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INTRODUCTION

Vol ca nic rocks have formed along the length of the
North Amer i can Cor dil lera dur ing the Neo gene and Qua -
ter nary pe ri ods. Vol ca nism of this age is dom i nantly al ka -
line and ex tends through out cen tral Brit ish Co lum bia and
the south ern Yu kon Ter ri tory. Dis tinct prov inces of al ka line 
magmatism have been iden ti fied in BC, in clud ing the
north ern Cor dil lera vol ca nic prov ince, the Chil cotin Group 
and the Anahim vol ca nic belt (e.g., Ed wards and Rus sell,
2000). Of these, the lat ter two oc cur within the Bee tle-In -
fested Zone and rep re sent the youn gest units mapped by
Mihalynuk et al. (2008). A ma jor-el e ment geo chem i cal in -
ves ti ga tion of the con tem po ra ne ous Anahim vol ca nic belt
and Chil cotin Group bas alts suggests that their com po si -
tions are controlled by a common process.

PREVIOUS WORK

Anahim Volcanic Belt

The Anahim vol ca nic belt is a well-stud ied east-
trending chain of Neo gene shield vol ca noes and in tru sions
ex tend ing from coastal BC west of Bella Coola, into the in -
te rior of the prov ince (Fig ure 1). There is a well-de fined
age pro gres sion from west to east along the belt (Souther,
1986). The old est ex pres sions of magmatism in the Anahim 
vol ca nic belt are the coastal Bella Bella dikes and the King
Is land pluton, dated at 14.5–12.5 Ma and 13–10.3 Ma, re -
spec tively. Dis crete vol ca nic cen tres oc cur east of Bella
Coola, in clud ing the Rain bow Range, the Ilgachuz Range,
the Itcha Range and the Nazko cones, which range sys tem -
at i cally in age from 8.7 to 0.34 Ma (Bevier, 1978; Souther,
1986; Souther et al., 1987). With the ex cep tion of the
Nazko lavas, all vol ca nic ac tiv ity along the Anahim vol ca -
nic belt be gan with early shield-build ing fel sic erup tions,
which were later capped by mafic flows (Bevier, 1978;
Souther, 1984; Charland and Fran cis, 1993). These late-
stage mafic lavas range in com po si tion from hawaiite
through al kali ol iv ine ba salt to basanite, with a trend of pro -
gres sive Si-undersaturation in later erup tions (e.g., Char -
land and Fran cis, 1993). Work on the Itcha Range has

shown that the hawaiite can be pro duced through the frac -
tion ation of ol iv ine+clinopyroxene from prim i tive al kali
ol iv ine ba salt at the base of the crust (Charland et al., 1995), 
while the basanite re quires a dis tinct pa ren tal magma based
on trace-element ratios (Charland and Francis, 1993).

Chilcotin Group

The Chil cotin Group ranges in age from 34 to 1 Ma,
with pe ri ods of high erup tion rates at 16–14 Ma, 9–6 Ma
and 3–1 Ma (Mathews, 1989). Ex tru sive rocks in clude
subaerial and sub aque ous ba saltic lava and pyroclastic
rocks, while mi nor gabbroic to ba saltic plugs are in ter -
preted to rep re sent lava vents (Bevier, 1983). The bas alts
are tran si tional from al kali ol iv ine ba salt to quartz-nor ma -
tive ba salt. The Chil cotin Group is broadly con tem po ra ne -
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Fig ure 1. Lo ca tion of field work area with re spect to the Chil cotin
Group and Anahim vol ca nic belt vol ca nic cen tres.
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ous with both the Anahim vol ca nic belt and the calcalkaline 
Pem ber ton and Gar i baldi vol ca nic belts to the south west,
and has been in ter preted as hav ing formed in a backarc ba -
sin be hind the Cascadia-Gar i baldi arc (Souther, 1977;
Bevier, 1983). Once be lieved to cover up to 50 000 km2 of
the south-cen tral in te rior of BC with an av er age thick ness
of 70 m (Bevier, 1983), re cent map ping sug gests a sig nif i -
cantly smaller ae rial ex tent (~36 500 km2), and top o graphic 
mod el ling shows that the ba saltic cover is rel a tively thin
(<50 m), ex cept where the flows have filled paleochannels
(Andrews and Russell, 2007; Mihalynuk, 2007).

