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Introduction 

T h e problem of the origin of the cont inental crust can 
be resolved into two fundamenta l quest ions: (1) the lo
cation and mechani sms of init ial m a n t l e extract ion of 
the primitive crust and (2) the processes by which this 
primitive crust is converted into the cont inental crust 
that presently exists . W e know that Archean cont inen
tal crust is compos i t iona l ly dist inct from younger con
tinental crust. Archean m a g m a t i s m was dominant ly bi-
modal , mafic thoele i i t ic plus dacit ic , heavy rare earth 
e lement depleted, in contrast t o the dominant ly uni-
modal , roughly andesit ic calc-alkaline m a g m a t i s m on 
younger crust [Taylor and McLennan, 1985; Condie, 
1989]. T h e problem is whether these compos i t iona l dif
ferences are primarily due t o different m e c h a n i s m s of 
crustal extract ion from the mant l e or t o different mech
anisms of differentiation and al terat ion of newly formed 
continental crust. 

Most recent mode l s for the format ion of new conti
nental crust pos tu la te tha t the crust is first ex tracted 
from the mant l e wi th in the ocean basins , either at is land 
arcs, or at oceanic h o t s p o t s (e .g . , from m a n t l e p lumes) 
(Table 1). T h i s new cont inental crust is then t e c h n i 
cally accreted t o the edges of pre-exist ing cont inents by 
emplacement a long act ive subduct ion zones . T h u s , the 
majority of newly accreted cont inental crustal blocks 
are rapidly exposed t o subduct ion zone m a g m a t i s m , 
which chemical ly modifies the newly emplaced crust. 
Because this two-s tage process of crustal formation oc
curs so rapidly, it is very difficult t o determine tha t fea
tures of the cont inental crust are primary features tha t 
originated wi th in the ocean bas in at the t i m e of ex
traction from the mant le , and which are secondary fea
tures that originated at cont inental subduct ion zones . 
In this paper, we explore s o m e geochemica l and geo
physical da ta sets which can provide information on 
the primary origin and secondary modif icat ion of the 
continental crust. 
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Evolut ion of Subduct ion Zone 
Modif ication 

Recent research has s h o w n tha t s u b d u c t i o n zone m a g 
m a t i s m has evolved through t i m e , primari ly because the 
hotter Archean m a n t l e produced thicker oceanic crust 
that was s u b d u c t e d at a younger age [McCulloch, 1993; 
Abbott et al, 1994b] . Prior t o 2 .4 G a , over 9 5 % of 
the thick, y o u n g oceanic crust subduc ted shal lowly and 
produced b i m o d a l (mafic thoele i i t ic plus dacit ic , heavy 
rare earth e l ement depleted) arc m a g m a t i s m at conver
gent margins [Drummond and Defant, 1990; Defant et 
al, 1991; Martin, 1993; Abbott et al, 1994b] . From 
~ 2.4 G a t o 1.6 G a , the cool ing m a n t l e produced in
creasingly thinner oceanic crust [Abbott et al, 1994a] . 
T h e thinner oceanic crust produced an increase in the 
abundance of s teep subduct ion . Concurrently, the in
crease in s teeply s u b d u c t i n g p lates produced a rapid 
increase in the abundance of u n i m o d a l (calc-alkaline, 
roughly andes i t ic ) arc m a g m a t i s m at convergent mar
gins . At present , the m a n t l e is even cooler and average 
oceanic crust is thinner t h a n at 1.6 G a . A s a result , 
s teep subduc t ion is ex tremely c o m m o n , and u n i m o d a l 
m a g m a t i s m is the m o s t c o m m o n t y p e of arc volcan
i sm. T h u s , it is clear tha t the m e c h a n i s m s of cont inen
tal crustal differentiation at convergent marg ins have 
evolved through t i m e , and t h a t th i s evo lu t ion is a direct 
result of the t empora l evo lut ion of m a n t l e t emperatures . 

Evolut ion of Crustal Extract ion 
Mechanisms 

T h e rapid onset and profound t e m p o r a l evo lu t ion 
of secondary modif icat ion of newly formed cont inental 
crust produces a geochemica l mask which obscures the 
original m e t h o d of crustal ex tract ion . For th is reason, 
there is sti l l great controversy over the m o d e of genera
t ion of Archean greenstone be l t s in particular [Blenkin-
sop et al, 1993; Bickle et al, 1994] and Archean conti
nenta l crust in general [De Witt et al, 1992; Padgham 
and Fyson, 1992; Isachsen and Bowring, 1994] . Al 
t h o u g h there is general agreement t h a t s o m e Archean 
greenstone be l t s were ex truded o n t o pre-exist ing conti-
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Table 1. R e c e n t p a p e r s t h a t p r o p o s e t e c t o n i c m o d e l s for t h e or ig in of g r e e n s t o n e b e l t s w i t h o c e a n 
bas in - l ike rocks a n d o p h i o l i t e - b e a r i n g t e r r a n e s . T h e m a j o r i t y of t h e s e t e r r a n e s a r e i n t e r p r e t e d 
as i s l a n d a rc s . A b o u t o n e t h i r d of t h e t e r r a n e s a r e i n t e r p r e t e d a s o c e a n i c h o t s p o t s or p l a t e a u s 
a n d / o r i s l a n d a r c - p l a t e a u c o m p o s i t e s . S o m e a u t h o r s favor n e i t h e r t h e p l a t e a u m o d e l no r t h e a r c 
m o d e l , a n d s i m p l y a s se r t t h a t e x i s t i n g m o d e l s a r e i n a d e q u a t e . 

Authors Year Age Arc Hotspot or Existing Models Age 
Oceanic Plateau Are Inadequate 

Fyson and Helmstaedt 1988 Archean Yes No No 
Brouxel and LaPierre 1988 Phanerozoic Yes No No 
Kusky 1989 Archean Yes No No 
PaUister et al. 1989 Phanerozoic No Yes No 
Beard and Barker 1989 Phanerozoic Yes No No 
Box and Patton 1989 Phanerozoic Yes No No 
Haydoutov 1989 Late Proterozoic Yes No No 
Card 1990 Archean Yes Yes No 
Hoffman 1990 Archean Yes Yes No 
Storey et al. 1990 Phanerozoic No Yes No 
Kusky 1991 Archean Yes No No 
Padgham and Fyson 1992 Archean No No Yes 
Davis and Hegner 1992 Archean Yes No No 
Kusky and Kidd 1992 Archean No Yes No 
Boher et al. 1992 Early Proterozoic No Yes No 
Sylvester and Attoh 1992 Early Proterozoic Yes No No 
Blenkinsop et al. 1993 Archean No No Yes 
Desrochers et al. 1993 Archean No Yes No 
Kimura et al. 1993 Archean Yes Yes No 
Isachsen and Bowring 1994 Archean No No Yes 
Poidevin 1994 Early Proterozoic Yes No No 
Bickle et al. 1994 Archean No No Yes 
Dostal et al. 1994 Late Proterozoic Yes No No 
Jackson et al. 1994 Archean Yes No No 
Zhang et al. 1993 Phanerozoic Yes Yes No 
Schandelmeier et al. 1994 Late Proterozoic Yes No No 

n e n t a l c r u s t , t h e r e is m u c h c o n t r o v e r s y over t h e o r ig in 
of g r e e n s t o n e b e l t s w i t h p r i m i t i v e o c e a n bas in - l ike rocks 
a n d w i t h n o e v i d e n c e for c o n t a m i n a t i o n b y p r e - e x i s t i n g 
c o n t i n e n t a l c r u s t . 

