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=1-*+&3(6*+,1-3+1-$0(&1(6&6*"+*1,$(7&H+*,,3+*&G0)*&->*,*&
G$($G3G,&-0N1+6,&->*&2-g:b+&a0$(@

Ab Or

Qtz

10kb

3kb
2kb

1kb

1 atm
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18C?"/&H(&D1E&!1a0+&*%*G*(-&U*((*+&6$17+1G,&N$->&G06*%*6&%$f3$6&%$(*,&09&6*,"*(-&3(6*+&)1+$*6&0M.7*(&9371"$-.&"0(,-+1$(-,@&
J>*,*&G06*%,&6*G0(,-+1-*&->*&+*f3$+*G*(-&90+&1&N*-/&%0N&H+*,,3+*&G*%-&-0&,3HH+*,,&->*&1HH*1+1("*&09&H%17$0"%1,*&0(&->*&
%$f3$63,@&83">&H%17$0"%1,*&,3HH+*,,$0(&+*,3%-,&$(&9%1-&U*b

J
&1(6&J$b

O
/&1,&04,*+)*6&$(&G*G4*+,&A&1(6&R@&D4E&I0+G1-$)*&61-1&

H+0a*"-*6&0(-0&->*&b%:5Xh:2-g&-*+(1+.&6$17+1G/&G06*%$(7&->*&%$f3$6&%$(*&09&6*,"*(-&90+&N*-&1(6&6+.&G17G1,&3(6*+&)1+$03,&
H+*,,3+*&+*7$G*,@&J>*&61-1&4*,-&9$-,&->1-&09&1&%0N&H+*,,3+*/&N*-&G*%-@&R1,*6&0(&->*,*&G06*%,/&->*&"0GH0,$-$0(1%&+1(7*&
04,*+)*6&90+&G*G4*+,&A&1(6&R&"1(&4*&*MH%1$(*6&4.&->*&V_Pc&"+.,-1%%$g1-$0(&09&b%/&90%%0N*6&4.&5Xh/&1(6&->*(&H%17$0"%1,*@&
U0+&9+1"-$0(1%&"+.,-1%%$g1-$0(/&->*&G*%-&$,&>*%6&1-&"0(,-1(-&H+*,,3+*&1(6&"00%*6&$(&$("+*G*(-,&09&Q]5@&A,&"+.,-1%%$g1-$0(&
H+0"**6,&->*&,0%$6&$,&$GG*6$1-*%.&+*G0)*6&9+0G&->*&+*G1$($(7&%$f3$6@
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9 F = 0.76 

Plag In
F = 0.88 
CPX In

F = 1 
Ol In

F = 0.76 
Plag In F = 0.88 

CPX In

F = 1 
Ol In

F = 0.76 
Plag In F = 0.88 

CPX In

F = 1 
Ol In

F = 1 
Ol In

F = 0.76 
Plag In F = 0.88 

CPX In

F = 0.88 
CPX & Plag In

F = 0.97 
OPX In

F = 1 
Ol In

F = 0.97 
OPX In

F = 1 
Ol In

F = 1 
Ol In

F = 0.88 
CPX & Plag In

F = 0.88 
CPX & Plag In

F = 1 
Ol In

1 kb 3 kb 5 kb

Olivine Qtz

C PX

Enstatite

CPX in

Plag in

b

>7
3
%,8
1
9

F = 0.88 
CPX & Plag In

*?3,819 *?3,819 *?3,819 *?3,819

*?3,819 *?3,819 *?3,819 *?3,819

*?3,819 *?3,819 *?3,819 *?3,819

*?3,819 *?3,819 *?3,819 *?3,819

*=@A=/B,:,C,Da

1 kb Wet Fractional Crystallization
3 kb Wet Fractional Crystallization
1 kb Dry Fractional Crystallization
10 kb Dry Fractional Crystallization
20 kb Dry Fractional Crystallization
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G"91/19%<O%*?1%/"Z%E21++;21%T]C%6<U%K2.8*5"3./%
82O+*.//5X.*5"3%"K%"/50531%K"//"Z19%<O%8/53"EO2"#131'%>?1%
13*521%8"GE"+5*5"3./%2.3I1%"K%G1G<12+%:%.39%[%<1*Z113%
]CAg%*"%]Wg%(IH%21\;521+%.EE2"#5G.*1/O%DBg%K2.8*5"3./%
82O+*.//5X.*5"3%"K%.%Z1*%G1/*%TC=C'ag%-AHU%.*%,(o=C%*"%
,(o%8"395*5"3+%T,5I'%W.$%25I?*%8"/;G3U'