A num ber of im por tant pet ro log i cal ob ser va tions were
made by Bevier (1983) per tain ing to the Chil cotin Group
bas alts, in clud ing that

· they are com monly aphyric, with ol iv ine as the dom i -
nant phenocryst phase;

· the most magnesian ol iv ine com po si tion is Fo83, too
low for the bas alts to be pri mary melts of peridotite
con tain ing Fo89-92; and

· the ma jor-el e ment compositional ar ray can not be mod -
elled by frac tional crys tal li za tion.

GEOCHEMISTRY OF NEOGENE MAFIC
LAVAS

Anahim Volcanic Belt

Ma jor-el e ment geo chem is try of the mafic lava flows
of the Anahim vol ca nic belt re veals sys tem atic changes in
the de gree of Si-undersaturation along the belt (Fig ure 2),
par al lel ing changes in the geo chem is try of late mafic flows
at in di vid ual cen tres. The trends de fined by in di vid ual vol -
ca nic cen tres are readily ex plained by frac tion ation of ol iv -
ine+clinopyroxene±plagioclase, phases that are pres ent as
pheno crysts in mafic lava from the Anahim vol ca nic belt. If 
the data is fil tered to min i mize the ef fects of crys tal sort ing,
how ever, a dif fer ent story emerges. Lava flows hav ing

>8 wt. % MgO form an ar ray that can not be ex plained by
olivine±clinopyroxene fractionation (Figure 3).

Chilcotin Group

The Chil cotin Group bas alts (also fil tered for lava
flows with >8 wt. % MgO) form poorly de fined trends in
most ma jor-el e ment space. Like the prim i tive lava of the
Anahim vol ca nic belt, they dis play be hav iour that is in com -
pat i ble with ol iv ine frac tion ation, or in deed any com bi na -
tion of ol iv ine, clinopyroxene, plagioclase, spinel and/or
Fe-Ti ox ide frac tion ation (Fig ure 4). Like wise, the trend
can not be ex plained by vary ing de grees of par tial melt ing
of an an hy drous peridotite source, as the in com pat i ble el e -
ments do not cor re late with in di ces of par tial fu sion. Bevier
(1983) took such be hav iour to in di cate chem i cal het er o ge -
ne ity in the source re gion, re quir ing the Chil cotin Group
bas alts to have been gen er ated by dif fer ent de grees of par -
tial melt ing of a source with a het er o ge neous dis tri bu tion of 
in com pat i ble el e ments. The neg a tive cor re la tion of Mg (a
proxy for the ex tent of par tial melt ing) with K and Ti re -
quires that re gions that melted to the great est ex tent (pro -
duc ing the high est Mg bas alts) also had the high est in com -
pat i ble-el e ment con cen tra tions (Fig ure 4). This trend could 
be ex plained by the melt ing of a hy drous K- and Ti-bear ing
phase, such as am phi bole or phlogopite. Hy drous flu ids
have the ef fect of de press ing the peridotite sol i dus, and the
more wa ter pres ent, the greater the de gree of par tial melt ing 
at a given tem per a ture (e.g., Hirose and Kawamoto, 1995).
Re gions of high am phi bole or phlogopite con cen tra tion
would have re leased more wa ter upon melt ing, de press ing
the peridotite sol i dus to a greater ex tent, and yield ing com -
par a tively large melt frac tions (those with the high est Mg
con tents). While there is lit tle cor re la tion be tween Pb iso to -
pic ra tios and K in the Chil cotin Group bas alts, K and Sr
iso to pic ra tios do cor re late as ex pected. One pos si ble ex -
pla na tion for the Pb iso to pic ra tios is that the process that
created heterogeneous mantle metasomatism immediately
predated the generation of Chilcotin Group melts without
sufficient time for Pb isotopic differentiation.
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Fig ure 2. Plot of Na+K ver sus Si (in cat ion units) show ing trends
among the Rain bow Range, Itcha Range, and Nazko cone vol ca -
nic cen tres of the Anahim vol ca nic belt. Data from Bevier (1978),
Charland and Fran cis (1993), Charland et al. (1995) and Souther et 
al. (1987). The al ka line-subalkaline line is from Charland and Fran -
cis (1993).

Fig ure 3. Plot of Ti ver sus Si, show ing Itcha Range and Nazko
cone lavas hav ing >8 wt. % MgO (an hy drous).