T h e m a j o r t h e o r i e s for t h e o r ig in of t h e s e g reen
s t o n e b e l t s fall i n t o t w o c lasses : j u v e n i l e i s l a n d a r c s 
a n d m a n t l e p l u m e s [Hoffman, 1990] . A s r ecen t w o r k 
on P h a n e r o z o i c c o n t i n e n t a l g r o w t h h a s d o c u m e n t e d t h e 
i m p o r t a n c e of t h e a c c r e t i o n of o c e a n i c p l a t e a u s [Ben-
Avraham et al, 1 9 8 1 ; PaUister et al, 1989; Storey et 
al, 1990; Kroenke et al, 1 9 9 1 ; Richards et al, 1991] , a 
h i g h e r p e r c e n t a g e of P r e c a m b r i a n g r e e n s t o n e b e l t s w i t h 
u n c o n t a m i n a t e d k o m a t i i t i c vo lcan ics h a v e b e e n i n t e r 
p r e t e d as t h e r e s u l t of o c e a n i c p l u m e ac t iv i ty , e i t he r in 
t h e f o r m of o c e a n i c p l a t e a u s or o c e a n i c h o t s p o t i s l a n d s 
[Card, 1990; Boher et al, 1992; Kusky and Kidd, 1992; 
Desrochers et al, 1993 ; Kimura et al, 1993] . Never 
the less , m o s t g r e e n s t o n e b e l t s a n d m a n y o p h i o l i t e c o m 
p lexes a r e s t i l l i n t e r p r e t e d as p a r t s of i s l a n d a r c t e r r a n e s 
[Brouxel and Lapierre, 1988; Beard and Barker, 1989; 
Box and Patton, 1989; Fyson and Helmstaedt, 1989; 
Haydoutov, 1989; Kusky, 1989; Kusky, 1 9 9 1 ; Davis and 
Hegner, 1992; Sylvester and Attoh, 1992; Zhang et al, 
1993; Dostal et al, 1994; Jackson et al, 1994; Schan
delmeier et al, 1994] ( T a b l e 1) . 

A l t h o u g h we k n o w t h a t t h e c o n t i n e n t a l c rus t is u l 
t i m a t e l y de r ived f r o m t h e m a n t l e , i t is a l so recognized 
[Taylor and McLennan, 1981] t h a t i s l and a rcs c a n n o t 
r e p r o d u c e t h e a v e r a g e c o m p o s i t i o n of t h e c o n t i n e n t a l 
c ru s t . C o n t i n e n t a l c ru s t is s igni f icant ly m o r e si l ica r ich 
a n d m o r e e n r i c h e d in Ni , C r , a n d i n c o m p a t i b l e ele
m e n t s t h a n is o c e a n i c a r c c rus t (Ni 25 p p m , C r 60 p p m ) 
[Taylor and McLennan, 1985] . A l t h o u g h si l ica a n d in
c o m p a t i b l e e l e m e n t s c a n b e a d d e d by a c o m b i n a t i o n of 
conve rgen t m a r g i n a n d a lka l ine m a g m a t i s m [Pearcy et 
al, 1990] , t h e s e t w o t y p e s of m a g m a t i s m c a n n o t sig
n i f ican t ly i nc rease t h e c o n t e n t of t h e c o m p a t i b l e ele
m e n t s Ni a n d C r . In c o n t r a s t , vo lcan ic m a t e r i a l f rom 
t h e O n t o n g J a v a a n d M a n i h i k i p l a t e a u s h a s e n o u g h C r 
a n d Ni ( C r 146-290 p p m , Ni 72-185 p p m ) [Mahoney 
et al, 1992] t o m a t c h a v e r a g e c o n t i n e n t a l c ru s t ( C r 
185 p p m , Ni 105 p p m ) [Taylor and McLennan, 1985]. 
T h e s e o b s e r v a t i o n s cou ld m e a n t h a t m u c h of t h e con
t i n e n t a l c ru s t evo lved f r o m o c e a n i c p l a t e a u s a n d t h a t 
m a n y fo rmer o c e a n i c p l a t e a u s a r e mis ident i f ied a s i s l and 
a rc s . W e the re fo re focus t h e res t of t h i s p a p e r on de
t e r m i n i n g t h e o r ig in of p r i m i t i v e o c e a n bas in - l ike rocks 
w h i c h a r e p r e s e r v e d o n t h e c o n t i n e n t s . T h e s e rocks a r e 
t h e m o s t l ikely t o p r e s e r v e a r eco rd of t h e m e t h o d by 
w h i c h c o n t i n e n t a l c ru s t is o r ig ina l ly e x t r a c t e d f rom t h e 
m a n t l e . 
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Criteria for Crustal Origin in an Ocean 
Basin 

Much of the discussion of Precambrian plate t ec ton
ics has centered on the ophiol i te problem, in part icu
lar, the pauci ty of Precambrian ophiol i tes w i th sheeted 
dikes. To date , on ly a few early Proterozoic ophiol i tes 
wi th sheeted dikes and mid-ocean ridge-like ( M O R B -
like) rocks have been identified [Helmstaedi and Scott, 
1992]. However, the absence of sheeted dikes in m o s t 
Archean and Early Proterozoic greenstone be l t s is easy 
to explain if they are either off-ridge oceanic p la teaus or 
island arcs [Hoffman, 1990] . Sheeted dikes require ac
tive seafloor spreading; thus only an Iceland-like p la teau 
has shal low sheeted dikes. Recent theoret ical work sug
gests that near-ridge ho t spo t s will feed the ridge crest 
if the s lope of the base of the l i thosphere is relat ively 
steep, that is if spreading rates are < ~ 3 c m / y r [Kin-
caid and Gable, 1992] . If spreading rates are > 3 c m / y r , 
plateau-forming ho t spo t s do not feed the ridge crest. 
T h e m i n i m u m seafloor spreading rates inferred for the 
late Archean are comparable t o present-day seafloor 
spreading rates [Bickle, 1986; Abbott and Menke, 1990; 
Sleep, 1992]. We infer that m o s t Archean h o t s p o t s 
produced off-ridge volcanic edifices tha t did not have 
sheeted dikes except at depths where they would be 
too metamorphosed t o identify. Consequent ly , a lack of 
sheeted dikes does not necessari ly imply tha t primit ive , 
ocean basin-like rocks formed on the cont inents . 