>?1+1%G"91/+%?.01%K"8;+19%E25385E.//O%"3%;3912+*.3953I%
*?1%E1*2"I131+5+%"K%G1G<12+%:%.39%['%-"Z1012$%*?1O%
91G"3+*2.*1%*?.*%*?1%2.3I1%53%8"GE"+5*5"3%53%G1G<12%M%
/.0.+%5+%+;881++K;//O%G"91/19%<O%K2.8*5"3.*5"3%"K%*?1%G"+*%
E25G5*501%G1G<12%M%/.0.%T?5I?1+*%(IHgU%;3912%.3?O92";+%
.39%/"Z%-AH%T$@*@$%/1++%*?.3%B'agU%8"395*5"3+'%>?1%*2139%
"<+12019%K"2%*?1+1%/.0.+%5+%8"GE.*5</1%Z5*?%K2.8*5"3.*5"3%
"K%!4h%m%E/.I5"8/.+1%"K%.%21/.*501/O%92O%G1/*%T,5I'%W.U'

)+.5,+!&5'*-&C,*C"*,-.$%R

>?1%0.25.*5"3%53%,1H>%"3%,5I;21%f%<1+*%91G"3+*2.*1+%*?.*%
+.GE/1+%"K%G1G<12+%:%.39%[%Z5*?%(IHqVg%?.01%"3/O%
K2.8*5"3.*19%"/50531`%*?5+%"<+120.*5"3%5+%+;EE"2*19%<O%
*?1%G1/*%G"91/53I%T,5I'%WU$%.+%95+8;++19%53%*?1%E2105";+%
+18*5"3'%S;8?%.%+5GE/1%K2.8*5"3.*5"3%E.*?Z.O%.//"Z+%K"2%
*?1%E25G.2O%G.3*/1%G1/*%*"%<1%218"3+*2;8*19%T.+%.%G1/*%
53%1\;5/5<25;G%Z5*?%G.3*/1%"/50531U'%>Z"%G1*?"9+%?.01%
<113%.EE/519%*"%.8?5101%*?5+%E25G.2O%G1/*%8./8;/.*5"3'%
,52+*$%"/50531%5+%53821G13*.//O%.9919%<.86%*"%*?1%8?"+13%
E.213*./%G1/*%8"GE"+5*5"3%;3*5/%*?1%/5\;59%5+%53%1\;5/5<25;G%
Z5*?%G.3*/1%"/50531%"K%],"VB$%;+53I%*?1%,1Hk(IH%"/50531=
/5\;59%95+*25<;*5"3%8"=1KK58513*%TP_U%"K%B'D%T)"1912%.39%
MG+/51$%CVYBU'%S18"39$%Z1%.EE/O%*?1%4)L(M@>A%G"91/%"K%
-12X<12I%.39%:+5G"Z%TABB^U$%Z?58?%8";E/1+%*?1%.<"01%
53012+1%G"91/%Z5*?%.%K"2Z.29%G1/*53I%G"91/$%+;8?%*?.*%
*?1%53*12+18*5"3%"K%*?1%*Z"%53958.*1+%*?1%E25G.2O%G.3*/1%
G1/*'%c3/561%*?1%K52+*%G"91/$%*?1%4)L(M@>A%G1*?"9%
9"1+%3"*%.++;G1%"2%21\;521%*?1%,"%8"3*13*%"K%8"1#5+*53I%

