6+%&7&"+#8$9+K#M+#7$"

):$79#)*+#&"A=)#(E#*<%:(=5#$"%#$"*<%:(=5#3+B)5

&")(#)*+#3$43$'7#5<5)+3C

`()+#)*+#:$A&%#$B)+:"$'("#(E#/N1O:&7*#$"%

$"*<%:(=5#3$")B+#3+B)5#&")(#)*+#6+%&7&"+#8$9+

@$79O$:7#AB=3@&"4#5<5)+3C##2*+#'3+#&")+:?$B#(E

5M&)7*&"4#E:(3#%:<#)(#M+)#)(#%:<#&5#?+:<#M+BB

7("5):$&"+%#*+:+C

2*+5+#4+(B(4&7#7("5):$&")5#5=44+5)#)*$)#%:<#$"%

M+)#3+B'"4#&"#$:75#&5#)$9&"4#AB$7+#&"#7B(5+

)+3A(:$B#$"%#5A$'$B#$55(7&$'("#&"#)*+#$:7

5<5)+3C##6(:+#("#)*&5#$5#M+#3(?+#M+5)#)(#6)C

^*$5)$C



6+%&7&"+#8$9+


	BurntGiantLAU
	GlassMtnLAU