Criteria for Crustal Origin in an Island 
Arc Set t ing 

Arc m a g m a t i s m is classically characterized by deple
tion in high field s trength e lements , in particular N b 
and Ta. However, recent research has shown that de
plet ion in high field s trength e l ements is no t confined 
to arcs [Perfit et al, 1987; Klein and Karsten, 1994] . 
In two out of three areas where an oceanic ridge is now 
subduct ing , s o m e spreading ridge s e g m e n t s look arc-like 
in their chemistry. Therefore, deplet ion in N b and T a 
and other types of arc-like chemistry are not unequivo
cal evidence for origin wi th in an arc. 

There is one rock type that apparent ly forms only 
at island arcs: low C a bonini tes . T h e r m a l model l ing 
implies that low C a bonin i tes ( C a O / A b O a < 0.6) form 
only when bo th the overlying plate and the subduct ing 
plate are very hot and very young , less than ~ 4 mil l ion 
years (m.y.) o ld at the onset of subduc t ion [Pearce et 
al, 1992]. T h e low C a bonin i tes in the Izu-Bonin arc 
formed when a transform fault b e c a m e a subduct ion 
zone. Low C a bonin i tes result from remel t ing of mant l e 
depleted by a previous extract ion of oceanic crust, and 
are characterized by ex tremely low abundances of rare 
earth e lements ( < 5 t imes chondrit ic) . Low C a bonin i tes 
have Nb and T a deplet ions . 

In the present-day Pacific, about 15% of juveni le is
land arcs (arcs floored by oceanic crust < 1 8 0 m.y. o ld) 
contain s o m e low C a bonin i tes . In the Archean, the 

average age of the seafloor was m u c h younger (20 m.y. 
as opposed t o 60 m.y. at present) [Bickle, 1986] and 
the l ength of p late b o u n d a r y was greater [Abbott and 
Menke, 1990; Sleep, 1992] . A younger age of the seafloor 
and an increased l ength of p late boundary would b o t h 
act to increase the probabi l i ty of bonin i te format ion . 
Therefore, we infer that Archean is land arcs had high 
proport ions of low C a bonin i tes . 

Criteria for Crustal Origin at an 
Oceanic P la teau 

Phanerozo ic oceanic p la teaus and h o t s p o t tracks are 
characterized by thick pe lagic sed imentary cover and 
thick ( > 2 0 k m ) oceanic crust. T h e crust has h igh Fe, 
Cr, and Ni contents [Klein and Langmuir, 1987] . Unfor
tunate ly , bonini t ic lavas from is land arcs also have high 
Ni and Cr contents [Hickey and Frey, 1982] . Therefore, 
h igh Ni and Cr contents a lone are not sufficient to prove 
that cont inental crust or ig inated at an oceanic p la teau . 

T h e p l u m e heads which form oceanic p la teaus are 
significant sources of excess buoyancy, which promotes 
p la te reorganizat ion like tha t which occurred during the 
init ial rifting of the North At lant ic near the Iceland 
ho t spot [White and MacKenzie, 1989] . W e therefore 
infer that p late reorganizat ion c o m m o n l y accompanies 
p l u m e e m p l a c e m e n t . T h e edges of p la teaus are zones 
of weakness due t o the loading of the crust by thick 
p la teau lavas and are logical locat ions for the format ion 
of subduc t ion zones . If a p late reorganizat ion produces 
a new s u b d u c t i o n zone at the edge of a p la teau , the 
result ing s trat igraphy will consist of h igh Fe thole i i t ic 
basa l t s , overlain by silicic volcanics w i t h N b and T a de
plet ions . T h i s s trat igraphy in Archean greenstone be l t s 
is often interpreted t o represent is land arc vo lcan i sm. 
However, it could also represent subduc t ion zone vol
can i sm at the marg in of a newly formed oceanic p la teau . 
It is also probable tha t m a n y Archean oceanic p la teaus 
were emplaced close t o a convergent marg in w i th ridge 
subduct ion , in which case the basa l t s of the p la teau 
could have arc-like trace e lement s ignatures . 

Crustal Thickness: N e w Criteria for the 
Origin of the Continental Crust 

M a n y chemical and strat igraphic characterist ics are 
not unique either t o is land arcs or t o oceanic p la teaus . 
Most oceanic p la teau lavas and s o m e is land arc lavas 
(bonini tes ) have Cr and Ni contents like tha t of average 
cont inental crust [Hickey and Frey, 1982; Taylor and 
McLennan, 1985; Mahoney et al, 1992] . B o t h oceanic 
p la teau lavas and is land arc lavas can have N b and 
T a deplet ions , and other chemical characterist ics which 
were formerly considered d iagnost ic of i s land arcs. Fur
thermore , the p late reorganizat ions caused by the buoy
ancy of m a n t l e p l u m e heads m a y p r o m o t e the forma
t ion of new subduc t ion zones at the margins of oceanic 
p lateaus . Only the format ion of low C a bonin i tes is 
unique t o i s land arcs, and not all i s land arcs have low 
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C a bonin i tes . W e therefore need t o e x a m i n e other pa
rameters which m i g h t vary signif icantly be tween is land 
arcs and oceanic p la teaus . W e have chosen t o m o d e l 
the crustal thickness of i s land arcs and oceanic p la teaus 
through t i m e and t o compare the m o d e l results t o the 
observed thickness d is tr ibut ion of the cont inental crust. 

Crustal Thickness Dis tr ibut ion of 
Cont inents 

W e compi led d a t a on the g lobal dis tr ibut ion of base
m e n t ages and p late thickness (Figure 1). W e divide 
the age d a t a into three groups: Archean cratons ( > 2 . 4 
G a ) , early Proterozoic cratons ( ~ 1.8-2.4 G a ) and non-
cratonic basement (post ~ 1 . 8 G a ) . W e use compi la t ions 
of basement age and the dis tr ibut ion of alkaline rocks 
that are low degree and high degree partial m e l t s [Ash-
wal and Burke, 1989] t o define basement age and l i tho-
spheric thickness . High degree partial m e l t s (basal ts ) 
imply l i thosphere less t h a n 140 k m thick. Low degree 
partial me l t s (kimberl i tes and ol iv ine lamproi tes ) imply 
thicker l i thosphere (e .g . , cratons) . Because d i a m o n d s 
are found on ly in kimberl i tes and ol ivine lamproi tes , 
their s tabi l i ty field is an important constraint on l i tho-
spheric thickness . T h e Archean age of s o m e d i a m o n d s 
[Richardson et al, 1984; Richardson et al, 1993] im
plies long t erm l i thospheric thicknesses of over 200 t o 
240 k m . Our inferences regarding l i thospheric thickness 
are in qual i tat ive agreement w i t h recent tomographic 
s tudies [Zhang and Tanimoto, 1993] , which can only re
solve differences a m o n g 5 by 5 degree squares. 