"/50531%.39%K/.I+%E"*13*5./%122"2+%53%*?1%8./8;/.*5"3%8.;+19%
<O%8/53"EO2"#131%K2.8*5"3.*5"3%"2%+";281+%E"++5</O%
8?.2.8*125X19%<O%8.2<"3.*19%E1259"*5*1%.39k"2%EO2"#135*1%
8"GE"313*+'

>?1%21+;/*+%"K%*?1%*Z"%95KK1213*%.EE2".8?1+%.21%+?"Z3%53%
>.</1%C'%>?121%5+%<2".9%.I211G13*$%Z5*?%<"*?%G1*?"9+%
8./8;/.*53I%E5825*58%E25G.2O%G1/*+%Z5*?%(IH%8"3*13*+%
<1*Z113%Cf=CYg%(IH'%[.+19%"3%*?1%8./8;/.*19%(IH%
8"3*13*+%"K%*?1+1%E.213*./%G1/*+$%.39%;+53I%*?1%1\;.*5"3%
K"2%8./8;/.*53I%G.3*/1%E"*13*5./%*1GE12.*;21+%T>EU%.+%
";*/5319%<O%-12X<12I%*-&1%@%TABBYU$%*?1%8./8;/.*19%G.3*/1%
E"*13*5./%*1GE12.*;21C%K"2%*?1+1%G1/*+%/51+%<1*Z113%
CffBr!%.39%CaCCr!%$%Z?58?%5+%]VBr!%*"%CWBr!%?5I?12%
*?.3%53K12219%.G<513*%G.3*/1%*1GE12.*;21%T-12X<12I%*-&1%@$%

ABBYU'%HK%*?1%*Z"%G1*?"9+%;+19$%*?1%4)L(M@>A%G1*?"9%
5+%E21K12219%.+%5*%E21958*+%.%?.2X<;2I5*58%+";281%T,"VC'DU%
Z?58?%5+%*?1%<1+*%K5*%K"2%*?1%G"+*%E25G5*501%/.0.%8"G<5353I%
*?1%8?.2.8*125+*58+%"K%/"Z%>5HA$%/"Z%:/AHD$%.39%/"Z%Q.AH%
T,.//""3%*-&1%@$%CV^^U'%

75*?%.%218"3+*2;8*19%E25G.2O%G1/*%8"GE"+5*5"3$%825*58./%
G1/*53I%21I5G1%8?.2.8*125+*58+%8.3%<1%10./;.*19%+;8?%
.+%E12813*.I1%G1/*53I$%G1/*53I%91E*?$%.39%+";281%
8"GE"+5*5"3'%>?1%E25G.2O%G1/*%8"GE"+5*5"3%5+%E2"d18*19%
"3*"%G"91/19%G.3*/1%G1/*53I%8;201+%53%,5I;21%Y'%>?1%
E25385E./%0.25.</1+%*?.*%.KK18*%*?5+%8./8;/.*5"3%538/;91%
"#OI13%K;I.85*O$%+";281%8"GE"+5*5"3$%.39%E21++;21%
9;253I%G1/*53I%T$@*@/%+E185K58.//O%5+"<.258%),@%E"/O<.258%E.*?%
"E*5"3+U'%H#OI13%K;I.85*O%5+%K5#19%*"%,(o=C%<.+19%"3%
*?1%8./8;/.*19%K;I.85*O%"K%*?1%42"*12"X"58%;EE12%G.3*/1%
;3912/O53I%*?1%!.3.95.3%!"295//12.%.+%91*12G5319%K2"G%