A de creas ing al kali con cen tra tion with an in creas ing
de gree of sil ica sat u ra tion is a geo chem i cal char ac ter is tic
that per sists from the ba salt ar ray to the most prim i tive
lavas of the Anahim vol ca nic belt, and sug gests that a sim i -
lar pro cess gov erns their geo chem is try (Fig ure 5). As with
the Chil cotin sub set, this greater trend can not be ex plained
by any rea son able frac tion ation as sem blage, or by par tial
melt ing of an an hy drous peridotite source. In com pat i ble
mi nor and trace el e ments also dis play colinearity, the fur -
ther sug ges tion of a com mon pro cess (Fig ure 6). With this
in mind, the or i gins of the most Si-undersaturated mem bers
of the spec trum may shed light on the nature of the process
responsible for this geochemical trend.

GENERATION OF HIGHLY
UNDERSATURATED MAFIC ALKALINE
MAGMA

Strongly Si-undersaturated mag mas such as ol iv ine
nephe lin ite and basanite have been at trib uted to a va ri ety of
pro cesses, in clud ing low-de gree melts of peridotite, melt -
ing of Si-poor gar net pyroxenite and melt ing of am phi bole
in metasomatized man tle (e.g., Fran cis and Ludden, 1995;
Kogiso et al., 2003; Pilet et al., 2008).

Ex per i men tal work has dem on strated that low-de gree
par tial melts of an hy drous peridotite can pro duce strongly
Si-undersaturated liq uids at el e vated pres sures (Hirose and
Kushiro, 1993). Par tial melt ing trends for an hy drous
peridotite com po si tions, how ever, can nei ther rep li cate the
Ca/Al ra tios of highly undersaturated magma, nor the pos i -
tive slope of Ca/Al in the ol iv ine nephe lin ite-al kali ol iv ine
ba salt ar ray (Fran cis and Ludden, 1995). In ad di tion, such
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Fig ure 5. Plot of Na+K ver sus Si show ing Itcha Range, Nazko cone 
and Chil cotin Group lavas with >8 wt. % MgO.
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Fig ure 6. a) Plot of P ver sus Ti, show ing Anahim vol ca nic belt
lavas and Chil cotin Group bas alts. Dataset as in Fig ure 5. b) Plot of 
Nb ver sus Zr. Dataset shows only Chil cotin and Itcha data be cause 
pub lished Nazko data lacks trace el e ments.

Fig ure 4. Plot of K ver sus Mg, show ing Chil cotin Group bas alts
hav ing >8 wt. % MgO (an hy drous). The lo ca tions of com mon an hy -
drous min er als are also shown. Ab bre vi a tions: Fe-Ti, mag ne tite-il -
men ite; Ol, ol iv ine; Pl, plagioclase; Px, pyroxene; Sp, spinel. Data
from Bevier (1983).



source com po si tions can not re pro duce the el e vated Ti con -
tent of al ka line magma in gen eral (Pilet et al., 2008). Sil ica-
de fi cient gar net pyroxenite has been sug gested as the
source of undersaturated magma, in part be cause of their el -
e vated Ti con tents. Be low pres sures of at least 50 kbar
(~150 km depth), how ever, par tial melts of such com po si -
tions do not re pro duce the el e vated K con cen tra tions of al -
ka line magma (Pilet et al., 2008). Ex per i men tal in ves ti ga -
tions of the melt ing be hav iour of am phi bole at up per
man tle con di tions re veal that it melts in con gru ently to form
clinopyroxene+spinel±ol iv ine+liq uid at pres sures be low
15 kbar, and to form clinopyroxene+gar net+liq uid at pres -
sures above 15–20 kbar (Olafsson and Eggler, 1983). Ex -
per i men tal liq uids are highly undersaturated, with
nephelinitic com po si tions (Pilet et al., 2008). Fran cis and
Ludden (1995) of fer com pel ling ev i dence that the ol iv ine
nephe lin ite–basanite tran si tion in the north ern Cor dil lera
cor re sponds to the ex haus tion of am phi bole in the source
re gion. Ex per i men tal work by Pilet et al. (2008) shows that
this model also ex plains the trace-el e ment pat terns of
basanitic lava. As such, the melting of amphibole appears
to best explain the major- and trace-element systematics of
highly undersaturated mafic alkaline lava.