Cont inenta l crustal thicknesses are from over 500 re
liable se ismic refraction s tudies [Prodehl, 1984; Meiss-
ner, 1986; Mooney and Braile, 1989; Beloussov et al, 
1991; Holbrook et al, 1992] . T h e d a t a coverage is ex
cellent for North America , Eurasia , and Austral ia , but 
Africa and S o u t h A m e r i c a are underrepresented. De
spite th is nonuni form dis tr ibut ion, the available d a t a 
are adequate t o characterize the thickness dis tr ibut ion 
of Archean, Early Proterozoic , and post 1.8 G a conti
nental crust. 

Mantle Temperature , Crustal Thickness 
and Lithospheric Buoyancy 

T h e re lat ionships a m o n g the compos i t i on of primi
t ive m a n t l e m e l t s , the oceanic crustal thickness , and the 
m a n t l e t emperature are well d o c u m e n t e d for Phanero
zoic ocean bas ins . Hotter mant l e beg ins t o me l t at a 
greater depth , and cont inues t o me l t as it rises; colder 
mant l e beg ins t o m e l t at a shallower depth . T h e net 
result is tha t hotter m a n t l e produces more me l t ing 
and thicker oceanic crust [Klein and Langmuir, 1987; 
McKenzie and Bickle, 1988] . Colder m a n t l e me l t s less 
and produces thinner oceanic crust [Langmuir et al, 
1992] . T h e c o m p o s i t i o n of the l i thospheric mant l e be
nea th the newly created oceanic crust is also affected. 
Because hotter m a n t l e causes more me l t ing , the oceanic 
l i thospheric m a n t l e loses more garnet and spinel during 

mel t ing . Because garnet is the m o s t dense phase below 
60 t o 80 k m , the l i thospheric m a n t l e formed during hot 
me l t ing is lighter than the mant l e formed during cold 
me l t ing [Bickle, 1986]. 

Oceanic crust at pressures > 8 - 2 3 kb reverts to eclog-
ite, which is an ex tremely dense rock (3 .4 g / c m 3 ) . Hot
ter m a n t l e produces thicker oceanic crust, which would 
seem t o imply that areas of thick oceanic crust should 
subduct more easily. However, oceanic crust that is 
more than ~ 2 4 k m thick is unsubductable . T h e reason 
for this is that the greater thickness of dense eclogite is 
overwhelmed by the pos i t ive buoyancy of depleted l i tho
spheric mant l e , which has lost b o t h garnet and iron. 

Evidence for a Hot ter Archean Mantle 

Archean greenstone bel ts contain a high abundance 
of komat i i t ic lavas, b o t h basalt ic komat i i tes (12-18% 
M g O ) and komat i i tes (18-28% M g O ) [Arndt and Nis-
bet, 1982] . K o m a t i i t e s are found at only one Phanero
zoic locality, G o r g o n a is land, and their m a x i m u m M g O 
content is 18-19% [Abbott et al, 1994a] . T h e l iquidus 
t emperature ( temperature of the m a g m a near the sur
face) of a 28% M g O komat i i te is ~ 1 5 7 6 ° C , whereas the 
l iquidus temperature of an 18% M g O basalt ic komati
ite is ~ 1 4 1 7 ° C . Recent work suggests that bo th the 
Phanerozoic komat i i t es and the Archean komati i tes rep
resent ho t spot m a g m a s [Campbell et al, 1989; Camp-
bell and Griffiths, 1992] , imply ing that mant le hotspots 
have b e c o m e cooler through geologic t ime . Primit ive, 
mid-ocean ridge-like m a g m a s of all types have become 
cooler through geologic t i m e [Abbott et al, 1994a]. This 
is consistent w i t h the higher iron content of early Pre
cambrian tholei i t ic basa l t s of all types (arc basalts to 
M O R B - l i k e basal ts ) [Cattell and Taylor, 1990] . We 
therefore infer tha t the higher iron content of Archean 
thole i i tes is best expla ined by a higher temperature of 
the entire upper mant le . Higher mant le temperatures 
in the Archean imply that the Archean ocean basins 
conta ined thicker average oceanic crust, thicker island 
arc crust, and thicker oceanic p lateaus . 

Model l ing Oceanic Plateaus Through 
T i m e 

W e have constructed a thermal history of the mant le 
from the l iquidus temperatures of the mos t primit ive 
members of mid-ocean ridge-like suites in greenstone 
be l t s and ophiol i tes . B o t h the Archean greenstones 
and Phanerozo ic ophiol i tes produce un imoda l distribu
t ions that are skewed toward higher temperatures [Ab
bott et al, 1994a] . T h e overall l iquidus temperature 
range for b o t h Phanerozo ic and Archean MORB- l ike 
suites is 236 ± 3 1 ° C . Liquidus temperatures derived 
from the inversion of residual depth anomal ies on the 
Pacific p late also show the s a m e skewed, un imodal dis
tr ibut ion and the s a m e overall t emperature range [Ab
bott et al, 1994a] . T h e s e results imply that bo th the 
shape of the l iquidus t emperature distr ibution and its 



180 

40N 

40S 
2 7 0 

40N 

F i g u r e 1 . Dis tr ibut ion of basement ages and crustal thickness . Archean ( A ) cratons ( > 2 . 4 
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1993; Van Schmus et al., 1993; Rosen et al., 1994] . Crustal thickness d a t a are d iv ided into 
three groups: Xes , < 3 5 km; squares, 35 t o 50 k m ; and crosses, > 5 0 k m . M a p A: Europe , 
Asia , Africa, and Austral ia . M a p B: North and S o u t h America . M a p C: Antarct ica . Antarc t i ca 
is very poorly dated . K n o w n Archean basement in Antarc t i ca has heavy weight out l ines , how
ever, Archean basement m a y e n c o m p a s s the areas w i t h l ighter weight out l ines and the letter A 
[Borg and DePaolo, 1994] . 
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overa l l r a n g e h a v e n o t c h a n g e d w i t h t i m e . B y m o v i n g 
t h e b e s t c o n s t r a i n e d t e m p e r a t u r e d i s t r i b u t i o n a l o n g a 
cu rve def in ing t h e t e m p e r a t u r e c h a n g e w i t h t i m e , we 
c a n m o d e l t h e t e m p o r a l e v o l u t i o n of o c e a n i c h o t s p o t s , 
i s l a n d a rc s , a n d a v e r a g e o c e a n i c c r u s t . 