!/012,$%&.123)&1%&-$.2&1,31#$&4#125/362-72&012&1,31#$&4#12&012,$%&.12
8)4.920$:12$&2&0121$#&07274#;$(12-;2-&2$7(1%9192$.)%"2$%2$9-$<$&2
8-&0)4&24%91#")-%"2,1.&-%"25=(>1%?-12$%92@-(A.1B2!CDD6'
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BD@C? ?@F% A%@4E E@AC ?@EB AC@AC A?@%D ?@AD ?@AA ?@?F A?? EA@) A4AA AF@D
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G.3*/1%#13"/5*?+%T,2.385+%*-&1%@$%ABCBU'%>?1%3.*;21%"K%
*?1%K12*5/1%G.3*/1%5+%+1G5=8"3+*2.5319%;+53I%.%/?12X"/5*58%
8"GE"+5*5"3%.+%21E21+13*19%<O%*?1%P1**/1%)5012%E1259"*5*1%
T7./*12$%CVV^U$%.%+;<=/5*?"+E?121%G.3*/1%#13"/5*?%K2"G%
[25*5+?%!"/;G<5.'%>?1%?.2X<;2I5*58%8"GE"+5*5"3%;+19%53%*?5+%
8./8;/.*5"3%5+%*?.*%"K%P1**/1%)5012%E1259"*5*1%G53;+%]CAg%
G1/*'%Q"2G.*501%!4h%8"GE"+5*5"3+%K"2%*?1%21+E18*501%
+";281+%.21%CWg%!4h%K"2%*?1%/?12X"/5*1%.39%Wg%!4h%K"2%
*?1%?.2X<;2I5*1'

$)-.$%&3J&'W".*.Q+."5&.R$Q,+.C&5'*-.%0

!./8;/.*19%G1/*53I%8;201+%K"2%.%/?12X"/5*1%+";281%.*%
E21++;21+%<1*Z113%^%6<%.39%D%6<%TAf=V%6G%91E*?`%,5I'%YU%%
2101./%*?.*%*?1%E25G.2O%G1/*%8"GE"+5*5"3%21\;521+%.3%
1#*2."2953.2O%?5I?%91I211%"K%E.2*5./%G1/*53I%T]DBgU$%
Z1//%E.+*%*?1%!4h=";*%<";39.2O%.*%E21++;21+%"K%a%6<'%
("95K58.*5"3%"K%*?1%+";281%*"%.%?.2X<;2I5*58%8"GE"+5*5"3%
E;+?1+%*?1%G1/*53I%21I5G1%*"%1013%+?.//"Z12%/101/+%Tf%6<U%
.39%+*5//%21\;521+%G1/*53I%*"%E2"I21++%]CBg%E.+*%*?1%%
!4h=";*%<";39.2O'
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aggregate melt - 1350°C Tp aggregate melt - 1450°C Tp aggregate melt - 1550°C Tp

primary melt - Method 2primary melt - Method 1 members A and B
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18C?"/&I(&D1E&B,041+$"&%>*+g0%$-*&G*%-$(7&D4E&$,041+$"&>1+g43+7$-*&G*%-$(7&D"E&H0%.41+$"&%>*+g0%$-*&G*%-$(7&D6E&H0%.41+$"&
>1+g43+7$-*&G*%-$(7@&J>*&(3G4*+,&1%0(7&->*&G*%-$(7&"3+)*,&+*H+*,*(-&H*+"*(-17*&G*%-$(7@&&
I0+G1-$)*&G$(*+1%,C&5Xh&i&"%$(0H.+0M*(*K&#-&i&71+(*-K&b%&:&0%$)$(*K&bXh&i&0+->0H.+0M*(*@
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S1012./%5++;1+%.25+1%K2"G%*?1+1%5+"<.258%G1/*53I%
8./8;/.*5"3+'%>?1O%5GE/O%?5I?%91I211+%"K%E.2*5./%G1/*53I%
Z1//%<1O"39%*?1%*?12G./%<.22512%21E21+13*19%<O%*?1%%
SE%!4h=";*%E?.+1%<";39.2O$%21\;521%*?.*%*?1%G1/*%<1%
I1312.*19%13*521/O%Z5*?53%Z?.*%+?";/9%<1%/5*?"+E?1258%
G.3*/1$%.39%.21%<.+19%"3%5+"<.258%G.3*/1%G1/*53I$%Z?58?%5+%
.%9";<*K;/%G.3*/1%G1/*53I%E2"81++'