PETROGENESIS

While there is com pel ling ev i dence for the role of am -
phi bole in the gen er a tion of nephelinitic to basanitic
magma,  i t  r e  mains  to  be  seen  how such  h igh ly
undersaturated com po si tions are re lated to the al kali ol iv -
ine bas alts of the Anahim vol ca nic belt and the Chil cotin
Group. It has been sug gested that the basanite-al kali ol iv ine 
ba salt spec trum rep re sents the two-step melt ing of a het er o -
ge neous am phi bole-bear ing man tle as sem blage, whereby
ini tial am phi bole-de rived melts are pro gres sively di luted
with peridotite-de rived ba salt (Wilkinson, 1991; Fran cis
and Ludden, 1995). More re cently, it has been pro posed
that the spec trum largely re flects equil i bra tion be tween am -
phi bole-de rived melts and subsolidus peridotite (Pilet et
al., 2008). The sil ica con tent of pri mary melts is largely in -
sen si tive to the de gree of par tial melt ing and source com po -
si tion, and in stead is con trolled by the pres sure at which
melt ing oc curs (Hirose and Kushiro, 1993). Nephelinitic
liq uids pro duced by the melt ing of am phi bole are out of
equi lib rium with sur round ing peridotite at pres sures be low
those at which nephelinitic melts would be gen er ated from
an hy drous peridotite (>50 kbar; ex trap o lated from data of
Hirose and Kushiro, 1993). At pres sures within the spinel
sta bil ity field, nephelinitic liq uids will es sen tially leach sil -
ica from orthopyroxene by trans form ing it into ol iv ine and
thereby in creas ing the Si con tent of the liq uid to bring it
into equi lib rium with the sur round ing man tle (Lundstrom
et al., 2000). Ex per i ments show that this re ac tion oc curs on
ex per i men tal timescales (Olafsson and Eggler, 1983; Pilet
et al., 2008). An im por tant as pect of this re ac tion is that,
given that the max i mum pres sure at which am phi bole is sta -
ble in the man tle is ~30 kbar (Wallace and Green, 1991),
strongly Si-undersaturated melts derived from amphibole
must avoid equilibration with the surrounding mantle
peridotite if they are to reach the surface unmodified.

If the compositional spec trum re flects the sim ple ad di -
tion of sil ica to an orig i nally nephelinitic melt, as re quired
by the re ac tion with orthopyroxene to pro duce ol iv ine, then 
it is to be ex pected that el e ment ra tios, such as K/Na and
Mg#, should re main un changed as the Si con tent in creases.

For K/Na at least, this is not the case (Fig ure 7). The K/Na
be hav iour of the basanite–al kali ol iv ine ba salt (AOB) ar ray 
in di cates a pro gres sive di lu tion of K by Na, most likely
caused by the melt ing of clinopyroxene, sug gest ing that
some de gree of peridotite (or pyroxenite) par tial melt ing
has taken place. Like wise, the Na+K–Si and Ti-Si sys tem -
at ics of the basanite–AOB ar ray can not be ex plained by the
ad di tion of sil ica to nephe lin ite or basanite, but rather ap -
pear to re flect the di lu tion of nephe lin ite or basanite with
rel a tively low-pres sure (10–15 kbar) peridotite melts (Fig -
ure 8). The most suit able ba saltic end mem bers are near-
solidus melts produced under hydrous conditions.

The ba salt di lu tion model, how ever, has a ma jor flaw:
no ‘stan dard’ peridotite com po si tion is ca pa ble of pro duc -
ing an end-mem ber melt with the ob served Fe con tents
(Fig ure 8c). The Mg# does not change sig nif i cantly from
nephe lin ite to Si-sat u rated ba salt; in the di lu tion model,
there ought to be a grad ual in crease in Mg# with in creas ing
Si (Fig ure 8d). Per haps co in ci den tally, the al ka line ar ray
clus ters along a tie join ing nephe lin ite with pure sil ica.
Fran cis (1995) has shown that prim i tive intraplate lavas
world wide ap pear to re quire a source that is richer in Fe
than the man tle source of mid-ocean ridge and subduction-
re lated ba salt. There fore, ei ther the man tle that is fur nish -
ing the Si-sat u rated end mem ber is sig nif i cantly richer in Fe 
than is in di cated by Cordilleran peridotite xe no liths (e.g.,
Nicholls et al., 1982), or there is a de coup ling of com pat i ble 
and in com pat i ble el e ments such that in com pat i ble el e -
ments re flect di lu tion of the am phi bole-de rived melt with
hy drous peridotite melts, while compatible elements reflect 
the reaction of nephelinitic melts with orthopyroxene.