T h e c h a n g e in m a n t l e t e m p e r a t u r e ve r sus t i m e is de 
r ived u s i n g t h e d a t a in Abbott et al. [1994a] , b u t w i t h a 
s l igh t ly different m e t h o d . O u r p r e v i o u s cu rve d id n o t go 
d i r ec t ly t h r o u g h t h e lowest t e m p e r a t u r e A r c h e a n d a t a 
p o i n t , b u t s l igh t ly a b o v e i t . However , i t m a k e s m o r e 
sense t o fit a cu rve t h a t goes d i r ec t l y t h r o u g h t h e lowest 
t e m p e r a t u r e p o i n t . F r o m o u r n e w cu rve , we e s t i m a t e 
t h a t t h e l i q u i d u s t e m p e r a t u r e of t h e u p p e r m a n t l e h a s 
c h a n g e d b y ~ 9 0 ° C s ince 3.0 G a . O u r r e su l t is con
s i s t en t w i t h t h e r ecen t i n d e p e n d e n t e s t i m a t e of Galer 
[1991] t h a t a v e r a g e m a n t l e l i q u i d u s t e m p e r a t u r e s h a v e 
c h a n g e d b y a t m o s t 9 7 ° C ( 1 5 0 ° C in u n i t s of p o t e n t i a l 
t e m p e r a t u r e , e.g. , t h e t e m p e r a t u r e of t h e m a g m a a t 
s o m e reference d e p t h ) s ince 3.5 G a . 

T h e b e s t d a t a o n t h e d i s t r i b u t i o n of m a n t l e t e m p e r a 
t u r e s over t h e l a s t 0 .18 G a de r ived f r o m a n invers ion of 
r e s i d u a l d e p t h a n o m a l i e s f r o m over 15,000 ha l f degree 
s q u a r e s on t h e Pacif ic p l a t e [Smith, 1990; Smith, 1993] . 
T h e overa l l s h a p e of t h e d i s t r i b u t i o n c o m p a r e s well t o 
a m u c h nois ie r d a t a se t de r ived f r o m t h e m o s t p r i m i t i v e 
m a g m a s in e ach of 37 P h a n e r o z o i c oph io l i t e s . In t h e 
p r e s e n t - d a y Pacif ic , t h e O n t o n g J a v a p l a t e a u fo rms t h e 
on ly s i zab le a r e a of u n s u b d u c t ab l e o c e a n i c c rus t (e .g . , 
over 24 k m t h i c k ) [Kroenke et al., 1991] ( F i g u r e 2 a ) . 
A l t h o u g h t h e O n t o n g J a v a p l a t e a u h a s b e e n p r o p o s e d 
t o b e c o n t i n e n t a l b e c a u s e i t s c ru s t is r e l a t i ve ly t h i ck , 
r ecen t d r i l l ing r e s u l t s s h o w n o ev idence for c o n t a m i n a 
t i o n b y c o n t i n e n t a l c ru s t a n d i m p l y a m a n t l e p l u m e 
or ig in for t h e e n t i r e O n t o n g J a v a p l a t e a u [Mahoney et 
al., 1993] . M o s t of t h e Pacif ic p l a t e ( i .e . , all b a s e m e n t 
a g e d 0-82 m.y . , 102-128 m.y . , a n d 162-178 m.y . ) h a s n o 
i m p l i e d l i q u i d u s t e m p e r a t u r e s > 1 3 6 0 ° C , t h u s m o s t of 
t h e Pacif ic p l a t e h a s c r u s t less t h a n 24 k m t h i c k a n d 
will r e t u r n t o t h e m a n t l e v i a s u b d u c t i o n zones . 

W e m o d e l t h e c r u s t a l t h i c k n e s s of o c e a n i c p l a t e a u s 
t h r o u g h t i m e b y t a k i n g t h e l i q u i d u s t e m p e r a t u r e d is 
t r i b u t i o n f r o m t h e O n t o n g J a v a p l a t e a u a n d a d d i n g a 
t e m p e r a t u r e offset in 5 deg ree s t e p s . W e conver t t h e 
d i s t r i b u t i o n of l i q u i d u s t e m p e r a t u r e s i n t o a d i s t r i b u 
t i o n of c r u s t a l t h i cknes se s u s i n g t h e e q u a t i o n s in Abbott 
et al. [1994a] . W e t r u n c a t e t h e r e s u l t i n g c r u s t a l t h i ck 
ness d i s t r i b u t i o n a t t h e m i n i m u m t h i c k n e s s of un r i f t ed 
c o n t i n e n t a l c ru s t of t h a t age . W e t h e n c o m p a r e t h e h i s 
t o g r a m s of m o d e l l e d o c e a n i c p l a t e a u c r u s t a l t h i ck n es s e s 
t o a c t u a l c o n t i n e n t a l c r u s t a l t h i cknes se s . 

Comparisons of P la teau Mode l s and 
D a t a 

R a t h e r t h a n s i m p l y a s s u m i n g t h a t o u r t h e r m a l h i s 
t o r y w a s co r rec t , we f o u n d t h e b e s t fitting t e m p e r a t u r e 
c h a n g e for e ach age d i s t r i b u t i o n of c ru s t ( F i g u r e 2 b ) . 
E ighty- f ive p e r c e n t of A r c h e a n c r u s t a l t h i cknes se s fit 
a p l a t e a u m o d e l w i t h a t e m p e r a t u r e c h a n g e of 93° C 
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Figure 2 . T o p : C r u s t a l t h i c k n e s s d i s t r i b u t i o n of t h e 
O n t o n g J a v a P l a t e a u , as de r ived f r o m re s idua l d e p t h 
a n o m a l i e s . W e h a v e c a l i b r a t e d o u r r e s idua l d e p t h 
a n o m a l i e s u s i n g r ecen t l y de r ived e s t i m a t e s of se ismic 
ve loc i ty a n d d e n s i t y f r o m I ce l and , w i t h co r r ec t ions for 
t h e r m a l c o n t r a c t i o n ( W . M e n k e , D . M c K e n z i e , wr i t 
t e n c o m m . ) . W e c a n n o t m a t c h p r e v i o u s e s t i m a t e s of 
a c r u s t a l t h i c k n e s s of 37 k m for O n t o n g J a v a for any 
r e a s o n a b l e c o m b i n a t i o n of c r u s t a l a n d m a n t l e dens i t i es . 
W e n o t e t h a t c o n t i n e n t a l a r e a s w i t h well d e t e r m i n e d 
c r u s t a l t h i cknesses of 37 k m a re a b o v e sea level. T h e 
t o p of t h e O n t o n g J a v a p l a t e a u is a b o u t 1 k m be low 
sea level . B o t t o m : M o d e l s of t h e e v o l u t i o n of c ru s t a l 
t h i cknes se s of o c e a n i c p l a t e a u s s ince t h e A r c h e a n . 