$)-.$%&1J&)$*!Q,+.C&.R'%-+$).C&5'*-.%0

L*%?.+%<113%+?"Z3%*?.*%E"/O<.258%G1/*53I%"K%.3%;EZ1//53I%
G.3*/1%+";281%5+%.%K2.8*5"3./%G1/*53I%E2"81++%9;1%*"%G.3*/1%
8"GE.8*5"3%.39%*?1%<;"O.38O%"K%G1/*%Z5*?%21+E18*%*"%
*?1%G.3*/1%T@.3IG;52&*-&1%@$%CVVA`%(8P13X51%.39%[586/1$%
CV^^`%(8P13X51$%CV^f`%H<.*.%.39%Q.I.?.2.$%CV^YU'%
!"3+1\;13*/O$%*?1%K2.8*5"3.*5"3%"K%G1/*%.Z.O%K2"G%*?1%
G.3*/1%+";281%21+;/*+%53%G.3*/1%G1/*53I%<153I%/.2I1/O%
5+13*2"E58%53%3.*;21%T:+5G"Z&*-&1%@$%CVVaU'%>?5+%5+%G"21%
21./5+*58%K"2%G"91/53I%G.3*/1%G1/*53I$%.39%+"%Z1%8./8;/.*1%
*?1%4=>%E.*?%T,5I'%^U$%*?1%E12813*.I1%G1/*$%53+*.3*.31";+%
G1/*%8"GE"+5*5"3$%.39%.II21I.*1%G1/*%8"GE"+5*5"3%K"2%
<"*?%.%/?12X"/5*1%.39%?.2X<;2I5*1%+";281$%25+53I%./"3I%
.95.<.*+%*?.*%8"221+E"39%*"%G.3*/1%E"*13*5./%*1GE12.*;21+%
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G.3*/1%.95.<.*%53*12+18*+%*?1%21+E18*501%+";281%+"/59;+%
.39%8"3*53;1+%;E%*"%*?1%<.+1%"K%*?1%/5*?"+E?121%TZ?58?%?.+%
<113%.9d;+*19%*"%<1%<1*Z113%A%6<%.39%a%6<%K"2%*?5+%+*;9O%
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8?.3I1+%53%*?1+1%E.2.G1*12+'

L*%5+%105913*%K2"G%,5I;21%V%*?.*%*?1%+";281%8"GE"+5*5"3%
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9;253I%G.3*/1%G1/*53I%T,.//""3&*-&1%@$%CV^^U'%c3/561%

E

!"## !$## !%## !&## !'##
#

&

!#

!&

"#

"&

$#

$&

%#

()*+,-°./

+0
)1
12
0)
,-3
4/

Dry M
antle Solidus

lherzolite Source
harzburgite Source

1550°C Adiabat
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18C?"/&J(&XjJ&6$17+1G&,>0N$(7&->*&G*%-&H1->&90+&->*&
H0%.41+$"&G*%-$(7&G06*%,@&80%$6&4%1"<&%$(*&$,&->*&6+.&
,0%$63,&90+&%>*+g0%$-*&G1(-%*&D,0%$63,&90+&>1+g43+7$-*&$,&(0-&
,>0N(/&43-&N03%6&"0((*"-&N$->&->*&>$7>&H+*,,3+*&*(6&09&
->*&>1+g43+7$-*&G*%-$(7&H1->,E@&X1->&,>0N(&$(&+*6&$,&90+&
1&>1+g43+7$-*&,03+"*&->1-&$(-*+,*"-,&->*&,0%$63,&1-&VQZ&<4&
1%0(7&1&Q\`P]5&16$141-&1(6&,3""*,,93%%.&H+063"*,&->*&
H+$G1+.&G*%-&"0GH0,$-$0(&"1%"3%1-*6&90+&G*G4*+,&A&1(6&R@&
U0+&->*&H0%.41+$"&G*%-$(7&G06*%,/&->*&,03+"*&$,&G1$(-1$(*6&
1-&1&"0(,-1(-&*(-+0H.&,-1-*&1(6&G*%-$(7&H+0"**6,&3(6*+&
*f3$%$4+$3G&"0(6$-$0(,&3(-$%&->*&9+1"-$0(&09&G*%-&+*1">*,&
U&k&P@PP`/&1-&N>$">&H0$(-&->$,&G*%-&$,&+*G0)*6@&J>*&177+*71-*&
G*%-&$,&->*&,3GG1-$0(&09&->*,*&,G1%%&*f3$%$4+$3G&41-">&
G*%-,@
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.%813*2./%+E21.953I%259I1$%G.3O%+1.G";3*+%.39%0"/8.358%
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Composition