This view pro vides an al ter na tive ex pla na tion for why
the Chil cotin Group bas alts can not be re lated by frac tion -
ation pro cesses: their com po si tions may be un mod i fied by
any crys tal frac tion ation pro cesses, and may in stead be
con trolled ei ther by di lu tion, by the ad di tion of sil ica or
both. The ques tion nat u rally arises as to why there are no
highly undersaturated com po si tions re ported from the
Chil cotin Group. This sug gests that ei ther the Chil cotin
Group ba salt source re gion had a low am phi bole:peridotite
melt ra tio, or that am phi bole-de rived melts equil i brated
with the sur round ing peridotite at shal low depths. Con -
versely, the highly undersaturated AVB lavas must come
from a source rich in am phi bole, and must have trav elled to
the sur face rap idly enough to avoid equil i bra tion to higher
sil ica con cen tra tions.

TECTONIC IMPLICATIONS

Neo gene to Qua ter nary vol ca nism along the length of
the Cor dil lera ap pears to be con trolled by plate bound ary
in ter ac tions be tween the North Amer i can Plate and its out -
board oce anic coun ter parts (Thorkelson and Tay lor, 1989;
Ed wards and Rus sell, 2000). Paleosubduction mod els sug -
gest that a spread ing ridge flanked by the Kula and Farallon
plates be gan to subduct be neath the North Amer i can Plate
dur ing the Late Cre ta ceous, since which time a slab win -
dow has de vel oped be neath vir tu ally the en tire north ern
Ca na dian Cor dil lera (Fig ure 9; Thorkelson and Tay lor,
1989). The Kula Plate has been com pletely subducted,
while the Juan de Fuca and Ex plorer plates are all that is left
of the Farallon Plate. A south ern slab win dow formed dur -
ing the Mio cene, when the Farallon-Pa cific Ridge
subducted, and un der lies much of the Ba sin-and-Range
Prov ince of the south west ern United States (Thorkelson
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and Tay lor, 1989). For the past 5 Ma, vol ca nism in the Ba -
sin-and-Range Prov ince has been dom i nantly Si-
undersaturated (Fitton et al., 1991). The spa tial and tem po -
ral co in ci dence of alkaline magmatism and slab windows is
therefore highly suggestive.

Be cause of its lin ear ex pres sion, the Anahim vol ca nic
belt has been vari ably in ter preted as the prod uct of a man tle
plume, a prop a gat ing rift and a slab win dow-re lated edge-
ef fect (e.g., Bevier et al., 1979). Its spa tial co in ci dence with 
the south ern edge of the Cordilleran slab win dow makes the 
lat ter in ter pre ta tion at trac tive (Fig ure 9). The trend of the
Anahim vol ca nic belt does, how ever, par al lel the pro jected
trend of the Yel low stone plume track (Johnston and
Thorkelson, 2000), im ply ing that the Anahim trend is con -
sis tent with the North Amer i can Plate’s mo tion over a
steady-state hotspot. The Chil cotin Group has been in ter -
preted as an ensialic backarc ba sin, form ing be hind the
Pem ber ton and Gar i baldi vol ca nic belts as a re sult of
subduction of the Juan de Fuca Plate be neath North Amer -
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Fig ure 8. a) Plot of Na+K ver sus Si. b) Plot of Ti ver sus Si. c) Plot of Fe ver sus Si. d) Plot of Mg# ver sus Si (Mg# =
100*Mg/(Mg+FeT)), with solid ar rows show ing trends ex pected from the di lu tion of nephe lin ite with peridotite melts, and by
the ad di tion of sil ica to nephe lin ite. Dataset as in Fig ure 5, with ol iv ine nephe lin ite from Fran cis and Ludden (1995). Par tial
melts of spinel lherzolite at 10 kb also shown: solid green square, HK-66 (Hirose and Kushiro, 1993); open blue square with
cross, KLB-1 (Hirose and Kushiro, 1993); open red square with x, KLB-1 hy drous (Hirose and Kawamoto, 1995). Dashed
tie lines link ol iv ine nephe lin ite and basanite with pure sil ica (100Si), in di cat ing a Si-ad di tion trend.

Si cations
Fig ure 7. Plot of K/Na ver sus Si. Dataset as in Fig ure 5.



ica (Souther, 1977; Bevier, 1983). Thorkelson and Tay lor
(1989) sug gest that, like the Anahim vol ca nic belt, the Chil -
cotin Group is also re lated to slab win dow edge-ef fects, al -
though it is dif fi cult to ex plain why the bas alts should ex -
tend so far south of the projected slab window.