( F i g u r e 3 d ) , o u r e s t i m a t e d t e m p e r a t u r e c h a n g e a t 3.1 
G a . S i x t y p e r cen t of r e c e n t l y a c c r e t e d P h a n e r o z o i c 
c o n t i n e n t a l c rus t ( w i t h i n ~ 5 0 0 k m of a n ac t ive t r e n c h ) 
m a t c h e s a p l a t e a u m o d e l w i t h a t e m p e r a t u r e c h a n g e 
of 30° C ( F i g u r e 3 a ) . If we dec rease t h e t e m p e r a t u r e 
c h a n g e t o 1 5 ° C , we c a n m a t c h 5 5 % of t h e d a t a . 

T h e p e a k a t 40 k m in b o t h t h e p o s t 1.8 G a a n d t h e 
E a r l y P r o t e r o z o i c c r u s t a l t h i c k n e s s d i s t r i b u t i o n s could 
b e d u e t o a c o m p o n e n t of r e w o r k e d A r c h e a n c ru s t . W e 
h a v e the re fo re m o d e l l e d t h e s e t w o d i s t r i b u t i o n s u s ing a 
c o m p o s i t e of j u v e n i l e c r u s t p l u s a c o m p o n e n t of A r c h e a n 
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c rus t ( F i g u r e s 3 b , 3c ) . In o r d e r t o m a t c h t h e s h a p e of 
t h e o b s e r v e d c r u s t a l t h i c k n e s s d i s t r i b u t i o n s , t h e c o m 
p o s i t e d i s t r i b u t i o n s m u s t h a v e a s m a l l e r a m o u n t of j u 
veni le c r u s t . P o s t 1.8 G a c r u s t b e s t fits a m o d e l of 6 5 % 
r e w o r k e d A r c h e a n c r u s t ( d T = 9 3 ° C ) a n d 1 5 % j u v e n i l e 
p o s t 1.8 G a c r u s t ( d T = 1 5 ° C ) . T h e m o d e l is n o t t e r 
r ib ly sens i t ive t o t h e t e m p e r a t u r e of t h e j u v e n i l e c r u s t , 
a n d a t e m p e r a t u r e c h a n g e of 30° C will a l so fit t h e d a t a . 
E a r l y P r o t e r o z o i c c r u s t fits a c o m p o s i t e m o d e l w i t h 6 0 % 
r e w o r k e d A r c h e a n c r u s t ( d T = 9 3 ° C ) a n d 2 0 % j u v e n i l e 
E a r l y P r o t e r o z o i c c rus t ( d T = 60° C ) . E i g h t y pe r cen t 
of E a r l y P r o t e r o z o i c c r u s t a l so fits a p l a t e a u m o d e l w i t h 
a t e m p e r a t u r e c h a n g e of 90° C . 

Crustal Thickness of Immature Island 
Arcs 

W e use a m e l t c o l u m n m o d e l t o c a l c u l a t e t h e c r u s t a l 
t h i c k n e s s w h i c h w o u l d r e su l t f r o m f o r m a t i o n of a n is
l a n d a rc o n t o p of a v e r a g e o c e a n i c c ru s t : a t p r e s e n t , 
p o s t 1.8 G a , in t h e E a r l y P r o t e r o z o i c , a n d in t h e A r c h e a n 
T h e bas i c i d e a of a m e l t c o l u m n m o d e l is t h a t once m e l t 
ing b e g i n s a t d e p t h in t h e m a n t l e , m e l t i n g c o n t i n u e s 
u n t i l t h e m a g m a r e a c h e s t h e b a s e of t h e l i t h o s p h e r e . 
R e c e n t w o r k o n i s l a n d a rc s s u p p o r t s a m e l t c o l u m n 
m o d e l for i s l and a r c m a g m a t i s m [Plank and Langmuir, 
1988] . In r ecen t i s l a n d a r c m a g m a t i s m , t h e m e l t c o l u m n 
s t a r t s a t ~ 1 0 0 k m , t h e d e p t h of a m p h i b o l e b r e a k d o w n . 
M e l t i n g c o n t i n u e s u n t i l t h e m a n t l e r eaches t h e b a s e of 
t h e i s l and a r c l i t h o s p h e r e . B e c a u s e o ld o c e a n i c l i t h o 
s p h e r e is a r o u n d 100 k m th i ck , t h e g r e a t e s t v o l u m e of 
m a g m a t i s m o c c u r s w h e n t h e a r c is y o u n g . T h e t o t a l 
t h i c k n e s s of n e w c rus t g e n e r a t e d b y j u v e n i l e i s l a n d a rc 
m a g m a t i s m is c a l c u l a t e d b y m u l t i p l y i n g t h e t h i c k n e s s 
of t h e m e l t c o l u m n b y t h e p e r c e n t a g e of p a r t i a l m e l t 
i ng . P r e s e n t - d a y a rcs h a v e a m a x i m u m of 8 % p a r t i a l 
m e l t i n g [Davies and Bickle, 1991] . 

A v e r a g e o c e a n i c c r u s t is 7.1 k m th i ck , g iv ing a m a x i 
m u m m e l t c o l u m n l e n g t h of 93 k m , a n d a m a x i m u m a d 
d i t i o n a l t h i c k n e s s of c ru s t a d d e d b y a r c m a g m a t i s m of 
7.3 k m , n e a r l y t h e s a m e as t h e t h i c k n e s s of p r e - e x i s t i n g 
o c e a n i c c r u s t . T h i s e s t i m a t e is in q u a l i t a t i v e a g r e e m e n t 
w i t h t h e o b s e r v e d c r u s t a l t h i c k n e s s e s of j u v e n i l e i s l a n d 
a rcs in t h e Pacif ic . F r o m r e s i d u a l d e p t h a n o m a l i e s , we 
c a l c u l a t e a m e a n c r u s t a l t h i c k n e s s b e n e a t h 91 ac t i ve 
a r c v o l c a n o s of 15.8 ± 1 . 7 k m . T h e d i s t r i b u t e d c r u s t a l 
t h i c k n e s s a l o n g t h e e n t i r e a r c wil l b e m u c h less. Us
ing o u r o b s e r v a t i o n s of c r u s t a l t h i c k n e s s , j u v e n i l e i s l and 
a rc s a t p r e s e n t h a v e ( a t m o s t ) a n a v e r a g e c r u s t a l t h i ck 
ness of 2.2 t i m e s t h e t h i c k n e s s of a v e r a g e o c e a n i c c r u s t . 