lherzolite @ 2 kb

lherzolite @ 5 kb

harzburgite @ 2 kb

harzburgite @ 5 kb
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Shallower Melting

18C?"/&K(&J>*&*99*"-&09&">1(7*,&$(&,03+"*&"0GH0,$-$0(&1(6&
6*H->&-0&->*&"+3,-j%$->0,H>*+*&403(61+.&0(&->*&H0%.41+$"&
G*%-$(7&G06*%,&1(6&->*&*99*"-&->$,&>1,&0(&->*&14$%$-.&-0&
"0(,-+1$(&->*,*&G1(-%*&G*%-$(7&H1+1G*-*+,@&B-&$,&*)$6*(-&
->1-&8$b

O
&$,&H+$G1+$%.&199*"-*6&4.&H+*,,3+*/&N>$%*&A%

O
b
_
&$,&

199*"-*6&4.&,03+"*&"0GH0,$-$0(/&G1<$(7&->*,*&-N0&)1+$14%*,&
$(6*H*(6*(-&H+0M$*,&09&->*,*&G1(-%*&G*%-$(7&)1+$14%*,@
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95+*538*%G.3*/1%21+120"52+%;3912%95KK1213*%8"395*5"3+'%>?5+%
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calc-alkaline

tholeiitic

Olivine Qtz

CPX

Enstatite

1 kb Dry Fractional

Crystallisation10 kb Dry Fractional

Crystallisation

20 kb Dry Fractional 

Crystallisation

1 kb Wet Fractional

Crystallisation

a
Franklin Igneous Province

Mt. Harper Volcanics
members A and B
member D
member E
member F

18C?"/&,L(&D1E&AU!&6$17+1G&,>0N$(7&1&"0GH1+$,0(&4*-N**(&G1a0+&*%*G*(-&61-1&90+&->*&U+1(<%$(&lBX&$(&+*6&DS0,-1%&*-&1%@/&
QWY[K&S*(.,g.(/&OPPYE/&1%0(7&N$->&03+&61-1&90+&->*&!?L5&D4%1"<E@&J>*&U+1(<%$(&+0"<,&*)0%)*6&1%0(7&1&->0%*$$-$"&H1->N1./&
N>*+*1,&!?L5&6*9$(*&1&"1%":1%<1%$(*&-+1a*"-0+.@&D4E&I0+G1-$)*&"0GH0,$-$0(,&90+&->*&U+1(<%$(&$7(*03,&+0"<,&D+*6E&+*)*1%&1&
-+*(6&1,,0"$1-*6&N$->&->*&9+1"-$0(1-$0(&09&1&6+.&G17G1&9+0G&1&H1+*(-1%&G*%-/&,$7($9$"1(-%.&6$99*+*(-&9+0G&->*&H1+*(-1%&G*%-&
90+&G*G4*+,&A&1(6&R&09&->*&!?L5&D4%1"<E@&J>*&-+*(6&*M>$4$-*6&4.&->*&U+1(<%$(&$7(*03,&+0"<,&1+*&,$G$%1+&-0&->1-&04-1$(*6&
*MH*+$G*(-1%%.&90+&9+1"-$0(1-$0(&09&1&41,1%-$"&%$f3$6&$(&*f3$%$4+$3G&N$->&1&%>*+g0%$-*&+*,$63*&DL$%%$7*+&*-&1%@/&OPP\E@
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