Be cause of the slope of the am phi bole-out curve in P-T
space, am phi bole melt ing can not be in duced di rectly by de -
com pres sion, and re quires a ther mal per tur ba tion to drive
the am bi ent man tle tem per a ture out of the am phi bole sta bil -
ity field (Fig ure 10). This can be ac com plished by the
upwelling of ‘nor mal’ asthenospheric man tle, with out
need ing to in fer the ex is tence of an an oma lously hot plume. 
In the Anahim vol ca nic belt, this upwelling is most likely
gen er ated by per tur ba tion in the asthenosphere due to the
foun der ing of the Farallon plate edge. The sys tem atic age
pro gres sion along the belt would then re flect the mi gra tion
of this per tur ba tion with con tin ued subduction. If the in ter -
pre ta tion of the Chil cotin Group as hav ing formed in a
backarc set ting is cor rect, then fric tional drag of the man tle
wedge by the subducting Juan de Fuca Plate may cre ate a
mi nor con vec tion cell in which the Chil cotin Group melt
was pro duced above the upwelling arm. In ei ther case, hot
upwelling asthenospheric man tle co mes into con tact with
am phi bole-bear ing lithospheric man tle, and in the course
of ther mal re-equil i bra tion, the am phi bole melts,
generating nephelinitic to basanitic liquids and hydrous
fluids (Figure 10).

CONCLUSIONS

Neo gene al ka line vol ca nism in the cen tral in te rior of
BC re quires a het er o ge neous man tle source. The be hav iour
of in com pat i ble el e ments such as K and Ti are best ex -
plained by vary ing con cen tra tions of am phi bole in the
source re gions of al ka line lava. Highly undersaturated al -
ka line com po si tions, such as nephe lin ite and basanite, ap -
pear to rep re sent the spec trum of in con gru ent melts of am -
phi bole (Fran cis and Ludden, 1995; Pilet et al., 2008). The
co her ent geo chem i cal be hav iour of prim i tive lavas rang ing 
in com po si tion from basanite to quartz-nor ma tive ba salt in
the Anahim vol ca nic belt and the Chil cotin Group sug gests
that a com mon pro cess con trols this compositional ar ray.
In com pat i ble el e ment be hav iour seems to re quire the di lu -
tion of am phi bole-de rived nephe lin ite and basanite with
hy drous peridotite melts. Com pat i ble el e ments, by con -
trast, sug gest the re ac tion of nephe lin ite and basanite with
orthopyroxene in or der to at tain equi lib rium with man tle
peridotite. The rea son for the dis con nec tion between
compatible and incompatible element behaviour is unclear; 
an avenue for future work.

The break down of am phi bole in the lithospheric man -
tle re quires a ther mal push. In the case of the Chil cotin
Group bas alts, this is most likely ac com plished by ex ten -
sion and asthenospheric upwelling due to subduction-in -
duced con vec tion in the man tle wedge. In the case of the
Anahim vol ca nic belt, this may be a re sult of astheno -
spheric upwelling caused by the sink ing of the Farallon
Plate edge, as sug gested by Thorkelson and Taylor (1989).
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Fig ure 10. Pres sure-tem per a ture phase di a gram for the crust and
up per man tle be neath cen tral BC. Crustal geotherm, crust-man tle
bound ary and litho sphere-asthenosphere bound ary from Harder
and Rus sell (2006). Dry and wa ter-sat u rated peridotite solidi and
am phi bole sta bil ity field adapted from Fran cis and Ludden (1995).
Adiabat gra di ent as sumed to be 1.2°C/kbar. The red ar row shows
the ther mal ef fect of upwelling asthenospheric man tle im ping ing
on cooler am phi bole-bear ing lithospheric man tle. Ab bre vi a tions:
Moho, Mohorovicic dis con ti nu ity; L/A, litho sphere-asthenosphere
bound ary.
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Fig ure 9. West ern North Amer ica, show ing the ap prox i mate lo ca -
tions of slab win dows at 20 Ma and at pres ent, with re spect to Neo -
gene al ka line prov inces men tioned in the text. Pro jected slab win -
dows are from Ed wards and Rus sell (2000) and Thorkelson and
Tay lor (1989).



manu script, al though we ab solve him of any as so ci a tion
with the views of al ka line magmatism expressed herein.
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