F i g u r e 3. H i s t o g r a m s of t h e m i n i m u m , m a x i m u m a n d 
a v e r a g e d i s t r i b u t i o n of c r u s t a l t h i c k n e s s c o m p i l e d us 
ing e r ro r b a r s of ± 2 k m for e ach o b s e r v a t i o n of c r u s t a l 
t h i c k n e s s . M o d e l s a r e of t h e c r u s t a l t h i c k n e s s d i s t r i b u 
t i o n of a n o c e a n i c p l a t e a u of a g iven a g e . E a c h m o d e l 
is m u l t i p l i e d b y a f r ac t i on w h i c h r e d u c e s p e a k h e i g h t 
a n d p r o v i d e s a n e s t i m a t e of h o w well t h e d a t a fits t h e 
m o d e l : ( A ) p o s t 1.8 G a c rus t w i t h i n 500 k m of a t r e n c h , 
(B ) al l p o s t 1.8 G a c r u s t , ( C ) 1.8 G a t o 2.4 G a ( ea r ly 
P r o t e r o z o i c ) c ru s t a n d ( D ) > 2 . 4 G a ( A r c h e a n ) c rus t . 
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Thicker oceanic crust decreases the l ength of the mel t 
co lumn. Therefore, we e s t i m a t e pos t 1.8 G a and Early 
Proterozoic me l t co lumn lengths of 91 and 87 k m , re
spect ively . In the Archean, the base of the arc me l t col
u m n rose t o about 80 k m , due t o the combined effects 
of higher t emperatures decreasing the depth of amphi -
bole dewater ing [Cloos, 1993] and a predominance of 
shal low subduct ion . Therefore, the Archean arc me l t 
co lumn was ~ 6 3 k m long. Us ing these changes in me l t 
co lumn length , juveni le arc crust was 2 .2 , 2 .1 , and 1.5 
t imes the average thickness of oceanic crust for post 1.8 
Ga , 1.8 t o 2.4 Ga , and before 2.4 G a , respectively. 

Us ing the thickness of average oceanic crust calcu
lated for m a n t l e t emperature changes of 30° C, 60° C, 
and 9 3 ° C , juveni le is land arcs bui l t on average oceanic 
crust had crustal thicknesses of 2 1 , 27, and 26 k m for 
pos t 1.8 G a crust, Early Proterozoic crust, and Archean 
crust, respectively. Our d a t a set shows m i n i m u m thick
nesses of unrifted cont inental crust of 24 , 26, and 28-30 
k m for pos t 1.8 G a , Early Proterozoic , and Archean 
crust. E x c e p t for early Proterozoic t ime , there is no 
unrifted cont inental crust whose thickness matches the 
expec ted thickness of juveni le is land arcs. Less t h a n 
3 % of Early Proterozoic crust is < 2 7 k m thick. Based 
on the observed crustal thickness dis tr ibut ion of conti
nents , i m m a t u r e is land arcs are not now, and were not 
ever, a significant source of new cont inental crust. T h e 
one caveat t o th is result is tha t it does not include is land 
arcs which have interacted w i t h ho t spo t s . T h e s e is land 
arcs will have crustal thicknesses like oceanic p la teaus 
and hence wil l be indis t inguishable from t h e m . 

Discussion of Model l ing Resul t s 

Our mode l l ing results s e e m t o require tha t m o s t con
t inental crust or ig inated as oceanic p lateaus . W e can 
test the val idity of these results in several ways . T h e 
first is by searching for Precambrian low C a bonin i tes , 
which can on ly form in is land arcs. A l t h o u g h there are 
several c la ims of Precambrian bonin i tes , there is on ly 
one k n o w n occurence of low C a bonini tes : the B o g u i n 
greenstone be l t [Poidevin, 1994] . T h e B o g u i n bonin i tes 
occur w i t h komat i i t e s , sugges t ing s o m e later involve
m e n t w i t h a h o t s p o t . T h e B o g u i n greenstones are Early 
Proterozoic in age, which is the t i m e period for which 
our mode l l ing sugges t s a m o d e s t number of accreted 
arcs. 

A second test is t o e s t i m a t e the m e a n ages of the 
p la teau crust us ing the t emperature changes that we 
derived from our m o d e l s . Us ing our thermal history 
mode l , t emperature changes of 3 0 ° , 6 0 ° , and 9 3 ° C , im
ply m e a n b a s e m e n t ages of 1.3 G a , 2 .25 Ga , and 3.06 
Ga . W h e n we looked at our d a t a base , we found that 
m o s t of the Archean d a t a comes from older Archean 
blocks, e.g. , the P i lbara (3 .2-3 .5 G a ) , Siberia (3 .0 -3 .1 ) , 
the W y o m i n g craton (3 .1 -3 .6 ) , the Ukrainian shield 
(2 .9 -3 .6 ) , peninsular India (3 .0 -3 .1 ) , southern Africa 
(3 .0 -3 .5 ) , and the northern Bal t ic shield (2 .6 -3 .4 ) . T h e 
ages are the e s t i m a t e d m a n t l e extract ion age (Figure 

1). Crustal thickness should correlate to the age of 
mant l e extract ion , not the age of the last metamor
ph i sm. Therefore, our mode l results for Archean age 
crust are self-consistent. For younger terranes, the ap
parent ages for t emperature changes of 30° C and 60° C 
are 1.3 and 2.25 Ga . Geochemis t s infer that most of the 
cont inental crust was formed early on, and that there 
has been a great deal of reworking of that earlier formed 
crust [McDermoii et al, 1989; Toft et al, 1989; Salis
bury and Fountain, 1990] . There is widespread evidence 
for reworking of older basement and for its incorpora
t ion wi th in younger orogens. S o m e examples are the 
circa 2.0 G a crust of the Arequipa mass i f [Dalziel and 
Forsythe, 1985] , and of the Mohave terrane [Bennett 
and DePaolo, 1987] . B o t h of these terranes are within 
500 k m of an act ive trench and could appear in Figure 
3a. Therefore, m e a n apparent ages of 1.3 G a and 2.25 
G a seem entirely consistent for the post 1.8 G a and 1.8-
2.4 G a distr ibut ions of cont inental crustal thickness. 

A final test is the history of continental growth. Juve
nile is land arcs are created at a relatively uniform rate, 
yet i sotopic d a t a indicate that continental growth has 
been episodic [McLennan and Taylor, 1991; McCulloch 
and Bennett, 1993]. In contrast , oceanic plateaus like 
the O n t o n g Java do not form at a uniform rate, but are 
concentrated wi th in geological intervals like the Creta
ceous long normal magne t i c epoch (e .g. , the super p lume 
event) [Larson, 1991]. T h e Cretaceous long normal was 
an interval of rapid seafloor creation, which produced 
a large sea level h igh. Based u p o n relative ampl i tudes 
of sea level h ighs , the last interval of similar intensity 
occured at the Cambrian-PreCambrian boundary [ Vail 
and Mitchum, 1979] . Therefore, there has been an in
terval of about 450 m.y. between Phanerozoic "super-
plume" events . T h e s e events are mos t likely associated 
w i th the coalescence and breakup of supercontinents 
[Hoffman, 1989b] . W e do not know the interval between 
all Precambrian supercont inents , but we do know that 
periodic intervals of increased oceanic p lateau forma
t ion would produce episodic cont inental growth [Stein 
and Hofmann, 1994]. 

A l t h o u g h our m o d e l results s eem to be self consistent, 
they are heavi ly dependent u p o n the extent to which the 
preserved crustal thicknesses reflect the crustal thick
ness at the t i m e when the crust formed. Many fac
tors can change crustal thickness . Rifting and erosion 
can decrease crustal thickness . Basal t ic underplat ing 
can increase crustal thickness [Fyfe, 1993] . Many areas 
of pos t -Archean basement have basalt ic lower crustal 
xeno l i ths that m a y represent crustal addit ion by later 
basal t ic underplat ing [Ruiz, 1992; Downes, 1993]. How
ever, accurate dat ing of lower crustal rocks is difficult 
[Rudnick and Cameron, 1991] . Recent , high precision 
age d a t a indicate that m o s t basalt ic crustal xenol i ths 
are the s a m e age as the overlying crust [Wendlandt et 
al, 1993] . Therefore, the basal t ic compos i t ion of mos t 
pos t -Archean lower crust is a pr imary feature and there 
m a y have been m u c h less underplat ing than previously 
assumed. 
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Himalayan coll isions and p luton intrusion at conver
gent margins will also increase crustal thickness [Bruce 
et al., 1989; Grocott et al., 1994] . It is therefore impor
tant to determine the relative importance of these pro
cesses in different areas. There is l imited evidence for 
magmat i c underplat ing and Himalayan- type coll is ions 
in areas of Archean basement . T h i s m a y be w h y m o s t 
Archean crustal thicknesses m a t c h the crustal thick
nesses expected for an Archean oceanic p la teau . How
ever, the evidence for l imited Archean underplat ing is 
seismic [Durrheim and Mooney, 1991] , which m e a n s 
that ol ivine cumulates would be missed. Archean l i tho
sphere is also rigid and difficult to deform, which would 
limit the effects of Himalayan- type coll isions. There
fore, Archean cont inental l i thosphere m a y have the 
right characteristics t o preserve i t s original M o h o and 
to preserve a record of i ts origin as an oceanic p la teau . 

A final caveat is that neither is land arcs nor oceanic 
plateaus are high enough in si l ica or in incompat ib le el
ements t o m a t c h the average compos i t i on of cont inental 
crust. Furthermore, the se ismic structure of the upper 
continental crust does not m a t c h either an is land arc or 
a plateau model . Therefore, the original crustal struc
ture of accreted terranes must be modif ied soon after 
the crust is formed. Except for large p lateaus , recently 
accreted oceanic crust is i m m e d i a t e l y exposed t o con
vergent margin m a g m a s , which will act t o differentiate 
it, increase its si l ica content , and to increase its store of 
incompat ible e lements . Therefore, rapid modif icat ion 
of new continental crust is nearly inevi table . 

Conclusions 

Currently, the m o s t popular mode l for the init ial for
mat ion of continental crust is the is land arc mode l . 
However, recent geochemica l and geophys ica l d a t a more 
strongly support the mant l e p l u m e mode l . Pr imary ex
traction of crustal material from the mant l e by p lumes 
can account for more than 80% of the observed distri
but ion of cont inental crustal thicknesses . In contrast , 
nearly all measured crustal thicknesses are t o o thick 
to fit mode l s involving juveni le is land arcs, imply ing 
that m o s t juveni le is land arcs are subducted . Subduc
t ion of mos t juveni le is land arcs is consistent w i th two 
other geological observations: the pauci ty of low C a 
bonini tes in the geologic record, and the episodic na
ture of continental growth. Also , mant l e p lumes gen
erate crust w i th the right Cr and Ni contents , whereas 
island arc crust contains insufficient Cr and Ni . How
ever, neither the arc nor the oceanic p la teau m o d e l 
fully explains all of the observed characterist ics of the 
continental crust. It is clear that some mant l e p lumes 
have interacted w i t h is land arcs (and vice versa) , and 
that s o m e greens tone /ophio l i t e terranes were produced 
through the combined effects of the two processes . Fur
thermore, neither the is land arc nor the mant l e p l u m e 
model can account for the structure and compos i t i on 
of mature cont inental crust which is differentiated and 
chemical ly modified by convergent margin m a g m a t i s m . 

T h i s differentiation and modi f icat ion is required t o ex
plain the se i smic ve loc i ty s tructure and incompat ib le 
e lement enr ichment of m a t u r e cont inental crust. 

A l t h o u g h the m e t h o d of init ial crustal extract ion has 
not changed drast ical ly over t ime , there has been a 
m o d e s t change in init ia l crustal thicknesses . A s m a n t l e 
t emperatures decl ined, the average crustal thickness of 
oceanic p l a t e a u s / h o t s p o t s decreased from 40 k m in the 
Archean, t o 35 k m in the Early Proterozoic , t o 30 k m in 
the pos t 1.8 G a era. In contrast t o the m o d e s t secular 
change in the thickness and compos i t i on of crust created 
at p lumes , there has been a radical secular change in the 
c o m p o s i t i o n of arc m a g m a t i s m . Therefore, we at tr ibute 
m o s t of the secular evo lut ion of cont inental crustal com
pos i t ion t o an evo lut ion in the compos i t i on of cont inen
tal arc m a g m a t i s m , which rapidly alters newly accreted 
crust. 

Our inference from se ismic d a t a tha t cont inents evolve 
from accreted oceanic p la teaus is consistent w i t h geo
chemical and structural ev idence that m a n y Precam
brian cratons and Phanerozo ic terranes or ig inated as 
oceanic p la teaus . Nevertheless , m a n y quest ions remain . 
W e have mode l l ed the init ial crustal thickness of newly 
accreted cont inental crust, whereas our se i smic d a t a set 
records the crustal thickness of present-day cont inental 
crust. Therefore, the ocean p la teau m o d e l for init ial 
cont inental crustal ex tract ion needs much more inte
grated geochemica l , s tructural , and geophysical work 
before it can be regarded as valid. 
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